PF 53990 MEHF iSB99%0 oxide materials The present invention relates to

mul tinmetal oxide materials of 5 the stoichionetry | MolVaMLbM2cMBdOn where
10 ML is at |east one of the elenments fromthe group consisting of Te and
Sb; M2 is at |east one of the elements fromthe group consisting of Nb,
Ti, W Ta and Ce; 15 M3 is at |east one of the elenents fromthe group
consisting of Pb, NN, Co, Bi, Pd, Ag, Pt, Cu, Au, G, Zn, Sn, In, Re, Ir,
Sm Sc, Y, M¥ltiNdtahdxhste makerfalem 0.01 to 1, 20 b is from>0to 1; c is
from>0to 1, dis from> 0 to 0.5 and n is a nunber which is determ ned
by the val o. r n£{1), 25
whose X-r %%yngg%ﬁ ol%%lagé?n;%%%%rsek gﬁﬁ%nsttﬁgl 0;&&@ a)%mgggéé %it(aaks are
at the dif et 8?1‘:%‘6? $Y(3Q 22.2 + 0.5 (h), 27.3 R o 50 (i) and 28.2 +
0.5 (k), 30 - the reflection h being the one with the strongest intensity
within the X-ray diMohvatipMéum3pattern and)having an FWHH of not nore than
0.5, - the intensity Pi of the reflection i and the intensity Pk of the
reflection k fulfilling the relationship 0.65 s Rs 0.85 35 where Ris
the intepsity ratio defined by the formula R=P/ (Pi + Pk) and 40 - the
FWHH of Y%he reflection i and of the reflection k bei ng in each case s 1,
wherein théf*at | eadits eheleast ionst af thé delementsi fron [thej growg CQM$G§éngray
diffraction pattermthas andrsf;l ection with the peak 45 position 2Q = 50.0
+ 0.3. PF 5g990 2 lEhatpmsééa@toden»s@n&h&rblféﬁ{eh@erfrpa& the! a}8§pt&ﬁsf1%mg
preparation of nul als (1) and their "use with t

heterogeneogsl y catoal yzéd a)‘L aF OXI aefl on and/or ammoxi dation |
at least one of the elements from the group consisting

of Pb, Ni, Co, Bi, Pd, Ag, Pt, Cu, Au, Ga, 2Zn, Sn, In,
Re, Ir, Sm, Sc, ¥, Pr, Nd and Tb;

a is from 0.01 to 1,
20 b is from > 0 to 1;
c is from > 0 to 1:
d is from > 0 to 0.5 and
n is a number which is determined by the valency and
frequency of the elements other than oxygen in (I),
25

whose X-ray diffraction pattern has reflections h, i and k whose
peaks are at the diffraction angles (22) 22.2 + ¢.5° (h), 27.3 +
0.5° (1) and 28.2 + 0.5° (k),

30 - the reflection h being the one with the strongest intensity
within the X-ray diffraction pattern and having an FWHH of
not more than 0.5°,

- the intensity P; of the reflection i and the intensity Py of
the reflection k fulfilling the relationship 0.65 = R s 0.85,
35 where R is the intensity ratio defined by the formula

R =P; / (Pi + Px)

and
40 — the FWHH of the reflection i and of the reflection k being in
each case < 19,

wherein the at least one multimetal oxide material (I) is one
whose X-ray diffraction pattern has no reflection with the peak
45 position 2 = 50.0 + 0.3°.



of saturat ®RF &BFI0 unsaturated hydrocarbons. 5 Multinetal oxide materials
of the stoichiometry (1) and having a stoichionetric coefficient d = 0,
whi ch are obtainable by calcining a thorough dry m xture of their

él enental constituents in an oxygen-containing atnosphere, are disclosed,
for exanple, 10 in EP-A 318295. They afe suitable, for exanple, for the
het er ogened@@l Present Ve nAABxFERISSHOBE BP bit@se tor the dARa#tatisnrof he
prepar at i onm@ftimetgl orritdel meteriads MAQr whdntheid esanditihahe a hi gh

anor phous siert@%géﬁéodglaychh«amyﬂ&i ERrAia12840i4ii%al A8&for Ndmok8ation

per f or manc, {0f a[EHl_.g.t taqld/(ag_u ﬁﬁsﬁ;@ %%Eai@dlogcﬁlg A_318295 can be i nproved

by addi ng, prom)ter erren S ey- are intended to be used as

catal ysts for the artlal anmoxi dati on of saturated hydrocarbons. 20 EP-A
529853, EP-MN1gdmessl ®Fde setesialEpiAtiie7dw chEpmat8Y5E09 andnlaEme\ 062253
di scl ose mitdickiahetxicdeordtétiaits O Dhewhiitniagki opeiinaklle) bgnd having a
st oi chi onetddieia@REf4 Cﬂtﬁﬁfoueh-d ma.‘éﬂh?@ 8f e iitraibNakd S D oRkEl Pidit A

Cbner s orth, Bl leditShhund' SfEoRbec I S aaid 0" bBRPLL

substantlalld{ are- eyt Sui

mul ti met+d TS aIT§eé$f a’EP %6313‘?9?95 5R1d coxpmppe A B0 4R6 as catal ysts
for the héteéleégsﬁmﬁlw catalyzed qraokidat lammdi paopare ard/igpbokamat i on

of sat ur at eibrhydeopsreansiohhes | &itylioni Br PBe tdiC wedhavheroriite i1k h@iough dry

m Xture WasaeO0dUsegh afndtphsh! ¥Studtuealr $RLc%n30 spray drying. In the
publications cited, this is attributable to the fact that, as a result of

their preparation H:éﬂse multinetal oxide naterials are substantlally

present I Hrdscarf S(S’rlﬁ‘F'ﬁavWﬁf dhesrepErymancec P iy tidetadt o kde wher ei n
their X- raynaﬁeﬁrﬂaéét%rﬁf’—@aﬁﬂéz?ﬁ e pef ieprdvsds by afddngstpromgtent ensi ty at
the 20 pealelemestsi Whavh2d. they (ar20,in28nded th 3O, udéd Zst cAr3Dys¥d. fdr+thle30
and 50.0 +d+3Q1 %@ﬁﬁt&%ﬁ%@@am’?téﬁlﬂ?&%rﬁaﬂsy\o 0206199 di scl ose

that the abovenentloned speC|f|c crystal structure forns only one

K whi ch Lo oxid | "
cryotal | TOEAa 389 sy Bairh, BUSCa o e 6ORB A e GROLE] 1 (BB IS0 o

rul e as the"@“"f@l BEaBe?6 4> 3pdisghoee ulsigetahdowisec mhktertadsstodl theructure in
whi ch t he rstlcdvanbmetmy t(iIyetad oavidey pEbesictiomeanioccosfiisieatedred,t o as

a rule as Hien ap@aswraihBleaby MaldihiXyl AYeHHrdugACHEPMGAREENbE AHQr di ng

elemental constituents in an atmosphere substantially free of

25 oxygen. They are even more suitable than the multimetal oxide
materials of EP-A 318295 and of EP-A 512846 as catalysts for the
heterogeneously catalyzed partial ammoxidation and/or oxidation
of saturated hydrocarbons, the latter in particular when the
thorough dry mixture was produced as a catalyst precursor by

30 spray drying.

In the publications cited, this is attributable to the fact that,
as a result of their preparation, these multimetal oxide
materials are substantially present in crystalline form having a

35 specific crystal structure, wherein their X-ray diffraction
pattern has reflections with a strong intensity at the 20 peak
positions 22.1 + 0.3°, 28.2 + 0.3°, 36.2 + 0.3°, 45.2 + 0.3° and
50.0 + 0.3°.

40 DE—A 19835247, EP-A 1090684 and WO 0206199 discleose that the
abovementioned specific crystal structure forms only one
crystalline phase in which such multimetal oxide materials can
occur. This crystalline phase is referred to in the
abovementioned literature as a rule as the k phase.
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to the abowss@99mmed publications, is, inter alia, that it has 5
reflections of the strongest intensity at the 2Q peak positions 22.2 +
0.4, 27.3 + 0.4 and 28.2 + 0.4, in contrast to the k phase in which,
however, there is no reflection at the,2Q peak position 50.0 + 0.3. 10 For
exanpl e, according to EP-A 529853, EP-A 608838 and EP-A 603836, the k
phase is rdsFeaere| ePgrficheratal \atireictyee | in which hiw tighkevantoxi de
mat eri al s medttiiopedl tdverde. miher il haknobepuepar akifepras eser abedlabaye
usragl y g: wae 15pnesé hefypiehe &r phas&-Ray @i’fﬁ'dctﬁgﬁséor?é%(ntq aE¥st@ddd ne |
sol i so r S i raro m.xt ure : ses. In
EP- A 119 &Qﬁﬁiﬂgb‘iﬁ{%‘g PBEEAPM?{O%H_ -A“ﬁﬁz@ vl t?%%h&ﬁﬁﬁt‘] i net al
oxi de mat 2risHECEHORHL SHEYIssF dO6Rsbns &0 threlst EFRKRPHHIANE i s
shown that 4hei rr Peftodfadct eeif Bad 28mt ovéd 4By Hddiongrpsbnen dheekenent s
M3 when it pmasentiensleitit,0 howevet hethaas dat ad isifiekbatopadt itdle a@pdakat i on
and/ or oxi dddi@Roff 50 SAtpaked hydrocarbons, the k phase being attributed
to the decisive role. 25 In contrast, JP-A 11-169716 considers that both
the k phase and the i phase Eilia a decisive role in the catalytic activity
[

of such!ffA9 FEREPLSxKafe gt EEH PREBIIr REoP 8BS &MUutions in the
partial amffxiad&0B8836 oftheakuphesel I8 despandbie faccoheliearalyt30 this

publ i cati orgctiikdtk phamgdimetespotiidmatépiabs srintsbasd otheresel ectivity of
nitrile formation and the i phase for a sufficient conversion of the

sat ur at ed dr n..ln A | datjon of propane. over - V-Nb-Te m xed
oxi de cat alh%?t g‘%%gggf?forﬁ@[g’gﬁé%/%? n (_a ]gra |o"’1r%.’°(‘5"1e Birtuce g&r‘{eﬁat al yst s,
B

Ed. by Chh 1S1tRAE BT Xinhase) 8eviRiTesdi BRRee BUk 3( $5u¥yalliagesayet seq. ,
t he i nvent craslugfiop Pwinichl cpg97iseempphdsitecgrows ndatoset of vihiagd isphageo
supported by DE-A 19835247 and EP- A 895089. 40 In conparison, JP -A
7-232071 ang, WD_R29649% i selasershnls, eBLAI IRIAl30%hdessBt anisabs, pr esent
exclusivel y, | B hﬂ?tirﬁﬂ%ﬁs%xiﬁérﬁ% U813 €,8) 50 fo%t abl &, ASy %%H§L¥§ﬁ§ for

t he het ef ogeneous 'yze par‘?la anmpXxi dat1on and7or” Sxidation of

atal'y

sat ur at etP "f}ﬁ?dlpﬁﬁgﬁ%‘isa.nfh%tPFSS%ﬁ‘ Fhag FReir RSTEOTBINRS I9%8nPS have

al ready beehrrgveficly iidding phteoter elegesho W whae Hulls dotandesdkitge use
mat eri al s prleseat eatilysivselfyr partid lampbaseatsichuahdyer anedaatiahysés cal |y

i nactive angheifraeBd BPRRAbLAS, CONC AP Lbhake gl e Pd&avhier ehy the i
phase is decisive role.
25
In contrast, JP—A 11-169716 considers that both the k phase and
the i phase play a decisive role in the catalytic activity of
such multimetal oxide materials in the form of solid solutions in
the partial ammoxidation of saturated hydrocarbons. According to
30 this publication, the k phase is responsible for a satisfactory
selectivity of nitrile formation and the i1 phase for a sufficient
conversion of the saturated hydrocarbon.

In ammoxidation of propane over Mo—V-Nb-Te mixed oxide catalysts

35 from Spillover and Migration of Surface on Catalysts, Ed. by Can
Li and Quin Xin, Elsevier Science B.V. (1997), page 473 et seq.,
the inventors of JP-A 11-169716 emphasize this concept, which is
also supported by DE-A 19835247 and EP-& 895089,

40 In comparison, JP-A 7-232071 and WO 0206199 disclose that
multimetal oxide materials present exclusively in the i-phase
structure are also suitable as catalysts for the heterogeneously
catalyzed partial ammoxidation and/or oxidation of saturated
hydrocarbons.
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5 responsi lpre §3990 he activity and the k phase is responsible only for
maxi m zing the selectivity. W 00/29106, WO 00/29105, WO 00/ 38833 and WD
00/ 69802 disclose multinetal oxide materials which contain pronoters and
have a 10 substantial |y anmorphous strugture represented by very broad
reflections in the X-ray diffraction pattern and which are |ikew se

r ecommendedfurd-heamary stexregimpats | kaveorilgaady eenDEapr 16 18814 navdich

PCT/ EP/ 02/ 04043 dheeh odeatt maltimdtd heixddeoxatlerials pRéssntalexcdappvé B ng

pure i phasg ahe ﬁLﬁwasséJIsttahbeuﬁétaadey%haammm@t Ilahc%éi%tnldoum@ﬁ

Unsat ur at E%J%FQC@&? gceiye b¢ 83 {’Z’é ]1%—Qk§?lé)§ﬁ)%reg?t the Jt ap@lq

V-cont ai ni ted

treat nent® WitHORELH!] W&t a?gl‘awaa\vant%éb@aésoaf FRPATSIDLY ?myor
art, howevefor m@mmhmng det Belepividyd, it does not answer the question as
to whether the pronoters are incorporated both into the i phase and into

the k phasew&%/%@werwd fm@yzwéé UW%OZB@B@ﬂ&JdYWbCOQ%%dZ' \ﬁ'1E¥19§e bot h

phases and, t 0Xi terjals are not
conpl et el qt %a lde i2}{Ah"eﬁe agr ﬁgtal | V|E rngoe'fndt ﬁgv?o T mat i on
of desir# % Wﬁ&?la%@’ GROIPYERS S?Id’ICtPﬁﬁ ﬁ%ﬁ@%@éﬁ@oﬁ%l‘iﬁ%’apﬂ?@ed parti al

oxi dati on areflectiansoii ddei dnray didifuagtiodn aped/ternuasdtvwiriztedre

hydr ocar borisike3@skt réSontiendejicas @itdlRetpr e6ePartivendk Mutdionanswer the
unanswered question and to provide nultinetal oxide materials which are

d f f d hi bj [
hehi eved Ib;bE{ 40 100TRFIL e PER /80 Eloaod 3, LERdIRE HPRE it ne b L oSy 1 ©
data i n thimat edf&é&uﬁe‘?l?m%hséﬁga?'ér%dsé’&aéﬁ are sy spitahlecCagalpatt ar

rel ate to partiadagxid4tionst pdnupsatunatedr bydrrsdrbonag Cu- Ka radi ati on as
X-rays (Sienens diffractoneter Theta-Theta D-5000, tube voltage: 40 40 kv,

tube currenjp_p4Q@_Bhg mnﬁl@cqbgey%a(a/%_aah&)or qmcbhqam{ng YR imacapbl e),
secondary goqg)%%hr gg%é)rm tQar:.LLa C:alg%[ e%EQE.Yai%)c?fS/u ge %rh?Gn Wlthnggfé” ' ng

i nt erval é measur i
scintill®®ion counter), the def| n|t|on of the |nten5|ty of a reflectlon in
the X-ray diffafty dst ﬂeﬁamrtt@snons apuashd $vated prdocumeit howevhe, is

definition giaat,edni thborne ha8a) 21 ,ddels- Aot 0dRsdd 7 thBEquefs tliRS hd418oand DE- A

10046672; Rnhex3@80tRe pitotdr8 aPP!iRSri8riféd %ftlnnhht@ru@ it %ﬁa&é'énd’\ﬂ dth
at _half hejght )y AL COLANANLO0ADEd NYERL! 90F1 IRk LRO! ¥a%iiGLig R S 0. 75,

very 25 activity of both phases and, on the other hand, their multimetal
oxide materials are not completely satisfactory, with regard to
the selectivity of the formation of desired product, as catalysts
for the heterogenecusly catalyzed partial oxidation and/or
ammoxidation of saturated and/or unsaturated hydrocarbons.

