1 7 JAN 2005 Preparation O Acrylic Acid By Heterogeneously Catalyzedi

Gas- Phase Oxidation OF Propane 5 The present invention relates to a1p SANL 205
for the preparation of acrylic acid by heterogeneously catal yzed gas-phase
oxi dation of propane with nolecul ar oxygen at el evated tenperatures over

at least one nmultinetal oxide material of the fornula I, 10 Ml VbMC1MI2On
where 15 ML is Te PaegshrfionSDf AMBlit Acill By HéRiogeidusly Callylienents fromthe
group consisting of Nb, Tgas-PhastiOxiddtionddfPrepandVh, Ga, Fe, Ru, Co, Rh, N,
Pd,, Pt, La, Bi, B, Ce, Sn, Zn, Si and In, 20 b is from0.01 to 1, c is
fromg O to 1, preferably fromO0.01 to 1, dis from> 0 to 1, preferably
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req : -he X n_in , e X-ra

i 1 v acheoptig el SR e RbBRt L LR oo ndee BRRd% Lo BE (e

di ffracPFBﬂa‘g%dPé%‘ t“?g‘icﬁrz O¥Y9gn4at rglevared temperaturpsaaen@t? 0.4 (k),

30 33east ;g pulrineeat iaxide petegiahefrmobe Fotmrise I efl ection within

t he -ray diffraction pattern and having a half-width of not nore than

0.5, The intensity Pi_of the reflection i and the intensity Pk of the

reflection k ful filliMlgi\efe™MaEPationsHild+0.65 s R's 0.85, where Ris the

intensity ratio defined by the formula R= Pi/(Pi + Pk) and the h4lf-wi dth

of the ggklgction i and that of the reflection k each being s 1. 1 7 JAN

2005 2 Miultimetal oxide materials which have a stoichionetry

corresponding to the fornmula (1) are known (cf. for exanple EP-A 608838,
EP- A ¥M853, JPisATd-ABPB®E1SbJP- A 10-57813,

M2 is at least one of the elements from the group consisting
of ¥Xb, Ta, W, Ti, Al, Zr, Cr, Mn, Ga, Fe, Ru, Co, Rh, Ni,
Pd, Pt, La, Bi, B, Ce, Sn, 2n, Si and In,

20 is from 0.01 to 1,
is from > 0 to 1, preferably from 0.01 to 1,
is from > 0 to 1, preferably from 0.0l to 1, and

is a number which is determined by the valency and
25 frequency of the elements other than oxygen in (I),
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whose X-ray diffraction pattern 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),

30
- the reflection h being the most intense reflection within the
X-ray diffraction pattern and having a half-width of not more
than 0.5°,
35 . . . . . .
- the intensity P; of the reflection i and the intensity Py of
the reflection k fulfilling the relationship 0.65 = R s 0.85,
_ where R is the intensity ratio defined by the formula
R =P;/(Py + P
20 il (Pj )

and

- the half-width of the reflection i and that of the reflection
as k each being s 1°.



JP--A 2000- 37623, JP-A 10-36311, WD 00/29105, Proceedings 1SO 99, 5 Rmni
(Italy), Sept. 10-11, 1999, G Centi and S. Perathoner Ed., SC PuB.7 8b8}
EPA 767164, Catal ysis Today 49 (1999), pages 141-153, EP-A 962253, Applied
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pattern o Vo s@ PREOT eFPRIKGASAOBF DEsth dR§4E6732 atshsity at the
peak posi 18834)2 + 0.4. Moreover, the X-ray diffraction pattern of
the i-plRase, in contrast to the k-phase, contains a reflection with the

peak poskii =2 +..0. 4, reas the.X-ray diffraction pattern 35 of
the k- phag}1 %n.%(%&r?trr ég? ?lotetcﬁem:ﬂ,?gh%%eal EFAPS; PEESF 13dF| BRIFDHMaVE; &h t he

peak posi SEQichipnetay fl) 37 63 regomRended #T 18aai 1Y cfalcapalysie forr sheect i on
with the PERRIGSHIeONSAY 2rtalyZed gag-phaskcosidatiprt @ndPod04294Masand WO
00/ 29105, ammbtidmtisin ofi skecuithtedt Rydfdcadbansngot b aiyabhosgty (1) are

suitabF@ afssalAlnes earbOfy1ie akeher ooenRrouskY r CRialMzed gag: phase
oxi dati onpyphead hey rp ve &ﬁﬁbstant ially anorphous structure which
produces an X-ray iffraction ‘pattern in the formof very broad

reflections. 45 In contrast, EP-A 529853 and EPA 608838 consider it
necessaryThebetdlfareduseias drat al¥st 8iddioselethat annaeneens! ik ¢t al yzed
gas- phasengré #adiORHbn PRARANE k81 8f  MdiGyAGhs 80T Qb YRE ASinl of AN 2005
3 crystalline phases which differ from one another and are
frequently referred to as i-phase and k-phase (cf. for example
JP—-A 11-43314, DE-A 10046672 and DE-2A 10118814). It is only
recent investigations that have led to the discovery that the
36 X-ray diffraction pattern of the two phases has the reflection of
strongest intensity at the peak position 26 = 22.2 + 0.4°.
Moreover, the X-ray diffraction pattern of the i-phase, in
contrast to the k-phase, contains a reflection with the peak
position 20 = 27.3 * 0.4°, whereas the X-ray diffraction pattern
35 of the k-phase, in contrast to the i-phase, contains a reflection
with the peak position 20 = 50.0 + 0.3°. Both phases additionally
have a reflection with the peak position 26 = 28.2 + 0.4°.

According to WO 00/29106 and WO 00/29105, multimetal oxide

40 materials having the stoichiometry (I) are suitable as catalysts
for the heterogeneously catalyzed gas-phase oxidation when they
have a substantially amorphous structure which produces an X-ray
diffraction pattern in the form of very broad reflections.

45 In contrast, EP-A 529853 and EP-A 608838 consider it necessary,
both for use as catalysts for the heterogeneously catalyzed
gas-phase oxidation of propane to acrylic acid and for use as



cat al ysts for the heterogeneously catal yzed gas-phase oxidation of pnéi{)
to acrylonitrile, for nmultinmetal oxide materials having the st oi chilol

(I') to have a specific crystalline 5 structure which produces an X-ray
diffraction pattern in the form of & ry narrow reflections, anong which
the reflection at the 28 peak position of 50.0 0.3 is a structurally
characterigth€y d cerding,to EPA 529853 and EPA
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11- 169716 considers in partlcular t he sinmul taneous presence of the two
reflections with 29 peak positions at 28.2 + 0.3 and 25 27.3 + 0.3 with
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t he two a%ve%tlone

nul ti et al pﬁ@lﬁé’f’g?l%ﬁ | ('.?eél 048" zé’aﬁal'iy%t irs §a?dit‘b 3eand b -dnced
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responsi blog £RE Qe He@TbbvLof:D MRS be bk ?B@n@i@r&ﬂ%% 28Chiyaj ad gygr the
aCtlV€ﬂ351§7p§a§eb'j“inéﬁrﬂngHJéﬁ'Hﬁten 1E§ as ﬁblng necessary for a
satisfactory ammoxidation catalyst performance, a sufficient

propane conversion being attributed in particular to the

reflection having a 26 peak position at 27.3 + 0.3° and a
satisfactory selectivity of the acrylonitrile formation being
attributed in particular to the reflection having a 26 peak

position at 28.2 + 0.3°,

0

30

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 furthermore explain that, in
their speculative opinion, each of the two abovementioned
reflections represents a crystal phase. The multimetal oxide

40 material ideal as a catalyst is said to be a balanced intimate
mixture of the two phases, one phase being responsible
exclusively for the activation of the propane and the other phase
being responsible for a selective conversion of the propane
activated over the activating phase into acrylonitrile.
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4 DE -A 19835247 supports the abovenentioned view in that it stat es“l tEﬁlth
the intensities of the X-ray reflections with the 29 peak positions ?ilJ
27.3 + 0.3 and 28.2 + 0.3 nust be within a specific ratio range for a
reasonabl e catal yst performance in tHe 5 ammoxi dation of propane to
acryl -"Qi t pEJ_EbEgmizmramgeoxfﬁy thel 8BSGSRIN1E cealiab Ysh i&eg—_BQE nf@ﬁﬁ:_ait@st henb
anmoxi dat kg hePli Q) . y i Lr : - LS a nmenber
of the pat g;ﬂit{ e}@ I géggl%%%gggggg &fégpreejf?fggééqngl%ﬁgge%gwoiip((fé‘inat erials
whi ch havB°a “t'Si &hi 6met ry T rrggéo Bing Co’t HEFoPRUNALRIY 2a5BeGhEth ar e
obt ai nabl E2BiC r5G8s §85 AT HfsRales crateldsitn PREIATIOBR524 7t 15 cat al ysts
al so suist ahex fdat ibheochepesmyeneoustyyatialniized gas- phase oxi dati on of
propane to acrylic acid. The X-ray diffraction pattern of the catalyst in
Exanple 2 of EP-A 895809 has the features according to the clainms of this
speci fi cafRBH® ZERIEN fEBnPaFGaseRabip catalyzyopriieimaricesés thet
subst ant i alungxiddtionnuft pragteale axi deryhdrartirdlle. whi ch have the stoichionetry
(I') and are present only in the phase represented by the reflection with
the 20 yseak position at . 27.3 + 0.30 are also suitable as catalysts for the
het er ogen@gﬁgl 89%800al Yhieh afndx PeRPEBPHther BpheRt tfmddyaefyl onitrile. JP-A
8-57319 dPEeh oBIB3524AL Sbecifid/somuVt tren i mixide nmdtdmintal whioti davengeri al s
can be acktuidieibrieytriyr eai f@dHonding 861 €he IQrAGEAT 0 NGnkOwER:H 5190684,
MUl L] Tt Abp@al (b ITREGY bAbSedsctllbabl g0 ddic-iBEqCAl B/l G935 phage
oxi dati on 8Lﬁ£)rqcpar‘_1\«:=L to afl’%gll C gacl qge}/te areflection a e pgak _
positi as 50 25002155 PYLTEPIE, T8hj bRE RRTSTRECPRALER CAROEKEGDNn, in view of
the abovE@RENRRSGIFeP*pFRBIOMRE PEEPAROVERI@CTYPABCRGIA f Ghet Kerayr eparati on of
acrylic adiifpyctiemepagbeemusi cheatatylnest igaBxmheise 20xif dAP+DIB89BBOPr Opane
with nol edebathexiegenrat ste@valiod tbefRerAlUneSoDVEli«A spHk} f i@ialonoxi de
material as defined at the 40 outset and of the fornmula (1), which shows
that these nultinetal oxide materials neither need be anorphous nor need
cont ai 120 fPaEPPRATESON  aTBek ofrd 33RAd edisrknsesr that bmhstiansbablwondgt al yst s
for the hetdtomsreowslijecoddnizdd ghiehhase axedstdinioheprppane anki t h
nol ecul ar ag¥ygesset @h@%f-ll@ckﬂeelﬁﬁéét BSOS den t8Ar Y | thethd1edBich GitAN 2005
5 Ve havgnLoschdafidbol I forPeeSh . Sy AEM-CYRE BY. R REQSEDSE SOt 0Byses
for the heterogeneously catalyzed ammoxidation of propane to
25 acrylonitrile.

JP—A 8-57319 discloses that Mo- and/or V-containing multimetal
oxide materials can be activated by treatment with acid.

30 According to EP-A 1090684, multimetal oxide materials I suitable

for the catalytic gas-phase oxidation of propane to acrylic acid
have a reflection at the peak position 20 = 50.0°.

