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PF 53990 NU%&Jggﬁﬁ% oxide materials The present invention relates to
mul ti et al 0terials of 5 the stoichionetry I MOlVaMLbM2cM3dOn (1),
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, Bhilcbdeedd ocideamhtefimw 0.01 to 1, 20 b is from>0to 1, cis
from>0to 1l;, dis from>01to 0.5 and n is a nunber which is deternined by

t he val ency freque e elene her .than o en in 25
whose X1 5y TP PRERETiod AppEurh TeleeRar Pocrrhiides 1 Bufdy Hkescals jtie ar e
at the di f%ltﬁétﬁ’é‘hl%fﬁ@"@é‘réfz 22.2 + 0.50 (h), 27.3 + 0.50 (i) and 28.2 +
0.5 (k), 30 - the reflection h being the one with the strongest intensity
within the X-ray di bjagtip@hmpgdtern angdrhaving an FWHH of not nore than
0.50, - the intensity Pi of the reflectioni and the intensity Pk of the
reflection fulfllllng the relationship 0.65 s Rs 0.85, 35 where Ris the
intensity r &670° def i ned by the formula R=Pi / (Pi+Pk) and 40 - the FWHH
of the ré@ ection i and of the reflection k being in each case s 10,

wherein theMat | eastisoat keast weeabf okialelemeat$ afrqm thies gopep wﬁuﬁy§txngay _
di ffracti on patternoliase néand efd;ecti on with the peak 45 position 2Q = 50.0 +

0.3. PF 53990 2 Thegpsestidst BYieNbE Othd WikRehfPr erdnf ke srb@p td¥hsisting
preparation of of Nb, Ti, W, Ta and Ce;
15 M3 is at least one of the elements from the group consisting
(“ of pPb, Ni, Co, Bi, Pd, Ag, Pt, Cu, Au, Ga, %Zn, Sn, In,
- Re, Ir, Sm, Sc, Y, 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 wvalency and
frequency of the elements other than oxygen in (I),

20

= B = R o I & B+

25
whose X-ray diffraction pattern has reflections h, i and k whose
peaks are at the diffraction angles (2&) 22.2 + 0.5° (h), 27.3 +
0.5° (i) 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
C:; not more than 0.5°,

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

.R=Pi/(Pi+Pk)

and
40 — the FWHH of the reflection i and of the reflection k being in
each case = 1°,

wherein the at least one multimetal oxide material (I) is one
whose X-ray diffraction pattern has no reflection with the peak
45 position 20 = 50.0 + 0.39.



mul timetal oxid éeri als (1) and their use with the heterogeneously
catal yzed pa?lfi g?g% I dation and/ or ammoxi dation of saturated and/or

unsat urated hydrocarbons. 5 Miultinmetal oxide materials of the stoichionetry
(I-) and having a stoichionmetric coefficient d = 0, which are obtainable by
calcining a thorough dry mixture of theRr elenmental constituents in an

oxygen- cont ariy ek S DM odl Euttetaedrel fte £XYREE, p2Oparh tEBnAL818295.
They are Su'rtlﬁbél%ettgrofma%ertgtstm algt %ﬁ&ﬂf’t&%“%ﬁﬁhcé‘l}é" yzed

anmoxi dat i o g %f a%o ut ape alftlal f d? acr¥il onitrile
or nethacry gle SRRFY ITAE T EZRT IS pREUS SIFUAPT §F FPRRH98H %% 5 EP- A
512846 di scl%%e‘?t’&lﬁat:e@h@ YT BRAARER e MFF?W%“%M de materials of EP-A
318295 can5be i nproved by adding pronoter elenments M3 when they are

i nt ended to MfldisedadSoLidalnasbsidDd dih@hepatbichicamreyi ¢daj i ey ofavsagus at ed

hydr ocar bO”%t&%hEBﬁe@:??@%efEEcﬁex@Q?@&ﬁ,0 Eﬁhfcﬁ%%btﬁfn&f@%%‘l EP- A

895809 and EP— isclose nultinetal .o terli
st oi chi onet ry gﬁd hthor‘:"'lg?1 Sf%lmh}{ture Ofcé(l:oe]t frgiemen? rt?tl%mﬁ}lt?l are

obt ai nabl e b¥* &R E’F‘ﬁg%‘%?‘ttﬁ&%{i@ha’ﬂ?‘}ﬁ%e%?ur%r“'ofdltsﬁérPFEdel £67 xgmpLe,
constit ueh® sin EPaA ALHTphdheysabstanitiadliey ferexsnpls, okgyerhe They are even
nore suit ableetdragehbeusly idaelgbedxdam®xidat fon S propkRe AoB3132Matand of EPA

512846 as catgy %ukSpiopatdtonNBECLOGANRANSE Yo Cot alarhadrPashi @i 1@MERYI dation
and/ or oxidatjQn, gk ﬁaguhg ti’%qsh¥g£ ﬁ?”%xa&{& Jatter in particular when

the thoroug ry m ture S produ acfyst precursor by 30 spray
drying. In the publications cited, thIS Is attributable to the fact that,

as a resul? ER-A BAPBAGrélraleseantiathdde ReFfermanae ofi Beltinatel arider e
st ant i al Ijatprdsdat of rER+Ay SLARPS neard demihpvoved dy35ddpegidrianoteyst al
st ucture, wWrmRingst ARivheX- LAYy didd riatehosd fmitbdeenBelass refdaagkitonsomidra a

strong i nt ensliof ad! ahiie AR ARAKor POSIIZARA Biadodaibbods 28,2 + 0.3, 362+
0.3, 45.2 + 0.3 and 50.0 + 0.3. 40 DE-A 19835247, EP-A 1090684 and WD

0206199 d| scl ose that the % % ntioned specific crystal structure forms
onl'y one 2Rr5RPaPoRS REGRE CHEo AORRF ¥4 RECH 7531 0 rifi-d PIPE02an
occur. This fmd)/@t’?ahl ?ﬁngt?nﬁécllgsqi angitiggted omidenmatgpbdeboredtt itdsed
literature astcachibretsyt(® knphbseinglsm stoichiometric coefficient d = 0,
which are obtainable by calcining a thorough dry mixture of their
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. '

(;j 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 intehsity at the 20 peak
positions 22.1 + 0.3°, 28.2 + 0.3°9, 36.2 + 0.3°9, 45.2 + 0.3° and
50.0 + 0.3°.

40 DE—A 19835247, EP-A 1090684 and WO 0206199 disclose 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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PF 53990 3 A second specific crystal structure in which the rel evant
mul ti metal oRFde3#8Perials can occur is referred to as a rule as the i
phase. Typical of its X-ray diffraction content, according to the :
abovenenti oned publications, is, inter alia, that it has 5 reflections of
the strongest intensity at the 2S peak positions 22.2 + 0.4, 27.3 + 0.4 and

28”2 +t0 4, ANs&YMd @8pbciPid ey tamhge@ﬁldﬂmr\ehhﬁhwhf@mo o YR relb@LM 1S NO
reflection I Qr. 4exanpl e, ordin
o Epa sp0soyd e iﬁéo%%’? %\% %E“—)% %@&%ﬁgug PEEgta il s Asaong 1o
the catal yti B gcBNGFEy Jfﬁ.ﬂ 5 ﬂad’edﬂrﬁtf’é?‘ffa;l%‘ FEREFBhe F9rEEERI The
met hod of prEpaht |a§ﬁva§e@@s%ﬁdbéﬂbhm%§uawy Hitegs aldapethderitphpe k
phase nor pureflieqgitiase dfittke cityshaést netenkitdy soludd G2 weakh poshpioses an
i ntergrown nexfare oQlick angd k phasemd 2€. 0+ BPAC] 1972 9%8dht falRtALd10R986, EP- A
1192983 and ffsds 1494088, rHRCEY! Lhdid als QK1 deefBhadnabe Lhe (119 bOLA of

solid soluti he p eqo and it is shown that their perforfance can
be i nproved %?Fjad'(?flng ?om) er eI enents M3 when it is intended to use them
as catalysts for partlal ammoxi dati on and/ or oxidation of saturated

hydr ocar b&@sFox reampphasacdmidiggaterEbe 639863t heP—-Adddis8Bbeandl e. 25 In
contrast, JPEA-Ak0389¢]6tonsiptieass ivatespohBibbe ftorphasecasdlydite i phase

play a deci saa/@ufl%eoknmﬁmn@%taql Mid.&e 3ltle¥h bYs OfentSi¥mBamuhéidiEt al oxi de
materials in the formof solid solutions in the partial ammX|dat|on of

sat ur at ed hydrocar ons. _According to 30, this bl i cation, phase is
responsi bl e TR MEtI8E; g?aﬁ:’fetﬁafatg@eﬁ i4Rse lngn?l?cfvel gspgl t‘?B’l’? and the i

phase for 18 ®sefthedi gure kdhasespen p1re He Phasarkited IfFapdadhlvn salad
mG)m dat i onsafutpicopahicly wempidis¥s Nin Tenteirgedwoxnidewat afyktand 35 phaeas.
SpiN-l1 over and M gration of Surface on Catalysts, Ed. by Can Li and Qin

117160716 ermhat St b s Kostan e L e e A (0835247
LL- 169716 erBlashgg e LALea Lol malbLEN 4 35 glsCralipRored, by He A 19830
that rmul £9 n%tfemprggpagd Aita s ﬁlf’%"é%ﬁt aé?x‘é?‘ﬁ%ﬁ \l@"}foirﬁ‘aflﬂ‘é ‘Farbl?&'se

structure arimpHoyedshytadstiagaprenctey stlemppkstift wheneibgbheiorenged to use
them as catalysts for partial ammoxidation and/or oxidation of

saturated 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 1 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 i 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 ¢0ncept, which is
also supported by DE-A 19835247 and EP-A 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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catal yzed partial amoxi dation and/or oxidation of saturated hydrocarbons.
45 PF 53990 BF ¥3?9%ernore, experinents have al ready been carried out in
which it is shown that nultinmetal oxide materials present exclusively in
t he k-phase structure are catalytically inactive and which support the
concept of JP-A 11-169716 whereby the i4phase is 5 responsible for the

activity andedheekmphas &sperifsReSh )L a(imeé{d fidenTR%-0% 24 rtglé R® which
sel ect i Vi ty. ;00031 0o uQ%agerox%Qeogé B33 A V0. og,pc%%%vgﬁc' ose
oXI |

nmul ti met al ter contaln r.s a

subst anti al I3 ;TEHB]&%SG'St rtﬁb‘f:g?l é’?&%iﬁﬁl‘b"@]\)’e aBFb‘é%l arrtgf M8¢fPons in
the X-ray diSUnpgeti bhe mancers aﬁdl?mrﬁ clﬁ-&ﬁ(%?l%me@@ Ebe olniifed 1as

cat al ysts 5§ aregpansihle ofdrdaheoastiTiEyA abd1iB8 1M mvagePCS/ B BR/s0HAE30dlycl ose
that multi metcd maxifezinkp tiet eeiedsiwiayri sing pure i phase are al so
suitable catalysts for c partial oxidations of unsaturated hydrocarbons.