30

It is an object of the present invention to answer the unanswered
question and to provide multimetal oxide materials which are
improved in the context of the object.

35 We have found that this object is achieved by the multimetal
oxide materials (I) defined at the outset (all data in this
document which are based on an X-ray diffraction pattern relate
to an X-ray diffraction pattern produced using Cu—Ko radiation as
X-rays (Siemens diffractometer Theta-Theta D-5000, tube voltage:

40 40 kv, tube current: 40 md, aperture V20 (variable), collimator
V20 (variable), secondary monochromator (0.1 mm), detector
aperture (0.6 mm), measuring interval (22):0.02°, measuring time
per step: 2.4 s, detector: scintillation counter); the definition
of the intensity of a reflection in the X-ray diffraction pattern

45 is based in this document on the definition stated in
DE-A 19835247, DE-A 10122027, DE-A 10051419 and DE—-A 10046672;



5 particul apryspe®berably R=0.69 to 0.75 or R=0.71to0 0.74 or R =
0.72. In addition to the reflections h, i and k, the X-ray diffraction
pattern of novel nultinetal oxide materials (1) contains, as a 10 rule,
further reflections whose peaks are atst he followng diffraction angles
(2(D): 15 9.0+ 0.4(1),_ 6.7+ 0.4(0) and™7.9+ 0.4(p). It is furthernore
advant ageoush§ fSaMGeaRP+i8F dicf thactebinifdoneph thridinlilonattly atomprifses a
reflection hdigge)peak is at the diffraction angle (2(9) of 45.2 + 0.4 (q).
20 Frequently, the X-ray diffraction pattern of nultinetal oxide materials

(1) al's0 cogpui:sangt g £ |8Gkhe0s 792k, Onf (e ANy 35 4o Qe (M) (peck

positions). 25 . I nt ensi I's assi g to the Te ion h, it is
advant age%u%?rtdfg&ﬁﬁiﬁgpﬁ#]etrﬁ%%?'nseﬂtq' , TP Bt el BcPibhtq 2-74, OmRp,
o, p and q hdl2-0on the sane intensity scale, the following intensities:
30 is fromb5 to 95, frequently from5 to 80, in sone cases from1l0 to 60;
1: from1 ton HAditAbnf tOMKe bR£40ctidks 0 dnd &k AQn35x0raf r@Prkabeidy: P:
froml to 30aty de ALOL QiR ifc?{-*aﬁ Karay; dif (13 CL0 00 AL GEN, OF the
novel rrulbl al oxi de mat er i ars J) congrl ses réefl éectjons ‘fromthe
abovenent? ohttf radgr Ehehat S ECEaLPE oPROse REakE 2rsniadt fFhgt EAIIWiRGi ght

t hereof is dbffractips gnaleMZ26f) 53990 6 The specific surface area of
novel multinetal oxide materials (1) is often from1l to 40, frequently
from1l or 12 to 405 @ndpohbemy from 15 or 20 to 40 or 30, nR/g (determ ned

by the BET net hod, n}t+r %ggg){ﬁ)é %ﬁcor ding to the invention, the
c
p

st oi chi ogetric coef$ici'ent a e novel nmultinmetal oxide materials (1),
i ndependdftly of the? + 0.4° (P).

It is furthermore advantageous if the X-ray diffraction pattern
additionally comprises a reflection whose peak is at the
diffraction angle (20) of 45.2 + 0.4° (qg).

20
Frequently, the X-ray diffraction pattern of multimetal oxide
materials (I) also comprises the reflections 29.2 + 0.,4° (m) and
35.4 + 0.4° (n) (peak positions).

25 If the intensity 100 is assigned to the reflection h, it is
advantageous, according to the invention, if the reflections i,
l, m, n, o, p and g have, on the same intensity scale, the
following intemsities:

30 i: from 5 to 95, frequently from 5 to 80, in some cases
from 10 to 60;
l: from 1 to 30;
m: from 1 to 40;
n: from 1 to 40
35 o: from 1 to 30;
p: from 1 to 30 and
g: from 5 to 60.

If the X-ray diffraction pattern of the novel multimetal oxide

40 materials (1) comprises reflections from the abovementioned
additional reflections, the full width at half height thereof is
as a rule s 1°,
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preferred rpnge39p0r the other stoichionetric coefficients of the

mul tinmetal oxide materials (lI), is preferably from0.05 to 0.6, 10
particularly preferably fromO0.1 to 0.6 or 0.5. Independently of preferred
ranges for the other stoichionetric efficients of the nultinmetal oxide
materi al s (léé the stoichionetric coe ficient b is preferably fromO0.01 to
1, 15 parti &t FReFifief eveface Rr6m of orvel pultimetnls ogide. matepials (I)

st oi chi onet £$ coitef ffiromehtte 48, thequewvidly fuwbhi bbtad laxicdes 0 nedrer odken(|),

i ndependent fyo@flst ke puetersedr 309682 fPr dbBermHdie byStRé CHOMRLERLE,
coefficientg 4 5 mul tinetal oxide 20 materials (I{, iIs from0.01 to 1,
et era

partlcuIaEIy pr ably from 0.01 or 0.1 to 0.5 or O.4. A very
particularly preferred range for the stoichionmetric coefficient c which,

| ndependent h§e@xdinge topkle ekvegtiangethe GtodRbiometerics copéhi ot acof

coef fici ent shofndved mndvahetnil bixtidé ahatedidd sl gy | dldepehdenthn dfe thanbi ned

with all 25ppéfeirder Qfaﬁgéedfdxarwesomeﬁ Nt idREHRBN ic IcDeFE OM dht@d ol Ot Re 2.
Aoror 009 Betid CBLL R0 ﬁ&g Hods! precgflly Sl o bl bE novel

mul tinetal ox] det ef erred rangés for
the ot hert® sP%’FHﬁ%ﬁVl Er%’é?e‘? 1¥, éﬁ? bfl tRe¥30 I%-3 rret al oxide materials
('), is preferably from0.00005 or 0.0005 to 0.5, particularly preferably

from 0. 001 Indépeéndentigqofnidefefrred DaifEd tforOtBe @fhegnstodrhidbn@@rioer 0. 01
to ?fl mr@bemdﬂéﬁeb%foﬁﬁéj%\u@&ﬁ%t@i oxilik HROSS Al %P opfi ric 35
coefficien ranges are
part ul gl gt%%m%*géégﬁs&ﬁﬂcﬁbg‘-‘ D RE iR rhrpfy o 's, 5’%‘%% to 1 (or
fromo0.0 aptgulay chne#‘?rcﬁﬂlé' 1R P PL GF Prbiv. %P PB %) and d =
fromO0.0005 to 0.5 (or fromO0.001 to 0.3). Novel multinetal oxide materials
(1) whose sTbhe cdtaimitiometr Doefdeif¢iendst a5 of, the amslred a@tsmetdl axddasly in
the fol | oW RgL&did13nges, aixﬁdé‘;@n)ﬂeﬁél}'&ﬂ't%’é' préfriAganyss ﬂn— theom 0.1 to

0.6; PF 53990y 4 2 E5080 Qe i d @ Qf§1 o?mc Ind %ai‘“ - from0.001
553 8?69% et
W1 %o Dhe BRI (SRedt ?ﬁ@%&ﬁimj ]apﬁ’la’r’l':g‘b‘i‘ ;%x prafeta eragle}y very

particul arl §-dt é—’freroaBI foal -3 e&sP-¥5 drveppD parbien ladgefreferred range
for the stoichiometric coefficient ¢ which, independently of the

preferred ranges for the other stoichiometric coefficients of the
novel multimetal oxide materials (I}, can be combined with all
25 other preferred ranges in this document, is from 0.05 to 0.2.

According to the invention, the stoichiometric coefficient d of
the novel multimetal oxide materials (I), independently of the
preferred ranges for the other stoichiometric coefficients of the
30 multimetal oxide materials (I), is preferably from 0.00005 or
0.0005 to 0.5, particularly preferably from 0.001 to 0.5,
frequently from 0.002 to 0.3, often from 0.005 or 0.01 to 0.1.

Novel multimetal oxide materials (I) whose stoichiometric
35 coefficients a, b, ¢ and d are simultanecusly in the following
ranges are particularly advantageous:

= from 0.05 to 0.6;

= from 0.01 to 1 (or from 0.01 to 0.5);

= from 0.01 to 1 (or from 0.01 to 0.5) and
= from 0.0005 to 0.5 (or from 0.001 to 0.3).

40
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Novel multimetal oxide materials (I) whose stoichiometric
coefficients a, b, ¢ and d are simultaneously in the following
45 ranges are very particularly advantageous:

a= from 0.1 to 0.6;



1

10 on its tRR B3%Munt, of M2 is Nb. However, it is also especially
appl i cabl e, independently of the neaning of M2, when M3 is at |east one
element fromthe group consisting of Ni, Co, Bi, Pd, Ag, Au, Pb and Ga or
at | east one 15 el ement fromthe groupsconsisting of Ni, Co, Pd and Bi.
However, all of the abovenentloned is also especially applicable when at

| east 50 or at 1 &asttoPsClol t® Q-@dst 100 ol % based on its total amount,

of M is No and VB firomaf.Letxt0.dn@ndl enent from 20 the group consisting of
Ni, Co, Bi, Pd,dAg,frdm 0Pboangh @G5 Howeves 0.8k eb @l cabevemremidosned i s

al so especially apg].ijcable when at |east 50 or at |east 75 or 100 nol %
based on 'ts total anount, of M2 is Nb and M3 is at |east one elenent from
t he group consisting of Ni, Co, Pd and Bi. Very particularly preferably
al | statenéﬁt%srgﬁ%ﬁ%ﬁ ¥t B8+ stoichionetric coefficients are applicable
when ML is Te, M2 is Nb and MB is at |east one elenent fromthe group
consi sting xifl Nif, the aBddreneiitPonedUld kepesiol DhiappRicaBbe S&Hetnabtel@&ml’di ng

to the inveqy i qQRrg r arémﬁea \gg M@e%lﬁese flagl esedr f pip t 18Ul bidE al

oxi de erlalts emsotu%l ?”1‘113’2[ % g inthe prior art cited at the 35
outset. The pr|30|8F% PR RES NP €d process for the preparation of the
novel nultinetal oxide naterlals (I') is disclosed, for exanple, by wo

0206199 andiawsyeref &t eix et lsiot edpenigliiys appbitti:taltei,omnddﬁemlmwldi nf the t hese,

a mul ti met ahediiindeofofBr wabnWH Gfs Basiéder EleOelbn@i®ifndm( bhe Deous a

general ly iddddmatkeh wtr&r %8"‘“B§°|ﬂdj 230! ML ¥b GREPEL SHNGd 1BBaEE.aNnd

ot her g€e§¥&%nq £k Q§e 53 féﬁé} Qrepafqg %ﬁ g@ qgigynomn per se.

The i-ph MSOri 6hotan™ CRERPLETESTAPddCt r'om (Re 1§ 61'uti on by
washi ng out the other 45 phases, for exanple the k phase, with suitable

| i qui ds. Sulaweyes, elhufidhef abbyvemantiongdelis fajsceranpt tallayaepdscablati ons

of organi owisai dt (eagt SXaki atarteakt f76r okcatiCighstacedi mok, hasedtonc PF

53990 8 aciyh apRdatanhéddt 3¢l d).id MY 4AAI k2 36! dE {Ladk JAk! ELEm&R ct)mm

al cohol S26hAYHBRHSINAIALR BErRK! 48 SGhUtEENS FULE AT, IP- A

7-232071 al so oses a ceéss ftor t'he brepa Piretal oxi de
materials conprising i phase 5 Solid solutions conprising i phase and k
phase are dweivesd, abs of thgl abowgmemtdopedpids atlisoneppeciksklyi@pplioellid n t he
prior art (wfen atoleexarfl erDiht Ald&B835344r H Adi298b3sedRrAi683836al EP- A

608838, ERmd#97888, MDEs Abl88B24 (s EE-1eal822R8, e meht188018¢he group

25 consisting of Ni, Co, Pd and Bi.

Very particularly preferably all statements regarding the

stoichiometric coefficients are applicable when M! is Te, M? is Nb

and M3 is at least one element from the group consisting of Ni, Co
30 and Pd.

Further stoichiometries suitable according to the invention are

those which have been disclosed for the multimetal oxide

materials of the stoichiometry (I) in the prior art cited at the
35 outset.

The principle of a controlled process for the preparation of the
novel multimetal oxide materials (I) is disclosed, for example,
by WO 0206199 and the reference cited in this publication.

40 According to these, a multimetal oxide material which has the
stoichiometry (I) but is a generally intimately intergrown solid
solution comprising i phase and other phases (e.g. k phase) is
first prepared in a manner known per se. The i-phase fraction can
then be isolated from the solid solution by washing out the other

45 phases, for example the k phase, with suitable liquids. Suitable
liquids of this type are, for example, agueous solutions of
organic acids (e.g. oxalic acid, formic acid, acetic acid, citric



10 EP-A 109KB8B8398HP- A 1123738, EP-A 1192987, EP-A 1192986, EP-A 1192982,
EP- A 1192983 and EP- A 1192988). According to these processes, a very

t horough, preferably finely divided, dry mxture is produced fromsuitable
sources of the elenmental constituentsgof the nmultinetal oxide material and
said mxture |S 15 treated thermal|ly at from 350 to 700C or from 400 to
650C or frfm%@ed 52EPYCES e het HRUIANECaPFEIR (Cad - bBLEEHT i33d%ut i n
principl e umdmhodist Ard agnegNisdhyilnegera pegdusdagsadutdons nefurthermosphere. A
sui tabl e oxJEiazi7Tng3a0TDsqll dis6loded £%20PeSs B thedpfepdfdtCidoadoni t h

mol ecul ar  OxyASHeRh13bki SERMaEEdaid eem 0; 'r?ﬁ:r wer, the thernal

treatment_is preferably carried out under t atnosphere, for exanple

under ol 2cul ar_nit rogen and/ or _noble gas Usual |y, the thermal treatnent
is carried %‘EﬂtldatS°13P+®‘§ﬁ)H"é\nP615%%%shrPé‘a€$ ard)k RbRsEoEFR OPRAEenet fred

treat mrent xwe,abyothe mmparediontprpwmes descxisedrninstuperetimspher (cf 25
pressure. | fozt h;@:a'&nb@é nei—A 1NSABERNY, IEP-2ABRbesh PlﬁPJAndeBS% JFFeQUS08838,
%P‘DSPP?G th t BY9 beor?'p} H@%3§§é‘§' ‘%ﬂarygeﬁzé‘» OWpg, 1b%ovélieferab' y f'TﬁWS

oge e y or nore. e
t her mal ﬁ’e %gﬁ? e]#Pr ?hltjt 9 ?ém ER %ﬁﬂgg‘?%& néeil #IGS oxi di zi ng

(oxygen- con?%rrﬁmlﬁé)?gﬁ noSpiierd g8y afl%@é’rAaH‘-?z%@tB)f r BfFonGina $o4bbESDr
from 250 t op35@Eses, paevény awyoderonpedsietrablhy 35imtlgpilividet ediyer, the
thermal treait@ite is mfbeelntfwmcmiiarmedso@m@g dfNeht @Bsmeditafir om 350 to
700C or frOéBIésocqthg @éog;f Und RATE AN 8x000Gna{: GQUERE sdite mtltzeﬁpg

treat nen@5c€ L 3l g ri e oul%nﬁb ﬁﬁu 0? a/vac%/ that (g ernal
treat men He éitﬁ E’Paé r §&9 erical’ I's™ f oRef tté’d |f nercessary
after 40 pﬁﬁr%ﬂuofawoﬁo i, TPF Pharmaledredrnent wena i $35iesf °rEolR 0.5 to
2% by wei gherigfcifpilpehndel; \ﬂlctélergaammtda)zlagd & headuciiegt ed darhameglt| y and
thereafter stvspheed.i Rtauichibie agidizinihathbosiuieh 18, XEdY éXaniphe, saarfing
conpounds Cé‘ﬁ keretheqteokd rﬁlolééugéﬁ/ dl‘.ryg‘eﬂ %taflord@plggeégﬂ'?%x% ehf it is

effected r for t r ds re edi ent | I3 as
finely di wnH aé(' %e ecfmaal then ls ﬁd %ﬁf’r’% c}élorrpac‘telon are

subj ect ed tb“eflﬁe aG&‘PEPh%ﬁ‘f'orfM ?ﬁ%‘FE’IJaEI W@Etﬁ%ﬁ ul 55' POHERRED AF4OF hor ough
m xing i s predfler gaby B$iakived thﬁ ke rifadr rtrreatmrai Ilys caheied aauti 1§ conpounds
are m xed watdhbspheranophessure fbeatdipr mfotoansaqud@utheomal itreatmént

necessary ifad hAspr 88€P5Er&ld dut under reduced or superatmospheric
25 pressure.