35 It is an object of the present invention, in view of the
abovementioned prior art, to provide a process for the
preparation of acrylic acid by heterogeneously catalyzed
gas-phase oxidation of propane with molecular oxygen at elevated
temperatures over a multimetal oxide material as defined at the

40 outset and of the formula (I), which shows that these multimetal
oxide materials neither need be amorphous nor need contain
fractions of a second phase in order to be suitable as catalysts
for the heterogeneously catalyzed gas-phase oxidation of propane
with molecular oxygen at elevated temperatures to acrylic acid.
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preparation of acrylic acid by heterogeneously catal yzed gas-phase 1 2005
oxi dati on of propane with nol ecul ar oxygen at el evated tenperatures Z)\)éy

at least one nultinetal oxide material of the 5 forrmula | Ml VbM1MI20n
(1), 10 where ML is Te and/or Shb, M2 9%s at |east one of the elenents from

hhe g&gqu@Ohaﬁsi?duﬁg Qﬁgibggiéhodﬂécfiisfﬁchi@ﬁedcﬁﬁ aﬁbﬁdgissF?%ﬁf%ﬁe ED’ R,
i reBhratfon Bif a : [ r.om Q. to 1, cis
from> 0 2 Sgghggeef g(riggltxoirg a(?lo’dl%?oh%elgﬁ%sne P(S)n¥>csalfatlng,8 referably
from0.01 %6 I >and N0 s7a FTRBEF Whr'tMEcider wymsd By eHvaradency
and freqliERBG* dFuRSTe CZLENRRt Xeafttheret Raht Bi8fgan ok kdg INatemhiod eoX-ttay

di ffractd derpaiaefn has reflections h, i and k whose peaks are at the
diffraction angles (28) 22.2 + 0.4 (h), 27.3 + 25 0.4 (i) and 28.2 + 0.4
(k), 30 35 40 the reflecti onlhzbei ng the nost intense reflection within
the X-ray diffraction Pt¥eerMyRd havi idla hal f-width of not nore than
0.5, the intensity Pi of the reflection i and the intensity Pk of the
reflectiogpk fulfilling the relationship 0.65 s Rs 0.85 where Ris the
intensi®d ratio defined by the formula and R = Pi/(Pi + Pk) the half-width
of the reflection i and that of the reflection k each being s10, wherein
45 the at Mleast one mldrndmirakpoxi de material (1) is one whose X-ray
diffracti%g pattern has no reflection wi.ith the peak position 28 = 50.0 +
0.30, i.e™is one*whfEneaih 8PRsOhdthe sigventantramahe grouN cRoess6ing
preparation of whicéhBboe®a it Fégqukke arheCcondmridagnFeliSku 0fca30%n, byi,

wei ght ,1%ased on PHs PesSa,0Bisi Bj o ,se@n, BnThei simnithi cance of the absence

of the abqvenentigned_r ef tion, as evidence for the absence of k-phase
? 18 rdm . 2)3 e \ ror
had not yet been "Te Egnﬁl 7&d R the prior application DE -A 10046672.
c is from > 0 to 1, preferably from 0.01 to 1,
d is from > 0 to 1, preferably from 0.0l to 1, and
20 n is a number which is determined by the valency and

frequency of the elements other than oxygen in {I),

whose X-ray diffraction pattern has reflections h, i and k whose
peaks are at the diffraction angles (20) 22.2 + 0.4° {hy, 27.3 +

25 0.4° (i) and 28.2 + 0.4° (k),

- the reflection h being the most intense reflection within the
X-ray diffraction pattern and having a half-width of not more

30 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 ratio defined by the formula

35
R = P;/(P; + Px)
and
40 —  the half-width of the reflection i and that of the reflection
k each being =<1°,
wherein

45 the at least one multimetal oxide material (I) is one whose X-ray
diffraction pattern has no reflection with the peak position 28 =
50.0 * 0.39, i.e. is one which contains no k-phase, and the



10 Rather, the magnitude of the ratio R was regarded as substanti all thfr
only indicator of the phase conposition. However, very recent resul1t7\s/JM g
i nvestigati ons have shown that R can vary within a certain range even when
pure i-phase is present. 15 Accordirfg to the invention, preferably 0.67 s
Rs 0.75 and very particularly preferably Ris from0.70 to 0.75 or Ris

0.72. Sur @&bg&ﬂﬂi%n ol iAscheRes’ avRdrihal,d Qﬁe@bﬁééﬁi@ntpﬁﬁg(ﬁog%%

mat eri al s (| e cqrdi to e J.nvention ve hig activity
for the nos/(e e% o‘geggggﬁd&gl% rm%gsgﬁl'tol% N l|lgcr"ile|§'°iéel ectivity with respect

to the acrylic acid formation. According to the invention, the use of
mul t i metalrhexs tgn iMitc@hical 61 2bhel labswhes eo M HeS abBvéme iV @fne4r §9flé:d£ritof%er nor e,

mul ti met alyg0xi figenJBLRL g}li ﬁgge“%i glﬁl gé&e%%v%g}laggg%et;%ré&he novel
; , , : bly, M
Nb. - The SEGPERTBHbi ENEoRT I BRI 51SR (6 T OPHRATA oxi de active

materials (1) to be used according to the invention is 30 advant ageously

from 0.1 k@clef; drit hoGRiEGIPUKIRE FRONCT: LBE-BLALSY Led Tange of the

st oi chi ggac&e&ff‘ll ckggt C 4 fr.orq_-o. 1 0 1h0 rom0.05 to 0.4, and
advant agedus: var Ues of “0°aps ¥ FORCO T 1o TePPRISHTPPSEGIEN 6.

Parti cul aPPyehgRartietge8Sernnasutee aPt oidrs tiantiong h1ave) shewhethaded

accor di ngcep vaey 38 thineat ¢ertaime rahgs eeven wihechpthe isiphiaehi bsretric
coefficiempkesbntc and d are sinmultaneously in the abovenentioned preferred
ranges. Further stoichionetries suitable according to the invention are
those di%closed in the publications of the prior art cited at the outset,
in parti cHCEPTEMY EC Ahe. Lnverd-iong Rrefrwatilivc Oppdcess <f §r 75 hendovepdr at i on
of nmul ti npeatioxlaely peeéerabdly R )ist 6rdre UTdd tactoTBliowg rt ast iezd.nvention i s
di scl osed, for exanple, in JP -A 11-43314 and the prior application 45

DE- A 1011%814 .1 n which tpe rel evant nultinmetal oxide materials (l) are
r econmend Y REIER J)flstl§ BF ReRS AGRBP oRAfeSBSI Pultiiena), eyide
_oxydehyift #gégaisbh G &Phhneugas echpreirg &ivd the invemimdese thighetral yst s

for the hecgivgeynebusihecabwdl zemcgas- phdisd soxirdavlonin ofigpespene to .

acrylic aciedecACeDtyiwighyrespect rRNRAE KkOOMWicPaEigeravthtdonc! osed in nost
of 5 the prior art publications cited (for exanple, also as described in

the prior application DE -A 10033121), a nultinetal oxide
25 According to the invention, the use of multimetal oxide materials

(I) where M! is Te is preferred. Furthermore, multimetal oxide
materials (I) which are advantageous for the novel process are
those in which M? is Nb, Ta, W and/or Ti. Preferably, M2 is Nb.
The stoichiometric coefficient b of the multimetal oxide active
materials (I) to be used according to the invention is
advantageously from 0.1 to 0.6. In a corresponding manner, the
preferred range of the stoichiometric coefficient ¢ is from 0.01
to 1 or from 0.05 to 0.4, and advantageous values of d are from
0.01 to 1 or from 0.1 to 0.6. Particularly advantageous
multimetal oxide materials (I) to be used according to the
invention are those in which the stoichiometric coefficients b, ¢
and d are simultaneously in the abovementioned preferred ranges.
Further stoichiometries suitable according to the invention are
those disclosed in the publications of the prior art cited at the

outset, in particular in JP-A 7-53448.
40

30

35

A specific process for the preparation of multimetal oxide
materials (I) to be used according to the invention is disclosed,
for example, in JP-A 11—43314 and the prior application

DE-A 10118814, in which the relevant multimetal oxide materials
{I) are recommended as catalysts for the heterogeneously
catalyzed oxydehydrogenation of ethane to ethylene and as

45



materi al having the stoichiometry (1), which is a m xture of i-phaﬁ27ﬁiwb%5
ot her phases (e.g. k-phase), is first produced. In this mxture, t
proportion of i-phase can then be increased, 10 for exanple, by renoving
the other phases, for exanple the k-phase, under the m croscope or by

washi ng t hecaulsidmia +a%i Here FBYAIoRL 1M L4t SUiabhes Linutds,; Sui fabl e

| i qui ds of_.t hi re r_exanpl e, aqueous solutions of organic acids,
(for exar?ﬁsl §k§§%%/e?§°°agf°a?1£§r?ﬁe%@aci d, acetic acid, citric acid and 15

tartaric acid), inorganic acids (for exanple nitric acid), alcohols and
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mul ti met al*To% aeP‘Fr‘actrgraiPBII%Cf‘Ho’E P 10834 HoooPdMAGE 1Rt He OX RNt i on are
obt ai nabl evaeriad wmer sheoatoindtivoetpubl I shethich DE-sAmig88524Ff Accor di ng
to Ej hi Sa ?@aye%%ﬁﬂmt pha@é-;ef(?ar.@lal X-pharad )y, dk-.}/'fdﬁﬂ; giro)dubé@ndm;js y
pr oduce ) ; i E_ , sai
P8 PR Sl stecclod b B AT IR 2R
from 400 t & 6G0E P e tyhéF‘rl}%Yl%/? SAETBAPSE R 35F Spr AT PIEPI6etRarri ed out
under an JdXiPRSEngindesd FEPNYiBFOGRReL Ot P SFfdEiag ghe Awlfiimgbpb wxdiddi zi ng
at nospher endteriabrwickamsplicabde rliquids . efunicdlded Viighiaolefcthde oyggen or air
depl et ed idreQxygenexantplef, eaabbous tftQuthensBds drgahiBNcids,CaEpt ed out under
an inert  ABIRNeks id cigxarpleidinden, Tplaay 36,8 14Ag90 apdh ofnd 00! @

as. Usyml | the thermal. treatnent .1 s ected af nospheri.c 3 ressure
?1 at mﬁ&ﬁdggﬁ%ge&fcﬁk tREF ARG r dtdﬁeﬁ%o’éa%aﬁ‘lp% Bbtnt‘grawcilgb'out Iounder
reduced or2lSeHelat PR FREPEs phediqred PrPXidR kHelnEPlei@msrent is carried
out under Rurghecwnose, aXPrdsfhRer2071 Hilsondysdosmist hepreteds doar yher f1 ow ng.
Al t oget herprepdrtbeodt hef mall timeod INesiidenpat a1 (19 24 twuwsegor nore. The
thermal traadraRhgi So KRS ehabhyidd st carried out under an oxidizing
(oxygenzepont ai ni ng) at nosphere (e.g. under air) at from 150 to 400C or
from 250 to 350C. Thereafter, the thermal 45 treatnent is expediently
conti nued Ima@elean symreamagds manfenpmnmdiOimeéal@3GCder miteaaxmad80 (Lp HHBE or
from 400 t@sdiD@Ccofdimf oS ehet Deverdtionmaket salimRBY e Co 1BHeS@rbgagideet ed in
a_mnner Sehddahot Nonek £n) B 20N 32091 S ARECHE SR SGELLAY TS fiTst
tabl eted (if, .required taft%rl eln]gy%o argd and, I"f required, wih addition
of fronn@.%?%ﬁ? @6 preferably fine 1vided, dry blend is produced from
suitable sources of their elemental constituents and said dry
blend is treated thermally at from 350 to 700°C or from 400 to
650°C or from 400 to 600°C. The thermal treatment can in principle
be carried out under an oxidizing, reducing or inert atmosphere.
A suitable oxidizing atmosphere is, for example, air, air
enriched with molecular oxygen or air depleted in oxygen.
Preferably, the thermal treatment is carried out under an inert
atmosphere, for example under molecular nitrogen and/or noble
gas. Usually, the thermal treatment is effected at atmospheric
pressure (1 atm). Of course, the thermal treatment can also be
carried out under reduced or superatmospheric pressure.