JP-A 8-57319_di @92@??@ t@%gyygglggd/ﬂ]to}{wggﬂgfl n@%ongb%/\ﬁg?&%asdls | de active

materials c reat ne

di sadvant ageBUSiEgbet PHESSTEERBIHIT ofhight COMRRY dromPEers (d hgiet fe one
hand, it thesbstanbhshey amegphoest$tmciyreorenastandedt he yeuwdtrerd are

i ncor por at ed-dfakebtioh® irhahe Rhase diffratnion tgerderphasé widthvaekher t hey

i nfl uence thg keatisbytélontendel| xsta'atsa‘lylgeghfmagﬁﬁstlamdox%t%%sot her hand,
their nultinetal oxide materials are not conpletely satisfactory, with
regard to the s vity of the ar gn of desired product, as catalysts
for the het &oge ﬁggﬁé APGTEFE Og/mgp o 9560 LAAL/ B E R A BN of
sat ur at edlﬁaﬁ@/tGFléi‘%a‘%Q]‘F%léénﬁyﬂlﬁ)%dr FHase Je |alsos sphtabiecetelvehe fresent
i ngnt i on t aartdwdr oxida tioassweresatqprased onydnrgatrbopsovi de nul ti nmetal oxi de
erials which are inproved in the context of the object. 35 W have found

that this objeat 8' §7§fdﬂlﬁ\s%@09¥sté}?aﬂ%tlgﬁaﬂér v%b%aﬁ?{ﬁ Inﬂl%l&giaﬁefi ned
at the outsef al l EE“ ate& Lfs %%Egét¥gr2ﬁ: trgsehen'1ﬁ%@

di ffraction Patrerfits o an gn“patrern proc}fuce Usi ng
Cu-Ka radt®tion as X—rays (Si enmens di ffractorreter Thet a- Theta D- 5000, tube
vol t age: What is disadvantageous about the stated prior art, however, is

that, on the one hand, it does not answer the question as to
whether the promoters are incorporated both into the i phase and
into the k phase and whether they influence the catalytic
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 heterogeneously 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
(:; : guestion 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 (Siémens diffractometer Theta-Theta D-5000, tube voltage:

40 40 kv, tube current: 40 mA, aperture V20 (variable), collimator
v20 (variable), secondary monochromator (0.1 mm), detector
aperture (0.6 mm), measuring interval (28):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;



40 40 kV, tube current: 40 mA, aperture V20 (variable), collimtor V20
(variable), BEc8A88Py nonochromator (0.1 mmj, detector aperture (0.6 mm,
measuring interval (2e):0.02, nmeasuring tine per step: 2.4 s, detector:
scintillation counter); the definition of the intensity of a reflection in
the X-ray diffraction pattern 45 is basad in this document on the definition

stated in DEcA. 19835266106 b MHL28020ni P cLOORI 420 A PR A 10OAG672; PF
53990 5 the sane. applestothe definition of the ful th at half

hei ght) . Accor%i?n to the invention, preferably 0.67 as R s 0.75, very 5
particularly preferably R=0.69 to 0.75 or R=0.71to 0.74 or R 0.72.

| n addition fecerdindetpPethe oliyvemtiongnerefenahdyx0ray <if &r e onVF'-rrYat tern of
novel mult Brpaationliaddynptrefersdsdy( R) =comdAites 0.35 ar HG roul7é, tdud tHeror R
refl ecti ons whese peaks are at the followwng diffraction angles (2e): 9.0 +
0.4 (1), 67+04(o) and 1579+04(p) Itisfurtherrmre

advant ageous_i f - I i ffracti t er.n

reflection whd aeé%gc gx ‘?m? ﬁeeaf(i ?f’?lg tl'f 'on &R I &%F%X 4‘°Pq)

20 Frequent | jatigi rfy 59"%?-%‘1‘%6’6’1%?& pakids H‘aﬁﬁrhﬁﬁl PHBQFH% 3fater i al s
(1) al so donpulsesturfrberefeladtoens2ghdse @aks( aye artd £185 £4110@ing (n) (peak
positions). dbrffadtioni AheDes tp2@PO is assigned to the reflection h, it is
advant ageous, according to the invention, if the reflections i, 1, m n, o,
p and g have, on the S‘?ITEOI r&gegﬂty scale, the following intensities: 30 is
from5 to 95, freque%t y from 'o 80, in sonme cases from 10 to 60; 1: from
1to30; m from1 %o/ 402-48: (?} &A% to 40 35 0: from1 to 30: p: from1to
30 and gi5from5 to760.+ 0. 4° (p).

(: It is furthermore advantageous if the X-ray diffraction pattern
additionally comprises a reflection whose peak is at the
diffraction angle (2@) of 45.2 + 0.4° (q).

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,
1, m, n, o, p and q have, on the same intensity scale, the
following intensities:

30 iz from 5 to 95, frequently from 5 to 80, in some cases
- from 10 to 60;
C;, ‘ l: from 1 to 30;
ms: from 1 to 40;
n: from 1 to 40
35 o: from 1 to 30;
p: from 1 to 30 and
q from 5 to 60.

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

40 materials (I) comprises reflections from the abovementioned
additional reflections, the full width at half height thereof is
as a rule = 1°,

45



If the X-ray diffraction pattern of the novel nultinetal oxide 40 materials
(1) conprise&Fr 88988 i ons from the abovenentioned additional reflections,
the full width at half height thereof is as arule s 1. 45 PF 53990 6 The
specific surface area of novel nultinmetal oxide materials (1) 1is often from
1 to 40, frequently from11l or 12 to 40,6 and often from 15 or 20 to 40 or

30, nk/g (de&‘ﬁén%ﬂ%hmé ther B dvelahed, nofel MRAeRhet 1 Aﬁﬁ%d&nagewaishqn
| nventi on, gs SEQLE HHEE”CS effffeahs%lg flom 13CLONLleTY! | IR Al d

Ctof chi omet r FEBoR Arordn 20 1 S BERAL b HPE Ao

stoi chi onetr
preferably fPR&RF®ITY o 0 6 10 partlcul arly preferably from0.1 to 0.6 or
0.5. Indepéndently of preferred ranges for the other stoichionetric

coef fi ci ent spefotditngntot khet fhventida , maherstdishibhett e caifFiehentes rdc
gogfl f B(r:' gntl @hésncES\Feeﬂc %@QEME@&(P@:%Fglmﬁﬁ%%%a}lgcggrtf.lg&ge]ﬁ{ﬂ&énﬁﬁ.ﬁfgf alley }‘rom
mul tinetal o |%Perre# r%nng dgi]j th tthdSt%JIChmfne{:ﬂ épre‘-:"r‘frfrreanl‘f‘qsan0 &

the other sPBiEHMR PEEIR ?‘?r&a&ﬁté of %%é’rﬁEFF?WeY AT 0d8> 28 6erl aI s

(1), is fA8nrarticulerly paefexallar Ifyopr f brigolOy 6f en®-B-. 01 or 0.1 to 0.5 or
0.4. A very particularly preferred range for the stoichionetric coefficient

¢ which, indepgasiaitdnt19f ot here sarelar fsﬂgé@m&mroﬁm QlBekhsbmbchicometric
coeff|C| ents_ g ﬂqen QVSE %tﬂdﬁ&%t hﬁ&é)?iél (31 0%8 be conbi ned

f

wth all 25 ot%’%f re erre esm?}i; éﬁa 05 to 0. 2.
Accor di ng t o°FRE® p & EnC 0?% SEECRI bﬁtﬁrrelf@rngg?'ff’anbﬁt% t he novel
mul ti met all5oRﬁH’é1q‘%Bérlﬁ’aP§ef?’§ab]1Ynééﬁ@n@ie(h]t 1oF 8flt e Ox &refr éd ranges for

t hg—ot her stoichionetric coefficients of the 30 nultinetal oxide materials
(1 i i s pref en@bddoifahasmet 000 Moe@ricCeht OUF theOnbve Pardlitdukaal yopidS er abl y
from0.001 tﬂa9e15.1.alsf f(Q(iluefJﬁch e 9y 002 ’él‘fé gréfef‘féc?ri:anrg%@ oP0mmeor. 0.01
to 0.1.  Novgl é% étofl%hg 188%% c%%tf‘r?éhﬁjeﬁté £ ‘é’ﬂgsﬁuf% Qr}el(i: nhogetgLc 35

coefficients®sa aﬁ%oijsl%rélcularly Pre\é\nergblr aplges are

parti cul arzpymﬁﬁ‘?ﬂéﬂrﬁ]ﬁgééus ig O OFW gtr%

0.01 or 0.1 to 0.5 or 0.4. A very partlcularly preferred range
for the stoichiometric coeff1c1ent ¢ 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 simultaneously 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 0.0} to 1 (or from 0.01 to 0.5) and
= from 0.0005 to 0.5 (or from 0.001 to 0.3).