If the thermal treatment is carried out under a gaseous

atmosphere, this may be either stationary or flowing. It

preferably flows. Altogether, the thermal treatment may take up
30 to 24 hours or more.

The thermal treatment is preferably first carried out under an
oxidizing (oxygen-containing) atmosphere (e.g. under air) at from
150 to 400°C or from 250 to 350°C (= preliminary decomposition

35 step). Thereafter, the thermal treatment is expediently continued
under inert gas at from 350 to 700°C or from 400 to 650°C or from
450 to 600°C. Of course, the thermal treatment can also be carried
out in such a way that, before its thermal treatment, the
catalyst precursor material is first pelleted {if necessary after

40 pulverization and, if required, with the addition of from 0.5 to
2% by weight of finely divided graphite) and then treated
thermally and thereafter converted into chips again.

The thorough mixing of the starting compounds can be effected in
45 dry or in wet form.



ST

conpl exi ng PHem399@f. for exanple DE-A 10145958) and/or 10 suspensi on.
Thereafter, the aqueous material is dried and then calcined. Expediently,
t he aqueous material is an aqueous solution or an aqueous suspension. The
drying process is preferably carried gut i mredi ately after the preparation
of the aqueous, m xture (particularly in the case of an aqueous sol ution,

15 cf. for Ekadpl& §hfegted 1ps449) Loy Bresprayt gy icapppends éxet

t enper at ur eexpadieatly wedd dsr dame 0y dioritedCpovdersspndy afyemgricang dmd,
carried outibyrddudreasusditict@bn( Oard efubderesd tithadyalhiadionr equires a
particul arl yr i diHzQughe ¥ nedByxt ure, especially when the aqueous naterial to
be spray dried is an aqueous sol ution or 20 suspension. However, it can

al so be dried by evaporation under_ reduced pressure, bé freeze drying or
by convent i S¥VeTay 4p8r BRIXONINSHE ¥ BT &lSs BEPEREal 1l effeckp@nbhivgt form.

constit uent@¥swiidiy,.cahe ystartomg c@bpettelispaepanited winbt hnel aesderbéed dibove
for multimetedm @€ da AqEesuAlsS16ODPH | GilfNGetepbiRSe/ir RRaSPréncd sel ati ons
are all 't 20860 25En RN 2oplof HiTeNnOK! @iggé OL nAyglr oxi des on

heatin i1 f required 1n air). cour se, oxi a roxi des, of the
el em&*ntg aﬁ'bc%lfﬁq_ntsdgﬂf S'Fﬁl%fneazfﬁgﬁseH‘/eésa%goban’B%?ﬁ’i iR g%mtfgé"&‘ ofhen

excl usi vel ycakgidegds Exeedianddyi nghe ipsgigsmateialglis’ agtag49o§ conpounds
menti oned iscldtdopubki emtagueocnt shepgndion.alhe dmnsigderecess esparticul arly
suitable. Sorufeaaby thernieoRAt itbediiit@lyaherstlitRbbeepea @ eft ehd he 35
tri oxi de, -ty aﬂ?@‘iﬂie‘@;@““%iﬁé‘tﬁ@i%ﬁ% 2 P geTbsion,
mol ybdendh H&d i éé?xéﬂeﬁagg“%bﬁggEQ% a@ﬁlg?i?é%a348r§bpgagﬁ§y§fé.ting
conpounds t ePRREIGEHEBRT 2 (ASy auSBEe B dPAGEe 05 Re HiR eragndFping [f@n

el ement V abe cdrariedxanplly thenadewrnmrergx psutbatteedopdrant, methraidy| which
acet yl acet oRaqifiresaaagat eculath aforalgio arinhiehiégnadpé€iaManatieiMhe

oxi des, suc a i Xl V3 j [ . Su as
O Anad um el RRRLE “%’2;%%%%95%%@2%%é%%ﬁ;?%eigﬁ?ﬁéﬁ B8 Socis.
0 y b

Vanadi ughét%?%ﬁeﬁ‘élﬁﬁ's%% 0 ‘EoRPOUHTS WRi ThiY VEBRE M aRERS used
are al so t hERIGHY PReSREN Ry it¥e FERRZS SHAFNGNPF PO EINEPBROR  at e +4.
Accordi ng tevaperatiaventi on, suitable sources of the element 5 tellurium
are tellurium oxides, such as telluriumdioxide, netallic tellurium

tellurium hglidgie 8HGHES fHRCIRe &1Khdrtlal UELfs OGSt sSHRdh ARy RQt&kd uri c
aci d HoTgEo, , AVANLAYELNS AACAYs & Al B8PS PN IS « h&e A TRRY hal i des,
materials comprising i-phase/k-phase solid solutions are all
those which are capable of forming oxides and/or hydroxides on
heating (if required in air). Of course, oxides and/or hydroxides
of the elemental constituents can themselves be concomitantly
30 used or exclusively used as such starting compounds, i.e. all
starting compounds mentioned in the publication of the prior art
considered are particularly suitable.

Sources of the element Mo which are suitable according to the

35 invention are, for example, molybdenum oxides, such as molybdenum
trioxide, molybdates, such as ammonium heptamolybdate
tetrahydrate, and molybdenum halides, such as molybdenum
chloride.

40 suitable starting compounds to be concomitantly used according to
the invention for the element V are, for example, vanadium
oxysulfate hydrate, vanadyl acetylacetonate, vanadates, such as
ammonium metavanadate, vanadium oxides, such as vanadium
pentoxide (V;05)}, vanadium halides, such as vanadium tetrachloride

45 (VCly), and vanadium oxyhalides, such as VOCli. Vanadium starting



10 such as Bh@E3R99@nti nony oxi des, such as antinony trioxide (Sb203),

anti noni c acids, such as HSb(OH) 6, and antinony oxide salts, such as
antinony oxi de sulfate (SbO 2SO4. N obi um sources suitable according to the
invention are, for 15 exanpl e, niobi oxi des, such as ni obi um pent oxi de
(Nb205), niobi um oxyhalides, such as NbOOC13, niobium halides, such as

NbCl 5, and TURIESLScBRAFUMEY 8F FPRtRmihagkdY orspthisdecatpoxshase whérkls

and/ or di cardmpryilsiec theithnaddug. inxekidaddoandtateotdol ates. The

Nb- conpri sing solutions used in EP-A 895 809 are of course 20 also

sui tabl e as IQBLU : di 0, 05%I I ts (in
parti cul ag ED@C,ﬁlﬁzbm%:%o&i%fRgggﬁfggtghia}ﬁ%ciﬁaﬁ i E%gcegr?p‘ygﬁgds are in
particul af SR T B T I S REE G5 FEERSTS SEAArAET Fritiies, ‘

car bonat es BFaddrorehiir ol désllutiumbrd idesy t5Usd @8nBofheds 2af et uarical so
the oxo compEimdsuthereafrthotglluximsicitdedsTaOst.he aci ds deri ved

therefrom Frequently, amoniumsalts are also used as starting conpounds.
30 Further ' I ; [ 0 ' - t he
Ander sonlg@fng?éégg?r%b%té?rn%orggaeﬁ%&pﬁggﬂﬁﬂ%ﬁ &%zé%dﬁ ggi%&w \ ilgg 1987),
213-218. 't (& “Sur & Treer &' sBUFR T G T LPORY i srddBs (§ped3)
Ander son t yPREIMONEENEEIES HYGhCAE AISR(QH) s 40and Mgt igopy ooide sgitso uh 35
O her pol yass angigony apr eleasudtate i (RPOe&PpuUnds are, for exanple, those of
t he Dawson or Keggin type. Those starting conpounds which are converted

into their ol ghubbey halabPOPRAMARS 6! PNvBal 16 RRSCREE OF 1N

t he absence of agxygen POSS! bl.Ly with .40 [rberation % ?%geﬁﬂ}s conpounds,
are pref gga‘f)’ﬁ;"? Sad " 9RE -oﬁtﬁgé%l KCIHREE BaP PR EERE8Y; 28 ials in the
formof soPiPLVH GrYEdLidssi SHCAras Jhoslaatehinm halifafheSuglsa¥i bed
(pure i-phadeCindl endetenplexi dempeynsisolofan bekli wnlapdaccgateint alarpokyl s t he
procedur e desicld hed)or adiddrdoxpeic omirist, ed . gntaxdleres Bid S33¥holites.

mul tinetal pd dﬁﬁc&ngr?yirﬁ}"s'b@@l:ﬁoﬂ@%é&gihn}:ﬁﬁ? gBNEBE afleH ichbRdse A

i ncreasegqfraction . of, 1 J)Aﬂ%?%iggggmls% fr%\égr abl e cases 5 substantially pure
| phase) s established 1n e preparéltlon of precursor nultinetal oxides

(which can be converted into the novel nultinmetal oxides (lI) by the
washi ng desRggassldpawabh ether ppepibla iedementsaryn @drsicukbyr hhydiot GBer mal
met hod, as Cae®dr abddpdf prsuExabpe estant ing- AolPRR338ranin Jarki2Q08r 143244,
10 their halides, nitrates, formates, oxalates, acetates, carbonates
25 and/or hydroxides. Suitable starting compounds are often also the
oXo compounds therecof, e.g. tungstates or the acids derived
therefrom. Frequently, ammonium salts are also used as starting
compounds.

30 Furthermore, suitable starting compounds are also polyanions of
the Anderson type, as described, for example, in Polyhedron 6,
No. 2 (1987), 213-218. A further suitable literature source for
polyanions of the Anderson type is Kinetics and Catalysis, 40,
No. 3 (1999), 401 to 404.

35
Other polyanions suitable as starting compounds are, for example,
those of the Dawson or Keggin type. Those starting compounds
which are converted into their oxides at elevated temperatures
either in the presence or in the absence of oxygen, possibly with

40 liberation of gaseous compounds, are preferably used.

The i-phase/k-phase multimetal oxide materials in the form of

solid solutions, which are obtainable in the manner described

(pure i-phase multimetal oxides are obtained only accidentally by
45 the procedure described) can then be converted into novel



However, tIrP B39®0 ation of novel nultinetal oxide materials (1) can also

be carried out by first producing a multinetal oxide material |I' which
differs fromnultinetal oxide material (1) only in that d is 0. 15 Such a
mul tinetal oxide material 1", which i preferably finely divided, can then
be i npregnated with solutions (e.g. a ueous sol utions) of elenments M

(e.g. by sprdyimgral (qiceledr &y bY rﬁ"éﬁépéﬁl‘?a‘-’dtl@ ipod)e #drelien cal ci ned as
descri bed fdmscrhbe®) precursor nultinetal oxides (preferably in an inert
gas stream) (here, prior deconposition in air is preferably dispensed

Wi th). Th%uaﬁceéaéwqqla%t%ﬁr@f%%@.q/ser q,efa%yéﬂ,fmwgtese' ements M3

and/ or t . utl ons nts . esent
TR0t o 1 EREEns LR BB od ket auﬁa’g a&afﬁfeeesprefsrsvmp of
acet yl acet FECBEFOF @%Wééia‘?ﬂﬁ%dd&ﬁ#ﬁ@e%b oFCRYPEL St dpaPati®n

vari ant. Thevedvehloindtaiebaidexi d8s byl Fhebtasmialgl desor ibesl )nwhaerits
descri bed gaepheatsed as c&u@heéfa{t ®yaaphpdatdtHelt@al oner d,2 280 powder or

after pellgid ggle%dt%zp 4aRp14 T [ GHYRNG! Yoy SIhsddh! 1Pl Rloo 19530 5 L0 2%

by wei ghi I nely di VI raphite) and ubsequent conversion I nto
chips] or*in the form of rml di ngs for t he novel process. The cat al st bed
nmay be a f iHEMEVBEd, the FePAgat He ofr navel undl g tBédox e TREEhabS

gi ve nol di ngs @anobie gfdradeddout dry eéhiaspl producingppl mtmhumataﬂ.oommupport
as descri beghtieriPE- v khlibB8E4f érs REBmERL D21 MARI3 08l ddinadkek3@3141P.0rAG The
supports tqrpQRgge&i forgthe nultinetal oxide materials (I) to be enployed

according.to the invention are preferably chemcally inert, |.e. t hey
substantTal |y do not participate in the partial catalytic ghase
oxi dat i on ogtu‘%‘rrﬁo%ﬁl%l'é’c‘?‘%ﬁloF’x%ﬁ% narerdear bon Wl'(léhglspP%fﬁFé ébfd Yhef opene

to acrylic diciidpd, whirithien bat dhyreghatgdbyitheoiutionet &8 - Oxieduenes eri al s
(1) to be usadtaeasy dhaliedehbe M3 neeqtivn.sg2ayindgpp fhikn Aeceadi ng to the
Ismflegg i on, Fi‘ﬁfetfbgﬂbfsé‘i?lé/t Suhhakd e armg %héﬁ"éal“dl&uteldt gs WFDEE?ESE a«{/r%am na,
wat er_so?d lﬁre ?%bf Hﬂ%ﬁ%%tfci;l Xiu&(eas gréf?;?étabelf}r 1tn fl x??let %ng s geamylgum
silicate, sﬁqqr&npgl%rqﬁcﬁé‘miﬁ’c‘ﬁh|115‘maél?-"03<$ c%reéﬁaa{"%r‘ﬂﬁﬂe@lsﬁgl Hiat Yrhe

surface of 'lmeeuggppﬁraquWSbel‘emﬂrﬁeransiﬁp@thabxder sedhtiong\afnedgeents M t he
surface of ddosupperise Ifr aggloss @A utions in which the elements M3 are

present in a form complexed with organic compounds (e.g. acetates
25 or acetylacetonates) is particularly advantageous for this
preparation variant.

The novel multimetal oxides (I) obtainable in the manner
described can be used as such [for example in the form of a

30 powder or after pelleting of the powder (frequently with addition
of from 0.5 to 2% by weight of finely divided graphite) and
subsequent conversion into chips] or in the form of moldings for
the novel process. The catalyst bed may be a fixed bed, a moving
bed or a fluidized bed.

35
The shaping to give moldings can be effected, for example, by
application to a support, as described in DE-A 10118814 or
PCT/EP/02/04073 or DE-A 100514189,

40 The supports to be used for the multimetal oxide materials (I) to
be employed according to the invention are preferably chemically
inert, i.e. they substantially do not participate in the partial
catalytic gas-phase oxidation or ammoxidation of the hydrocarbon
(e.g. propane and/or propene to acrylic acid), which is catalyzed

45 by the multimetal oxide materials (I) to be used according to the
invention.