30
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If the thermal treatment is carried out under a gaseous
atmosphere, this may be either stationary or flowing. Altogether,
40 the thermal treatment may take up 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. Thereafter, the thermal

45 treatment is expediently continued under an inert gas at from 350
to 700°C or from 400 to 650°C or from 400 to 600°C. 0f course, the
thermal treatment can also be effected in a manner such that the



by weight of finely divided graphite) before its thermal treatnent a_r

then subjected to the thernal treatnent and 5 subsequently convert ed 1 db2005
chi ps. The thorough m xing of the starting conpounds in the preparation of
mul ti metal oxide materials (1) to be gsed accordi ng to the invention can

be effect e&ﬂﬂygrtyppécﬁlrgd@ ftggg%l 10 Ifdrggz t’%b 2Lt e? f'ﬁg‘%‘-gﬁr fogg%%t he

starting conpound sdare éon |fen %/ or mo

powders an are POSOBT €Tt 1t §5t ARILH e(ﬁ'néﬁlFBn dd¥doRaPtt FEel feft Foatt er
mxing and¥ "‘Yeflglhéqa r%’cf‘elé’oﬁ‘ﬁaé@ﬁf%rﬂraﬁllméf@@ﬂw ithowesmral t he thor ough
m xi ng i s effadaead andwdterf subjectisdiald thet bRewislr tragtaempapads are ni xed

Wi th ones asuistejuen® 1 heonfedtBHOindd @fyRQeUs sol ution and/or suspension. The
aqueous material is-then dried and is calcined after drying. Expediently,

20 the aqueous material is an aqueous solution or an aqueous suspension.
Pr ef er abl yThe Hdogepghgniptiogeo$ the cararitédgondmpduniadiiat ehy mfepatat hen
prepar at i oo afulithife 86l EtiSia it 8F €2 1y (Ispl’tayb@lwsléaﬁ abbBBa oY 1+t the

{enper at ur £ydie o Scan " eefff'ée%% Oty B20 JIE oAy drying can be
carrledlou cou ercurre hod), which requires a

# the ggcurr g

particul arly T hting ‘5 hd, %??ie& 1 PYATHEP FHE‘PQE[EI%%tPsrerraterl al to
be spray- dFfRARfieNE] &nu%ﬁﬂlééh?rh%ﬁ%’fmd?f ding iy pdingided. pSudehlandsene ces of

t he el emensebiasdedt kouen safloingtioyi(theontl Sfedthenahoxerdtesdkihgd met hod
for the prepdy atfi esgefiréde odbhioeém) oxide materials (1) to be used
according to the invention are all those which are capable of form ng

oxi des amd/ or_ hydroxides on heating (if necessary in air). O course,

oxi des andPetfelnpdroxheravest, the tharanshamisbnstis edfestedanint venstbmes be
35 concom Ysuwelly,othexstarstiivg goms@thdss aseChisédiithg of6 NRMIIAS. i SogHLes of
t he elenEnfoﬁﬁ)dMThﬁhaQﬁébé#“édibh@oﬁC§Hﬁfyrngu&ﬁbﬁgﬁ%n '@K@nééﬁaﬁugre for

exanpl e, npiyhdenu Qx?%r{ grg;a)igq%g tr| gﬁfj‘ﬁi E%p;é dat eg}t!csuch

as anmoni ugﬂ%e t ano y at e ate a h as
I

mol ybdemont &h BHCEES” BaF T 5 e §t ﬁ?t?‘%{f ¥Sn8 H’Ei’s"‘bprt RB AURSRUS V which are
to be conBbREREIONy BIRtELAYr dFhg 1 iMGePrACesA iion carvied gutexanpl e,
vanadyl acemédicgedyaattew diiedatreparsticn as ahertagusoud Smikteangdat e,

vanadi um oxpres-dryial asnymdhuntmmmes(é@@@s a Y@Dadiddn habi ges, such
as vanadi ugsé <l 368l Spiale dryEhd) ot 42026k WO Bht deSeuriinl &5 VOO 3.
O her Vanagbﬁﬁ@égéﬁ L metho )» Which requires a particularly intimate

dry blend, especially when the agueous material to be spray-dried

is an aqueous solution or suspension.

Suitable sources of the elemental constituents for carrying out
30 the above-described method for the preparation of the multimetal
oxide materials (I) to be used according to the invention are all
those which are capable of forming oxides and/or hydroxides on
heating (if necessary in air). Of course, oxides and/or
hydroxides of the elemental constituents can themselves be
35 concomitantly or exclusively used as such starting compounds.

Sources of the element Mo which are suitable according to the
invention are, for example, molybdenum oxides, such as molybdenum
trioxide, molybdates, such as ammonium heptamolybdate

40 tetrahydrate and molybdenum halides, such as molybdenum chloride.

Suitable starting compounds of the element V which are to be
concomitantly used according to the invention are, for example,
vanadyl acetylacetonate, vanadates, such as ammonium
metavanadate, vanadium oxides, such as vanadium pentoxide (V,05),
vanadium halides, such as vanadium tetrachloride (VCly), and
vanadium oxyhalides, such as VOCl;. Other vanadium starting

45



conpounds whi ch may be concomtantly used are those which contain ZJ N 2005
vanadiumin the oxidation state +4. According to the invention, sui t é
sources of the elenment telluriumare tellurium oxides, such as tellurium
dioxide, netallic tellurium telluri®um halides, such as Ted 2, and al so

telluric aem@sundsiGihiah Akl hes h‘.QHc‘éfnh.Eaﬁ@l}C)us%‘a' d bl W%Qcﬁda’&ma%eous
antimony shar{hRgq GAMQURES 3% § daacrl%)éngg%s such as Sbd 3, anti nony

oxi des, such as antinony trioxi antlnDnlc aci ds, such as
HSb(CH)6 and al so antinony oxide salts, such as antinony oxide sul f at'e

( SbO) 2S04 Actbr i i tontheut aesnisitd, abLet A6TOrshur@ekOot hend RueREhoN are, for
exanpl e,5 meqlzwmz@xalctesceﬁumﬁ%ﬂd@@' UG B OXe L obi um

?&NBﬁngng
Camo st ST oG, ORI Si %El%i T

di car boxyl¥ HEFﬂsaCJéisg SBﬁﬁl%ﬁé%rtgﬁ& QElE%H@Ilﬁﬂeé‘JldrH’@TRBecont ai ni ng
solutions used in EPA 895 809 are of course al so suitable as a ni obium

R I th hal i d trat
ot o g ARl oo eek AL by DRl T San) 21,

f or mat eIsQ 0xa

conpounds SHfi cﬁsa%% ]??ar ?PEHP%RX f%ﬂ??ab?‘éc%@éoﬁaf‘hﬁoqlb tripEidevisiePah.

Sui t abl e ATEAFPREC cmsBuNGYChr &S GISd RHAL s Rncha@ilso axoimeayposhds satsh as

t ungst at esuwh Bheamcingmydexidedsulfartef [ 8b0) 96 equent | y, anmmoni um sal ts,
too, are used as starting conpounds. 30 Ot her suitable starting corrpounds
for the preparation of the novel nultinmetal oxide materials (1) are

pol yani Bhd 'SP MeSONifi SYAtEHR, 2c4oTdeRer thddie ABreRiafplage i ioPol yhedr on
6, No. 2 €E9®lp, pighiupgoxpdésy tswoh gai nadhiomn pestaxide (bl for

pol yani onsnigbineodylelisies , t ypeh iss Kboeli £ ninbduftahsl Medss 40ch N 35 3
(1999), 40ibd1Q,484da Aetonpléaicapouidl el RIuRl Md idiganeapounds are,

for exarml&..rbogp%s géd;:mn U0 O KEPILD JOns, S ar L41d cagpeupds whi ch

are 40 af o% use &gr g hnven g ICh are
convert ?? 0 ?’é'{fé'tge B %‘}sat“l?F slne"ﬁ"ﬁer”?nao? e
presence 0‘? |Cﬁ“FF1§ %b%‘ér?é’étéplﬁx%& nlﬁbéﬁmb?%llmet- | i beration of gaseous
corrpounds 45 The multinmetal oxide materials (1) obt ai nabl e as descri bed

dt é,ﬁ&% b h L]
2>r<]arrpf)e as el?xﬁggff“&g\erro Fglﬂl%\/%q}:ﬁg t:g% %hg Ifre SJ.d%%."F tr%rt‘?RN 2005
10 with a dition’ of*? %"rﬁso %"?Batﬁz"g b esbfa“ﬂ By CW&EE* Hi&phi t e)
and subéaq%arﬁtleaneglﬁmwﬁ WPE)CEI*HR%]P%PFHHW Byifabie according to

the invention. Suitable starting compounds are often also their
oxo compounds, such as tungstates or the acids derived therefrom.
Frequently, ammonium salts, too, are used as starting compounds.

30 other suitable starting compounds for the preparation of the

novel multimetal oxide materials (I) are 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, Ko.
35 3 (1999), 401 to 404.

Other polyanions suitable as starting compounds are, for example,
those of the Dawson or Keggin type. Starting compounds which are

40 preferably used according to the invention are those which are
converted into their oxides at elevated temperatures, either in
the presence or in the absence of oxygen, possibly with
liberation of gaseous compounds.

45 The multimetal oxide materials (I) obtainable as described and to
be used according to the invention can be used as such [for
example as powder or after tableting of the powder (freguently



nol di ngs for the novel process. The catal yst bed may be a fixed bed, a
novi ng bed or a fluidized bed. 5 The shaping to give nmol dings can bé&7 JAN 2005
effected, for exanple, by application to a support, as described in the
prior application DE -A 10051419. 10 g'he supports to be used for the

mul ti met al o : BRI t d,.ac ' to.the invention are
preferably gf}ﬁ%cn%%(ggﬁjﬁ ?% :fr:{an? io.'g. t(?ﬁzeéji uggggﬁ ?Aatlr]%lngc]“)yn(g{Vdef icipate in
the course? F4HK caga?‘é}ﬁecqu RE. PRREES indéPF‘BnC’b"fp%r Bpahe e ferpl pE

aci d, 15 WRPtHNIS Eorathgarw PReceif + iThet ahtoky e bect mae bmtaerfiiakd to be
used accorbedg a movhegipedrdn enflhtdiredi bgdto t he i nvention, particularly
suitabl esmaterials for the supports are alumna, silica, silicates, such
as clay, 20 kaqlin, steatjte, pumce, alumnumsilicate and nagnesi um
silicate, SIFiTEWIEdr bP d¥lVe MedgAPEtn GhloPrdet aeritechorfionnedamndede by The
surface of appkiaaliedr o nmysuRpogitt has dassatibedr im othgh priddvagy Ageetshy, the
surface of pEhe Bpaeap.i s rough since 25 pronounced surface roughness
generally results in greater adhesive strength of the active nmaterial coat
appl i edigFrequently, the surface roughness RZ of the support is from5 to
200 m of t 8he f$RACZGSt o 119D Used( der eths mud taweballi my deomBtét 47168 ,( 130t Sheet
1, using abklonswl acestding aro Bhi- iSeRnEasnuaed sréfacdlyachemadiay, from
Hormmel wer kerﬁé@; ey ) thEy[QMt@a_wInW%S Hggpﬁézf‘if@éi%{altgl iHBé’hé()f‘cotBQFQllsl or
nonpor ous. At er | | s,.expedien nonpor ous (total .vol une
of the por8$.< el.%)%ﬁcﬁgg?% JEB %gég %’F\l‘iéﬁt&%\?}o ﬁn%r%fant?hgosﬁ Poro) 2Hle

thi ckness 8 l‘f}helsaé%ﬁ YET B TAfePrhiinedal predemctdivet Reteriglsl teoke ed
cat al ysts P&e@sapgor@ingobe 1the dnyepbrm However, it 40 may al so be from 50
to 700 dun, from 100 to 600 mor from 150 to 400 m O her possible coat

t hi cknesse from1 0, from.,10Q to 500. pin or from 150 to 300
m In prin§C9§€§l€g1todgg%r%ﬁ?%%gghgf[ %é?%ﬁ”. ﬁgys 4%Pﬂ§ RPECAASABPE 45
for the no§b$ Pt $. AR IUHPRgest Lifitefdiléfiates asughr afec¥a¥om 1 to 10
mm Howevekaotphersdsagitey| puldees, alvmizam is¢dicatecdrndowagoysivmers, are
pref er abl ysidbchtas sippoot scarkddant afgsmisiun didANMER thor dimmabeigef or
spherical supports are froml1l.5to 4 mm If cylinders are used as

supports, their length is preferably from2 to 10 nmand their external
di anet er pr8feFUbiaret Ponths 1Y PRPTimPay be either smooth or rough.

Advantageously, the surface of the support is rough since
25 pronounced surface roughness generally results in greater
adhesive strength of the active material coat applied.

Frequently, the surface roughness R, of the support is from 5 to
200 pm, often from 20 to 100 pm (determined according to DIN 4768,
Sheet 1, using a Hommel tester for DIN-ISO measured surface vari-
ables, from Hommelwerke, Germany).

30

Furthermore, the support material may be porous or nonporous. The
35 support material is expediently nonporous (total volume of the
pores £ 1% by volume, based on the volume of the support).

The thickness of the active oxide material coat present on the
novel coated catalysts is usually from 10 to 1 000 um. However, it

40 may also be from 50 to 700 um, from 100 to 600 um or from 150 to
400 pm. Other possible coat thicknesses are from 10 to 500 um,
from 100 to 500 wm or from 150 to 300 um.