40

an oe

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;



b =from0.01 to 1 (or from0.01 to 0.5); 40 c =from0.01 to 1 (or from
0.01 to 0.5)PBEmP?%0= from0.0005 to 0.5 (or from0.001 to 0.3). Novel
mul ti metal oxide materials (1) whose stoichionetric coefficients a, b, ¢
and d are sinultaneously in the following 45 ranges are very particularly
advantageous: a = fromO0.1 to 0.6; PF 53990 7 b =from0.1to 0.5; ¢ = from
0.1to 0.5 and db = ffrm 0..004o0t®.93. 5 or from0.002 to 0.3 or fromO0.005 to
0.1. 5 M is pregeragldﬁl'gel & loof dfae abovenentioned is especially

appl i cabl e when at_ St ver rticul pref rabl t lea 75 or
100, nol % basea‘ijl d%%h Ptgg% yéﬁ%ﬁn§r°mq{ﬁé2 hﬁ ?#B%ég' 6; ?655 %l so
especially appllcabl |ndependently of the neaning of M, mhen M3 is at
| east one Bl enent from the group consisting of Ni, Co, Bi, Pd, Ag, Au, Pb
and Ga or atMl daspreferdtAyelrenent from the group consisting of Ni, Co, Pd
and Bi. However, all of the abovenentioned is also especially applicable

when at |ea lS%fO'{:hgt dﬂcﬁ%ﬁen&@oﬂ dant.s e% %El%??%r@f{ c98§ dwlﬁéh tﬁegg’gal
consi st i ﬁ:?%%':\l?’ey%oggﬁfl Sggt i pr eﬁf?taﬁ;ﬁ S 00 o OB

abovenent Iy its apbal cumuital P? M disi é’ﬁbl e when at least 50 or at I|east
75 or 100 nol % based on its total amount, of M2 is Nb and M3 is at | east

one el ement ﬂdm&helgrﬂumsaSegp@@iasmwgpgle&&bleCo,mEfépaﬁ@lezBuy Vel ¥he
particul arl y,nrehgr a@l M2 a'wheﬁtﬁi eRLs 1&59@fc514e“541£@§nt S nFtE!hQ"gL&? Zast. one

ff M
Cement fromRa sRan S dh, LB Tl id, 5 M Pt dres

st oi chi onk? rqie&eg; F’é‘[’ﬂ‘ é‘%@GPHPn‘@O‘E%‘sttﬁé‘gl ﬂ@e‘?ﬂtﬂ (Fﬁ"aF'@ a?%o%‘e whi ch have
been di sclosed for the nultinetal oxide materials of the stoichiometry (1)
-he pri orEcafetveti, t elll adf tthe aBovendmgdionedhes prlisecieppecbélby capliobbbel
process for ke BEepasst ison off at hEeadtoVsl oAt | TERISA! 1081 AE1 9RtRIHeAl 6n(1) S
di scl osed, ffﬁé %é@gPlghount, of M2 is Nb and M3 is at least one element from
20 the group consisting of Ni, Co, Bi, Pd, Ag, Au, Pb and Ga.

However, all of the abovementioned is also especially applicable

when at least 50 or at least 75 or 100 mol%, based on its total

amount, of M?2 is Nb and M3 is at least one element from the group
25 consisting of Ni, Co, Pd and Bi.

Very particularly preferably all statements regarding the

stoichiometric coefficients are applicable when Ml is Te, M2 is Wb

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

(jf 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 ocutset.

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
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flowi ng. |t inars éﬁ'—é!@ﬁyhﬂfbv\éorAPF@'@H]élrndetfhﬁolqﬁfélflr?él ngkeagere @y t ake up
30 to 24 hoursbler gasleUsually, the thermal treatment is carried out at

atmospheric pressure (1 atm). Of course, the thermal treatment
can also be carried out under reduced or superatmospheric
25 pressure.

ﬁ

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. '

C;f 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.
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evaporation.

Suitable sources for the elemental constituents when carrying out

25 the preparation method described above for multimetal oxide
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

(;f 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 heptamoclybdate
tetrahydrate, and molybdenum halides, such as molybdenum
chloride.

40 sSuitable 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 (Vy0s5), vanadium halides, such as vanadium tetrachloride

45 (VCl,), and vanadium oxyhalides, such as VOCl;. Vanadium starting
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t he Co, Bi and Pd), suitable starting compounds are in particular
their halides, nitrates, formates, oxalates, acetates, carbonates
25 and/or hydroxides. Suitable starting compounds are often also the
oxo compounds thereof, 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 (19%9), 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
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of novel rrultl omdg materitals (I) can also be carried out first

produci ng_a Tl rre aloxide material |' which differs from rrultlrretal
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(here, prior decomposition in air is preferably dispensed with).
The use of aqueous nitrate and/or halide solutions of elements M3
and/or the use of aqueous solutions in which the elements M? 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) cobtainable 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 10051419.

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.
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novel coated catalysts is usually from 10 to 1000 um. However, it

may also be from 50 to 700 ym, from 100 to 600 um or from 150 to

400 um. Possible coat thicknesses are also from 10 to 500 um, from
25 100 to 500 pm or from 150 to 300 pum.

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 ¢ylinders, 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
mm or 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
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- moi stened susf age &maklyarﬁme@oabﬁﬁe@mmr toi 8 CHisHdanSabt£MItS@n.t he

process can va‘e% tedepersadiicabl ¥140 AGIEKELon HLALE L BYRE . t hi ckness.
In this c3 ?e e coat ed substrate becones the new support, etc. The

fineness oOf [the clatal yfncal|yzacfiiye pbxuyde|ngtefir al orith¢ 140][Tesmjl g2(1])
which is to lbgmpplied to the suffacejof the support| is ¢f couyrse adapted
to the desi ri "rc - Efipt e ati e iatetiat o 'S
tothe desi WL S i ERA R RN A FO TR S L
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25
D 48 64 96 128
(um)
X 2.1 2 0 0
97.9 (98 100 100
30 LY
(j. Here:
D = diameter of the particle,
x = percentage of particles whose diameter is > D
35 and
y = percentadge of particles whose diameter is < D.
For carrying out the coating process described on an industrial
10 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 =902, in general = 30° and = 90°; the angle of inclination is
a5 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



nunber of powder particles pass through a sieve of nesh size from 1 to 20 m
and whose nuﬁ5r5§§P O raction of particles having a 15 | ongest di nension
above 50 Fun is less than 10% are suitable for the coat thickness range
from 100 to 500 m As a rule, as a result of the preparation, the

di stribution of |ongest dinensions of l#&e powder particles corresponds to a
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contai ner capupdse WhecHYPPEF tekamblE, EXAMY 18 ndePBEL | ealsphereyhl Ndid Gake
ones, under E\I\Qoﬂ‘%l%rel Rgafpparatuses PF 53990 14 arranged a specific
di stance apart e first of the two netering apparatuses expediently
corresponds to a nozzle (for exanple an ataoni zer nozzle operated with

conpresse&5aFF)IEQE}ﬁ%§an hefSHRREH ChHE RUPPOLHsWibR I3 RFsencPRE RPII4Si ng pan
e(s prayed agahn tthaonghi §he csusaydepzahel nig dheneduise @ fcdher stbziueatner .
e-second petehitniggnapparmdistanedpiesentomticdildd méreneat dm padeéonta diee of
t he able to take up a further layer of finely divided oxidic active
material in the course of the further movement, etc.
20 (intermediate drying is as a rule not necessary). Finely divided
oxidic active material and liquid binder are as a rule fed in
continuously and simultaneously.

The liquid binder can be removed after coating is complete, for
25 example by the action of hot gases, such as N; or air. 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 ccating 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 ligquid 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



| i qui d bi nder sgraged in and serves for feeding the finely divided oxidic
active materPal via a vibrating channel or a powder screw). The
spheri cal supports noi stened in a controlled 10 manner absorb the supplied
active material powder which, owing to the rolling novenent, is conpacted
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However, it -"r% >alt88°C pa¥tsrably 2i¥ACE - oMEYAHAASORP hEr yERE PEAGRBG t he
action of runomgaugggg@ d5lected from the above list of possible organic

binders. The organic fraction of abovementioned aqueous binder
solutions is preferably from 10 to 50, particularly preferably

25 from 20 to 30, % by weight. Other suitable 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



gases. The fi naI drgl ng can then be effected, for exanple, in a drying oven
of any desi rB8 a belt dryer) or in a reactor. The acting

t enper at ure shoul d not be above the calcination tenperature used for the
preparation of the oxidic 5 active material. O course, the drying may al so
be carried out exclusively in a dryindéven. |ndependently of the type and
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abovernent i ongsl Tmgueoss thicadano 66l agu°ensri srdak efoer abl yodvcam 10 to 50,
particularly preferabl y 25 from20 to 30, % by weight. Qther suitable
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oxi de materiglased bingt Yerdinikdgd; 3on YL GHESBE dBELIHeRl athehedngan al so be
appl i ed tg,t’he noistened support surface (using the same coatl ng process

and binder) and _the calcination can be carrjed out after drying of the

coat ed suppﬁ‘i’ﬁ"cta‘\bilfa 9%0%%9}%%?5?@@&3'556{%? Y iFIgES| A dd with a
precursor sotyitingarst treingasli-edhantorassde dhoansion slfcithedybovementioagdi r ed,
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finely divided ipuees| seieitiehheh N gritiesrh¥De #1%om 20ko eXamPladd their
material yhi G 5a2Ph AR R¥ sl 45Ty BEBHUE 89 B 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 1 to 2 mm. However,
30 unsupported catalyst rings may also have dimensions of
. 7me 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 (20)

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

45



45 very thoroug}l Lgglneferably finely divided, dry mxture fromthe sources
of the el emfht stituents of the desired active oxide material of the
formula (1) (for exanple by spray drying of an PF 53990 16 aqueous
suspensi on or solution of the sources) and then subjecting this finely
divided dry mixture (if required afterl7pelleting with addition of fromO0.5
to 2% by weight refléttidy h deihgethgraphiticeh tie astdoapest igeaigTelgt at from

150 to 350C, 5 prieherably Frap d5Pri330Coatinda] A ﬂé{rﬁﬁ%iaﬁg FWHH of
(oxygen- cont ai ni ng) .. érq_qlrg;lelbeE’ge g. under air) for a few hours and, if

required, flnaIIy subjecting said dry mixture to mlling. After the coating
of the supports with the precursor material, 10 calcination is then

ef fect ed, ref edabpysititids Phetle gaflestiophand thel intensityt Resphdihes are
al so suit abl e) aeffeom@6( fudfiy¥DDDrther valA0Drtshi®50CEHr= fR @mi48D, t o 600C.
O course, the shapéng 0f vhel §hohsdtytadeo ndd £ired $y( bhe Wot1al5 can be
used according to the invention can also be effected by extrusion and/or
pelleting of both finely |V|§l’4d( TL tal oxide material (1) and finely
di vi ded precursor materia taI oxide material (1) (if required,
washing & of the phases other than the i phase may be effected at the
end). 20 Suitabladgeonetries are spheres, solid cylinders and hol | ow
cylinders (rings). The | ongest dinension of the abovenenti oned geonetries

is as a rule fromelrim W Rk LoridaiGASe Qhd &¥ldnedeesiedRid Kl €90tk is
preferably fromg2_f o, ;%rgnand their 25 external dianeter preferably from4
e

to 10 nm.Jn the cas rings, the wall thickness is noreover usually from

1 to 4 mh® Annul ar unsupported catal ysts suitable according to the

ention Ahythe sTIRaFemS . | BiRytirsy fibRartionerahtesm AnBRvelithet er of
fr 4 to 8remiagticnsiaiitht bie koweds pofitigm2P £052. o HERever, 30
unsupported catal yst rings may al so have dinensions of 7 mmx 3 nm x 4 nm or
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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, Bl 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, B2 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 26 axis intersects a straight
(:; line connecting the points Bl and B2, then the intensity of the
reflection 1 is the length of the straight line section AlC! 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 20 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 H2? if a line parallel to the 20 axis is drawn
in the middle of the intercept AlCl, where H! and H2 are in each
45 case the first point of intersection of this parallel line with