I ncreased sprFfB8®900ughness generally results in greater adhesion 10 of the
applied coat of active material. The surface roughness Rz of the support is
frequently from5to 200 m often from20 to 100 m (determ ned according to
DIN 4768, Sheet 1, using a Honmel Test]gj for DIN-1SO neasured surface 15

vari ables from Hormel wer ke, CGerman rthernore, the support material may

be porous okcHRIHIGL0ES. tl'Fhé-nVﬂ}‘p?b@Ft PRItECRART 1S idsabilenfateigRofens
(total vol uniee cfluppoet poe eslumiasedsbhidahe sidliomeesnf subhb ssipplent, ksodildp by
vol une) . 20sdduritti ¢kpessraflyt Ravasy iy a o vdeeFRSSNbak §DRA1 PIcR%eBht PN t he

povel oozt efufigle! ¥aba mﬁntgali%hxéfsmnnﬂa% POidi 0 1Tcab@)CY Pl icarl Y 2l SO

be f 5 bl t
tﬁl cLﬁ?ss s %ﬁ%" ’s&lﬁr’%ﬁrﬁ% dt]‘8x% ® ?ﬂrgf 8ﬁ1r18’315d1]1%df30 500 m or frl)m ESSO?O

300 m In principle, any desired geonetries of the supports are suitable
for the novethe pnodess. offhdie suppgestmaly rensidher smeth ounleodglom 1 to 10

mm Howeverm@aq{t%rg%uelypyﬂnéﬂ@@&sacé No P aHel QUbﬁérﬁKﬂs' Qwugﬁosmde nders, are
preferably B.i@flea%% Bﬁpfééé v i Kﬁgééﬁgé%%%a(ihg”%ﬁl@s glé’&ﬁ[%’rt a%iﬂtagi&’% are

from1l.5 to rs- are ngth is
pref er abt§ Pf atpé’li%dn‘?ﬁafar?é BREFYe JAtEFAar - d| arreter preferagl y from4

to 10 mm In the case of rings, the wall thickness is noreover usually
from1l to 3Phd mfaABnnbvaghmqspagtsf swnet abpporc cier direguént hheriomvente on nay

al so have azb@ o@EeﬁrprnB 200¢6 130 aéfe@frﬁha{eddtaaasi@inqafto brem7d,0 8
mmand a vaspedd 1Ck'il§§ﬁ i Lob0c Z@Br HEYES mea30 88N A, cRUPPOT U MY

al so have _t nsi.ona
(ext er nalts dV%’ﬁ’eac sy TEER ll“ﬁf&?na%er%ydl aneter). The preparation of
coated catal ysts to be used according to the invention can be effected in
t he sinpl esfunehmnemoriey phefsyppory mekedialnmagr bal pomfust be horpndoas( | Thehi ch
Sre Ej odb]g usegp @e@qra%agaﬂ&é kabaeléﬂﬂﬂntddh@oréﬁmv(?fdﬂaﬂg;rbbﬂﬁ@ ioH @ha fi ne|h y
i vided for t rd ort wt
. gaﬁgiqw agaBl b aRP o1 0fle ! OF R shgsofﬁ {808 Oyt h51 SHOP!

the aid 2§f nder. For t I S purpos e surfacé of the support
PF 53990 I's noistened in the sinplest manner with the |Iiquid binder and
brought i nt 8heoHtigdmedst A fihfelaFtdve| oetfe dptesiakiRethREBFERE VY thEhe
fornul a (1) nbeeljiccatad agealydtst he astally rfaper 1@l tadi@0i py. Havewvigs, it

moi st ened skl agBso Menakby, 56 @ Goat ga, StHIRONDO| So dgdoefm Sr QPrompussetot he
Process Can49§|ﬁfpﬁﬂﬁggbpgréd§y ¢RLE¥nd 5ACREVEIS from 10 to 500 um, from

25 100 to 500 um or from 150 to 300 um.

In principle, any desired geometries of the supports are suitable
for the novel process. Their longest dimension is as a rule from
1 to 10 mm. However, spheres or cylinders, in particular hollow
30 cylinders, are preferably used as supports. Advantageous
diameters for support spheres are from 1.5 to 4 mm. If cylinders
are used as supports, their length is preferably from 2 to 10 mm
and their external diameter preferably from 4 to 10 mm. In the
case of rings, the wall thickness is moreover usually from 1 to
35 4 mm. Annular supports suitable according to the invention may
also have a length of from 3 to 6 mm, an external diameter of
from 4 to 8 mm and a wall thickness of from 1 to 2 mm. However,
an annular support may also have the dimensions 7 mm x 3 mm X 4
mmnor 5 mm x 3 mm x 2 mm (external diameter X length x internal
40 diameter).

The preparation of coated catalysts to be used according to the
invention can be effected in the simplest manner by preforming
oxide materials of the formula (I) which are to be used according
45 to the invention, converting them into a finely divided form and
finally applying them to the surface of the support with the aid
of a liquid binder. For this purpose, the surface of the support



greater |aypr $¥gdness. In this case, the coated substrate becones the
new support, etc. The fineness of the catalytically active oxide materi al
of the 10 forrmula (1) which is to be applied to the surface of the support
is of course adapted to the desired cqat thickness. For exanple, those
active material powders of which at |e€ast 50% of the total nunber of
powder partitimesspgaedtHy dipgh sameleste menngeswi th Adef Loevid hindeg andnd
whose nunerbalghftr dato ororafacpawith| fimdlgvidhgided adtdngestidl marer 08l apove
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rotating coht®R rf& r“ﬁnﬂmﬁé“hﬂ?@ ﬁB‘?‘?E’(ﬁﬁlalffaFB’t%ﬁ P@Bﬁf%f‘??e&‘a("éna rotating

pan or céatlergesdr garenginn @boyei hY WoAsalaes @E?ﬁl A4psere rwidapperfer for
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53990 14 result of the preparation, the distribution of longest dimensions
of the powder particles corresponds to a Gaussian distribution.
Frequently, the particle size distribution is as follows:

20
D 1 1.5 2 3 4 6 8 12 16 24 32
{(um}
% 80.5|76.3 ]67.1 |53.4 [41.6 |31.7 |23 13.1110.8 |7.7 |4
Y 19,5 123.7 |132.9 |46.6 |58.4 |68.3 |77 86.9 189.2 |92.3 |96
25
D 48 64 96 128
(um)
X 2.1 2 0 0
¥ 97.9 |98 100 100
30
Here:
D = diameter of the particle,
x = percentage of particles whose diameter is > D
35 and
y = percentage of particles whose diameter is < D.

For carrying out the coating process described on an industrial
scale, it is advisable, for example, to use the basic procedure
disclosed in DE-A 2909671 and that disclosed in DE-A 10051419,
i.e. the supports to be coated are initially taken in a
preferably inclined (the angle of inclination is as a rule =0°
and =90°, in general = 30° and = 90°; the angle of inclination is
the angle between the central axis of the rotating container and
the horizontal)} rotating container (e.g. rotating pan or coating
drum). The rotating container can raise the supports, for example
spherical or cylindrical ones, under two metering apparatuses

40

45



arranged a ppes3990 di stance apart. The first of the two netering

appar at uses expediently corresponds to a nozzle (for exanple an atom zer
nozzl e operated with conpressed air), by nmeans of which the supports
rolling in the rotating pan are sprayed with the 5 Iiquid binder and

noi stened in a controlled manner. The cond netering apparatus is present
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hot gases, gucct}tegiv cggt air. I S not evvorthy that the coating procCess
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descri bed resul npl etel y satisfactory adhesion of the successive

| ayers to one anot her as vveII as of the base coat to the surface of the
support . 180T fNRequiisefppbhre SWPPPOE this coavided priddedubeseleymti bedsadove i s
t hat the noagdiianithgoofhttiee Hppperhosilidsada the hwreat e tise sudsenednout in
a control | egs\RARALLN, | Os id @ftenbli Sn NERRSLEDRIed I?l%nn@k'pi?ﬁrérd%li‘r 8CBei S

expedi ent | v ) sctoeqsﬁe'%%g%@h&@yﬁmt Ot £ 25117994586 08t d caupg; pl nder

but no |iqui IS VI ace

hase .as u
support sur‘F‘%t"cfel?r tlﬁot%lqeﬂ“rstehg *r'?eneﬁ“gta%l%"&"@&icm §tfcal Iy active
oxi de mal@r{texgghanate ARELNG §Sf % M Jadgr act RRRFISGEEY At eBineist davided bei ng
applied to é¢nelicsartace. mddedrdiall ednd niigyuiat bondém drfel ascantedd feanibe found

in 40 DE-A £809&0buangd aka Emd1190advhy:. The abovenentioned final renoval
of the liquid binder Used can be carried out in a controlled manner, for

exanpl e by evaporation, and/or sublimtion. In the si n‘gl est case, this can
p

be ef fect ed™y USUHALLRIGT 25 PROTEIRISLs adten LT @I oR df P Ao fpeF A ur e
(f r equenipyetammhesdyt bha (0@ ioof pénhatb@3seskHodrsieras N ¢85 ailrso It is
noteworthy that the coating process described results in

completely satisfactory adhesion of the successive layers to one
another as well as of the base coat to the surface of the
support.

30
what is important for the coating procedure described above is
that the moistening of the support surface to be coated is
carried out in a controlled manner. In brief, this means that the
support surface is expediently moistened in such a way that it

35 has adsorbed liquid binder but no liquid phase as such is visible
on the support surface. If the support surface is too moist, the
finely divided catalytically active oxide material agglomerates
to form separate agglomerates instead of being applied to the
surface. Detailed information in this context can be found in

40 DE-A 2909671 and in DE-A 10051419.

The abovementioned final removal of the liquid binder used can be
carried out in a controlled manner, for example by evaporation
and/or sublimation. In the simplest case, this can be effected by
45 the action of hot gases at a corresponding temperature
(frequently from 50 to 300°C, often 150°C). However, it is also
possible to effect only preliminary drying by the action of hot



possi bl e t ®rf§33d00nly prelimnary drying by the action of hot PF 53990 15
gases. The final drying can then be effected, for exanple, in a drying
oven of any desired type (e.g. a belt dryer) or in a reactor. The acting

t enper at ure shoul d not be above the ([ig;l cination tenperature used for the
preparation of the oxidic 5 active material. O course, the drying may also
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pol yacryl atresoflhetiauadl tdrapol heuprteperadt poganifc @odties, catc wst s suitabl e
30 accor di nghrir@ntihe. | oMent iaaRvaseagdiseiingéed 416 senhyidys apRlsisai hgnof
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mat er i al 2/HEEIM | Q 58t 30 ndo by 5919111%@1:&@6(1%4?@1& organic components are

monosaccharides and oligosaccharides, such as glucose, fructose,
sucrose or lactose, and polyethylene oxides and polyacrylates.

The fact that the preparation of coated catalysts suitable

30 according to the invention can be effected not only by
application of the prepared, finely milled active oxide materials
of the formula (I) to the moistened support surface is important.

Rather, instead of the active oxide material, a finely divided

35 precursor material thereof can also be applied to the moistened
support surface (using the same coating process and binder) and
the calcination can be carried out after drying of the coated
support (it is also possible for supports to be impregnated with
a precursor solution, then dried and subsequently calcined). If

40 required, the phases other than the i phase can finally be washed
out.

A suitable finely divided precursor material of this type is, for
example, the material which is obtainable by first producing a

45 very thorough, preferably finely divided, dry mixture from the
sources of the elemental constituents of the desired active oxide
material of the formula (I) (for example by spray drying of an



45 very thoeowgeo@referably finely divided, dry mxture fromthe sources
of the elenental constituents of the desired active oxide material of the
formula (1) (for exanple by spray drying of an PF 53990 16 aqueous

suspenS| on or solution of the sources) 6and then subjecting this finely
divided dry m xture (if required after pelleting wwth addition of fromO0.5
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can be used according to the invention can also be effected by extrusion

and/ or pel | 8410 b botdy 1d nel vy di vl ded ultiyretal prgé%gseom jgbkely (1) and

finely dIVI pregur sor OXI materral (1) (if

requi r ed! vﬁtllﬂ%tb% b thes ephackrd oPREECTIRAY URgeF pheide 998y be ef fect ed
at the end)atnggpSareabaJel fadett atessplegesphee easlsos@ullualcwx r¢efsomnibhol | ow
cylinders (&d mgeyc dhefdoangest t6lideatsi on Hfort R@0aboverEnt.i oned geonetries
isas arule froml to 10 mm In the case of cylinders, their length is

preferably om2 to 219 th 5 r nal d|a ter ferably from4
to 10 mMm t WELB5¢e 0‘? mna—%lng fmul%: F\f%%%.ﬁ 01f<1de ma gry 1£cﬁ ﬁl l¥| ly
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invention embruslion Ardeom Pleéﬂngthn@foﬁ rbgrlrh3fm>elar ivided extldrimertadi amet er
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gpsgfpgr%%&péﬂexgi k1S édms;;%ﬁo :\qugk@@@ﬁ&ﬁswafshznmee %lfrrgrlli ngtrerpw)
Sui t abl e e%hrreﬁegln‘e))séhé r(lIEFLe h gﬁ%‘%‘% ox&dféerr% ee;%lr%%ﬁ % %ﬂ% eer“@z 35 used
for the fAdvel process are of course all those in DE -A 10101695. As stated
above, whatSyitabdgopeametricesonte ngpharashesphikmyldndess anhtholRewnul ti net al
oxi de mat er¢@llindels (oites)usatieatendelithdimens #h tdfe thaveniveaenitavsedn X-ray
di ffracti ongdsidieiBs(i8 ddias rd06 UFESH .1 *bWaY Smbas9d +a8 é%'sé“bfr adi ation)
‘("ngh has &l §der8MStndlr 1e%89hkl¥"‘b9zse%e938§ Al 3t +bNfo i Tmacthofy angl es
25 external diameter preferably from 4 to 10 mm. In the case of
rings, the wall thickness is moreover usually from 1 to 4 mm.
Annular unsupported catalysts suitable according to the invention
may also have a length of from 3 to 6 mm, an external diameter of
from 4 to 8 mm and a wall thickness of from ! to 2 mm. However,
30 unsupported catalyst rings may also have dimensions of
7mm x 3 mm x 4 mmor of 5 mm x 3 mm x 2 mm (external diameter x
length x internal diameter).

Suitable geometries of the multimetal oxide materials (I} to be
35 used for the novel process are of course all those in
DE-A 10101695.

As stated above, what is important according to the invention is

that the multimetal oxide materials (I) to be used according to
40 the invention have an X-ray diffraction pattern {in this

document, always based on Cu—K, radiation) which has reflections

h, i and k whose peaks are at the diffraction angles (28)

22.2 + 0.4° (h), 27.3 + 0.4° {i) and 28.2 + 0.4° (k),

45



22.2 + 0.4PFh)539850 3 + 0.4 (i) and 28.2 + 0.4 (k), 45 PF 53990 17
reflection h being the one with the strongest intensity wthin the X-ray
diffraction pattern and having an FWHH of not nore than 0.5, 5 - intensity
Pi of the reflection i and the intensiltly Pk of the reflection k fulfilling
the relationship 0.65 s Rs 0.85 whére Ris the intensity ratio defined

by the formul atRILIePHIQPD PepRy qle G0 WALh FHH SSEOPARSE cititedsiiél i and of
the refl ecti onwithinjphe daglaycdstfmactionspAttete apdnbatime,ant BOHK- oAy

di ffracti on patmbermosdotHah lbase, no reflections with the peak position 20 =
50.0 + 0.3. As stated above, the definition of the intensity of a

reflecti 20.in the X-ray.djffraction.pattern is based i.n this unent
o the | T ai CPRRRETE By PR HRE AirasaBiBh L HH thac SRransidy pk ot Ave
10051419 and DEeAleobuds futhillingider hglatfonghipsOt iz peak B 8%
reflection 1 amierenRtime the5ihtemsofy trleiX- defimdidf byathe ofonmatlieer n, when
viewed along the intensity axis perpendicular to the 28 axis, Bl is the
nearest pronounced m ni wmf,n)(ryng paving shoul ders are not taken into
account)_ to the left of the peak'Al ahd, in a corresponding manner, B2 is
the near¥bt pronounced mnimumto the right of the 30 peak Al and O is the

poi nt at whicha&dstraight |line drawn from the peak Al perpendicular to the
28 axis intersects a straight |ine connecting the points Bl and B2, then

the intensity qhet PRunr&f et kep1dcdiont Reah@net el rbheestich &htis! ime
section AIC whi.ch gg(é ends fromthe peak Al to the point Cl. The

expr essi m ni rrum§ neans a point at which the gradient of a tangent to
t he cur in a base region of the reflection 1 changes froma negative
value to &tp&5rtsane VdiMge, the ¥rysyi Adfiragiicanh pahkek &dicsdd heyRInq o
zero, the cedidchatms wdftht hbe 20k ipesanilomf26 ke5D N0 endi.B¢.axi s bei ng used
for determning the gradient. 40 In this docunent, the FWHHis in a

T oPonaidid SUREEE latidie, LROGIDE AliiBR SENHS iGeh QLG SPL DEEYEALLAAC VO
R 140 il SRE SR e cAPE G et SRn 45 HibeRo Lt iy B uRPRE 9 ey
definition stated in DE-A 19835247, and that stated in
DE—A 10051419 and DE-A 10046672.