In principle, any desired geometries of the supports are suitable
45 for the novel process. Their longest dimension is as a rule from

1 to 10 mm. However, spheres or cylinders, in particular hollow

cylinders, are preferably used as supports. Advantageous



In the case of rings, the wall thickness is noreover usually fromb5 ;Lﬁaﬁj
nmm Annul ar supports suitable according to the invention my al so I1| 05
|l ength of from3 to 6 nm an external dianmeter of from4 to 8 mmand a

wal | thickness of from1l to 2 mm Howaver, a support ring georretry of 7 nm

X 3 mm X 4d{gmé%@rgf fér "@Bﬁéx?icﬁ‘i” fupp (g%‘e%% dizanset er lgngth x
I nternal dj el au 0 ?OSSI f?ﬁgp%aatlon " ¢oQat ed

catal ysts Jf)gﬂg]e use accsber di¥ n %p?ﬁtés H?éﬁt ASpBTEERTAY Stemidh a
very si npl & néh M8 28§ gﬁﬁ@abﬂld@eﬁﬁtfeﬂ%ﬁ@atbd%ér%eﬁ tacdbrmimng to
t he i nventIDrthescand @f ltmsf,on:halxeal(ll hicknees tisngorbever Niswaa 1y nedry

di vi ded 5fprys anemf, i Aahl VardRRbYbAGs tdiEMabRe t A inRCE00Lnd *E%V%HQEQH with
the aid ofp 'dl%' flafl lSlerdER ok N SorP ! BBSE. mf "G UL REE, Plail i o 2 UpPOT

S m)lsten n & Ver rTETner tht t of
the acti ve hat er i-al %’“ °E8 °§Oflf‘-'ﬁ‘é nﬁPs?e‘HEd Eowevate dy

bri ngi ng |’F|‘ERPQ¥GnE‘-’&EB W‘tf?f‘-tffYnéfy? T W detimaxt4 ven oxi dé Bratrers al mofx t he
formul a (13 .mii(exitkynal hiiaretetred bamppor & ifcefid.dicheeory s atiBg process
can be neppadsibieperiodically in order to obtain a greater coat thickness.
In this case, the coated parent body becones a new support, etc. 25 The
fineness of the catalytically active oxide material of the formula (I)

whi ch is tBhderappirbeton i heaseadf caelylstsheo shppered atsoedimpubsenadapt ed

tgothe desifethtGoat chhi BKregSieBobut higy ﬁoaérﬁobiﬂﬂra<ﬁﬁﬁ§?fQQge fro”]lag tﬁ
5 m su t Xa e ln I C
p §£é¥ﬂf%r%% b¥ EadTBi Rleh Elsp?¥QEM§séﬁ ac%o fﬁg i gh%[%nvﬁaﬁl%PSIGVG

at | eastis5509 pass

Off LHE £l OI%!%IIUB #]

of mesh size Tram. 1 to B 80% nﬁuﬁjé c’eﬂt PopoPet b fiyidgdrti cl es
having a |6ﬂ’§%sﬁndd|fﬁﬁﬁ%¥brﬁ%a&é95@% it® Fé@sS‘%IhfaPﬁ:elo% the SUPPRTEUVELh t he
di stributi the Fid e Rohiasid dindasi dfrsr shishpupmyveesr thpasht fdaes o€ Otli@sponds
to a Gausssappalitstici hoisteneaas ia aevey sQhpléhRamiaP#iahi oRe H@guently, the

par t1 ggeagbzﬁd& Sfalhl:lbﬂa é%t 'S %%O %tgdl&v\ﬁatéplﬁ Lk 22340816 Gathace (Hyn)
X 2
J19 855 rogS b gt pe il BiobSindiice snso contay wien sipely
ed actlve oxide materlal of the formula (I). Finally, the
coated support is dried. Of course, the process can be repeated
periodically in order to obtain a greater coat thickness. In this

5 case, the coated parent body becomes a new support, etc.
5

The fineness of the catalytically active oxide material of the
formula (I) which is to be applied to the surface of the support
is of course adapted to the desired coat thickness. For the coat

30 thickness range from 100 to 500 um, suitable active material
powders are, for example, those in which at least 50% of the
total number of powder particles pass through a sieve of mesh
size from 1 to 20 pum and whose numerical proportion of particles
having a longest dimension above 50 pym is less than 10%. As a

35 rule, the distribution of the longest dimensions of the powder
particles corresponds to a Gaussian distribution as a result of

the preparation. Frequently, the particle size distribution is as
follows:

40| »p 1 1.5 2 3 4 6 8 12 16 24 32
{um)

b s 80.5|76.3 |67.1|53.4 |41.6 |31.7 j23 13.1|10.8 |7.7 |4
Y 19.5123.7 |32.9 |46.6 |58.4 |68.3 |77 86.9]89.2 |192.3 |96
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5 D486496128 (n) x2.1200 y97.998100100 Here: D = dianeter of the particle,
10 x = the percentage of the particles whose dianeter is > D and yl# MNgDl5
percentage of the particles whose dianeter is < D. In order to carry out
the coating process described on an 15 industrial scale, it is advisable,
for exanple—to 2 trhe “r'ngiplc gi-s¢l osed in DE -A 2909671 and that

di scl osed. JR DE- - 106§1419,6i.e}2?h3 supports to be coated are initially
taken inla¥eferablly inclined|(the hngl e of inclinationis as arule >0
and < 90, {gererptlly 3230 apgl < 9@, the angle of 20 inclination is the angle

of the centTdt gt eIt cont ai ner relative to the horizontal)
rotati ngsc.anza.i_yr'bg P8 o Lqér:qwlp‘:g%rn ating pan or coating drum. The

rotating container transports the supports, which, for exanple, are
spherical gureylindrical, under two netering apparatuses arranged 25 a
specific distance apart. The first of the two netering apparatuses

expedi ently corresponds to a nozzle (for exanple an atom zer nozzle
oper at ed wingieospeessedha partidreough which the supports rolling in the

rotatingppan ahe pereyfthqd b the JddAlicdes iiEle ARHe D) Siser;eg in a

controlled manpey. The second netering 30 apparatus 1s [ ocated outside the
atom zation cone of the liquid binder sprayed in and serves for supplying
the finelyYdi il§eBerexitAae &t R RRRtECISF hete diamprer vis <aDvi brating
conveyor or a powder screw). The support spheres noistened in a controlled
manner tak e.act | erial r |ied which.is 35 conpacted
into a (igh%é%\%é}e rc%ott8 ‘%)é%t%herg% trtoH“f:El c&%‘ﬂgng?#?%snst eescrég?%rons ace of the
support , V\HP_LFE‘_IF‘Si BREHp &t 7§ %‘g‘?’rs:%iﬁcafor FxapEr | EQIUSGhef required,
t he supporPrinfuiPler gisearasd in BEbaAO08638 padsdwtt Hisaypsaddnspray nozzl es
again in the-xdpisSe4ds, the . .subsesuppirtsr evobeltcartesindre simidisilepetakdier eby
in a controhlepreEeRebly NincQided tendandibect 0idakifakRod fdirdshar rgpat of
finely divided ,@xidbg aglhye, (R & ik %d{'d theeourse 9f l%u&%her nmovenent,
etc. 45.pi Nt eynedi.ate. dr in%lz as_a rule not nécéssary). Finely divided
oxi di ¢ act TV HARP als aHtf 9G0P d°hi Hife FeRFEA YAty TR FYtRting

container relative to the horizontal) rotating container

(for example a rotating pan or coating drum). The rotating
container transports the supports, which, for example, are
spherical or cylindrical, under two metering apparatuses arranged
a specific distance apart. The first of the two metering
apparatuses expediently corresponds to a nozzle (for example an
atomizer nozzle operated using compressed air), through which the
supports rolling in the rotating pan are sprayed with the liquid
binder and moistened in a controlled manner. The second metering
apparatus is located ocutside the atomization cone of the liguid
binder sprayed in and serves for supplying the finely divided
oxidic active material (for example via a vibrating conveyor or a
powder screw). The support spheres moistened in a controlled
manner take up the active material powder supplied which is
compacted inte a ¢ohesive coat by the rolling movement on the

outer surface of the support, which, for example, is cylindrical
or spheriecal.

PSP\

25

30

35

If required, the support thus provided with a base coat passes
through the spray nozzles again in the course of the subsequent
revolution and is moistened thereby in a controlled manner in
order to be able to take up a further coat of finely divided
oxidic active material in the course of further movement, etc.
(intermediate drying is as a rule not necessary). Finely divided
oxidic active material and liquid binder are generally fed in
continucusly and simultaneously.

40
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continuously and sinultaneously 1 7 JAN 2005 13 The renoval of the L./ju“ﬂ
bi nder can be effected after coating is conplete, for exanple by t Ael JAN 2005
action of hot gases, such as N2 or air. It is noteworthy that the coating
process described results in both cgmletely satisfactory adhesion of the

' t. to th f f
The suppor ARSbeot r‘ﬁ‘ea“qhg??o*?ﬂ?%eg,gégf%*%’aéﬁfee%%%a BRLEH 1G58k ABoe i s
u

What | orta
that the RO i{nﬁoﬁfér’?wl? ot ARFEBeOf e BF&EedSRL @ Mo e@F out 10
in a contrdtfedtmifindptevmytdy] phat hthe meandnghproadse dappoilteduebatesi s
expedi ent | yn nwitdt enspléete Juchtdsdaytdhatadheshes omdser BededdSiwied cBhfgler but

no liquig phasme apotHeh i WeSkhbengit dhe §HpP§EFsu§"fFI:§C§f.érfe the support
surface isgtqqa noist, the finely divided catalytically active oxide

mat eri al aggionerates 15 into separate aggl onerates instead of being
adsorbed onto the surface. Detailed information in this context is to be

f ound :n fﬂﬁaﬁ 12908882t and f0F- And 085LI4LY mgth@e%@s%;isgansﬂscmegsf H“%
renoval o iy [ u n rel out .1n a controlle
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an esired. : X I | . :

t é?/rper atyer glﬁa%ﬁr?( lt’%ﬁ%ﬁl %o@tgggg%%vaecﬁlﬁg IR r{%ﬂtieSﬁa?t% BFES used
for the prePs? 41560 25¢ RHEPETAres T RARA30E BRI Adsorbed At thehe dryi ng
can al so b8UEERqGH -e@epailed dgifgsmabign jim &hdsycontantens Reges diomsd of t he
type and geBARt2909617 1t hed shppoOnDOSLEE9 fol l owi ng may be used as binders for
the coating process: water, nonohydric 35 alcohols, such as ethanol,

met hanol , Egopanol and but anol , pol yhydric al cohols, such as ethyl ene

gl ycol , 2b, AP ARAYETESF1onad dimelareBrtnl @f §hockipiid hbndemsisedoraparebasi c
organi ¢ caprbvied icwtadhds, canigielied prapieani €orcexhmpleabi cevapatatiahoni ¢

aci gz glh ut aﬁﬂbgla@ilﬁlﬁliélaﬁﬂbxei Traghd, sBpIeetakasdplthisseah Bs dertbangy am ne
or di et hangham fg,ordd t Len : r es,
Zuch 55 ongapiaTf TREU el bt PR
from20too§8& ey,welgh(f"o Wat er - antd from 10 5 8608BY° WeitghP Bt teht

or gani ¢ 25 Y preliminary drying by the action of hot gases. The final

drying can then be carried out, for example, in a drying oven of

any desired type (for example a belt drier) or in the reactor.

The temperature acting should not be above the calcination

temperature used for the preparation of the oxidic active

material. Of course, the drying can also be carried out

exclusively in a drying oven.

30

Regardless of the type and geometry of the support, the following
may be used as binders for the coating process: water, monohydric

35 alcohols, such as ethanol, methanol, propanocl and butanol,
polyhydric alecohols, such ag ethylene glycel, 1,4-butanedicl,
l,6-hexanediol or glycerol, moncbasic or polybasic organic
carboxylic acids, such as propionic acid, oxalic acid, malonic
acid, glutaric acid or maleic acid, amino alcohols, such as

a0 ethanolamine or diethanclamine, and monofunctional or
polyfunctional organic amides, such as formamide. Other
advantageous binders are solutions consisting of from 20 to 90%
by weight of water and from 10 to 80% by weight of an organic
compound which is dissolved in water and whose boiling point or