40 t he inven%log ggée an X-ray diffraction pattern (in this docunent, always
based on Cu e\ tion) which has reflections h, i and k whose peaks are
at the diffraction angles (20) 22.2 + 0.40 (h), 27.3 + 0.40 (i) and 28.2 +
0.-40 (k), 45 PF 53990 17 - reflection h being the one with the strongest
intensity wthin the X-ray diffracti oltéattern and having an FWHH of not
nmore than 0.8 dbovei-teehsed Mile of the x-ehlyealforadtiandphbeetmtenshky Pk of
the reflectiofn Iﬁnﬁuﬂ?h{immhe relationship 0.65 s R< 0.85, where Ris
the intensity ratio defined by the formula R= Pi/(Pi + Pk) 10 and - the
FWHH of the reflection i_and of the reflection IS . in_ each case s 1 15
At the sane %I?r?é‘e“?)bigrg( ?%%Fe(ﬂufﬁ g%ﬁ‘g‘?}t Wéflﬁk@*%hlad‘dhé%e?l%ltyr df| 8P ons
with the p2afhqiBsilty §4Ture 6 & BE+A0L&0466I2st at ed above, the definition of
the intensity of a reflection 20 in the X-ray diffraction pattern is based
in this documantmrifmBeal defidel mhesrsdBbs qd )i BoDbe -scD@3034dinard that
stated in DE#{cHIQahA4d8, and cBEréelQQéé%ZusIB' §s Pang hhdic! icvd S the peak

of a refl ection n n a racti on .pat.t
when vi ewed a%)tOﬁéLa% g é oelﬁﬂa #%g‘%(#g?ltglr féﬁﬁlgu(? ‘ylc{jEd t fadod 21!"xl|°slda 1is
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account) to ?higld efrt ngpbivie gxddR-Al and, in a corresponding nmanner, B2 is
t he nearest pronounced minimumto the right of the 30 peak Al and Cl is the

poi nt at whifle yiguEabghtadd RALdHMEy FEOMp Gotble(cpﬁaiénfﬁl pef pendiicul ar to
the 20 axis fil %_%ﬁgt Si 8 Stp’o%' gB&e éi l%?lnﬂﬁgé' '“Jsér%]x gﬁt 1
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mi @i mum 35 neseEigl)oi e éjtllwﬁPEhC%%eb"grlé’Gpéﬂ?r%’?Edab@éﬁﬁ@n?“‘i‘d’% REtErve in
a base regi ofhefcalihanaeidmctaison tutd@npss befone athregaviing.value to a
positive value, or a point at which the gradient tends to zero, the

coordi nat es pf dHae i3BoP¥diSat3s 9F LhfeddieBekbYe e drying or before the
20 calcination, the diluent must be chosen so that it is
substantially preserved in the fluid medium or during the
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 acroclein, acrylic
acid, methacrolein, methacrylic acid, acrylonitrile and

35 methacrylonitrile. 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, CO3).

45



bei ng used for gﬁéﬁrnining the gradient. 40 In this docunent, the FWHH is in
a correspond?ﬁg Rer the | ength of the resulting intercept between the
two points of intersection HL and H2 if a |line parallel to the 20 axis is
drawn in the mddle of the intercept A1Cl, where HlL and H2 are in each 45
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t he above- deiine@akitaensfot htheXchaayorj féuaat kaAnpelid=Ry, Nwi@nt heactBid and
right of Al.,An @xeaRkshYbPmaeduns:f ok & BhRehnli HLapds & NdSiehy 1S

al o 5 showy i d i guteo b ol 05 Ad004E0 Lt Tng TULJetdl ogl de mmierial s
(1) to be us accordLng to the 1rnyention can,olf course afso be used as a

catal yti c acPiVeCiRatep a‘?giaﬁmﬁ’nflﬁr W EFThiEh IR aliof ded, e. g.

colloidal,310 materials, such as silica, titaniumdioxide, alumna,
zi rconi um orhelqoyelnmobtimatexi deiddheatdidiallsonI pass:ardedoimayhie up to 9
(diluent) : dodinitvare Biefdrably butalIessisbbetrsijuild aethassmnd@idiagsare,

for examdl e, cfy s ClhbueRidn orlpkBEbd &daLeE L) ARoR LELLURI.s, Tos

(active material). ]:'he d]I: pent c?n ((F:/l ncorg, rat ed. before _and ]gr ter the
cal ci nati on, PEPA GPe®&Ven DEFor e PR ™ g?nﬁrjt]heé Chc BF BRY K11 s

ef fect ed BRI BRY My Gt Yddforeidhet PEORYIRI AT GFFYLARLEN 1 1fenPL st
be chosen soisdinrttape e metjipstradeial aydimregechecryhic keifil upfl imdiuganer
during the etalwithatrehic Uil baddsr andtilaerihentasie,l of exnagd o Wi th

oxi des cal cifigA ek, 2BP! ORdrR! @bY aBL O tRAPELAH US £t ehBCLH WUl ti met al
oxide materigls, (1) are suitable, as such or in a formdiluted as described
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from the i—phaSe/k-phase solid solutions of the prior art and can

be carried out in a completely corresponding 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 exémple, 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. Nz, 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.



ammoxi dati on_of _conpounds such as acrolein and net hacrol ein. However,

et hyl ene, pr%yﬁ and acetic acid nmay al so be desired 40 products. In
this docunent, the conplete oxidation of the hydrocarbon is understood as
meani ng that all the carbon contained in the hydrocarbon is converted into
oxi des of carbon (CO (C02) 45 PF 5399021® All reactions of the carbon,

ot her than thgsemedht htKfaGheVeecaPaidi GaRakt Pty MAKEGHL aFi X YIARhAL K

subsumed in fhj.s HACHIRMa1 BYkikbeadeivD Rakbiaky od 43t bany o Jdis addi ti onal
reactive partigipat]on orfatam‘ns)n(l) dienrotegcsaIn 1.'qétlfa}:l magggx%oaégdy&. o2 1;’Fhe novel
mul tinmetal oXide material s (1) recorded TATTNTs “'d0cament®are pr 8f et 5Bt y
suitabl e as T4t 3Py£PE QO FEORat &t ita 440foranth @TESAVERSI U P pLopane t o
acrol ei n ahdjagr cacEydm 2 4 G baf cr digvee for serapinile,athe fmidiasiing
acrylonitrilenmpokipieopyl ene to 10 acrolein and/or acrylic acid, of propylene
to acrylonitrile, of isobutane to nethacrolein and/or nmethacrylic acid, of
i sobutane to netha i i a lonptril e, edo
et hyl ene, of ethane%%ékageﬁléﬂabi egﬁﬁggipgﬁﬁéﬁgngét%’dEé&fggag@Qd?§15 The
procedure for such FAPPP8P’ oxi dations and/or amoxidations (by the choice
of the coMent of arffoRi 44i¥C t3S L¥a¥elere gifs aiki kdre, to be controlled in
a manner known per siromt Deto &t ibgnvotame bef desbgned substantially
exclusively as a partial oxidation 20 or exclusively as a parti al
ammoxi dati o a L L4 I QRS - LT of anpl e WO
98/ 22421) i srbtkr%“\/\%oggﬂgg‘rgp? ?%%%%Sptﬁggﬁ?%rﬁgﬁ%g?u e et or ¢ he
prior art_and can_ be carried, out in a conpletely correspondi ng manner. 25
I f the hylt ctditBbhe RERPET POEFLRLES FrUPRTe toPRe U Eher 65??%@} %A starting
pr gf er abl y heisstuke &eRposition as described in DE-A 10246119 or DE-A
10+18814 or PCT/ EP/ 02/ 04073. The procedure, too, is preferably as described
thgre. 30 A partialﬂg§hanigw1g§% byOﬁamﬁmé(bﬁa@&MbgﬁgﬂCid, to_be carried out
using catal ysts conpigi B9 A gl gt ab1axd dse (fdo)lgggiéyeo ar %gji, can be

am§ WO 00291

effected,, for exanple, as desgribéd in EP-A 608 6. JP-A
10- 36311 %Jnd EP- A 1f§2§‘8§.9°3205r% 257 vblute ¢t 43

In such a process, a product gas mixture which does 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, CQ,, 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 heterogeneocusly
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



35 For exanpl air enriched with oxygen or air depleted in oxygen or
pure oxygen 8§n5§89ﬂsed as a source of nol ecular oxygen required. Such a
process is al so advantageous when the reaction gas 40 starting mxture
contains no noble gas, in particular no helium as inert diluent gas.