This means that if Al is the peak of a reflection 1 and, in the
25 line of the X-ray diffraction pattern, when viewed along the
intensity axis perpendicular to the 20 axis, B! is the nearest
pronounced minimum (minima having shoulders are not taken into
account} to the left of the peak Al! and, in a corresponding
manner, BZ is the nearest pronounced minimum to the right of the
30 peak A! and Cl is the point at which a straight line drawn from
the peak Al! perpendicular to the 20 axis intersects a straight
line connecting the points Bl and BZ, then the intensity of the
reflection 1 is the length of the straight line section AIC! which
extends from the peak Al to the point Cl. The expression minimum
35 means a point at which the gradient of a tangent to the curve in
a base region of the reflection 1 changes from a negative value
to a positive value, or a point at which the gradient tends to
zero, the coordinates of the 206 axis and of the intensity axis
being used for determining the gradient.
40
In this document, the FWHH is in a corresponding manner the
length of the resulting intercept between the two points of
intersection H! and HZ2 if a line parallel to the 28 axis is drawn
in the middle of the intercept AlC!, where H! and HZ are in each
45 case the first point of intersection of this parallel line with



45 case thePK i3339Qoi nt of intersection of this parallel line with PF 53990
18 the above-defined line of the X-ray diffraction pattern to the |left
and right of Al. An exenplary procedure for determ ning FWHH and intensity
is also 5 shown in figure 6 of DE-A i\ 046672. The mul tinmetal oxide
materials (I) to be used according to't i nvention can of course al so be
used as a cdteaidpere-detingd lineert dihe K- Eafoﬁ‘%ﬁﬁﬁalcﬁtléﬂ RAIPIM K8l §heli vi ded,
e.g. colloileflt and mbgky iafl &'.such as silica, titanium dioxide, alunina,

zi rconi um oxi de or ni obi um oxi de. The dilution mass ratio may be up to 9

(diluent) :al PR RK ) | o %ﬁﬁ atLo. e,
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anmoxi dat i oftfe QfilG@iok Akt 3REAO may HRALB 8bedl dieaay bons.(ad3@igech
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calcination. This is as a rule the case, for example, with oxides
calcined at appropriately high temperatures.

25 The novel multimetal oxide materials (I) are suitable, as such or
in a form diluted as described above, as active materials for
heterogeneously catalyzed partial gas-phase oxidations {including
oxydehydrogenations) and/or ammoxidations of saturated and/or
unsaturated hydrocarbons.

30
Such saturated and/or unsaturated hydrocarbons are in particular
ethane, ethylene, propane, propylene, n-butane, isobutane and
isobutene. Desired products are in particular acrolein, acrylic
acid, methacrolein, methacrylic acid, acrylenitrile and

35 methacryleonitrile. However, they are also suitable for the
heterogeneously catalyzed partial gas-phase oxidation and/or
ammoxidation of compounds such as acrolein and methacrolein.

However, ethylene, propylene and acetic acid may also be desired
40 products.

In this document, the complete oxidation of the hydrocarbon is
understood as meaning that all the carbon contained in the
hydrocarbon is converted into oxides of carbon (CO, CO;).

45



Al'l reacti o#® ®399Mme carbon, other than these, with reactive participation
by nol ecul ar oxygen are subsuned in this docunent by the termparti al

oxi dation. The additional reactive participation of ammoni a denotes

partial anmoxidation. 5 The novel multjijretal oxide materials (I) recorded
in this docunent are preferably suit e as catalytic active materials

for the corfler FERTOPIHIVpIRE EBTRRG 0IBVDRT aRlEdthESEy| ViEtagiegctdPe propane
to acrylic pasitdcapdtoen duyr yiodrttlat epxygenpaopydusaned 10 tacirsoldecnmeme/ or
acrylic acisk ke peopybartaalooacayt .t mhkead®ftidna@bpéaneiJe0 met hacrol ein
and/ or et rt?eﬁrt)ilc'iﬁa@féﬁi’opfanﬁnﬁi??&'t@%t l}ﬁayltersopgg#%r%bﬁéggéporﬁnd/ or

nmet hacryl %)ni trile, of ethane to e ene et hane 10 acetic acid and of

ethylene To acetic_acid. 15 The procedure for such partial oxidations

and/ or anmoXIACVEhsTu Y etad erEfe daderipes coht ascobfiedmtitdsi n t he

reacti on gadocumextusee preflerabdptswitdabdel asacamaiyerickaowivegarateeialde

r2 gact i on | CEdY Q?hedeﬁh@ém&y@it Brépald ¥oe¥elsbd Melavhdaasr aacpﬁ}»ﬁ,tilcfilac9&,:c Q?f{ Ihon
or exc I . . supe n e

t wo reacu) (L)ﬁllso\b%g% %?o% é#p?él%%%%%ggl?@%ﬁ&%ﬁ ggrﬁﬁo}?l%b gn{' é)he

i - phase/ kO pFEFdB) RRAAY @TFEREC o7 ve Ofr PEPPEIGNSAE BSHY I tZALRT e out in

a conpl et el bWt ABS pbAdNatdasiahern aBl/of mathanrldcarbih, wfed spbutangie

propane or ior wekthpropyleraeidt Ahd/opmeftdnaby Yoy itilee 6drgdminkl @6 as

descri bed idtHjiene} 024 6knar toDkedt F0h1:8814n@ o PethEPANL/{QAQE3Lidhe

procedure, 10Q. is preferably as described there. 30 A partial oxidation
of propag($a to acrylic acid, to be carried out wusing catalysts conprising
mul ti met oxide (1) active material, can be effected, for exanple, as
descri bed iTheEPraced8B3gon\Ough2pATE. 2l PxAdabiges and4ny #Mmoxidag2oey. 35
For exanpl e(bwithe ehoienrafcibd evtteroxpdeamosnid rindepéetexttion gaygen or
pure oxygemiafires Hsesk abndrdQUsgeidfa MahAsH 1BlowdXBELNse f &Mel FeHct SUEh a
process 1Is @al:?%e%ééﬂ&ﬁ&ﬁ%&‘é@ﬁ@#ﬂ% %%ggfléﬂﬂaﬂﬁ%s“g é&ﬁ%ﬁn%ég?é{%r?

cont ai ns,po_nab I n par n fum - as I ner .

I as ticu as.
O herw 925 PhE X AaBETS (s 2 PAFE 14ty SHPREGFE I $FoR® O S WETEERHEL Sher ¢
di | uent gase¥ t@ogreagtiang; ghid TR eXaAPdedVe | i 2242h) obareoandPa®l = ul ar

oxygen. Stefrmmgshe iephstd/tkiphasefsdlhia sedctiars gds the xpiicr iastadndntageous

according b da@ribe ouw e a0Bompleted$98o2Pesponding manner.

25 If the hydrocarbon used is crude propane or crude propylene, this
preferably has the composition as described in DE-A 10246119 or
DE—-A 10118814 or PCT/EP/02/04073. The procedure, too, is
preferably as described there.

30 A partial oxidation of propane to acrylic acid, to be carried out
using catalysts comprising multimetal oxide (I) active material,
can be effected, for example, as described in EP-A 608838,

WO 0029106, JP—A 10-36311 and EP-A 1192987.

35 For example, air, air enriched with oxygen or air depleted in
OXygen or pure oxygen can be used as a source of molecular oxygen
required.

Such a process is also advantageous when the reaction gas
40 starting mixture contains no noble gas, in particular no helium,
as inert diluent gas. Otherwise, the reaction gas starting
mixture can of course comprise inert diluent gases, e.g. N, CO
and CO;, in addition to propane and molecular oxygen. Steam as a
constituent of the reaction gas mixture is advantageous according
45 to the invention.



Thi s means pha&399@ reaction gas starting mxture with which the novel

mul tinmetal oxide active material is to be | oaded at reaction tenperatures
of, for exanple, from 200 to 550C or from 230 to 480C or from 300 to 440C
and pressures of from1l to 10 5 bar or 0from2 to 5 bar can have, for
exanple, the follown conposi tion: fzroml to 15, preferably from1l to 7,
% by vol uneThofs TEABpaMRAL fef FBATEIOR Jagossayting GrEteTe gr¥tiawdichrom 0 to
55% by vol umeredf rei eamet &t exide oat i ve mgteeael iion tgabesleaddd@tm Xt ures are

preferred. ﬁéa&ubhabélﬁpﬁé&ﬁ:eﬁoﬁﬁl bicr eERPEE | i fbm Qbot He gRAEet beNE GRS
starting g%jrottﬁ e48he: d; 4o $Beh0366 (Lo%huBc ﬂg&g‘; gy %onaé‘%mrnrsmré g0 30%

b | f st |
sﬁcxoauﬁﬁc%%% e%uPIBd%rcttggagaﬁl Kr V\ﬁhl %B‘?\Sé‘iﬂ%"’gﬁglsug?cqel yn

of acrylic @RURPSi&ien: course obtai ned. Rat her in addr tion to unconverted
propane, the product gas m xture contains 25 byproducts such as propene,

acrolein, Q02, CO #Zm 1ae6tis, gﬁlecterampprmr G 86ifl, s voltpnaphi ch the
acrylic acid has t llﬁ% ,sol at e This can be effected in the nanner known

for the heter ogene 30 catalyzed hase oxi dation of propene to
acrylic 4%id. This §4t ﬁ%tg%%gg’aé’ﬂ/g ‘gfcradrp?ﬁgent can be taken up from
the product gas mifaamw & b9 %%%(h?pt‘fpéhmwctih skge®: or by absorption wth a
hi gh-boi ling inert hydrophobic organic solvent (for 35 exanple a m xture of

di phenyl et&efardedndh il reabehonidas @AYLIRE mitRYirak Sore PYHoehraddi tives
such as di net hyl phthal at e) The resulting mxture of absorbent and

acrylic id can_then be rectifi extraction and/ or
crystall ?gaﬁlil&ﬁbilﬁ ‘éh%rﬁ?érs EE ‘?%i"%é%% epaﬁécabcrwaé §tpgting

Al t er nat i velyxtug® eEe: basic isolation of the acrylic acid fromthe product
gas mxture can also be effected by fractional condensation, as

descri bed, for exarmﬂcen 7ontObe F Y 934u,5§20f“ﬁ5055n53990 21 The resul ting
q

aqueous acryl ic acigl. gordegssye kgfa@otlﬁ kL, efnr gfg for exanple,
by fractg1 nal cr yst I | g)a%r 02 éf seauspensio cr yst aI l'i zation
and/ or @ cr yst Pofj® & Vo e of

In such a process, a product gas mixture which dcoes not consist
exclusively of acrylic acid is of course obtained. Rather, in
addition to unconverted propane, the product gas mixture contains

25 byproducts, such as propene, acrolein, CO;, CO, H;0, acetic acid,
propionic acid, etc., from which the acrylic acid has to be
isolated.

This can be effected in the manner known for the heterogeneously
30 catalyzed gas-phase oxidation of propene to acrylic acid.

This means that the acrylic acid present can be taken up from the
product gas mixture by absorption with water or by absorption
with a high~boiling inert hydrophobic organic solvent (for

35 example a mixture of diphenyl ether and diphyl, which, if
required, may also contain additives such as dimethyl phthalate}.
The resulting mixture of absorbent and acrylic acid can then be
worked up by rectification, extraction and/or crystallization in
a manner known per se to give pure acrylic acid. Alternatively,

40 the basic isolation of the acrylic acid from the product gas
mixture can also be effected by fractional condensation, as
described, for example, in DE-A 19 924 532.

45



The resi duaPFga3980Oxture remaining in the basic isolation of the acrylic
acid contains in particular unconverted propane, which is preferably
recycled to the gas-phase oxidation. For this purpose, it can be partly or
conpl etely separated fromthe residual,gas 10 mxture, for exanple by
fractional rectification under superatngspheric pressure, and then

recycl ed t o' MheEST -tbﬂ‘és%que&’isdaﬂg}ﬁc HGWEV EPndeRsate FaRethaly Hift 4§EbRRY i f

t he resi duaPuyjdisied,s fo¥ cripmPlient BY chractdonal ncaystediliastion Emyar at us, with
a hydr ophodxampiregasiispemd ienicrybtehl imtioel endbdry legpabl e of 15 absor bi ng

t he propanec{$Ha18%a@piénPy passing said solvent through). By subsequent
desorptiop and/or stripping wwth air, the absorbed propane can be

| i ber at ed a'?%l%n and can be r_eci/lcl ed to the novel 20 process. In this way,
econoni cal dCSIABPanET FHFEHE R R NIad R BRaRas icadsPiptoiafe Pt the
separ ati on prxClessasidpeopaiast onnpar tisud arbype ouisstteds paspana ,udiobt is
separ at ed, prefuiabi9npéecied tdephs afachphhsanvkdayionpaner atithis puepsbssl) at ed
with it. This &S@e EHP’ciﬁ%ﬁ RohPBe CEBE sbaPhbed MYk AGOHSs SRLUM ghed and

ol efini c,25 hydrocar.bons,’ | rticul ar, it _appljles ver nerally to novel
het eroge%éoﬂ]s’?%}lrceatg gz%f)am greltol%gl %Bgl(‘ftdlac{rﬁa&ngeggh%l&ratéﬁﬂ%?(?%eaﬁ i onsy of

sat ur at ed h§eRIEHMIERECT I RAFSGEAE  ARAITNEFbRSYASSe P the tFrf-PDREE OVl
mul tinmetal oxidkrioB(Q Hewevéml dtaie modmp aglxpabhgewfs hdt thegermiciysllygas

catal yzi ng isefpaighicalinexidaitaen, aitl/ £ extraKt dod idppaebtiée iamohogous

ol efinic hydi0eaROR bLgd e $3TGeAESIHRS REOFHCEerabIYScapdis NQkel

mul ti met | de .mat I n_be used as 35 active.materials to
bt epar e ikrg s baTy Bt iurtenk (28 Eris, BF o 0% ohht G iace

oxi dati on ofP¥f4#ene with nol ecul ar oxygen, as described in DE-A 10118814
or PCT/ EP/ 02/ 04073 or JP -A 7-53448. 40 This neans that a single reaction
zone A is Suffsulisequehbrdesaptibigandiior keripythg priateasr, Bl Whswebyd

catal ysts copydrdl R@n BY! 1idBRlabdO¥s4le MHCELA! bd IDect8e B €5 4He ASvel

catal yti gl %’o@ecstsl Ve€n {-iﬁ}?{&rd 'Sehé“ain*?icsaf eaehi of one AR TS S Jypusual
since the hetero 'rleous y. cat'dl yze as- phase XIEdati on of propeneto
acrylic aci ﬁcrﬂlaﬁll’%g’ Bl af®” Yo RFgEngfRIT3F 10PN PE QDS 3155 s PFAPSRR e 8rdedt i fre
spans. |n thepradust diseps PproyPdensoPrasneged? of najsgampyesakwst antial |y

oxi di zed t osqEardHteidy &ndn the plrepspecardl ist eprecwlateldewhnthoftedhis abheofi r st
step is USUQﬂ)iJYié?sX'iﬂ' 286l ddhe 3% YLhéEr afdndlogof® NVAUreRal a i QVRTIRSfOr the

heterOQeagon Qbéﬁ%%%h¥?e¥k particular, it applies very generally to novel

heterogeneously catalyzed partial oxidations and/or ammoxidations
of saturated hydrocarbons.

An evident advantagecus aspect is that the novel multimetal oxide

30 materials are also capable of heterogeneously catalyzing the
partial oxidation and/or ammoxidation of the homologous olefinic
hydrocarbon to the same desired product.

Thus, the novel multimetal oxide materials (I) can be used as

35 active materials to prepare acrylic acid by heterogeneously
catalyzed partial gas-phase oxidation of propene with molecular
oxygen, as described in DE-A 10118814 or PCT/EP/02/04073 or
JP—A 7-53448.

40 This means that a single reaction zone A is sufficient for
carrying out the novel process. Exclusively catalysts comprising
multimetal oxide material (I) are present as catalytically active
materials in this reaction zone.