45 Sublimation temperature at atmospheric pressure (1 atm) is
> 100°C, preferably > 150°C. advantageously, the organic compound
15 selected from the above list of possible organic binders. The



corrpound which is dissolved in water and whose boiling point or 45 17 JAN 2005
sublimation tenperature at atnospheric pressure (I atm is > 100C,
preferably y 150C. Advant ageously, the organic conpound is selected from

t he above |ist of possible organic bilgders. The 1 7 JAN 2005 14 organic

;:ont5 Snt oforfagy 8 MBsh e G radHEPtferdiRdeE 8 éadsomnaé tﬁf La8! Vs Irglm 10
o 50, pa na sui t abl e
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onent
gl ucose, f%m’é’t ¥E&ght 5 %](?FO%J*B? }&OFgaR1C FRIBSEEPEENFF@Ne oxi des and
pol yacryl Ansappher jdes B6r Phkgosa-chiagtidese pradpasaglorosy, coattose,

cat al yst$ swiriosabbe baxcmarsei, ngndl Opd @ thRYEné | i eanabe §& S{d&glﬁ’e‘és not only
by application of the prepared finely mlled active oxi mat eri al s of

the fornula (1) to the noistened support surface. Rather, instead of the

active oxi'HetniceinpPrtantf igethatlithedpdeppraciasof rasted alatehgsenf can

al so be apqﬂmte@lboat:tmdmigstenenle linveuppon t cardeaeart Ued eht 'ﬁ@tséﬁ%r coating
f

faocessnawy pRAEEA R0 ofl BReCBEEDAAUA, OB 1RETY BA 1GREN aeénpéﬂotx%&el rying of
e coaie ui e ursor materiral o S
type is, qn t%}g%?(%x%f hse ftD%Q‘PEa { rlt):éflg |%?llsié§e“8§t SPRRY e SBY RS st
producing a very inti mate preferably finely divided, dry blend fromthe
sources OfrdtRrel eABRéal JTORSEEI heents o2fiab hﬁaﬁ&%arledaaﬁiﬁéa% iy dgeq materi al

of the forgula &b} lggpégeﬁagﬂ gy SHY g)iig %%r%p?qedagge%usgg g?ens on or

sol ution of the sour ectin nely divi | end

(i f necessatBPYAft EPF %ﬁ) eti®ig9 Gh sagﬁdFP?Bhn%fPrﬂcﬁﬁPOa%d ttbmﬁgrﬂbya%l ght of
finely di vT-]Eﬁed:adrCéBﬂH‘ef) canpbg eaeriAd ovteafvantdraingr of tB0 cret&880C,
pr ef er abl ysippmmnt250 to 350C, under an oxidi zi ng (oxygen-cont ai ni ng)
at nosphere (e.qg. under air) for a few hours and finally subjecting-it, if

30 required, t.o After, the coating of the supports with the
pr ecur sor %ﬁﬁ‘blrtra ft‘g?]cx HVEERd | RrePEROpr BREEIR Yy O aF PR FYBSt LandkaT an

inert gae ewﬁ%&phéhe‘c(I@ﬁqeréraﬁewha@hrmﬁétesn@m@ Hysdiset tpsidaring 4 rom 360
35 to 700Crery fingimd 08, tprefed@@bdy firmidy4AlvideHSO0R/Ty Blesdufrss thBe shapi ng

of rrulttl ”Eﬁ@dlrdlz?‘sl d¢ ORé edlenenthl) cotitGuelBY HE WURLAeaCrdd CH(;?:Q_VEOO{g o

i nvent i on e, gar u ing of bo
T A TR S

precur sor n%'f SPER LMY iR ‘éﬁ: YkiCde *REL BYYH htJ&SI & %eorretrl es

ar e sphéﬁe% 1§cﬁqqglgyg}y&ﬂgq5qgﬁdbh@nq(ﬁﬁf necessary after tableting with
addition of from 0.5 to 2% by weight of finely divided graphite)

to a thermal treatment at from 150 to 350°C, preferably from 250
to 350°C, under an oxidizing (oxygen-containing) atmosphere (e.g.
under air) for a few hours and finally subjecting it, if

30 Yequired, to milling.

After the coating of the supports with the precursor material,

calcination is then preferably carried out under an inert gas

atmosphere (all other atmospheres are also suitable) at from 360
35 to 700°C or from 400 to 650°C or from 400 to 600°C.

0f course, the shaping of multimetal oxide materials (I) which
may be used according to the invention can alsoc be carried out by
extrusion and/or tableting of both finely divided multimetal
oxide material (I) and finely divided precursor material of a
multimetal oxide material (I).

40

Suitable geometries are spheres, solid cylinders and hollow

a5 cylinders (rings). The longest dimension of the abovementioned
geometries is as a rule from 1 to 10 mm. In the case of
cylinders, their length is preferably from 2 to 10 mm and their
external diameter preferably from 4 to 10 mm. In the case of



45 cylinders (rings). The |ongest dinmension of the abovenenti oned
geonetries is as arule froml to 10 mm In the case of cylinders, ‘|t7né'?*’“[}[]5
length is preferably from2 to 10 mmand their external dianeter

preferably from4 to 10 mm In the cage of 1 7 JAN 2005 15 rings, the wall
t hi ckness | r A Annul ar _un rted

catal ysts %%ﬁb?gggﬁ%%?ﬁigxpég hnie;ir%\%gﬁ%’?g]nusun@ayqyal%%mhg\L}g‘jD% fnglhgf[ h of
from3 to SRR aAPEVPRITHAT GREALYSYS SR1tePo% 2E4 3Pt anthe IRgeption

t hi ckness ®#Y f¥l6m have @ langthogbvErom 3 &a 6nwup@or esternd hldismetar amhul ar
form may afson Hare 8 gecaret mywadl Ghivkness 6 frofn MMLOr 2 OGfm 5 HFFeX¥esd, MM X 2
mm (ext esna tms%@gbgﬁed i@imgfsh fn Jﬁrﬁlrltaitl ftghﬁrlﬁéira)lsolzﬂﬁvc% he gﬁe}ﬁtskq |
process, s e .00 [ 0 [ a oxi de_active materials
(1) to be ﬁtseﬁmgré{ gtﬁgo%rqumaﬁgoggl% ﬁggemlnnx m-mAqT g%ﬁ%agls.dlﬂ;%ﬂ?“ﬂi ng
to the i nvBm§HHER Kt 1pteTnado Lamete at the nultinetal 15 oxide materials
(I') to be used according to the invention have an X-ray diffraction pattern

(al ways ba i.atiop, i i t iC refl ections
h, | anq0k§ c?‘g% ggggé glféeié%%,t Eéi&cﬁ]f@f ?’58@?9%%{% ‘%fe\sgﬂf’z‘g‘}f%eia 0.40 (h),
27.3 + 0 4PF198 Aghivagmaterialy (F) tope HeefotTodl GRUESBEA IR Ehe most
i ntense refhex il PRRNI N AIHE5-X-ray diffraction pattern and having a
hal f-wi dth of not nore than 0.5, 25 - the intensity Pi of the reflection i

and the intensity Pk o the reflection k.fulfilling the relati.onshijp 0.65
2R 50 sarEludthd forkng ShE iRl L e AP P ey Ehe TOIIOFRAB0 R =
Pi/(Pi 45PR¥IGHEARELALS f (T FOnDBfuSh AcePrdeny ofp ithgndnyertias hepe an

refl ecti onX-karahif fiferhion patt8snAflalvayss reedi o, CukaerXdiatyiodi fifiratis on
pattern shdotandravewhachriedd aeifilent v H,he prakk pomiskl pBaRY axe5QtO0tre 0. 30.
40 I'n thisqgdeetdmilon hhg18ef (At pom of oLhe |y ensi By.of @ rehl gedign, in
the X-ray Q'Bf{]ca(ilid)o-n pattern is based on the definifion set  out 1n DE -A
19835247 and that'"i'h DE-A 10051419 and DE- A 10046672. 45 This neans that,
if Al i2othe peak of a reflection 1 and Bl is the

— the reflection h being the most intense reflection within the

X-ray diffraction pattern and having a half-width of not more
than 0.50°,

25 — 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 ratio defined by the formula

R = Pi/(P; + Py)

30
and
- the half-width of the reflection i and that of the reflection
k each being = 1°.
35

At the same time, the X-ray diffraction pattern should have no
reflection with the peak position 26 = 50.0 + 0.3°.

40 In this document, the definition of the intensity of a reflection
in the X-ray diffraction pattern is based on the definition set
out in DE—A 19835247 and that in DE-A 10051419 and DE-A 10046672.

This means that, if Al is the peak of a reflection 1 and B! jis the

45 nearest pronounced minimum (minima having reflection shoulders
are not taken into account) to the left of the peak al, in the
line of the X-ray diffraction pattern when viewed along the



near est pronounced m ni mum (m ni ma having reflection shoulders are n.P 2005
taken into account) to the left of the peak Al, in the |ine of theTX-lJ%/
diffraction pattern when viewed along the 1 7 JAN 2005 16 intensity axis
perpendicular to the 26 axis, and, i@ corresponding rranner B2 is the

near est prg&wﬂsq%aégkmw qdaéslafltgmhef ?&‘ %ea'snéJ I's the point

t which fr h to the 29
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region of SPetrfeefrleﬁié nl ngngﬁé iérﬁj@hao%ot}qggl e‘é?‘h\{gl:grece&}% dipositive

val ue or a poi.nt nates of the

29 axis and b & EP ?eﬁ%‘?“l ﬁ’eagf‘gkb% g Elg%cpcf‘d’rt Specths iefgreseidl ope. 1 5
In this doRHmEW™ deRetesld BRiathat swhiah &heortemperfdiengangemerto the | ength
of the |ineaxve nineackpse hetgimenot hehd we fileteisect iaWangpei fitsm AL and H2 if a

| ne pallte| h@d_;aﬁlcvet balaé? @XiaS po8 i 1 fey d et BE an]%dj.mtefa(ef witif@': 'tﬂh%eéi? e
interce ive first intersec

poi nt o1l‘o t ar, a?%e? r?en%c}g?ﬁﬂ?%ésh%f !é;ﬁgpfé:&é(fll i o sde b?tetrf‘lsé't)'( ray
di ffracti oﬁxbsat aPg Poe Z%th ﬁ@eFéFYl%&hﬁ §hePdf Al. An exenplary procedure

for determining half-width and intensity is also shown in figure 6 in DE

A 100466720 25, DoUhhd Ol wEEELERIOPNS Ninlo AL sc BB e |

di ffracusog n %%nog h a vanta eous ng %

be used accprdim ﬁ PEREI B %ﬁce@tc RESTHS th&s tﬁorﬁll‘?rsleﬁ?;tlﬂ’ér

reflecti ongoﬁ\ﬁb% p%’é‘?(sﬂ ar‘é at 110 HEFRLARM P diber RBcRX i igngrasn 3g 3he( 29) -

9.0 0.40 (mddle piothe(binear intorcept (B3¥!, Iwhare Hdvamt ajeeus e t he X-ray

di ffracti oneppddtcive 6irsbeintddseatabytpoiall ¥faehisy @apaildel npims waks of the

formula (I}xnadgidd,0nal hyr G ainBsed SLTHHRCKLODy WOSE Re2KS bardesnCloat the
20 the left and right of Al,

An exemplary procedure for determining half-width and intensity
is also shown in figure 6 in DE-A 10046672,

25
In addition to reflections h, i and k, the X-ray diffraction

pattern of the advantageous multimetal oxide materials {(I) to be

used according to the invention also contains, as a rule, further

reflections whose peaks are at the following diffraction angles
30 (29):

9.0 + 0.4° (1),

6.7 £ 0.4° (o) and
35

7.9 £ 0.4° (p).

It is advantageous if the X-ray diffraction pattern of the

40 catalytically active oxide materials of the formula (I)
additionally contains a reflection whose peaks is [sic] at the
following diffraction angle (28):

45.2 + 0.4° (q).
45



following diffraction angle (29): 45 45.2 0.4 (q). 1 7 JAN 2005 171 7 JAN 2005
Frequently, the X-ray diffraction pattern of nultinetal oxide active
materials (1) also contains the reflections 29.2 + 0.4 (m and 35.4 0.4
(n). 51f the intensity 100 is assigmed to the reflection h, it is

d t { {. ,
S van 3gﬁgﬁ€e he fl%:e :?ﬁ :x &h;\ hgggi&%g’bgnfpaw&ﬁ &4 %ﬁ:%ététu om.g'em n. o
|

is fromb 5 uen ﬁ]o 5CH-BES THe ‘?1’5?‘:"&%895 ttomt1d-fo @D; 1:
from1l to %’@d 3}15! 4flio 4°t@)20; n:, from1lto 40, 20 o: from1 to 30; p:
froml1l to 30 and 25 q: from5 to 60. If the X-ray diffraction pattern

cont ai nssa tloned add |onI refl ection t he hal f-w dth
t her eof |sf¥ &l lﬁ%FnQPQQ{EI@B R FooH F‘—iﬁ gC]llel‘r"g"r’rfD V\ﬁfcln * d%e based on
an X-ray dF‘le?rgr?tqe(?Hs BRERRHRY éPaF’éetHWz%‘i‘tXQPayf ditfer kgédeowiqm ter A
produced uBi ngr GuPKandadilkaveotheStehkowingi fihtens OnetseonThied asalfeet a D- 5000,
tube 35 volitegesit40sk¥iet ube current: 40 mA, aperture V20 (vari abl e),

col l'imator V20 (variable), secondary monochromator (0.1 nmm), detector
aperturag(0.6 nm, neasuring interval (29): 0.02, nmeasuring tine per step:
2.4 s, detector: s&fntEremty de ééunf%ﬁquem@ymeorspﬁemof BO, sim fsave aases of
mul tinmetal oxide materfads Id kot 60be used according to the invention is
often from1l to 30 n2/g (BET surface area, nitrogen). Qherw se, the novel
process can be carried out in the same way 45 as the procedures described
in EPA 608838, WO b9/ 284¢m @ 3P7- A 10-36311. , For exanple, air, air
enrichedsw th oxygen or depleted 1 7 JAN 2005 18

m: from 1 to 40;

n: from 1 to 40;

20

o: from 1 to 30;

p: from 1 to 30 and
25 gq: from 5 to 60,

If the X-ray diffraction pattern contains any of the
abovementioned additional reflections, the half-width thereof is

as a rule s 1°.
30

All data in this document which are based on an X-ray diffraction
pattern relate to an X-ray diffraction pattern produced using
Cu—Ka radiation (Siemens diffractometer Theta-Theta D-5000, tube
35 voltage: 40 XV, tube current: 40 mA, aperture V20 (variable),
collimator V20 (variable), secondary monochromator (0.1 mm),
detector aperture (0.6 mm), measuring interval (26): 0.02°,
measuring time per step: 2.4 s, detector: scintillation counter).