O herwi se, the reaction gas starting n2kture can of course conprise inert
di | uent gaseshe exgsulNAngCohuedits GR2ylia &l tdofRehapd ARANEhaRToeDhRGUbar
oxygen. St eagﬁf@f&d ,CeB8t bkatRile Oyt BRa£AGIH108 9882 H ML Bni Pradvant ageous
according 4 %fgeshggﬁg%ﬂ%&p %thﬁggafl n 'g h% )§ that the reaction

gas starting m nove OXI de active materi al

is to be Ioaﬂ@ﬂs‘fa"‘[ 11128‘5(’:??% t enper at ures of, for exarrpl e, from 200 to 550C
or from 230 to 480C or from 300 to 440C and pressures of from1l to 10 5 bar
or from 2 toThe bagsiclanlhaae, mixgurexaepiininchdnf bhéomsig isodpbsot i therom 1
to 15, prefenabydid meiulcéOainLoiby pypt LiEL 0 unpbapPenRd HRopaRe) 4hilcd 99% by

volune of aif.aad., k0ROt PP lﬂ‘ﬁeV&éé”B?x %fe ES&&&‘Em?I e%'ES‘i:CQHié'ESHI‘%BFe

reaction gas,starting i xjures %rme g{;e erfed. 15 Sutable ofher 0oSSI
corrp05|t|ons @S BEEH Dy &S BLEF T hg 5 xtufle L 08 SRS Y3t 806 by

vol une of 1Br BpHFE e f rf8ﬁ1 SX?IEPJSEO%YbF%Hﬁ’f’e“lofreﬁﬁih&%ﬂ%o“o%%%ﬁ and 20 from
0 to 25% by seperstmesphesignpiassygeh anprideessecuchrddecithgagasipitagee which
does not coneksdatinc| Heweredy, dit derybie abBiatth§eods cidunde pbsbduadgaRat her,

in additionjf oofaafg@@veht:@dccn{t%ra%nemt&e é%JtQQEEE.oﬁlaépﬂHréttH%e %o al ns 25
bypr oduct s, gg %Oeﬁg lca%%&'vsww 1§0p baa]iﬁtcagaﬂ%l : Cpfop' oni ¢

acid, etc aci an be
effected A ERRC We?hﬁn%waf%r %ﬁ’é et %’HeBﬁ%ﬂ/ﬂg (?@lga?%lr@%‘btd gas- phase
onatlon of th¥®ENe to acrylic acid. This means that the acrylic acid
present can be taken up fromthe product gas m xture by absorption with
wat er or by BPpsaifieguentwWiédorptibghahdrdd rrippihg hyithtophAebi ehorganirbed
sol vent (forp35f12MBhend 1Hpdrdtedolqsi Pheny bagt Berraid1duPhy! cheMhioRa | f
20 process. In this way, economical total propane conversions are
achievable. As in other separation processes, propene formed as a
byproduct is as a rule not separated, or not completely
separated, from the propane and is circulated with it. This also
applies in the case of other homologous saturated and olefinic
25 hydrocarbons. In particular, it applies very generally to novel
heterogeneously catalyzed partial oxidations and/or ammoxidations
of saturated hydrocarbons.

An evident advantageous 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
C 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 heterogeneously 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



required, matg\:E al so contain additives such as dinmethyl phthalate). The
resul ting miB&E B¥¥ absorbent and acrylic acid can then be worked up by
rectification, extraction and/or crystallization in a nmanner known per se
to give pure acrylic acid. Alternatively, 40 the basic isolation of the
acrylic acid fromthe product gas mxt2xe can also be effected by
fP i agé 19 ggaglcﬁ'%ﬁﬁiiyfﬁgbﬁﬁn&iﬁiwl &?ﬁézfe@r t8XAM Rinl BnPE- fh 1heV28ca82. 45
er (o] dG.a n;.t han. pe
Further . purlTidd T ofs B e ahy R e R ATLY, SR s 8l ol e
suspensi on ASStaFI R3¢ on and/or layer crystallization). 5 The residual
gas mxture remaining in the basic isolation of the acrylic acid contains
in particuf dlonyecthoral arqrespanefomhibeh heserpgeafeansilyycavalxdesd to t he
gas- phase oxjaiaphase &oiddtion pBrposgsne itb safybhi: paibl yhére thetel vy
separated fromibhear gsédual cQ%El%Qt Mgl 8i16P4d QATRLeoRYad ¢ @Gt 5@Bp! for
rectificati of Under ., URR! 3LIRSRLCL| &Y S334LE; AN pen Tecyeled To the
gas- phase oxldati on. Wever, It I's nore advantageots if the residual gas
i's brought into contact, in an extraction apparatus, with a hydrophobic
organi ¢ sbl Vivits wRRRA Fhatpitékeranysniciayadl profesBesalfosr bhéig t he propane (for
exanpl e by prairbgesedusigolcatnlyzeédrgasgiphas8yosidmdgnent phes@met kon and/ or
strippi ng wWiddtvaiik, aéhe ahsarbedi tPraRAReas8loRdnekel At 86h@GaiN tanghean be
recycled to theqn ﬁg&es%o process. In this way, econom cal total propane
conversions are athievable. As in other separation processes, propene forned
as a byproduct is as a rule not separated, or not conpletely  separated,
from t he P? opar@eaRaves REACEGRaf T RATH alt oxigatsion o8 PupRAtSd ™ fhehen®ase
of (ot her honmacgdos zenairPat a8 amdoDH|asfursecalso Ipaisdbaebbms only paet éTul ar,
it fapplies uweire gRagrrahd \tatalpevetompidise hgombningltylc akally zectepdatli at)
oxi dati ons afier paeddxt daf eBirs®f Gl bhahefsty HPEAr ROES  aNbrAY hgerd

advant ageousch%sﬁﬁ%n{fo& *?:?aéf Bpedf'ﬂi’@%d EHLE] Eﬁézall nf24e0€a7 30s MRS LhBhSedr €
al so cap ie of .etgrocer}% ug y cat a %ma[ig t ecsé:%%argcl al  oxidation and/or
ammoxi datf b o PERe AEMST g0 d8™ of 2 RS 21RY 0P D 0 tt Bt it Sane desired
pr oduct .

In the novel process for the partial oxidation of propene, only

one heating medium temperature, 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 around 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 around the



Thus, the novel multinetal oxide materials (lI) can be used as 35 active
materials t PHrepBP@ acrylic acid by heterogeneously catalyzed partia
gas- phase oxi dation of propene with nolecular 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 Ais sufficient for carrddng out the novel process.
Excl usi vel y catalgst $uBOSPSIchd £16W) tddmliderodi 681 yRiRL ahe ($dacto@, PEgSENt
as catal yti Caldt-3ak! Yen T8 Qohilarbieddis (beBhL | ALAARR. o42 dilichk? Unusual
since the heterogeneously catal yzed gas-phase oxi dation f propene to
acrylic acid takes place very generally in two steps in _successive tine
spans. | n the fihesPo¥RE PIefESFeheT PEIS FRGE 122 oxidalden P BUERATSt tARI y
oxi di zed t% mEEadlienntemperdturehpayeeonttrors28p, tackWl°€i aloéng ngek iemtihe fir st
step i s usuatdactdvndeadre A0 Usaalyl| citcisd fromCosy edd issnat. prigecessesidor the
het er ogeneousdppeGatalyzed praaerBBay e dabi 089 4504&E9P§9€ié6hé¥¥yy|'C_aC'd
therefore ugg%hgﬁangp%gxnégﬁp%glggog§talyst type tailored to the oxidation
e

step for 0 WO abovenenti oned oxi dation steps. 10 This neans that
the conventional processes for the heterogeneously catal yzed gas-phase

oxi dat i onl®fIprtdgeneved PrRAeFS Eoncihe gatand exidating pEaprersanezofibe in
contrast to dgeratdagyepregooessaylbe |aitthee Nobat, reaseshahol hpar toraklore

oxi dation oftypyopeneri NaddrdAng tbeaed i0ReAON6n Atydical Bpefiirse also
possi bl e 10l 0t A8, cdB 4. 580 M8 (RLALYPTy GABH 1951 Y ot al oxi de
material (1) to be present. Of “course, th catéﬁysts to be used according
to the invention may be diluted with inert material as recommended 20 in
thi s docuk®riEhe PEPPERANR £ M889a50% o VRt BFFSASS Rt R RAFAL3pr ocess

f ot he par tasldadipdacf arrarfengr dpenarotoriaye b endrdatanygpartiamardypbiah ur e,
or ‘a' heati ngramrdrefiehespertd uweepectatyiing albohgyt he reaction zone A may
prevail along the one 25 reaction zone A, said heating nedi um bei ng i ntended

for heating ad g o EACLLAE 20l ¢J1i5 i SADCLALI &,ChA00E IBY dhiededcLenental

or decre tal . he nove rocess, f.or t artial oxidatlo ropene is
30 carr CRDGHE £be,hPreERRanegRaLY (Tt 2o a= hrhAsR, P LPEC O A PERPRDS
ef fected in ¥ RGEEIBLRAR /O BEEY Lith eI ¥Ry yegnerally, 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 |Z 0.4% by weight |Propane,
< 300 ppm by - [Ethane and/or methane,

(:' weight
' = 5 ppm by Cs-Hydrocarbons,

weight
= 1 ppm by Acetylene,

35 .
weight
= 7 ppm by Ethylene,
weight
= 5 ppm by Water,

o weight

0 172 pom vy o2,
weight
< 2 ppm by Sulfur-comprising compounds (calculated as
weight sulfur),
= 1 ppm by Chlorine-comprising compounds {calculated as

45 |weight chlorine}, '
= 5 ppm by CCa,
weight




tubes are loaded with the catalyst. Usually, aliquid, as a rule a salt
bath, is pased322% heating medi um around the catal yst tubes. 35 A

plurality of tenperature zones along the reaction zone A can then be

realized in a sinple manner by passing nore than one salt bath around the
catal yst tubes, sectlon by section al or®# the catal yst tubes. 40 Consi dered
over the redgty reacueg gas m xture s passed T the catatyst—tubpes
ei t her cocur;,gg h t or coyntéercurrent to the salt bath. The salt bath

Itself can kxecutc a nurc nfval | r\| fl W :rnl g+|\“:\ fn fhn haf OI)I("" 'I'llbn:\e
However, a tra FQ BB BV | ow 4EYRLOPTAPACSur se al so be super posed on said
paral l el fl Brall the salt bath may also execute a neandering flo

around t hed PE 53990 B33 cat dPyspadidres andfioxr hpfdpywe,consi dered only over|the
reactor, is|webghtrent with{or countercurrent to the reaction gas m xtur

In the novel Sp[@% Byor thecpaliy@oc@bdakl &Ry 0T propene, the S reactipn
t enper at ur e [yaygke f rom 2001to 500C along the entire reaction zone A

Usual |y, it -om \JU O H6€ eact+o pier et ably
from 330 to ﬁzbE PR A cul arEg %’E&J&Bﬁﬂ%rﬁ% PEE AL E R The npel
process f¥9 —the operating pressurec nmal be
either 1 bar, less than 1 bar or nore than 1 bar. According to the

i nventi on, tty)pl Qfler@RRI aGI g d¥opy3eres are from1.5 to 10, frequently from
1.5to 5, bar. 15 The propene to be used for the novel process for the