45 This is unusual since the heterogenecusly catalyzed gas-phase
oxidation of propene to acrylic acid takes place very generally
in two steps in successive time spans. In the first step, propene



gas- phase ®& B399 of propene to acrylic acid therefore usually enploy a
special catalyst type tailored to the oxidation step for each of the two
abovenenti oned oxidation steps. 10 This neans that the conventi onal
processes for the heterogeneously catﬁl yzed gas-phase oxidati on of propene
to acrylic acid oEerate with two reacCtion zones _in contrast to the novel
process. 158 WSUR&LRTAASEINGARLLY fYridIZRrH 8P aBGI&LPoRNDS i3y GPENEETING he
one reactishepzoner@lein fiogmgf tourtse faksd pousiilsl estallyoniniddmedoto nore

t han one cadalyst &ob@si sing nmul timetal oxide material (1) to be present.
O course, the catalysts to be used according to the invention nmay be

diluted v%t@onivn%g:tml[lrgi errio%lesag r co%ngeﬂ 20 1in tgi S d?gclumegt, for
exanple also a suppor_tp nat € Fal s thes %:{/%qer}%ogg.gsc? 345 parti al

oxi dati on dFaSnPHBEREOXIHALIOPoRE PRRRENEg el ith e Afaf atiRt e foge HShaktY ng
medi um t enpeElRoyr @ Spéiegi tgtalysiy tpe teateresh trombe Apxidationevher falrong
the one 25 dRaCbifOBh& O AbovahnéntikiiddngxBsh i6h keepd. i nt ended for heating

the reaction zone A This tenperature change nay be increnmental or
decrenental . |If the ngvel process far the partial qxidation of propene is
30 carri L B Fea5s T e CORTRHTIB. PRE P BCedtr cciS exped| ent |y

ef fect ed | rherergHEDBRNRIYE cREa4Y 274 \iRSs@hase AXidationnes REAwengatied with t he
cat al yst. Usiailliy, aeid iepeirdteawith rivoe reacsadi Awael, inscqessed ts hdeating
medi um ar ougl,ihpreaésd yst tubes. 35 A plurality of tenperature zones

al ong the reaction zone A can then be realized in a sinple manner by

assin re than one,salt _bath around.the.catal yst tubes, sectjon b
Section W oy PHoPOTSE ARy bes BH ConSTHls e ok P Tee bt 6P T
reacti on gakfafbithr 8°R® Aaddeds Ph IR sCaphPyROsSibee E0X IRILYCBBBrf®nt with
or count er cwreehanoone atadlyst beepriFiogsmi it isethali oxedd medieréréclUie a
pure paral &) bef bpasert atofveoudsé hecrratcak yisystaihes beHoy@y elccoadingnsyer se
Lhe salt s par o B B og a5 d ST
cat al yst2€u nest,rﬁﬁlg%%?ﬁ%w, lf%%ngjf%ﬁr éad%c%ﬁ 3asovsglrpp{%ﬁg ?‘%%‘%: loarl,' is cocurrent
with or countercurrent to the reaction gas mxture. In the novel process
for the par¥n dtheoppual ipnragsspfepethe pantiab oxiglatiion eErprapengr Oy be
from 200 t cors)€askinggnddimnehbnperature, or a heating medium temperature

changing along the reaction zone A, may prevail along the one
25 reaction zone A, said heating medium being intended for heating
the reaction zone A. This temperature change may be incremental

or decremental.

If the novel process for the partial oxidation of propene is

30 carried out as a fixed-bed oxidation, the procedure is
expediently effected in a tube-bundle reactor whose catalyst
tubes are loaded with the catalyst. Usually, a liquid, as a rule
a salt bath, is passed as a heating medium around the catalyst
tubes.

35
A plurality of temperature zones along the reaction zone A can
then be realized in a simple manner by passing more than one salt
bath arcund the catalyst tubes, section by section along the
catalyst tubes.

40
Considered over the reactor, the reaction gas mixture is passed
in the catalyst tubes either cocurrent with or countercurrent to
the salt bath. The salt bath itself can execute a pure parallel
flow relative to the catalyst tubes. However, a transverse flow

45 can of course also be superposed on said parallel flow. Overall,
the salt bath may also execute a meandering flow arocund the



reaction zoele 3399 ually, it is from250 to 450C. The reaction tenperature
Is preferably from 330 to 420C, particularly preferably from350 to 400C
10 In the novel process for the partial oxidation of propene, the
operating pressure may be either 1 baryy less than 1 bar or nore than 1

bar. According . to the inventi pi cal .Q erat pressures are from1.5
to 10, fre Y fFB?ﬁSy 3G 5fl<b% copsl %Hg./ 8vep Hhe JE84tPhr the

novel proceXFUFENt helParali SOUNbRYGHLesn b W@G@ﬂstdoesgaﬂ)mlﬁaveeto meet
any particularly high requirenents with respect to its purity. As stated

above and af fidle abbeDNrorleddersf MO paL981 PELCRTIBS OEOPdeentehethe
het er ogeng Eabséc\f:l%ﬁt %%{éeeﬁdﬂt%§% BQ}‘?S& cygogla%ﬁ)n ofsr%)@rgpe Ongr F‘%C e| i and/ or

acrylic acid ver rred 1o as

crude pr ope??é)“l’r&% AgeE He %J&PPEJanlt t%fgﬁ%c?% &3t RoRL 'cgr’i‘ebéeﬁg‘é’cf’“
entirely witdenperaprog| erpreferppbyciront 380ste 20 °6r opastsicd®rdy Pol yner
grade propypeiteraBly3brch) 49 80990y Pr opene, wei ght s 0.4% by
wei ght Propane s 300 ppm byEt hane and/ or met hane, weight s 5

pprby Cy- rbons panb tyl ene, ight.s 7 yEt hyl ene,
wei ght " s e\/\ﬂ?e %ve&el'sns foﬁ a’n%’ ngWEI Jhatlog bt SproptRL)V R

ppnby Sul fur°Rﬁfﬁ"|§ﬂP§| H’éeﬁﬁﬂFﬁoﬁ‘ﬁHs ?cedlltéﬁlrafle}éla%'s Mesisghpan| ¥ far, og more

pprbyChl or i Hearcdnper si derasiipaubdstiic dinyehbien, dypiskyherdragriinge), s 5
ppby 02, wetdB¥ures are from 1.5 to 10, frequently from 1.5 to 5, bar.

15 The propene to be used for the novel process for the partial
oxidation of propene does not have to meet any particularly high
requirements with respect to its purity.

As stated above and as for all one-stage or two-stage processes
20 for the heterogeneously catalyzed gas-phase oxidation of propene
to acrolein and/or acrylic acid very generally, for example,
propene (also referred to as crude propene) having the following
two specifications can be used entirely without problems as
propene for such a process:
25

a) Polymer grade propylene:

= 99.6% by Propene,
weight
30 |5 0.4% by weight |Propane,
< 300 ppm by Ethane and/or methane,
welight
s 5 ppm by C4-Hydrocarbons,
weight
= 1 ppm by Acetylene,
35 .
weight
s 7 ppm by Ethylene,
weight
< 5 ppm by Water,
weight
4012 ppn by oy
weight
s 2 ppm by Sulfur-comprising compounds (calculated as
weight sulfur),
< 1 ppm by Chlorine-comprising compounds (calculated as
45 jyeight chlorine),
< 5 ppm by CO3,
weight




PF 53990 245 8513905 ppm byCOL wei ght s 10 ppm byCycl opropane, weight s 5
ppm byPr opadi ene and/ or propyne, weight :5 10 ppm byC2. 5- Hydr ocar bons and
wei ght s 10 ppm byCar bonyl - conpri si ng conpounds (cal cul ated as

wei ght Ni (CO 4). b) Chem cal grade pro&yl ene: 15 20 25 30 35 40 Z 94% by
wei ght Propene, _s_6% by wei ght Pr opane, § 0. 2% by wei ght Met hane_and/ or

et hane, s 3J=pprpmy Etyhyl ene|COei ght s 1 ppm byAcetyl ene, weight s 20 ppn
byPr opadi erfj@eagidt or propyne, wei ght s 100 ppm byCycl opr opane, wei ght s B0
ppm byBut eng, 13 bys 00 PPPE IRTAdLENT, wWer ght—s 200~ ppm
by 4- I-Iydroca,g@ep%@v\eyisght $ % ppm byCA5- Hydr ocar bons, weight s 2 ppm
by Sul f ur - ¢d | |-ctat-ed—as—weigh :

bySul fi de gcalf&ﬁ‘ Hed as (PEypadiene and/or propyne,

e1ght

s 10 ppm by Cs>s5~Hydrocarbons and

weight

=< 10 ppm by Carbonyl-comprising compounds (calculated as
10 {weight Ni(C0)4).

b) Chemical grade propylene:

=z 94% by weight |Propene,
15 |s 6% by weight Propane,
< 0.2% by weight |Methane and/or ethane,
= 5 ppm by Ethylene,
weight
< 1 ppm by Acetylene,
20 |weight
s 20 ppm by Propadiene and/or propyne,
weight
= 100 ppm by Cyclopropane,
weight
25 |s 50 ppm by Butene,
weight
< 50 ppm by Butadiene,
weight
= 200 ppm by C4-Hydrocarbons,
30 weight
= 10 ppm by C:s5-Hydrocarbons,
weight
s 2 ppm by Sulfur-comprising compounds (calculated as
weight sulfur),
35 [ 0.1 ppm by Sulfides (calculated as H;8),
weight
= 1 ppm by Chlorine-comprising compounds (calculated as
welght chlorine},
< 0.1 ppm by Chlorides (calculated as Cle) and
weight
40
< 30 ppm by Water,
weight

0f course, all abovementioned possible impurities of propene can
however also each be present in the crude propene in from two to
ten times the stated individual amount without adversely
affecting the usability of the crude propene for the novel

45



wei ght s 1 ppns399M| ori ne-conpri sing conpounds (cal cul ated as

wei ghtchlorine), s 0.1 ppm byChlorides (cal cul ated as C16) and wei ght as 30
ppm byWater. weight O course, all abovementioned possible inpurities of
propene can 45 however al so each be sent in the crude propene in from
two to ten tinmes the stated individual™ anount w thout adversely affecting
t he usabi | iREPEESt RE PSR BPERPLFRAICSERE FOW dihepPns 3ot T SWgcekageyr
for the knovetenogeessesly gratahyzencgat-gheserotimatibagef pmimemegéneous|y

catal yzed gasrdlkdsecand/siatdcaylot pfnpereyt gend@ed1dlyei n and/ or acrylic acid
very generally. 5 This is true in particular when the saturated

hydr ocar b . the _stea the .oxi des .of rbon and t.h | ecul ar o en are
Ty Bt iBoSRUE Whineh Cah L e R TRELARSE RO RS REn ORI of t ner
as inert di$tRM- §he F1das ofacpabes and the gBo kAT sOKYIeR (fge in any
abovenent i orexk poopessds . wiichaphytidcimmter udetlpr opece ias sheylomblons used as
a (rB xture Weithdre@¥clifegsiilaeht ags Ar FRl Eéé%t?dntsoiﬁgﬂﬂr@é’lcﬂn@hndy ute air
and/ or i ner S r s . fo e

het er ogengoﬁgﬁg%gé'ﬁéfﬁ‘?ﬁ%ﬁ? S’E?gégi?-ox"ﬁ%%?%%h o %?gdénme T s e

and/ or alPyts ERd &° 35VRORRer 501 1SS pPBperE S BIRLE (BT AN Fovel
process is PFxgsan@ndpr chiluter 8iRednd s 1B9pE ctfctiornthe prateds #rareseri ng
fromthe nawklalirotbes mressetafms,tifeohetsnogpineouspyt catdl¥zeldased on its

wei ght, of piapange FRiGafipodepidyerdddiot horsidh hadaaes camaniiedachy. ot her
inmpurities which are substantially not troublesone in 20 the novel

process. ,Both pure oxvgen and air or air cenrjched with oxygen or _depleted
oy el ErARP BieT, SR BELe, P ORE 0B RH £oF o 1S oAy BF BT T as P PBE"S he
partial oxi®&tGtorsof opFeheife @ PEPTRAURIdIiD BnPYR SRR SdbFsFingfFom SAg
propene, a neaxl ipgwcgas amt montadnsi xianw exaopbe, ugedof 0%t Herargdveh process
usual |y al sweidi)t aiEnprépanecaThionprshdnse mhy 9additSivinaabl ebeli ddtenbagbises are

nitrogen, Oy dasedf imBhPOMed VRl En IASE SRR ahOYEI1 IR OEAERONS om0 guCh as
met hane, 23%‘}?9”6 anqL B{_ggane (hi gher hydrocarbons, "e.g. C4 hydrocarbons,

J)e 258 .

shoul d b&"avor det reguently, steamis also used as a diluent gas.
M xtures of abovenenti oned gases frequently forma diluent gas for the
novel proceBetlf grurehexpgen iagid air or air enriched with oxygen or depleted

in oxygen may be used as an oxygen source for the novel process
for the partial oxidation of propene.

25
In addition to molecular oxygen and propene, a reaction gas
starting mixture to be used for the novel process usually also
contains at least one diluent gas. Suitable diluent gases are
nitrogen, oxides of carbon, noble gases and lower hydrocarbons,

30 such as methane, ethane and propane (higher hydrocarbons, e.g. C4
hydrocarbons, should be avoided). Frequently, steam is also used
as a diluent gas. Mixtures of abovementioned gases freguently
form a diluent gas for the novel process for the partial
oxidation of propene.

35
According to the invention, the novel heterogeneously catalyzed
oxidation of propene is effected advantageously in the presence
of propane.

40 Typically, the reaction gas starting mixture for the novel
process has the following composition (molar ratios):

Propene : oxygen : Hy0 : other diluent gases
=1: (0.1 —-10) = (0~ 70) = (0 - 20).
45



oxi dation ofF B3f#he. 35 According to the invention, the novel
het er ogeneously catal yzed oxidation of propene is effected advant ageously
iin the presence of propane. 40 Typically, the reaction gas starting
m xture for the novel process has thedollow ng corrposition (rml ar
é | uent  gase (0

ratios): Pro ene ygen H20 ot her

- 70) : Ipef(g)rabgtg ﬁ%‘% FeBRNt NG FAbEY, lﬁﬁ‘e alﬁév’en%htldr}ed F%ilo is 1
(1 - 5) (Q+1020) (0 - 10). If the diluent gas used is propane, it can
advant ageousl y 5 |likewi se be partly oxidized to acrylic acid in the novel

p[ octess alsf OL%%C Bhg@éint Qfa‘s%gtaglg Cpﬂd@%nénthdmadbaﬁtwé&}sllgn gas
starting gi a n

st eam and 56 ané@éﬂg’ ég‘n 12& %ﬁﬁg}r} rat |3 Jcéé %%g%alngp‘t\’%e%e’r'opene

in the nove"fS Eée y assurrethefollovmng values: fromO0 to 15,
frequently fromO to 10, often fromO to 5, expediently fromO0.01 to 3. 15
The propeneasqiaciényetoctiey iavehbeoAttdley #bat Dish igast Beanome) migtaeess for

the partial ,fxidalykoisBf JUnPReREs B d2Ri1akOR l,eco, fé@M 40ehR ZmD
| (S. T. P% Ivcﬁ}gThe pg%‘-’f‘éfgglt; of thelarealctl(?eeli%jn&)1 ggcs) st%rtlng m xture is

frequent I'y ¥¥GH508 n many 20 cases from 600 to 10 000, often
from700 to 5000, I (S. T.P.)/IVh. In the novel process for the parti al

oxi dati on drhq)m@éeﬁertlbio afr prppane it paopereluct tdesnaval rmeoelschayoes not
consi st  exgddifdevehy H6lhsviylgi cabgesh ifromf Ocouriss @bbguaetly Rabheo,ton 25

addi tion townm\éﬁrt%mwee,eﬁﬂ;@ﬁ&d CEI&aSO JHixEyre, conprises
byproduc&g, such as pr opane, acrol ein, , CO H2O acetic acid,

propi oni C aC|d etc., fromwhich.the cryllc cid _ha i sol ated. 30
Thi's can bels EEPER® aXPHhRIPT St Y Xo be B F ol T4t dOaR et br JEerBTRLl y

catal yzed tBkRefsggéoyakho Rassiaki oatdasions of peunrane maydesyifiar g¥pEple.
(carried oufrom 40wbor 22t (Gn Tz8Re8)Vh. TiThe rpars welatitheofadrhd ireaatich

present canghe dtalk@fnypmiFivet Ag fﬁéi;uyn@dycfr@a%m xbul® do0 aBsomnghyON Wi th
wat er or ycaaé%%orf%rnoaowdﬂ 13 Bbshf@@elé&]qgo Jy%eehopﬁc PBIFN @n

sol vent or exanmple m xture o eny er and dip V\:hl c

In the novel process for the partial oxidation of propene to
acrylic acid, a product gas mixture which does not consist
exclusively of acrylic acid is of course obtained. Rather, in

25 addition to unconverted propene, the product gas mixture
comprises byproducts, such as propane, acrolein, CO;, CO, HO0,
acetic acid, propionic acid, etc., from which the acrylic acid
has to be isolated.