40 The specific surface area of multimetal oxide materials (I) to be
used according to the invention is often from 1 to 30 m2/g (BET
surface area, nitrogen).

Otherwise, the novel process can be carried out in the same way
45 as the procedures described in EP—A 608838, WO 00/29106 and JP-A
10-36311. For example, air, air enriched with oxygen or depleted



I n oxygen or pure oxygen may be used as a source of the required H?ﬂﬁhﬁﬁ
oxygen. 5 10 The novel process is advantageous particularly when th
reaction gas starting mxture contains no noble gas, in particular no
helium as inert diluent gas. O herwlge, the reaction gas starting m xture

may Of COUIS&xGQERN b Epi e lokydbh UREY H2A588d s b shMece O0F AL %éu-ig%
addi tion Lo R QRane and nol eCdl ar oxygen. Steam as a conponent ot e

reaction gas m %fr YL Hdvant ageous according to the invention. This

means that the reaction gas starting m xture with which the novel

ommer at gf o Govet bHEGAT (81 bivatSodsdut paBEREE ALy UnEgoRle Magkion, (1 om
300 to 44085 TR 5%‘;" %&e‘f%aﬁﬁ?gg‘%%ém FSEES%V\%F &8@85%%?% 58 25 from 1
to 15, prefetrdBry afr SRRTE (4 1Hent, 835 v AthREVHEE: frishERactionAass to 99% by
vol une of ekartimg mixberd may 55%dyramlcomprbée siream dSileent aaskai, né Ng.
reaction gms, Soaahingoyy Xhuaesitich Roehessak a@dhﬁlbl@&ﬁl%irmoﬁgrﬁ&@p@ﬂeﬁhons
of the reagli OngiRsnshe ds Hhe éég{fon Ya§: m%?tt?is 4Q %Egg}xgag%eo s95% by

vol une @b propane, UogS to 3 y volune nol ecul’ar oxygen and from O
to 25% by TOTTHHE TS 8t &2 1 HEPELBPEe, a product gas ni xture which does not
consi st exclusively of acrylic acid is obtained in the novel process.
Cont ai s, Somor e sty (L ESp G BEar s HOHER 905 ik e g
ins s Sy : , ,
acetic aci 58‘9 g{‘%it%gp%i;iod‘,tldgt %E?l‘fer cl)“rﬁl%e ?3 jf?‘leog’ r;]/Pf’%e &% nust be

r opi~oni
separ at ag bf? .tllsﬁﬁ SePRAT PSSt Bt eEOF BXRAFR L Runbed™ 10RO P HINGt RE from
het er ogeneédd|to 4847 46| 9 eif pasOphbs A d8X L daey dravsf, [fropexergle,athglic aci d.
45 Thi s neaasldwialg chepasitidme acid present can be taken up fromthe
product gas m xture by absorption with water or by absorption -

from 1 to 15, preferably from 1 to 7, % by volume of
20 propane,

from 44 to 99% by volume of air and

from 0 to 55% by volume of steam.

Steam-containing reaction gas starting mixtures are preferred.
25

Other possible compositions of the reaction gas starting mixture
are:

10 from 70 to 95% by volume of propane,
from 5 to 30% by volume of molecular oxygen and
from 0 to 25% by volume of steam.

Of course, a product gas mixture which does not consist

35 exclusively of acrylic acid is obtained in the novel process.
Rather, in addition to unconverted propane, the product gas
mixture contains secondary components, such as propene, acrolein,
CO,;, CO, H;0, acetic acid, propionic acid, etc., from which the
acrylic acid must be separated off.

40

This can be effected in the manner known from the heterogeneously
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
example a mixture of diphenyl ether and diphyl, which may also

45



with a high-boiling inert hydrophobic organic solvent (for exanple 3 JAN 7005
m xture of di phenyl ether and diphyl, which may also 1 7 JAN 2005 1&
contain additives, such as dinethyl phthalate). The resulting m xture of
absorbent and acrylic acid can then h®@ worked up in a manner known per se

by rectif '&ﬁ%t'a@ﬂ a@éﬁﬂl%ts' Oguéﬁldééjrdlm@'&)@i ﬂ}ﬁﬁ.taltgn t@heﬂ'fé%utlgre. (gure_
acrylic a 1@: o te%”%s'éé%e%t an§ ac SIC ge acratl n b e.a rﬁ aci d
from the produc XCure = can 0 pB-HY 1 &8°By T % in a
condensat i¥ffreEsk H‘é‘%’brﬁ‘a&e&e by ofe Iaéloﬁln WACIQOQM@@E The resulting

aqueous acrmpsitelaczaticondengare ’dmw purenapey Fig taiced . 181 parridtiied]y f athe
exanpl e, s yadicasbpar@lici bt 8héi Zatyiar (E0d EXGHRhE pBESRANYFa8Nmixture
crystall i zagj %asangéq% £ 480 sg\yﬁféémag&' g@%a%m%ﬁs' Qélade S$23ply Xt Ur €

remai ni ng durin siC se € acrylic aci ins in
parti cul arpciﬁw(,e&‘ ?Ed“blpg‘pg gﬁgan be separated fromthe residual gas

m xture, for exanple by fractional rectification under superatnospheric

pressure, ﬁ@re%h@@lﬁ@%e%@stgcf d"'%\ég i&%aeg&a&e Béh 40%§ ¥\§beerr It

S rmrgoadva ous_ to bri [

exanpl o oy Uadstg Lot (HANRIAT B L g %eet@qéﬁ AR SoPyCREaT R pabl ¢
of prefere?ﬂﬁipﬁnls}oabsﬁf%ﬂélﬁﬁ‘él% dpeHer MY% C‘éfmsrta {ieatiomipar at us. By
subsequent desorption and/or stripping with air, the absorbed 25 propene

be | q
\(/:vg;, gcolnom caﬁ% ‘118991 ﬂ]qn&%grgco%@ael')rﬁgp ng&’g%t %ggoggmg\rfge%%sfsﬁ% Iér?
formed ag & %é&&ﬁ&é? ALNS oL Pas tAGR baT TICoP¥BRFed F PRBfr t'?fels

propane anean sbecﬁﬁéarat%ﬂ fhomhthe  reg0iduali gas uritiusiengfexr coradipdg by t he
i nvention fhadtionalhrédei fisatdbn waddrd repakatmddheratepr@dsurie Bgqused

according tged &eclyeyeatwrtheaaan@V¢er§;pthﬁeeSéﬁm QBT f¥wdddr ,ag3ccpdal ysts

for the gagsphasgantababyd 1o BY N8, LReBCEY A0 kly the
| - phase aﬁ@ E’fﬁ '}¥|ase é % a sl ouslr1 f':"e(senceC 0 |-phase and
35 K- phaoe FEMRe BICPRSTH itorbERte) r}tglémlr- BifeSE§AT 0RO KR | n

the prior &frPabithef Psewwmﬁé%ﬁe@wm@m hbe PrgRemeuste amexsaratiens for
t he het er ogppexatsisy cat al yzed gas- phase oxi datlon of propane to acrylic
acid, multimetal oxide materials (1) present in the i-phase have hi gher
activity than if the}; are 40 presené)/l n the phase. The higher selectivity
with respef¥ THSAMENCIFITRROPIAR tsltEFrPPsn%l"s‘&hs&FBr|%’?‘-°ngj‘bsPﬁ??<herrmre
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be achieved. Propene formed as a secondary component is as a rule
not separated from the propane and is circulated with it.

30 It is surprising according to the invention that, with the use of
multimetal oxide materials to be used according to the invention
and having the stoichiometry (I) as catalysts for the gas-phase
catalytic oxidation of propane to acrylic acid, the i-phase and
not the k-phase and not a simultaneous presence of i-phase and

35 k-phase is of decisive importance, in contrast to the gpinion
held in the prior art. what is also unexpected is that, when used
as catalysts for the heterogenecusly catalyzed gas-phase
oxidation of propane to acrylic acid, multimetal oxide materials
{I) present in the i-phase have higher activity than if they are

40 present in the k-phase. The higher selectivity with respect to
the acrylic acid formation is also surprising.

Furthermore surprising is that the multimetal oxide materials (I)
to be used according to the invention have satisfactory stability
45 hen they are used as catalysts for the heterogeneously catalyzed

gas-phase oxidations of propane to acrylic acid.



45 when they are used as catal ysts for the heterogeneously catal yze(“1i7 N 2005
. gas-phase oxidations of propane to acrylic acid. 17 JAN5 20 O cours@f
the nultinmetal oxide naterials (1) to be used according to the invention
can al so be used in the novel processzgin a formdiluted with finely
di vi ded, ToF £XaBY,e+58! hol OerarMBLE I g3, L4 tani um
/ LY ftgxrge %éf %ﬁﬁgéigfgo@bep lFﬁeu

T ution nass

di oxi de, alum n&%, Zi.rconl um ium
ratio my BECURIINY éégﬁﬂ? S0y Eairine hatend an e, dovbsyiospes
di | ution ma8s2 riifpeidpked fpkthefanple, digidedi | Gentgxample( getlodslatat eri al )

and 3 (dil neheyials] Gachia= il imat etivdyiunldeodidelentlunian, beiddeaupor at ed
bef ore asdbgidé@fdremiobhemCatiddiation. |If the incorporation is effected
before the calcination, the diluent nust be chosen so that it is
substantially retained as such during the calcination. This is generally
true, for &hanglltion mhes cosdcomagxbeles cal 0i pat hikrat) 151cpadwseondi ngly
hi gh tenpemateres.), TheeMupsddmilal dexhefoagEi aheidd He,usss é&%%@i, ng to
the invenyhonudrg al $0(sullabhaasiept Alwsts hofuddiy 9as-phass

catal ytiig ox| datlVve ef)r tion of ng acrylléam romite

precur sor sf“at‘.eﬁl.a]ﬂ-’b8‘%8#21@93‘}?056{‘%%.l“ﬂ?épﬁﬁﬁ‘f‘?‘ilreqeaﬁo%x?ﬂ@/ Yatedtrsl s (1)
to be usedthecoriiingtient hef thevdncpoporatdonl $8 effectisidebebore Hthegas- phase
catal ytic orlditatcion25tbé dthaingi muand®fchpsepese tmtagrylisc acid and of
rre% Eacr o: eislbs etk 1§ r&¥a PHAL WeS LR clﬁng.-ng' _EHQ‘B{S@Rﬁn%ibEP g tO

met hacryl i ur re. i.tabl e f.or gas:phase

catal ytiig g%%%%(?ldlf %ﬁgéf E%F o%enélghd}rgrt%%r c%)lézsir%eo% oomgc?rsyf:%ﬁ?’tr}aitleg. at

Cat al yst s ESﬁEﬁﬁ%%Mngﬁehﬁ%l?/eqemﬁ%éﬁ‘é’éeEt'an be 30 regenerated repeatedly by

| oadi ng Wi th oxygen-containing gases, for exanple air or air depleted in
oxygen or gﬂ&'ﬁ@?ﬁm@tﬁa@ in‘&'@%teerta‘i‘Q't%" R Sad R /i%gh@é{et#}bte.e“ adfed,
at tenperat; reac TReLat ur e, anpl es reparation o
catal ysts gé@% f? aq%r IE%(Q)% %fgﬂ%%l 0%§2cagtao§fysgﬁgg%}f uh éﬁféﬁ'b"f%date

hydr at e 2a¥Phg ‘f%ﬁvtr;’pé%daEbﬁ% RICRGF a§108 RF PP thergrtiq iafddl fEepdsi Chon:

( NH4) 6Mo7 OPZ&FRIZON S0 8- St aRcRytaner erdisalpiteae,. with stirring, in 6 000 ni
of water which was at 80C. While maintaining the 80C, first 141.0 g of

anmmoni um ”%%%Vﬁﬂf¥¥%e a&V%Q§dé“H§{E}EaQL (I} to be used according to the

invention are also suitable for the gas-phase catalytic oxidation
25 of acrolein and of propene to acrylic acid and of methacrolein
and other C4 precursors, e.g. isobutene or iscbutane, to
methacrylic acid. Qf course, they are also suitable for gas-phase
catalytic ammoxidation of propene and/or propane to
acrylonitrile. Catalysts consumed in the novel process can be
30 regenerated repeatedly by loading with oxygen-containing gases,
for example air or air depleted in oxygen or enriched with
oxygen, to which steam may alsc have been added, at temperatures s
reaction temperature.