1%

partial oxi da&worbyofwe;ilgbpermrdpmfe not have to neet any part icularly h| ap
requi renment §-v t T Mty —Asstated—above amd—as—for—=t
one- st a_geP r \ﬁ% bcg z%g%&r‘\ilrtnr‘ngté\ aﬁé;ﬂ for the heter nnpnpmlcl \. catal \/7pd
gag- phase o Fd‘ét?%r’i’%ﬁ’%ﬁbbeﬂ%‘ih%ﬁ AOESPEI fthaREor acrylic acid very
general |y, flarsexaipye, propengldm,so referred to as crude propene) hav|ng
the follow rﬁgeltymo specifications can be used entirely w thout problens gs
propene for [goupt OCESS: m@'wm—mmw
Propene, , bt fby” f
0 |weight
= 20 ppm by Propadiene and/or propyne,
weight
< 100 ppm by Cyclopropane,
weight
25 |= 50 ppm by Butene,
weight
= 50 ppm by Butadiene,
weight
= 200 ppm by Cs—-Hydrocarbons,
30 welight
< 10 ppm by C.gs-Hydrocarbons,
(:: weight
= 2 ppm by Sulfur-comprising compounds (calculated as
weight sulfur),
35 |= 0-1 ppm by Sulfides (calculated as H38),
' weight
= 1 ppm by Chlorine-comprising compounds (calculated as
weight chlorine),
< 0.1 ppm by Chlorides (calculated as C1%) 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 30 0.4% by wei ght Propane, s 300 ppm by Ethane and/or nethane,

wei ght ~ s PHPPPPYOC4- Hydr ocarbons, weight 35 s 1 ppm by Acetyl ene,
weight s 7 ppm by Ethylene, weight s 5 ppmby Water, weight 40 < 2 ppm by
02, weight < 2 ppmby Sul fur-conprising conpounds (cal cul ated as wei ght
sulfur), s 1 ppm by Chlorine-conprisin@sonpounds (cal cul ated as 45 wei ght

chlorine), SRR BY €92 the'gnghh ProR3RAd %ér éhé x QQ»: woggtca < 10
ppm by Oyl QR aNANEn colEl fa élgzédpgg%%aﬁ oa% yne, vl ght
s 10 ppm by t%%%% 0oC b8n corrprl si ng
conmpounds (c‘?ﬂ &Peanié“ r\k'gﬁfjh?c (V€6)Y4?eng§) Jéd}é'm cal grade propyl ene:
> 94% by wei ght Propene, 15 s 6% by wei ght Propane, < 0.2% by wei ght Mt hane
and/ or et harhis 4s SrppmibypaEthighdae, v ght satdrgied bydAceidsharsg, th@0
wei ght steam, the oxides of carbon and the molecular oxygen are in any

case compounds which participate in the reaction phenomenon

either as inert diluent gas or as reactants in large amounts in

the abovementioned processes. Usually, the crude propene as such

10 is used as a mixXture with recycle gas, air and/or molecular

oxygen and/or dilute air and/or inert gas for the novel process

and all other processes for the heterogeneously catalyzed

gas-phase oxidation of propene to acrolein and/or acrylic acid.

_ 15 Another suitable propene source for the novel process is propene
(j which is formed as a byproduct in a process differing from the
novel process and contains, for example, up to 40%, based on its
weight, of propane. This propene may additionally be accompanied
by other impurities which are substantially not troublesome in
20 the novel process.

Both pure oxygén and 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 frequently
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 (meclar ratios):

Propene : bxygen ¢ H»0 : other diluent gases
=1 : (0.1 -~ 10) (0 — 70) : (0 - 20).
45



s 20 ppm by Propadi ene and/ or propyne, weight s 100 ppm by Cycl opropane,
wei ght 25 s BB g By Butene, weight s 50 ppm by Butadi ene, weight s 200
ppm by C4- Hydrocar bons, 30 weight s 10 ppm by C>5- Hydrocarbons, C weight s
2 -ppm by Sul fur-conprising conpounds (cal culated as weight sulfur), 35 s
0.1 ppm by Sulfides (calculated as H2S)26 weight s 1 ppm by

Chl ori ne- conﬁéﬁmlgomea@%v(e%@hwbﬁé@c&a%ao wei ght @hl ocl)ne)qls_Qol, ppm by
Chl ori des (cg‘%cul as C1 ) and 40 weight s 30 ppm by water. weight O

course, all ovengntloned possible inpurities of propene can 45 however

al so each be present in the crude propene in fromtw to ten tines the

stat ed i ndi vidudie diBURRt WWahoFedads cPEonaneaf fEcErR@EIREtaganRsixy of the
crude propBnkiKeyristehbenpartlPex38996d 25 amydéssaonid figr thhen&velWwprocesesses
for the one-&¢ agecatibb®p- St age het erogeneously catal yzed gas-phase

oxi dati on of propene to acrolein and/or acrylic acid very generally 5 This

Is true in rt|c 1qar Wn%rl] tlr}l%esgg_glrlat&j @é gcarrlbons Stargln 8{P t he
oxi des of ca HRd FRe oI dYS iR ?ﬁf ¢d Nd§ whi ch
partici pate @%V%I}’Fé‘gPQHE%Y &P%éﬁﬁﬁe‘ﬁ%#cuéalrh&ltﬁgg‘?%eﬂo dFPUerﬁtEQH‘sa%‘ii as
r eact ant s10rptepape asodhleenty gashe abovenenti oned processes. Usually, the

crude propene as such 10 is used as a mxture with recycle gas, air and/or
mol ecul ar  oxygeh13Rdratidi dtigRophhe AW/ HopkRer {n Gk hRkel herdiael mayocess
and al | other, py %C%aaem?aw&%e Fhes PURRFOYSLY fal gfr%a%gntﬂysﬂpdaﬁ%em

oxi dation of &reﬁﬁen rom ? ngeé&eﬁ%iyyfrom .01 to 3.

15
(j‘ The propene space velocity of the catalyst load in the novel
process for the partial oxidation of propene may be, for example,
from 40 to 250 1(S.T.P.)/1lvh. The space velocity of the reaction
gas starting mixture is frequently from 500 to 15 000, in many
20 cases from 600 to 10 000, often from 700 to 5000, 1(5.T.P.)/1lVh.

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, H0,
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 absorption
with a high-boiling inert hydrophobic organic solvent (for
example, a mixture of diphenyl ether and diphyl which, if
required, may alsc 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.

45



15 Another suitabl e propene source for the novel process is propene which
s fornmed a§%a§ﬁ&ﬁ%duct In a process differing fromthe novel process and
contains, for exanple, up to 40% based on its weight, of propane. This
propene may additionally be acconpanied by other inpurities which are
substantially not troublesone in 20 tk2g novel process. Both pure oxygen and
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recycled to the novel process. In this way, economical total

20 propene conversions are achievable. If propene is subjected to
partial oxidation in the presence of propane, propene and propane
are preferably separated off and recycled together.

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 6166668 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
US—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.



10, often fromO to 5 expediently from0.01 to 3. 15 The propene space

vel ocity of RRHcS3¥@l yst |l oad in the novel process for the partial

oxi dation of propene may be, for exanple, fromd40 to 250 I (S.T.P.)/1Vh. The
space velocity of the reaction gas starting mxture is frequently from 500
to 15 000, in many 20 cases from 600 t@glO0 000, often from 700 to 5000,
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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 M?® are also effective
25 in pure i phase, in particular with respect to both the partial
oxidations and partial ammoxidations mentioned in the document.

For the purpose of the heterogeneously catalyzed partial
gas-phase oxidation of propane toc 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 multimetal oxide
material

Comparative example 1 (preparation of a multimetal oxide catalyst
40 comprising the active material Mo; ¢Vg.33T€p.19Nbg.11Nig,010x,
containing i phase and k phase)

87.61 g of ammonium metavanadate (78.55% by weight of V;05, from
G.f.E. Nirnbern, 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



10 superat nospheric pressure and then recycled to the novel gas-phase

oxi dation. HB®e¥3990it is nore advantageous to bring the residual gas into
contact, in an extraction apparatus, with a hydrophobic organic sol vent
which is preferably capable of absorbing the propene (and any propane), for
exanpl e by passing 15 sai d sol vent thmgugh By neans of subsequent

d ti th
esorption %Hzg:erﬁ{al pPl'aé‘%d’“c 1*11’7 To3 I8 @%f?% GPE%‘@%( q\refaLBMF of

propane) ca & noy

a recycl
vay, economn%fa Oﬁbtglf %‘dfg %ﬂe Ogr'isilgo?ls ﬁaraé"mgé‘ﬁ}l%v%?ﬁ moy g§ %?)ene i s
subj ect ed t ol 89rar?i QY YS‘?(Jr%f‘ai't |°(§n P’ﬂ %hérﬁF‘e%’ﬁE@‘ SosERgpariere p'srt&ﬁéﬁg Bep
propane ar ety slodpabby bepwicxesdion fimrider stgte@dsaavgacher The resudbimbet el y
cor r esponds nfeammiedr solileidiowals subléedrdcal3 00 ales thah (Wlmmdieltasﬁﬂn@s

‘;g{ ﬁgftlsl 1(‘: Ofhd h@e garis 2o @(Fgfhhoﬁq@ous' §eg?%%}¢ c%”@/ 8b & Z&ﬂouﬁ%@elt hne
et hacryl | ¢ filgfee BEkindas & (959Cof WELEY ﬂ’%ﬁ&%&@% iy §§ﬁ%’
30 JP-A 6- 1665683 Sé’ Btﬁi‘!n ‘%’7 585859 ﬁ'—?eﬁ WREE eflheAa?ﬁileHlBBt‘?*

n- but ane andvag Ett—@@f‘éﬁéascé:@uﬁeob‘éﬂw ed as described in JP-A 6- 211767. 35
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cal’ei nation 48 Prehared! YarLldfr@ahedsudtdRliohNebtmgths. PF 53990 28 The
resulting multinetal oxide materl aI s (referred to bel ow as overal I

material s referably c articularl r ef er abl
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materi al s pref:afuall ya§0R@W.NTRE gas entry temperature Tit was 320°C and the
gas exit temperature Tout was 110°C. The resulting spray-dried
powder was likewise orange.
25
100 g of the spray-dried powder were heated in a rotating-bulb
furnace according to figure 1 (guartz 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 Moj_oVp.23T€p.19Nbg.11N1g.010x
(sample stoichiometry: Mo; _¢Vp.33Teqg.22Nbg.11Nip.010x) was obtained.
The associated X-ray diffraction pattern is shown in figure 2 (R
= 0.26). BET = 8.0 m2/g.

45



reflection peak position at 2E) = 50.0 0.30. 10 If the overall material
conpri ses a FRf33¥2Q on peak position at 2Q = 50.0 0.30, it is advantageous
i f the amount by weight of the novel nultinmetal oxide nmaterials (1) is a80
or a 90 or a 95% by weight. Such overall materials are obtainable, for
exanple, by 15 not effecting quantitatiage washout in the novel preparation
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0 actlve materlal was i1ntroduced intc the drum by means of a powder
screw, the point of addition of the powder being within the
rolling zone or below the spray cone. By periodic repetition of
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 HNO3 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 oVp.29Teq,14Nbg,13N¥1ip.0070x. The associated X-ray diffraction
pattern is shown in figure 3 (R = 0.71). BET = 20.2 m?/g.