30 This can be effected as generally disclosed for the
heterogeneously catalyzed two-stage gas-phase oxidation of
propene to acrylic acid (carried out in two reaction zones).

This means that the acrylic acid present can be taken up from the

35 product gas mixture by absorption with water or by absorptiocon
with a high-boiling inert hydrophobic organic solvent (for
example, a mixture of diphenyl ether and diphyl which, if
required, may also comprise additives such as dimethyl
phthalate)}. The resulting mixture of absorbent and acrylic acid

40 can then be worked up by rectification, extraction and/or
crystallization in a manner known per se to give pure acrylic
acid. Alternatively, the basic isolation of the acrylic acid from
the product gas mixture can also be effected by fractional
condensation, as described, for example, in DE-A 19 924 532.
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In a completely corresponding manner, the novel multimetal oxides

25 (I) can be used as catalysts for the partial oxidation of

isobutane and/or isobutene to methacrylic acid.

Their use for the ammoxidation of propane and/or propene can be
effected, for example, as described in EP-A 529853, DE-A 2351151,
30 JP—A 6-166668 and JP—-A 7-232071.

Their use for the ammoxidation of n-butane and/or n-butene can be
effected as described in JP-A 6-211767.

35 Their use for the oxydehydrogenation of ethane to ethylene or the
further reaction to acetic acid can be effected as described in
UsS—-A 4250346 or as described in EP-B 261264.

The novel multimetal oxide materials (I) can, however, also be

40 integrated into other multimetal oxide materials (for example, by
mixing their finely divided materials, if required effecting
compression and calcination, or mixing them in the form of
sludges (preferably aqueous), and drying and calcining them (e.g.
as described in EP—A 529853 for multimetal oxide materials (I)

45 where d = 0)). Once again, calcination is preferably effected
under inert gas.
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c

of coate )a'l ysts conprising multinetal oxide materi al

The advantageousness of the novel multimetal oxide materials (I)
is based on their excellent selectivity with respect to desired
product. It is surprising that the promoters M3 are also effective
25 in pure i phase, in particular with respect to both the partial
oxidaticns and partial ammoxidations mentioned in the document.

For the purpose of the heterogeneously catalyzed partial
gas-phase oxidation of propane to acrylic acid, the novel

30 multimetal oxide materials (I) and multimetal oxide materials or
catalysts containing them are preferably put into operation as
described in DE-A 10122027.

Examples
35
A) Preparation of coated catalysts comprising meltimetal oxide
material

Comparative example 1 (preparation of a multimetal oxide catalyst
40 comprising the active material Moj gVp.33Tep,19Nbg.11Nigp,010x,
containing i phase and k phase)

87.61 g of ammonium metavanadate (78.55% by weight of V,05, from
G.f.E. Niirnbern, Germany) were dissolved at 80°C, with stirring,
45 in 3 040 ml of water (three-necked flask with stirrer,
thermometer, reflux condenser and heating). A clear, yellowish
solution formed. This solution was cooled to 60°C and then, while
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stream of powder was likewise orange.
25
100 g of the spray-dried powder were heated in a rotating-bulb
furnace according to figure 1 (quartz glass bulb having an
internal volume of 1 liter; 1 = furnace housing, 2 = rotating
bulb, 3 = heated space, 4 = nitrogen/air stream) under an air
30 stream of 50 1(S.T.P.)/h in the course of 27.5 minutes, initially
linearly from 25°C to 275°C, and this temperature and the air
stream were then maintained for 1 hour. Immediately thereafter,
the air stream was replaced by a nitrogen stream of
50 1(S.T.P.)/h and heating was carried out linearly from 275°C to
35 600°C in the course of 32.5 minutes. This temperature and the
nitrogen stream were then maintained for 2 hours. Finally, the
entire rotating bulb furnace was cooled to 25°C while maintaining
the nitrogen stream.

40 A black powder having the composition Mo gVp.33Tep.19Nbg. 11Nig.010x
(sample stoichiometry: Mo ¢Vp.33Te€g.22Nbg.11Nip.010x) was obtained.
The associated X-ray diffraction pattern is shown in figure 2 (R
= 0.26). BET = 8.0 m2/qg.
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wetting and powder metering, the support provided with a base
coat itself became the support in the subsequent period.

25
After completion of the coating, the coated support was dried
under air for 16 hours at 150°C in a muffle furnace. A coated
catalyst CEl comprising 20% by weight of active material
resulted.

30
Example 1

Similar to comparative example 1. However, the powder resulting
after the milling in the Retsch mill was stirred under reflux in
35 1000 ml of a 10% strength by weight HNO; solution for 7 hours at
70°C. The remaining solid was filtered off from the resulting
suspension and washed nitrate-free with water. The filter cake
was then dried overnight with air at 110°C in a muffle furnace.

40 The resulting active material had the composition
Mo .0Vp.20Teq,. 148bp.13Nig.0070x. The associated X-ray diffraction
pattern is shown in figure 3 (R = 0.71). BET = 20.2 m?/qg.

It was applied to the same support as in comparative example 1,
45 in the same manner, sc that a coated catalyst El comprising 20%
by weight of active material resulted.
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25 Comparative example 3

Similar to comparative example 1, but the batch was halved in its
amount and 12.34 g of palladium(II) nitrate dihydrate (98%, from
Fluka) were used instead of 3.40 g of nickel(II) nitrate

30 hexahydrate.

The resulting active material had the composition

Mo, oVo,33Tep,228bp,11Pdg.040x. The associated X-ray diffraction

pattern is shown in figure 6 (R = 0.35). BET = 9.3 m?2/g. It was
35 applied to the same support as in comparative example 1, in the

same manner, so that a coated catalyst CE3 comprising 20% by

weight of active material resulted.

Example 3
40
Similar to example 1, but the active material from comparative
example 3 was washed with aqueous nitric acid. The resulting
active material had the composition Moj gVg.29Teg,13Nbg.13Pdo.0010x-
The associated X-ray diffraction pattern is shown in figure 7 (R
45 = 0.74). BET = 17.4 m?/g. It was applied to the same support as in
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mat eri al resulted Exarrple 4 Simlar to exanple 1, but the active nmaterial
fromco tive 0. exanpl.e 4 was she thaueosnitric acid. The
ot 11 nEOSHS FESHAESRS AOHIda PRESTAI S | ComBossEio

Mbl. 0VO. 2911‘&1 amaﬂerseé@o@oﬁexoom §eo%$%&0é@tﬁdréyrw fFAELEREBIPD pat t er n
i s shown i rpdtitgormeid iown Gn78jiguiBER XR24. 6. 24 .0 BEIt =was? 28 /gpplt edchst 0 t he

same supporg ;ﬂieﬁntsoﬂwr@weveuwlae in iomgdt@tivanexaminen, s that a

coated catal 0, fogac feri sul ted.
Conpar at e ex flmggrmgd %—.'hBQ %a"r/ggyﬁd %Egb%?fvﬁe%gﬁgfmﬂ gﬁ'lt% g§65 g of
copper(lg g ?ﬁlﬁﬂfdf“gf‘gr Jbke El’lﬁgﬁgAcros Organi cs) were used instead

of 6.80 g of ni ckel (I'l') nitrate hexahydrate. 35 The resulting active
mat eri al hagkamrpdecdnposition Mot. 0VO. 33TeO. 19Nb0O. 11CuO. 010,,. The
associated X-ray diffraction pattern is shown in figure 10 (R = 0.27). BET

= 6.7 ne/g. slxﬁll‘éléstoaé’ﬂxﬁﬁ‘é 40 bhe é%c%&!@&%&teqsla'lnﬁ&ﬁ%@ta%@l%a”D' e
1, in th at coate cat%])'/ aCl 5 conpriSing 20% by 40

et o oo SRRRATEGhs bk By SRS e
The resulting active material had the composition
Mo1,Vy,.29Tep,.138bg, 13C0g.0040x. The associated X-ray diffraction
pattern is shown in figure 9 (R = 0.73). BET = 24.6 m?/g. It was
25 applied to the same support as in comparative example 1, in the
same manner, so that a coated catalyst E4 comprising 20% by
weight of active material resulted.

Comparative example 5

30
Similar to comparative example 1, but 5.65 g of copper(II)
nitrate trihydrate (99%, from Acros Organics) were used instead
of 6.80 g of nickel(II) nitrate hexahydrate.

35 The resulting active material had the composition
Mo, oVp.31Teg,198bg.11C0g,010x. The associated X-ray diffraction
pattern is shown in figure 10 (R = 0.27). BET = 6.7 m?/g. It was
applied to the same support as in comparative example 1, in the
same manner, so that a coated catalyst CE5 comprising 20% by

40 weight of active material resulted.

Example 5

Similar to example 1, but the active material from comparative
45 example 5 was washed with aqueous nitric acid.



Simlar topFx&Bds® 1, but the active material fromconparative 45 exanple
5 was washed with aqueous nitric acid. PF 53990 33 The resulting active
material had the composition Mot.OVO 28Teo. 13Nbo. 13Cu0. 0030x. The
associated X-ray diffraction patternnéa shown in figure 11 (R = 0.74). BET
= 23.1n2/g. It was_applied to the sanE”support as in conparative
exanpl el, i MPRerssSehdI@fkére Bramal hadodieedomaealyisin E5 conpri si ng20%y
wei ght of &ohioke. releeri:libe nesuy bedy . COnparssiocy eteX atqag Qitbr&ttidnar to
E:ggpgg/ at :c V@aexafp| £ Jshowt iﬁaﬁ_ﬂglﬁ'eOfl 1bj ﬁrwgdﬂ.@gl)l.) B?’f‘]iat fz%t.? ?9})’6 ahydgate
.5% fr e ad_o . of _nic nitrate
hexahydr %%i}/ﬁé&lr%%ﬁei ﬁgﬁlgcﬁé}g}tﬁaggri%lc%mg)ﬁrgﬁlév%oer%paggl%i (H)h 5 the

Mot . OVO. 33TE8E 18RBE 11 &00.%86‘&0&.‘3%6855%?]3}{%3% FAPPTH S GaPE MY pattern

i s shown i wefphhbref Briire-matggial gEFuted) n2/g. It was applied to the
sanme support as in conparative exanple 1, in the sane manner, so that a
coated cat @{omggrggﬁvé:(ym;nb%ng 20% by weight of active material resulted.
20 Exanple 6 Simlar to exanple 1, but the active material from conparative
exanpl e 6 was washed with aqueous nitric acid. The resulti ngh25 active

mat er i al thEdTEhET COhFSEPAF B8R £XARBL o sTe PU5Rh 68 19 BT RisBukh (He

associ at ed ktraye dvgitaydrate petd -Stn Esom emek nwergursedl3ngRead R70) . BET
= 22.0 n2/ ¢..8bt gvaf ramkeiledIj mitrateahexshyapere.as 1 n conparative exanpl e
1, in the sanme manner, so that a coated catalyst E6 conprising 20% by

i ght of : ol R 4 prising 20% by
conpar at | ya & ¥SS‘F?J%{QI %cicigég%tgeqéﬁi %adgﬁa% %r?:l“¥‘§séjfe€%}?ﬁ?edel I-(Te- ilgaen?

conpar atjve exanp
99%) werk¥? lﬁ"é’écP‘Fl“n@f‘Ead9H$°6?%@-@°"9P" Nt &k ASEPFyate Iy ot HedGHidr ate. The
resul ting ®etiteennid alicyn hAdJfINgecd@poRit i 8V 1BENG: RBATed/g.18N0@as
11Pb0. 034 Hpplasdow athed sxme ayuphdritr ast iwrconpatrael ve | exaxpdenl | nid itger e 14

(R = 0.30) saBETmanrer?, ¥/ ghat ta WatedOcaPPlyRdckd &&ﬁ‘pﬁ%’lﬁgsm?@%ﬁ as in

conpar ati vg, | SAfE so that a coated catalyst CE7
conpri sipg fgé)ﬁ-ggépv\%ﬁt&mg% %ctlvé:@rrgpgé?'al resul ted. Exanple 7 45 PF

53990
Example 6

Similar to example 1, but the active material from comparative
example 6 was washed with aqueous nitric acid. The resulting
25 active material had the composition Mo; gVg.28Te€p.15Nbg.14Big.0050x-
The associated X-ray diffraction pattern is shown in figure 13
(R =10.70). BET = 22.0 m?/g. It was applied to the same support as
in comparative example 1, in the same manner, so that a coated
catalyst E6 comprising 20% by weight of active material resulted.
30
Comparative example 7

Similar to comparative example 1, but 3.84 g of lead(II) nitrate
(Riedel-de~-Haen, 99%) were used instead of 6.80 g of nickel{II)
35 nitrate hexahydrate.

The resulting active material had the composition

Moj ,¢Vp.34Teq,.18Nbg.11Pbg o004 The associated X-ray diffraction

pattern is shown in figure 14 (R = 0.30). BET = 2.2 m?/g. It was
40 applied to the same support as in comparative example 1, in the

same manner, so that a coated catalyst CE7 comprising 20% by

weight of active material resulted.

Example 7
45



34 SimlarPFo53980ple 1, but the active material from conparative exanple
7 was washed with aqueous nitric acid. The resulting active material had

t he conposition Mt.0V0. 28Teo. 13Nb0. 13Pb0. ool x. 5 The associ ated X-ray
diffraction pattern is shown in figure3 5 (R=0.67). BET = 27.1 n2/g. It
was applled to the same support _as in tonparative exanple 1, in the sane
manner, so PHAMLEF &S’aﬁéﬁmp&atlal PEt Hre AsRivEsTABL DO fyomesQfRATstt ixet i ve
materi al resmmm 71 @acowpstred micheaaumgpius 8i8caT | arid.o Thenpeswlttiing exanpl e

1, but withatbeveidatereatehddahe tbgpasidiiionoRopf V§ 898 1 Mk gkl {41b)
nitrate hexahydrate was not carried out. The resul'ti ng active material had

the conposition 15 M V. 33T 6Nbo 110X, . The associ at ed
di ffract|§ H’e AR ed }ﬁ FRTr P BALRELN ot ShOVAED = “7"yr'n'§)l5

e It
was appl i ed! o G+bd) saﬁ%Ts‘Ur?ﬂorlt m%lég'l rFthPfﬁai‘mh\Pél ERakhe esame |SHPP%‘C Feoe
manner, soitbheamparesavedexairdleydt, OFAleompme shamndQYsby thet ghtccatedct i ve

material resatipgkt 20 eenpﬂ@tdgveoexwmggatsbm dAiveOmaxafPd e rhsulbbqgl he
active material fromconparative exanple 7 was washed w th aqueous nitric

aC| d. Th sul ti 25 active material had the conposition

. 0VO. EBTg %ﬁ%g‘ VEIBASHE dssociated X-ray diffraction pattern is shown
|n flgure 17 (R = 0.68). BET = 26.0 n2/g. It was applied to the sane
support as Similonpar abmparabdavepkegadple rl,t betswieh mendd f fexerddrathatcoat ed

30 cat al yst t+fESGBRbhSbATS M/@bwfmengm(qfx)aﬁitﬂaecmbeahﬁaraﬁeewgt g8c B
Testing of LR copiad. ceﬁ@wéstﬁt%g &b Ballr 800 1GAMBRL S difhodTtibh wet al
oxi de ma h s 35ﬁ d'ea,g mtefgn(g mﬁ%

140 om a1 oK R % SARF POt e o] Rl br T

each case 35h@wRy idy ftlﬁBr?e%‘i)e‘@t Fv %6ht SFTcat ft Y I¥°/Br okt Ajas (a@@tlaﬁ'?s’fo bed
| engt h i n akhe caawes sapport 58 dm) compdattimeupsamnpken U0 ibethefsatecmanber beads
(dianeter: koorhat 2 toaBe@ dEBalyS8BNCEAG PR s1iAEI 208 ©F) whasht st aklkede
before the gatalyst Bedite@nd a downstream bed of the same steatite beads
after thg catal yst bed with the remaining | ength of the tubular reactor.
45 PF 53 80 35 The external terrper ature of the |oaded reaction tube was
brought t oCeBRREAN ¥R BRE®RI i% e I ength from the outside by neans of

Similar to example 1, but the active material from comparative
example 7 was washed with aqueous nitric acid. The resulting
25 active material had the composition Moj_gVp.29Teq.13Nbg.130%.