35 Examples
A) Preparation of catalysts

40 &) Comparison

1. 706.2 g of ammonium heptamclybdate hydrate having an MoOj
content of 81.53% by weight (ideal composition:
(NH) gM07034+-4H20, from Starck) were dissolved, with stirring,
45 in 6 000 ml of water which was at 80°C. While maintaining the
80°C, first 141.0 g of ammonium metavanadate (V05 content of
77.4% by weight, ideal composition: NHav0O;, from G. f. E.



77.4% by wei ght, ideal conposition: NH4VQG3, fromG f_ E 1 7 JAN 28%2J 17
Nur nberg) and then 211.28 g of telluric acid (99% by wei ght of H6T 005
from Fl uka) were added in succession, with further stirring, to the
resulting clear colorless solution. A&1solution A was obtained. The

sol ution A wasyigtdew§ LRd CQn 51t102§09CofA FYULOUS, by OX3late
sol ution con5|§f IIP%BBE ;ht §ug%§)f rye adH eoxai%gi%bgﬁ’ rﬁl%f;f %\EP;I At

Gosl ar, Cer nan
30C was added, S ﬁfﬁnﬁurFﬂth%treﬁP#ﬁgn%rﬁ}%m Feloydash HoAukgorheh 30C, to the

clear red sol WS9BItiAncAovas akained30The 5120105 BOWA5 aldodsd Tie oot ur e
obt ai nedswas dtdé exbeicn Rnsam’xﬂépudl’ heob{@pRxaakus sélnﬁmol}il &ens%m Bgs= 350G,

Tout = 105Q). 130, 3 of hﬁloﬂ:ﬁﬁdj txhﬁ]gtéo fr@mwﬁré E’% to 275C at
a heating rate of 5 a ro e oven accordl 0 figure 1
(quartz gl ass 3phere’ h Vi Ry ot njagfs%olwﬁﬁﬁ hpt and % QPD ’5!1 -OfO\Wé‘ﬁer

housi ng, 2 = r¥tatd’Rg¥es d3 wipbafwithegastirning amdt whgke/ ai r strean)
under air (10 Indit)tallnnngdtiae el0yC,t hergaf icdearheed istdusasneh fesdied tsom 275C
to 650Ciet a Hheat.ing rate of 2C/ m n under a stream of nol ecul ar nitrogen
(10 I (S. T.P.)/h) and the m xture was kept at this tenperature under the
nitrogen streamfor 6 hours. It was then left to cool to 25C while

mai nt ai ni ng t hEheimixgyen ehtraizmd Fhe dulei dadabspcdy natieri ahppddmdst he

chemi cal conpostdén mirol}/bﬁaEDWHBST.@SX)%Z}Nlp@ul;q@E, chhe 1g§sgc¢ptt¢1@ X-ray

diffraction pﬁééxﬂrﬂnlgsséi‘%éx% fhtegvé& 1]21' 558@%5 za:sﬂbxéyre £ m?hase
and k-phsse. mat er1 al Fa %1

t e ca
Retsch mi| | (cen{ ?()lf:‘g 8 S| |1|n ; ref?‘()‘?ﬁ P?é"tcé’(’fﬂln%e'f‘?'rﬁﬁyg)‘re 1
(particle size!3W3FR9 gﬁf sEheyeoPay kg rass dintpaRa bowiamenef el abigieired to 162
g of spherical supser houbdngng & dtakeirg fdksR, 23 -= he2tmh spRE =445 m
support naterialtrogenfatirt etfdany GROAATLL; (10 1/h). Immediately
thereafter, heating was effected from 275°C to 650°C at a
heating rate of 2°C/min under a stream of molecular nitrogen
(10 1(S.T.P.)/h) and the mixture was kept at this temperature
under the nitrogen stream for 6 hours. It was then left to
cool to 25°C while maintaining the nitrogen stream.

20

25
The calcined black material M had the chemical composition

Mo;.0Vo.33Te€p.148bp.110x. The associated X-ray diffraction
pattern is shown in figure 2. It shows a mixture of i-phase
and k-phase. The ratio R is 0.35.

30
The calcined material was milled in a Retsch mill
(centrifugal mill, type ZIM 100, from Retsch, Germany)
(particle size =< 0.12 mm).

35 75 g of the resulting powder were applied to 162 g of

spherical supports having a diameter of 2.2 - 3.2 mm
(R = 45 um, support material = steatite from Ceramtec,
Germany, total pore volume of the support s 1% by volume,
based on the total support volume). For this purpose, the
40 support was initially taken in a coating drum having an
internal volume of 2 1 (angle of inclination of the central
axis of the drum relative to the horizontal = 30°}. The drum
was rotated at 25 revolutions per minute. About 30 ml of a
mixture of glycerol and water (glycerol : water weight ratio
45 = 1 : 3) was sprayed onto the support via an atomizer nozzle
operated with 300 1($.T.P.)/h of compresged air over
60 minutes. The noczle was installed in such a way that the



Germany, total pore volume of the support s 1% by volune, based on1t7h 2005
total support volune). For this purpose, the support was initially'ta

in a coating drumhaving an internal volune of 2 1 (angle of inclination
of the central axis of the drumrela2ve to the horizontal = 30). The drum

was rotated at ut,} ' f 1 Xt ur f

gl ycerol and V\%flgar}rr(%\é%)lz gégFQ%Fﬁpg%%%%g%g%Fgglm .e \%égms%( a"ﬁlee&?onto
the support vi& RfEatdfsar “hoFH SPPEREYST &P Wit RE3Bee | g 1¥npd) dHinyf in
conpressed ai r *BYSIPRST RRAfit @K thPh&Chding 2ales Thst binaly idivided artiay t hat
the 1 7 JAN 2005te2ials pousier ores ettt rofecsdipporct sher dnsporilaed powddre drum by
nmetal dsiver ptiéwes the bBentiPRladastifRi ot t¥e bBRALPALd NGdwdER dHa the
upper nall O (ORI A 80nge1olnent! BokYy dordeq, gl e MBLEL! 81, Rovder
was introduced Lntg the dr mv%f a _po o screw,  theé "point oF atdi®i on of
the powder bei HS Wﬁﬁ"ﬁfﬂg POYEIST H‘gt‘iﬁh‘ég'orth&eI?BRP?ﬁ% Rgvaged ofth ije

peri odi c repet PRF®FOSf ikeelf Reee pbadesppmtteinnghe thbsegppot t pariodi. ded
with the base coat itself becane the support in the subsequent period. 10

15 Afterlocoatiﬁrggwas cngglgete t he cigate su <%)rt was dried for. 16 hours

at 120C in a tfr bugh-Ereg 457 SiPWivithg Vel G eonf U bR Yde asclf fthyfor
i nternal vol und®5Bous ay y2Bro|innds theppaterirsilat segbydoagt ovew-(Hoem heat
treatnent at 1B0@Glemddieraany, Alntcompar ablwe: GGatled Ghyadnedt wsa r@soved
obt ai ned. b) ObgparsdyeqienlSedd-rPurdfedb h2ShtthedtOht ATBPR UANERIAANAdaAt €

(V205 content QBmZZré‘l%\@’co%é@@atailggglz%gﬁg%g?brthﬁ?ﬂéd.NH4VCB’ fromG f. E

Nur nberg@s were dissolved at 80C in water 1n a stainless steel
container. The resulting yellow sh clear solution was cooled to 60C.
Thereafter p)308obpgridort el luric acid (99% by weight of H6TeO5, from Fl uka)
and 585.0 g of ammoni um heptanol ybdate (81.53% by wei ght of MbO3, from

Starck, ideal _conposition: (NH4)6M7024. 4H202 wer e added i n succession to
128.0 ¢ of ammonium metavanadate (V.05 content of 77.4% by

20 weight, ideal composition: NH4VO3, from G. f. E. Niirnberg)
were dissolved at 80°C in 2 925 ml of water in a stainless
steel container. The resulting yellowish clear solution was
cooled to 60°C. Thereafter, 304.5 g of telluric acid (99% by
weight of HgTeOs, from Fluka) and 585.0 g of ammonium

25 heptamolybdate (81.53% by weight of MoO3, from Starck, ideal
composition: (NHy)gMo70;4°4H;0) were added in succession to
this solution while stirring and while maintaining the 60°C.
The resulting deep red solution A was cooled to 30°C.
Separately therefrom, in a second stainless steel container,

30 69.6 g of niobic acid (Nb content 48.6% by weight, from
Starck), together with 343.5 g of oxalic acid dihydrate, were
dissolved at 60°C in 750 ml of water. The resulting solution
B was cooled to 30°C. The solutions A and B were combined at
30°C, the solution B being stirred into the solution A. The

35 addition was effected over a period of 3 minuteg. An
orange-red suspension formed. This suspension was then
spray-~dried (spray tower from Nipolosa; the temperature of
the receiver was kept at 30°C, Tin = 330°C, Tout = 110°C;
duration of drying: 2 h). The resulting spray-dried material

40 was a homogeneous olive-green powder.

100 g of the spray-dried powder were calcined in a rotary
sphere oven according to figure 1. For this purpose, heating
was first effected linearly in the course of 27.5 minutes,

45 under an air stream of 50 1(S.T.P.)/h, from 25°C to 275°C and
thie temperature wag maintained for 1 hour while maintaining
the air stream. Thereafter, the air stream was replaced by a



this solution while stirring and while maintaining the 60C. The resttti@%ﬂs
deep red solution A was cooled to 30C. Separately therefrom in a s (‘Jﬁ
stainless steel container, 69.6 g of niobic acid (Nb content 48.6% by
weight, from Starck), together with2343.5 g of oxalic acid dehydrate, were

di ssol ved at QQQrbBeK59thaanfV‘@beI(S e, r)?ﬁuéﬁd %a%%é%&’é‘ e 2o WR8 ng9| ed
to 30C. The s utlonse ahd B re Cco ei ng

i ion
stirred into the so I on i’ mlnu nt]]"élﬁaﬁ/g% feﬁ%&t%ﬁo%r é eﬁ' of 3
m nutes. An @éaF%P s"ii'sdpéﬁ§| Bhtlf‘iﬁq"rbétr?ﬁmsw%ﬁ@ﬁQFéw%§°ﬁ-’hén '
spray-dri ed (Spuay.t Biexly,omobil pog dsa;25C hews e rgffreatedebpfledviagresei ver
was keptsat 3Q@andi anﬂ@mnd{@uing @i crdgemtd1Qkanl, @hyidlicidel) - The

resul ting sprgyat% 184 UL e n¥950 % ATRAEBER 5 101 | KSR OL ERILAOUES . 100 0

of the spray-drie F‘O ﬁ rec clned in en accbrdlng

to figure 1. ﬁ@’é‘ftl’ther\WQEYh F%Etrtéf:fl@c?éﬂelﬁ RedfI P n the
course of 27. Eﬁrﬁh@@ﬂﬁeBOWdQ}‘nd@Wlal the ahemagal ofom®dit$on. P.)/h, from 25C to

275C and t hi MdiesMet ftedr £ NgS; 10RI resailned . f Diie lads@aiavbd | e-va@i ntai ning the
air stream Twﬁ@fabeaon%%@rh igr@mma% Eegh @&esd =01, TJANgQOS 23

g0 ot eollil s 5y bt Toetagytee Tl LR g

of 32.5 m nut es |near
ni trogen streafftSWeFEPHR %t%ﬁ r?é’daf)oﬁ‘s?ng Héuﬁso FW%IH%‘I’ €Eooling to 25C was

effected by leaving to 5 stand while maintaining the nitrogen stream The

cal cined aptefdal M3y tHeihdnilhedeisnha Retsch mill (centrifugal mll,
type ZM1g00, from RetsSch, Gernmany %parti cle size s 0.12 mm). A black

powder having the chem cal conposition M1. 0V0. 33Te0. 41Nbo, 110x resul ted.
The associ at edFdeatgy 2300qg dof fthac bilaok padYcdnedi fa sdal 'Mnfi-bxgw)e wareR = 0).
I't shows subspadgdrall.yrRese nl‘érléhﬁaéed'%@%ﬂ@@r@é'z‘/%o‘éo tgg g£atpdl yst - Sb was

prepared as ing @%lhn%z;?%gpcb éﬂgoggvﬁet 1§c§g) ﬁ'ﬁi Ad %%%)Ord' ng to the

i nvention First cal Ci ne WErI €

pr epar edo Thes%ﬁwlgad%t%&“ HaPoSHLEKRS JObf ah%% W§H%d§iwtﬁy‘nmaght
agqueous ni tricthei®’ GHhﬁggl¥ﬂgjtph§5 C was then effected. The solid
present in the black suspension was separated from the

agueous phase by filtration, washed nitrate-free with water
and then dried overnight in a through-circulation drying oven
25 at 120°c. Of the 230 g used, 181.4 g (= 78.7% by weight)
remained after the treatment described above. Chemical
analysis of the solid obtained gave the composition
Mo3Vg,.26Tep,09Nbg,140x- The associated X-ray diffraction pattern
is shown in figure 4. It shows exclusively i-phase. The ratio

30 R is 0.74.
The dried material was then milled as in a) in a Retsch mill
{particle size =< (0.12 mm) and was processed as in a} to give
a coated catalyst Sc to be used according to the invention.
35

d} According to the invention

A coated catalyst Sd was prepared as described under c).
Instead of 10% strength by weight aqueous nitric acid,
however, a 20% strength by weight aqueous nitric acid was
used. The associated X-ray diffraction pattern is shown in
figure 5. It shows exclusively i-phase. The ratio R is 0.74.