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



the 30C, 25.60 g of an aqueous solution of 6.80 g of nickel (Il1) nitrate
hexahydr at e ER&3380 wei ght, from Fluka) in 20 g of water (the solution was
effected at 25C) were added. A solution A which was at 30C was thus
obtained. 10 Separately fromthis, 112.67 g of ammoni um ni obi um oxal ate
(20.8% by weight of Nb, from Starck/ Ggal ar) were dissolved at 60C in 500
m of water r ve a solution B. Solution B was cooled to 30C
and conbi neddoglhtp rﬁ?g#feen}%)aglpg{eurge with solution A 15 which was at the sane
tenmperature, w.th solution B being added to the solution A The addition
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m nutes, i nl‘,,tell@h{:yofldc_rﬁ%l )ﬁagépmlzi(;shgthSC and this tenperature and the
air streamwere then maintained f hour. I nmredi ately thereafter, the

air streamwas replaced by a nltrogen stream of 50 I (S.T.P.)/h and heat| ng

was carri edFGGP‘PP‘?n%arIy from275C to 35 600C in the course of 32.5

m nutes. This tenperature and the nitrogen streamwere then nmaintained for
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diffraction pattern is shown in figure 2 (R = 0.26). BET = 8.0 nR/g. 45 PF

53990 30 20rfdepsapRiiared KeTa¥t ??EttéPPaPa%nt AEnShPYH dief ifi 98T R? sCh
= 0.73). BET = 22.5 m?/g. It was applied to the same substrate as

in-comparative example 1, in the same manner, so that a coated
catalyst E2 comprising 20% by weight of active material resulted.

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, oVp.33Teg . 2oNbg.11Pdg.040x. The associated X-ray diffraction
pattern is shown in figure 6 (R = 0.35). BET = 9.3 m2/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 Moi_gVp.20Teq,13Nbg.13Pdg.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



mll (centri gSS‘J%@' |, type ZM 100, from Retsch, Germany) (particle size s
0.12 mm. 5738 the powder present after mlling was applied to 150 g of
spherical supports having a diameter of 2.2 to 3.2 Mm (Rz = 45 m support
material = steatite from Cerantec, Germany, total pore volune of the
support s 1% by vol une, based on the t&®al support volunme). For this
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pl ates, in tdiee 4pPgrofalitxeh (iPf fildat@On&PMyarbipe.finely divided powder of
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Exanpl e im, t o canpar at] ve. exanpl wever, the powder resulting
after thésﬁﬁellﬁﬁé ?ﬁ e ReP2ER 1T TSRS 1 rred under ref lux in 35 1000
m (of a 10% strength by wei ght HNOG3 solution for 7 hours at 70C. The

renmi ni ng sdxagphaséfiltered off fromthe resulting suspension and washed
nitrate-free with water. The filter cake was then dried overnight with air

at 110C in gimifibterd Waete 140ukthaneesbtivdiharelrive fBde dotpakadivde
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diffraction pattern i1s shown in figure BET = 20.2 nR/g. It
was applied to the same support as in_conparative exanple 1, 45 in the sane
manner, so (Hh&t T&Sebt aCAE¥E YRt iadohpt | ish Fopposition

Moy . oVo.29Teq.13Nbg.13C00.0040x. 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, so0 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(IT) nitrate hexahydrate.

35 The resulting active material had the composition
Moy . oVo.33Teg.19Nbg,11Cup,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 CES5 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.



by wei ght of active material resulted. PF 53990 31 Conparative exanple 2
Simlar to ®8nmf3P&0i ve exanple 1, but 6.17 g of palladium(Il) nitrate

di hydrate (98% Fluka) were used instead of 6.80 g of 5 nickel(ll) nitrate
hexahydrate. The resulting active material had the conposition

Mbl. 0VO. 33Te0. 19Nb0. 11Pd0. 010x. The as3®ciated X-ray diffraction pattern is
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22.5 n2/g. It was applied to the same substrate as 1in conparative exanple
1, in the s , a coated catalyst E2 conprising 20% by

wei ght of agrPTRB éar Fggméesuqted 25 Conparative exanple 3 Simlar to
conparative exarrpl e 1, but the batch was halved in its anmount and 12.34 g
of pal | adiOufinilamitor &p@pelmweate@a{n%%l:f e SFP 8k )oSvdriemutktIIFist ead of
3.40 g of nnikedfd Ipenmahydtzt8Q dBesahyfiret eierCkTheereuideld hgsaedd weE mat eri al

had t he congoggtgq;f nweﬂ;e@p@;ﬁ%'ﬁeg@aaal\ib& +840x. The associ ated X-ray
diffraction pattern is shown in figure 6 (R = 0.35). BET 9.3 nk/g. It was

35 applledt t he me support as in tive ex el in the sane
nmanner , Fﬁ @%&Pgd %g KilS e@fqbn%r% i "BV Y™ wei ght of active
mat eri al 1r5e§81m¥d 313ER@ApTRe. 31 BipgogPry | Hie laésék‘éﬁﬂ% erab'ufilf Hdrve
mayeri al froattonpdmasheen Exfifguee3lhatR wadhdd) wi BET &q@e@uszm-t mitcwagi d.
The-resul ti agpliad itve that eamealsuppdrt hes conpesbhrabive example 1, in the

Mot . OVO. 29T99mél?nﬁ\h9re%3PQQ OO cotbed assnl ‘y@&edE% danprdisihgagdd oy pattern
i's shown ing gllflg%ijaégléé matrhdh rBEfgl?- 4 n2/g. I't was applied to the

same sup%rt a

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 compositicon Mo ¢Vg.28Tep.158bg.14Big.0050x-
The associated X-ray diffraction pattern is shown in figure 13
(R= 0.70). 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
MO1.0Vpo.34T€p,.188bp.11Pbp.opa. 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



. Sane mann

PF 53990 32 arative exanple 1, in the sanme manner, so that a coated
catal yst E2 Bn'gs?gpng 20% by wei ght of active nmateri aI resul t ed.

Conparative exanple 4 5 Simlar to conparative exanple 1, but 3.41 g of
cobalt(ll) nitrate hexahydrate (98% from Ri edel -de-Haen) were used instead
of 6.80 g of nickel(Il) nitrate hexahyd3éate. 10 The resulting active

mat eri al hadsifel comeoekbinple VD bulVehs 3dkalviINafe 11005 QQ5 X npdie ive

associ ated XpL o ff &agtmhem;ﬁﬁrg ﬁé“*oﬁ‘é"%%rh@ fioureng égsm@l 4). BET =

8.9 nk/g. Ita(\:/\@]_ve %Qeﬁgﬁa 4 %e J?Q%rnt hrn&g%sr?ar IV exarrp)l e 1,

in the sanme”nanner a coa 1181 n‘g By 15

wei ght of active material resulted. C Exarrpl e 4 Simlar to exarrpl e 1, but
t he acti veSnBrerasgocfipsat chrifay siliffsacbiorepakpbon 41sahowas hadt gute déueous
nitric acid. (Fhe 0r.a9yl.t BRY acti.\iemihg eritalvabadpphied aowpobet same support as
Mol. OVO. 29Tefn daii@atid&0dkGAEK 1Then a0 Gagbelannd Ay & kheCliutepattern

i s shown in figure t9E(7Rcom;?rls~j_)ngX§€¥ By %Ael%h@ﬂég aéﬁld’@%a%ér%f'fe%%ﬁttgdt he

same support as I'n conparative , Int sane manner

coated catal yst E4 conprising 20% by wei ght of active material resulted.
Conpar at i 48 é‘i@ﬁﬂaélge 8¥TRIR 1%r to conparative exanple 1, but 5.65 g of
copper(ll) nitrate trihydrate (99% from Acros Organics) were used instead
of 6.80 g of soiTkad (ol Pompdrdirehexalkyll ar,e budSwitie tirsdittagedsd ithat
material hadfhe,£AMRe81 bf 0f), GCME_;]-OQVQJ.CQ}?EE QI%QH@QI‘MXQE ratd&,2558¢! at ed

IX'E r%Sdl f fgrgla(:t r On d {%ﬁlgt g'f'ﬂ]e Ises%r].%\ﬁ?;gl Qc 1 RULE 91%5 hado t%e ?omgios:.tlo{xz me/g.

a
PRI R e M G E R R R
acgve mat er skovn dayfigyre E(dr?pFe052® MBEEr =t 6- Bxelfsl-e It vatanpdedctP ve
materi al frothe osguer auppert 45 dxapphpafaiias washelle wi t Hnatbeossmenintamneraci d.
PF 53990 33 so0 that a coated catalyst CE7 comprising 20% by weight of active
material resulted.
20
Comparative example 9

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 ¢Vp.29Teg,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 A)
(catalyst bed length in all cases about 53 cm). 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



The resulting acti VS material had the conposition

Mbl. 0V0. 28TeBF 13&BBY13Cu0. 0030x The associ at ed X-ray diffraction patternis
shown in figure 11 (R =0.74). BET = 23.1 nR/g. It was applied to the sane
support as in conparative exanple 1, in the 5 sanme nanner, so that a coated
catal yst E5 conprising 20% by weight a5 active material resulted.