The associated X-ray diffraction pattern is shown in figure 17
(R = 0.68). BET = 26.0 m?/g. It was applied to the same support as
in comparative example 1, in the same manner, so that a coated
30 catalyst CE8 comprising 20% by weight of active material
resulted.

B) Testing of the coated catalysts prepared in A) and comprising
multimetal oxide materials
35
A tubular reactor (internal diameter: 8.5 mm, length: 140 cm,
wall thickness: 2.5 cm) produced from steel was loaded with in
each case 35.0 g of the respective coated catalyst from &)
(catalyst bed length in all cases about 53 c¢m). A 30 cm upstream
40 bed of steatite beads (diameter: from 2.2 to 3.2 mm,
manufacturer: Ceramtec) was installed before the catalyst bed,
and a downstream bed of the same steatite beads after the
catalyst bed with the remaining length of the tubular reactor.

45



al

el ectrical |lgpheag®0 heating mats. 5 The reaction tube was then fed with a
reaction gas starting mxture having the nolar conposition of propane :
air : H2O = 1:15:14 (the entry side was on the downstream bed side). The
residence tinme (based on the catal yst d volunme) was brought to 2.4
seconds. The entry pressure was 2 bar solute. 10 The reaction tube | oad
was i nitial T§e rafterRadatemrefsdune phetheadordpentsasidenekaks reds LEppehat ure
of the | oadea IEEE€t pver tilise endice remparh ddonfti® duaside befreramst bEs

external teapsftidiaglpaBeatdiC heasedg Statldat, based on a sinple reaction
tube pass, a 15 propane conversion (CPAN) of about 78 nol%resulted in all

cases. Th abl e bel.ow shows the exterpal, tenperature T (C. required for
this convgri]i_’%rfeag lﬁ‘}fﬁﬂﬁ it gf‘e?hge &d'ttbdggﬁef%ﬁt;ié’f’ Hgéd%t "9 he
resul ting s@%%%RHQHhPVlﬁg ?qﬁamﬁéﬁylF%mERﬁkiiPGrﬂﬁlﬁﬁﬂPaZG GSPGA‘Kﬁbp@ﬁ) and
the selecti ¥t15:1df (the entopersddeypandectthef dovms team SPENs {dm) %The | n
addi ti ;Jn, tﬂﬁsidﬁﬂc% shays(Bd¥ed oAt eRsidatan bt Opdd Qfolh?@)aﬁié vcg_-tqm@heriéll
resent on S IS active
ol ot SaBhaE. Eh Hnk3y BPEadlIR CAUPESHLS Uhefiutdl S
Et Dt ONO1R®eFN DNVNMEomW ' * t DI 01 0141wDi OvIi WDi | I tovi NO Q U Q
The reaction tube load was initially run in each case at the
abovementioned external temperature of the loaded reaction tube
over a period of 24 hours, before this external temperature was
increased so that, based on a simple reaction tube pass, a
15 propane conversion (Cpzy) of about 78 mol% resulted in all cases.

The table below shows the external temperature T (°C) required for
this conversion, as a function of the coated catalyst used, and
the resulting selectivity of the acrylic acid formation

20 (Saca (mol%)) and the selectivity of the propene byproduct
formation (Spgy {(mol%)). In addition, the table shows the
intensity ratio R of the active material present on the coated
catalyst and the composition of this active material.

25

30

35

40

45
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xzc z U BRLEIHOM ri NM | TLc) | Dr - r oUUUUUUWU x w PF 53990
37 5 W claim 1. Anultinmetal oxide material of the stoichionetry I
MolVaMibM2cMBdOn (1), where 10 ML is at |lgpst one of the elenments fromthe
group consisting of Te and Sb; M2 is at |east one of the elenents fromthe
group consisting of Nb, Ti, W Ta and Ce; M3 is at |east one of the

el enents fromthe group 15 consisting of Pb, Ni, Co, Bi, Pd, Ag, Pt, Cu,
Au, Ga, ZrWe Sdaima- Re, Ir, Sm Sc, Y, Pr, Nd and Th; ais from0.01 to 1;
bisfrom>0to1l 20cis from>0to 1l dis from>0to 0.5and nis a
numrber whi cp, 'SAq\ﬁil%&HibEQﬂ chb’lcfehﬁta’ééff‘ﬂ:)bfa@g L{&pamseoF §he elenents

ot her thag oxygen in (I) 25 whose X-ray d raction pattern has
reflections h, i and 1 eaks are at the diffraction angles (2(a)
22.2 0.50 (h), 27”03"% gnand 28.4):0.50 (k), - the reflection h
being the one with the strongest 30 intensity within the X-ray diffraction
pattern and hawnae a full width at half height (FWHH) of not nore than

0.5, - the intensity Pi of the reflection i and the intensity Pk of the
reflectl k fulLfilling, reI |onsh| 85 where Ris the
i nt ensi ty rati llé‘lldefl ne Soy t%ea % 59?2 esl‘:‘iﬂlenlts Igrorit’ﬂ?)
consisting of Te an
M2 is at least one of the elements from the group
consisting of Bb, Ti, W, Ta and Ce;
M3 is at least one of the elements from the group
15 consisting of Pb, Ni, Co, Bi, Pd, Ag, Pt, Cu, Au, Ga,

Zn, Sn, In, Re, Ir, Sm, Sc, ¥, Pr, Nd and Tb;

is from 0.01 to 1;

is from > 0 to 1,

is from > 0 to 1,

is from > 0 to 0.5 and

is a number which is determined by the valency and
frequency of the elements other than oxygen in (I),

20

00 T

25 whose X-ray diffraction pattern has reflections h, i and k
whose peaks are at the diffraction angles (22)) 22.2 = 0.5°
(h), 27.3 = 0.5° (i) and 28.2 + 0.5° (k),

— the reflection h being the one with the strongest
30 intensity within the X-ray diffraction pattern and having
a full width at half height (FWHH) of not more than 0.5°,
— the intensity P; of the reflection i and the intensity Py
of the reflection k fulfilling the relationship 0.65 = R
=< 0.85, where R is the intensity ratioc defined by the

35 formula
R =P; / (Py + Py)
and
40 — the FWHH of the reflection i and of the reflection k is

in each case = 1°,

wherein the at least one multimetal oxide material (I) is one
whose X-ray diffraction pattern has no reflections with a
45 peak position 2@ = 50.0 *= 0,3°.



40 and thePFVBBBBO the reflection i and of the reflection k is in each
case s 1, wherein the at |east one nultinetal oxide material (lI) is one
whose X-ray diffraction pattern has no reflections with a 45 peak position
2Q = 50.0 0.3. PF 53990 38 2. A nmultjgretal oxide material according to
claim1, whereln 67 s Rs 0.75. 3. mul tinetal oxide material according
to claimi, V\helf"e‘f“’r%tlﬁ‘e@a@mélq? Jageyial gocRrgipgi kRt igkildewheredn al
according to cl@i%i k5 RweebPeiln» 0.71 s Rs 0.74. 10 5. A multinetal oxide
material according to claiml1, wherein R= 0.72. 6. A nultinetal oxide

mat eri al acegor dj t 0, [ ej spec urface
area i s fgo% 11A'[}ﬁhl4t8m%g é éx%%n%e%l%)la%%ﬂﬁao%]d! arsrLéntghg élgec?:]ordl ng
to any of cl ai n® €rein its X-ray diffraction pattern also has
further reflecti ons vvlth t heir peak positions at the follow ng

di ffracti ondanghesilddmefald ofide mbrerifl 7adco¥ddngodo arikim719 whékelin(p). 25
8. A nultinetal goxi dermat@risal according to claim7, wherein its X-ray
diffraction pattern also has further reflections vvith their peak positions
atthefllvmn diffraction apgles 2Q 45.2 0.4 30 29.2 0.4 (n) and
35,400 30(R)" "8 M tiIRERhooR O RRE  fak AT IAE o, g o Lo | e R

wherei n, on th@z 'é%me intensity scale, the reflections h, i, 1, m n, o, p
35 and g have the following intensities: h = 100, i = from5 to 95, 1 =

froml to 39, AGuMtiretaM dxifk MtePizl fdXOrdihg A9 any of claims 1 to
5, wherein its specific surface area is from 11 to 40 m?/qg.
15
7. A multimetal oxide material according to any of claims 1 to
6, wherein its X-ray diffraction pattern also has further
reflections with their peak positions at the following
diffraction angles 2(3:

20
9.0 = 0.4° (1),
6.7 = 0.4° (o) and
7.9 + 0.4° (p).

25 8. A multimetal oxide material according to claim 7, wherein its
X-ray diffraction pattern also has further reflections with
their peak positions at the following diffraction angles 2QO):

45.2 * 0.4° (q)
30 29.2 * 0.4° {m) and
35.4 * 0.4° (n).

9. A multimetal oxide material according to claim 8, wherein, on
the same intensity scale, the reflections h, i, 1, m, n, o, p

35 and g have the following intensities:
h = 100,
i = from 5 to 95,
1] = from 1l to 30,
40 m = from 1 to 40,
n = from 1 to 40,
o= from 1 to 30,
p = from 1 to 30 and
q = from 5 to 60.

45



o=fromlPB BI9Pp = from1l to 30 and g = from5 to 60. 45 PF 53990 39
10. Anmultinmetal oxide material according to any of clains 1 to 9, wherein
ais from0.05to 0.6. 11. A multinetal oxide material according to any of
claims 1 to 5 10, wherein b is from 1tol 12. Amultimetal oxide
material according._to any of clains o 11, wherein c is from0.01 to 1.
10 13. A mA%i rPet“g‘lltEﬁP?H%l et &F‘t%ﬁ}r RGO AP GRYCPhi FEaims 4 t9p
wherein d is frombeseds 2ol fFomil. 0% taltbret al oxi de material accor di ng
to any of claims 1 to 13, wherein 15 a =is from0.1to0 0.6; b =1is from
0.1 to 0.51L, —A'nﬁllft'iﬂgtgl lodieOmat@Pth1 Getokdihd B Qn?ogft@le&rré 120515. A
mul ti metaé oxi dg, §+}§ccsorfg got any ; of claims 1°'to 14, wherein M
conpri ses™ at Ieast Passd Its total wei ght, of Nb. 25 16. A
mul ti metal oxide rraterlal accordi ng to any of clainms 1 to 14, wherein M
conpri ses aiZd{ dagmulrimabaldyornigiecnaderials acgpalingeiqginy of NRims71 Ao

mul timetal oxidel,mheredh @deorfdongoi®l awy 10f clains 1 to 30 14, wherein
M2 is exclusively Nb. 18. A multinetal oxide material accordi ng to any of

claims 1, 17 I.S; at | east. one el .ement from

consi st i n%olo m"ﬁ@o Qawdnd/s magerl"ﬂb acﬁafi%“ 3r1“'§) foy 3\ e} mr‘?et aF®oxi de
mat eri al accord]i%g“’ﬁlﬁrﬁhﬂ} ‘BflsclféPﬁ‘soioqoc? tp70-%herein M3 is at |east one
el enent fromthe group consisting of Ni, Co, Pd and Bi. 40 20. A

mul tinetal DXi de niAtembahl Medhageimpraybcei:dcﬁ@im ahyt 6f diaimsherebn ML
is Te, M is NopangLMBeis at | east one element fromthe group conprising
Ni, Co apd Pd. 45 PF 53990 40

= is from 0.1 to 0.6;

= is from 0.1 to 0.5;

= is from 0.1 to 0.5 and
= is from 0.001 to 0.5.

A o O o

20
15. A multimetal oxide material according to any of claims 1 to
14, wherein M2 comprises at least 50 mol%, based on its total
weight, of Nb.

25 16. A multimetal oxide material according to any of claims 1 to
14, wherein M? comprises at least 75 mol%, based on its total
weight, of Nb.

17. A multimetal oxide material according to any of claims 1 to
30 14, wherein M2 is exclusively Nb.

18. A multimetal oxide material according to any of claims 1 to
17, wherein M3 is at least one element from the group
consisting of Wi, Co, Bi, Pd, Ag, Au, Pb and Ga.

35

19. A multimetal oxide material according to any of claims 1 to
17, wherein M3 is at least one element from the group
consisting of Ni, Co, Pd and Bi.

40 20. A multimetal oxide material according to any of claims 1 to

17, wherein M! is Te, M2 is WNb and M3 is at least one element
from the group comprising Ni, Co and Pd.

45



21. A nul t iPFet5899%Kki de material which conprises at |east one nultinetal

oxi de material according to any of clains 1 to 20 and whose X-ray
diffraction pattern has no reflection with the peak position 2Q = 50.0
0.3. 522. Amltinmetal oxide materialjaccording to claim21, in which the
mul ti net al _qQxide n?terial gx%; is preséent ina form diluted with at | east
one finely di-vitdBH FEPETd AP ABNTE HE Lagr BhpCh siRMPrdsRY &% 14east ePeani um

di oxi de, al umi maltinetdvhiaxhdelDatsdid andondiny tm exvdef ARimA wute ikt al
oxi de nmateri al anki ehos®mpiragedi Af B% iy petgddn mefs ab teedetona wikh i net al

oxi de material +ReCREM Nhdi®iBAY2@f = 6hahNE 50 20 and whose X-ray
diffractipon pattern has a 15 reflection with the peak position 2E) = 50.0

0.3. 24. A process_for the heterogeneously catalyzed Eartial gas- phase
anmoxi dat | Gif -of* BPlEEaetal pxide TRt lopCERREinG dPeBlaHy dlocaAPbBRICRher ei n
the catal yti calthg meitieetadt oxidé newdiad (%) ats Ipgesenonm mulformet al oxi de
mat eri al accor diingté® wivh @t 1648t el fie?P. didb.deA REOEESS Feofl ¢heg to

claim 24, wher girBubhgg Angr BODids, tREARXMR qRIABENCa Dimith Tl é&k‘é?nﬂim
pr opane ﬁpd prgpene. 25 26. .A process for the heterogeneously catal yzed

partial Gas- phSed9C NG ERABOB %t | east one saturated or unsat ur at ed
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25. A process according to claim 24, wherein the hydrocarbon is
propane, propene or a mixture of propane and propene.
25
26. A process for the heterogeneously catalyzed partial gas-phase
ammoxidation of at least one saturated or unsaturated
hydrocarbon, wherein the catalytically active material used
is at least one multimetal oxide material according to any of
30 claims 1 to 23.

27. A process according to claim 26, wherein the hydrocarbon is
propane, propene or a mixture of propane and propene.

35 28. The use of at least one multimetal oxide material according
to any of claims 1 to 23 as a catalyst for a heterogeneously
catalyzed partial oxidation and/or ammoxidation of at least
one saturated and/or unsaturated hydrocarbon.

40 29. A process for the preparation of a multimetal oxide material
according to any of claims 1 to 20, wherein a thorough dry
mixture is produced from sources of the elemental
constituents of multimetal oxide material, said mixture is
calcined at from 350 to 700°C and the resulting product is

45 washed with an aqueous solution of an organic and/or
inorganic acid.