40

a5 ©) According to the invention



suspensi on obtained was stirred for 7 hours while maintaining the WOICJAN 2005
Cooling to 25C was then effected. The solid present in the black

suspensi on was separated fromthe aqueous phase by filtration, washed
nitrate-free with water and then drizad overnight in a through-circulation

drying oven gt ctlagggﬂ (gtaI t2§Q tgaiz%@gal‘gé & g:le(scrzﬁego/ﬁ&)c?/ ght)

remai ned after the v 3/ “of the
soli d obtai ned"® §v3 erHa%r’rﬁ(%é'FW% WFEVEDS A BENBDH ﬁﬁ‘b(a l1""he associ at ed
X-ray di ffracthoyﬁvsﬁtt%r?fp% iS$TERBWM 1h eilght caquequs shshic d@idugasel y
|-phase The nmeido TReissdhcidtedhe-rhy edfffebetial paasetheis ndHowadias in a)
in a Retsch mdilgurepal ti€!showszexs1dks k219 -giskavashpr eeessed i@soi f3a) to
give a coated catalyst Sc to be used according to the invention. 35 d)
According to the invention 40 A coated catal yst Sd was prepared as

descri bed Rindétes¢)ing dhstlendadhly®®s strength by wei ght aqueous nitric acid,
however, a 20% strength by wei ght aqueous nitric acid was used. The
associated X-ra dlffractlon pattern is shown in ure 5. It shows

excl usiygly i “bHASeStERRIGSH is§erl| Eeartipn HBb%)”Ri’(%?ldrnb‘le:“t he invention
1 7 JAN 105 24&xtRrpeat éiansttez] ys60 Smmdsitprephrdichresedescs i hech)urdsr c).

I nst ead of 10%csideangibh yackioghthagtetes BatslFstacifdom RPWEMR 10843090

R e R e e T
The ratio Ris ft?aﬁt Bye est(ldlamefef LH?at “ary %t‘gm'l

- phase.
SFATEC hes d\é§5 D A V2A
stainl es§ st eef2TERG PBnt]t%b*é’a(:Féﬁﬁt?PS- 51‘&6‘:?:%? MigtudenalTheli tPetéPn= 60 mMm
i nternal di anetwhe wa8, Simgdlwfsllpdadeth whehsene stefattihe beomdedftaral ysts
fromA). The |gsdicagalyebgidharashehosartian B2b€ MrasA He€klNEFsH £hd0 cm | ong
bed of outside over its entire length by means of electrical heating
mats. The mat temperature was chosen at 340°C. The reaction
was carried out at a pressure of 2 bar absolute and with a

20 residence time (based on the catalyst bed) of 2.4 seconds
using a feed (reaction gas starting mixture) having the molar
composition propane:air:water = 1:15:14. The results listed
in the table were obtained depending on the coated catalyst

25 used. C [mol %] = propane conversion in a single pass through
the reaction tube. S [mol %] = selectivity with respect to
the acrylic acid formation in a single pass through the
reaction tube.

30 Table

Coated catalyst C [mol %) 5 [mol %)
Sa 12 40
Sb 5 12
35 gc 18 69
&4d a8 72
Se 24 67
40

45



steatite beads (dianeter: 2.2 - 3.2 nm Cerantec) served for warm'r,fg] 3@2005
the reaction gas starting m xture. The reaction tube was finally fil

with the sane steatite beads after the catalyst zone. The reaction tube
was heated fromthe outside over itg%ntire |ength by means of electrical
heating mats. The mat tenperature was chosen at 340C. The reaction was
carried owe €ladnpressure of 2 bar absolute and with a residence tine
(based on the catal yst bed) of 2.4 seconds using a feed (reaction gas
starting ?xtgre havi the nolar conposition propane:air:water =

1:15: 14. The eRIPILT itoFedPei AT ¢PRF dtlsine Oheper vht@iatdd B#pendi ng on the
coat ed &at al yhetexeganecgsfiyoratglyzesy geanphesavexdiaanionnod pidHe RAss
through the meaetilur tohgenSaf @ledtea sehpetiMitas Wkh Lespent; Qe the

acrylic acid ' b4 Be Si . pa .hrough. t.he reaction tube. Table
Coat ed cat al y@?%a?ﬁ%@%bglﬁ%#%ﬁs%ﬁﬁagg5%%@66’3582%72 Se2467 45 1 7
JAN 2005 25 W claim 1. A process for the preparation of acrylic acid by 5
het er ogeneousl y cat al yz¥eh'\galeihif@se oxi ddt)i.on of propane with ol ecul ar
oxygenlat elevated tenperatures over at |least one nultinetal oxide
mat eri al havi{gesd oi chionetry |, M1VbM1MI20n 10 where ML is Te and/or Sb,
M2 is at |least one of the elenents fromthe group 15 consisting of No, Ta,
w Ti, Al, Zr.,C, M, G, Fe, Ry Co, Rh, Ni, Pd, Pt, La, Bi, B, Ce, Sn,
zn, Si and 1M bis t¥ot #"¥1%058: ¢ is from>0to 1, 20 dis from> 0
to 1 and n i sMh nunbets viti dieass dee o fri thed eBpmehes vitenaheagdoup

15 consisting of Nb, Ta, W, Ti, Al, Zr, Cr, Mn, Ga, Fe,
Ru, Co, Rh, Ni, Pd, Pt, La, Bi, B, Ce, Sn, Zn, Si and
In,
is from 0.01 to 1,
is from > 0 to 1,
is from > 0 to 1 and
is a number which is determined by the valency and
frequency of the elements other than oxygen in (I),

20

7000

whose X-ray diffraction pattern has reflections h, i and k
25 whose peaks are at the diffraction angles (26) 22.2 + 0.4°
(h), 27.3 + 0.4° (i) and 28.2 + 0.4° (k),

— the reflection h being the most intense reflection within
the X-ray diffraction pattern and having a half-width of
30 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 ratio defined by
35 the formula

R =P;i/(P; + Py)

and
40
- the half-width of the reflection i and that of the
reflection k each being =1°,

wherein the at least one multimetal oxide material (I) is one
45 whose X-ray diffraction pattern has no reflection with the
peak position 20 = 50,0 + 0.3°.



frequency of the elenments other than oxygen in (1), whose X-ray dlffrfﬁ&%?ﬂﬂ
pattern has reflections h, i and k 25 whose peaks are at the di ffrdc 3
angles (20) 22.2 0.4 (h), 27.3 + 0.4 (i) and 28.2 + 0.4 (k), -- the
reflection h being the nost intense |2e5flect|on within the X-ray

diffracti 6n pét Pégﬁe%ﬁcﬁ%é‘\%aﬁ@eﬂ hal ¢ladmltlh wher8Dn vt igore. than 0.5, 35 -
the intensity Pi of the reflectioni and the intensity Pk of the
reflection.k hubkbtéistnd ke aiakat i @nshi; are R is the,
intensity rati obdefi ned by the for rrrksuilﬁalgan- B, ? %ﬁg}%fi and 0 the

hal f-wi dth of the reflectiqgn. i and that of the reflection k each being s1i,
wher ei n>t Re af* PESSISDRS FdPiMAet 3 Ohdids Anter3 alwhereinsbone frth whose
X-ray diffractPofi-pattern has no reflection with the peak position 20 =
50.0 0.3. 1 7 JAN 2005 26 2. A process as clai med in claiml, wherein M

is Te. A ppro | ai.m erein M is Nb. 5 4. A
Iprocess a3 cloh fagééeésgcalcslal%lrlnsg%% {io rg an:k?né’rfefﬁ\ aghs \prtroo% Owﬁell"ijd‘ §.85 5 A

i
process as clg d014}l 1. of claims 1 to 4, wherein c is from0.01 to 1.
10 6. APprocess as clal rred inany of clains 1 to 5, wherein d |s from0.0l
to 1. 7. A.pracpsscess GlsaichBtméd BMangf o¢! @i fMnsl 1t Qo5 , WIEL Al - 0.67 <

R < 0.75. 8. Arghosass +asicl ainmed in any of clains 1t0 6, ereln Ris
fromO0.70 to 0.75. 20 9. A process as clainmed in any of clains 1 to 8,
which is _carried out in a fluidized bed. 10. The use of a nultinetal oxide
material &f tfHePTYTGRA &5 Clasmedpn/sry1vE2Taims) 1 whepe WiedesinTe and/ or Sb,
30 M A5 at | Ba67 ®Re=Bf7%he el ements from t he gr oup

8. A process as claimed in any of claims 1 to 6, wheréin R ié“
from 0.70 to €.75.

20 9. A process as claimed in any of claims 1 to 8, which is
carried out in a fluidized bed.

10. The use of a multimetal oxide material of the formula I,

where
M1 is Te and/or Sb,
30 M2 is at least one of the elements from the group

consisting of Nb, Ta, W, Ti, Al, Zr, Cr, Mn, Ga, Fe,
Ru, Co, Rh, Ni, Pd, Pt, La, Bi, B, Ce, Sn, 2n, Si and
In,

b is from 0.01 to 1,
35 c is from > 0 to 1,
d is from > 0 to 1 and
n is a number which ie determined by the valency and
frequency of the elements other than oxygen in (1),
40 whose X-ray diffraction pattern has reflections h, i and k

whose peaks are at the diffraction angles (20) 22.2 + 0.4°
(h), 27.3 + 0.4° (i) and 28.2 + 0.4° (X),

- the reflection h being the most intense reflection within
45 the X-ray diffraction pattern and having a half-width of
net more than 0.5°,



consisting of Nbo, Ta, W Ti, A, Zr, C, M, Ga, Fe, Ru, Co, Rh, N'l?f@,[]
Pt, La, Bi, B, Ce, Sn, Zn, Si and In, bis from0.01 to 1, 35 c is’'f n?10>cl
Otol, dis from>0to 1l and nis ? nunmber which is determ ned by the

val ency and frequency of the el enen ¢ other than oxygen in (1), 40 whose
X-ray diffraction“HatteFRsps¥ Fefdfedtieonsibeciiamd knd whesmtpeaksyare at
the diffraction ahificamai2ef fhe2reflettiph)k 2I1Ri1Mnk thk 28hi2&12ni0. 4
(k), - the reflectigm <hrbei agss hemst ri pLepse nafhestiop W ihjin. 435 the
X-ray diffracti orb@pacthteerfgrﬁ@g hgvi ng a hal f-w dltrﬁeg%%ko?a#bér }eye'?ﬁgﬁgo.& 1
7 JAN 2005 27 the intensity Pi of the reflection i and the intensity
[lacuna] of the reflection k fulfilling the relationship 0.65 s R s 0. 85,
where Ris the intensity ratiobfdéiPned Pyy the fornmula 5 R = Pi/(Pi + Pk)
the half-width of the reflection i and that of the 10 reflection k each
being s 1 and the X-ray diffraction pattern having no reflection with the
peak position 20 as a catalyst for the gas-phase catalytic

= 50. 0.3,, 15
oxXi dat{a/e prepardt g’ﬁgéfwé%'l}/quc tR€i gef ot iopanad YoaL®REhe5 40 45

reflection k each being < 1° and

- the X-ray diffraction pattern having no reflection with
the peak position 26 = 50.0 + 0.3°,

15 as a catalyst for the gas-phase catalytic oxidative
preparation of acrylic acid from propane.
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