Conpar ati ve exagdterfialOtShpddadiurkoof opanakbiee exargilod LubdUbad HBBughef

bi smut h(111) r‘é,stor at sv@fr%@mm% ﬁi:% 2% r b OFRVRAGIL) dléeﬁfrh@a% ogstead of
T

6.80 g of nig¢ (II it | {Fx The resultlng active material had
t he conposi tF on C%&? 0'\‘% %Sg i 0. 0040x. The associ ated X-ray

diffraction C pattern is shown in figure 12 (R = 0.18). BET = 9.0 nR/g. It
was appl i 8dThe ndeetianetehgppEst then| fed otisdr at Feactdoanphe stajtinche sane
manner, so tiiattuarecbatréolg cldtealimpdtir CEGmponipiiosi of 2bamny :weight @b acti ve
material resyligda 10nEXeihe s8.aS Whs adn theCBPL & chm Bl Eh@e pClinee

t | f t d.
T2 e LT TR e i

Mbl. OVO. 28Ted: 151956 24 Bi (%’ny FhES A S0P At db% rfgﬂf %di%¥®fraction pattern is
shown in #Pgure 13 (R =0.70). BET = 22.0 n2/g. It was applied to the same
support as The cewsaiani vebeXaagl wad, inititAdysowe iraragh, cgse tdattha coat ed
cat al yst E6 gsmyqmenitigned%inernal gbémedratireverf e ricaldetesshditibn t3be
Conpar ative Sxanp Eez:l.&'.i o &y heufgrrp@é@fewh%a&pd&njﬂ keaﬁ.?éra%r% 95?

| ead( ||
me?kfﬂ (?lglﬁt%?i"tr%ats gggh‘éﬁaa iy Q,?r S\A%i,gFugggcthg e age R 0 0 e

corrp05| ti PW”@V@%ﬁW%NSMl@EOa}%‘ﬁt fﬁemﬁgéo’é‘?%‘f]et(f@(lf‘aﬁ Ll‘fafsreé‘ctl on
pagftern is shown in figure 14 (R =0.30). BET = 2.2 n2/g. It was 40 applied

he sane Buppebileabelow clipar dbhe vexiteraap| cefpenaturkeT cdNe reguaeed o
that a coat eghiatcdnyets{dy, A E6hegicdDBEbYhe WebHHd ehtatiysy andut,eahal

resul ted. BExamhRshieérg HeR390i8¢ of the acrylic acid formation

20 (Sacm (mol%)) and the selectivity of the propene byproduct
formation (Spgy (Mel%)). 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
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The external_ tenperature of the |oaded reaction tube was brought to 350C
over the ent§f & %?fbth fromthe outside by neans of electrically heated
heating mats. 5 The reaction tube was then fed with a reaction gas starting
m xture having the nolar conposition of pr¥dbane : air : H2O = 1:15:14 (the
entry side was on the downstream bed side). The residence tinme (based on
the catal yst bed volune) was brought to 2.4 seconds. The entry pressure was
2 bar absol y£..119,The reaction tube load was initially run in each case at
the abovenentioned external tenperature of the | oaded reaction tube over a
period of 24 hours, before this external tenperature was increased so that,
based on a sinplie TeEiPRbH (QRFdepRateripl I, thR 5P KHHPBREFBnT ( CPAN) of
about 78 Mol %resulted in all cases. The table bel ow shows the external
tenmperature T (C) renyvpedMEar3a04 his conugrsion, as a function of the coated
catal yst used, and the resulting selectivity of the acrylic acid formation
20 (SAGA (mol %) and the selectivity of the propene byproduct formation
(SPEN (nol%9). I'naddition, the table shows the intensity ratio R of the
active material present on the coated catalyst and the conposition of this
active net@rial ¥'25 301538t leasymnerof3hbhy SEmegssoirom ggheNgHopPN .~ H N M
N.-".--~ .-"NNN Z WecansistingoM 4 an@ sz |0 IO NCNOV NWNdId NM
WIfl "0 W'0 tg2ul 10 eM @ MNadt Mdedo¥ theldlendéints from the group
consisting of Nb, 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, 8n, In, Re, Ir, Sm, Sc, Y, 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 wvalency and
frequency of the elements other than oxygen in (I},

20

= I o P o I o S -

25 whose X-ray diffraction pattern has reflections h, i and k
whose peaks are at the diffraction angles (2&) 22.2 * 0.5°
(hy, 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 ratio defined by the
35 formula

R=P; / (P; + Pg)

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

wherein the at least one multimetal oxide material (I) is one
whose X-ray diffraction pattern has no reflections with a
45 peak position 20 = 50.0 *= 0.3°.
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4, The multimetal oxide material as claimed in claim 1,

wherein 0.71 £ R £ 0.74.

5. The multimetal oxide material as claimed in claim 1,

wherein R = 0.72.

€. The multimetal oxide material as claimed in claim 1,

wherein its specific surface area is from 11 to 40 m?/g.

7. The multimetal oxide material as claimed in claim 1,
wherein its X-ray diffraction pattern also has further
reflections with their peak positions at the following
diffraction angles 26:

gcﬂ nudw {11'1'

6.7 + 0.4* (0) and
?‘lgl b '“-"ﬂ {P}n

o

8. The muitimetal oxide material as claimed in claim 7,
wherein its X-ray diffraction pattern also has further
reflections with their peak positions at the following

diffraction angles 20:

5.2 = 0.4° (q)
29.2 = 0.4° {m) and
35.4 = 0.4% (n).

9. The multimetal oxide material as claimed in claim 8,
wherein, on the same intensity scale, the reflections h, i,

1, m, n, o, p and g have the following intensities:



1. Amultinmetal oxide material of the stoichionetry I 5 MOlvVaMLbM2cM3dOn
(), where 10 ML is at | east one of 4de elenents 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 elenents fromthe group
15 consisting of Pb, Ni, Co, Bi, Pd, Ag, Pt, Cu, Au, Ga, Zn, Sn, In, Re,
lr, Sm Sc, Y, Pr, Nd and Tb; ais from0.01 to 1; bis from> 0 to 1, 20
cis from>0to 1,ndeigge,rom> 0 to 0.5 and n is a nunber which is

determ ned by the V‘lﬁnf%mf?vdtﬂf pgquency of the elements other than oxygen
in (1), 25 whose >€r_ay T firact[oh pattern has reflections h, i and k whose
peaks are at the di ¥ £ 2859 1 z}ﬁ“ghéﬁ (2Q 22.2 0.50 (h), 27.3 0.50 (i) and
28.2 0.50 (k), - the rEromedt iteéndB,being the one with the strongest 30
intensity within the - feymd ftbr 46}i on pattern and having a full wdth at
hal f hei ght (FWHH) gfw npfawar @t Ban 0.5, the intensity Pi of the
reflection i and the in ity P the reflection k fulfilling the

rel ati onship 0.65 ¢ R gf%éés& nr%gtﬁ is the intensity ratio defined by the
35 fornula R = Pi /9 (Pi frempd *03808-40 - the FWHH of the reflection i and of
the reflection k is in each case s 1, wherein the at | east one nultinetal

oxi de mat.eyi ( i,S.0 oS - (dif fract,i_an ttern has .no

reflecti &ﬁjs' \?{l/ihtehln?é'llgm;?er{al \;I)ggxsllofel f)éha%l%%(?.so CI(ja.JéI}e[)%Sm ZCTlafhme 1rf‘ul tinetal

oxi de mat@ldraliras claifeeh in 0d aigndl,6. wherein 0.67 - R <- 0.75. 3. The

mul ti metal oxide material as clained in claiml1l, wherein 0.69 <- R <- 0.75.

11. The multimetal oxide material as claimed in claim 1,

wherein b is from 0.01 to 1.

12. The multimetal oxide material as claimed in claim 1,

wherein ¢ is from 0.01 to 1.

13. The multimetal oxide material as claimed in claim 1,

wherein d if from 0.0005 to 0.5.

14. The multimetal oxide material as claimed in claim 1,

wherein

g

is from 0.1 to D.6;

is from 0.1 to 0.5;

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

I

9. 0 o
i

15. The multimetal oxide material as claimed in c¢laim 1,
wherein M? comprises at least 50 mol% based on its total

weight, of Nb.

16. The multimetal oxide material as claimed in claim 1,
wherein M? comprises at least 75 mol%, based on its total

welght, of Nb.



4. The multinmetal oxide material as clainmed in claim1, wherein 0.71 :9 R
:9 0.74. 5. The nultinetal oxide mategpal as claimed in claim1, wherein R
= 0.72. 6. The nmultinmetal oxide material as clainmed in claiml1, whereinits
specific surface area is from1ll to 40 n2/g. 7. The multinetal oxide
material as clainmed in claim1l, whereinits X-ray diffraction pattern al so
has further reflections with their peak positions at the follow ng

di ffraction ang esu6imek 4l *obide (daterfall as claimddand c¥abd 1,0.4 (p) 8.
The mul tinetal oxide material as clainmed in claim7, whereinits X-ray

di ffracti"BHPERHR & nlsl SECHESIFEL¥NEP- reflections with their peak positions
at the followwng diffraction angles 29: 45.2t 0.4 (q) 29.2 + 0.4 (m and

354t Q4 (a). 9. The nultinmetal oxide material as clained in claimS8,

wher ei n, Ith tHes smrﬂetimﬂ‘@aﬂsi@yi@@aheeteltiml ree'iflcebaim m ¢lai,Im n, o, p

andqhav t he f 3JOW|n ggtdcsaﬁsm es: rom5 to 95 1 a from

1
1 to 30, ¥ o 15t 8 Pn?r8ﬁ$TePB %ﬁgm ggﬁ19F8H91 to 30, p. from1l

to 30 ancl;orcglrgﬁlrrgjn&ftwl 6o, 185, The, My ixe! abp adesanterial as cl ai ned
inclaiml1l, wherein ais from0.05 to 0.6. 11. The nmultinetal oxide

materi al as clalrredln cIa|m1 wherein bis fromO0.01 to 1. 12. The

mul ti nmet o) S mQF rom0.01 to
1. 13. T?lie9 mu }feemat a OXI dla ok cgérﬁg %121%]'[ Z%ér?eé 2t a| mifailg\hférel ndif
from 0. 0G@etai.MF. is at least one element from the group

consisting of Ni, Co, Pd and Bi.

20. The multimetal oxide material as claimed in claim 1,
wherein M! is Te, M? is Nb and M3 is at least one element

selected from the group consisting of Ni, Co, and Pd.

21. A multimetal oxide material which contains at least one
multimetal oxide material as claimed in claim 1 and whose
X-ray diffraction pattern has no reflection with the peak

position 28 = 50.0 +£0.3°

22. The multimetal oxide material as claimed in claim 21,
in which the multimetal oxide material (I) is present in a
form diluted with at least one finely divided material from
the group consisting of silica, titanium dioxide, alumina,

zirconium oxide and niobium oxide.

23. A multimetal oxide material which comprises 2 80% by
weight of at least one multimetal oxide material as claimed

in claim 1 and whose X-ray diffraction pattern has a

reflection with the peak position 26 = 50.0 +0.3%

24, A process for the heterogeneously catalyzed partial

gas—-phase oxidation of at least one saturated or



14. The multinetal oxide material as clained in claiml, whereina- iIs
from 0.1 to 0.6; b =1is fromO0.1 togpP.5 o =is fromO0.1to 0.5 and d =
is fromO0.001 to 0.5 . 15. The nultinetal oxide material as clained in claim
1, wherein M2 conprises at |east 50 nol % based on its total weight, of Nb.

16. The i I i al al i iml wherein M

conpri se%%é%%%eogékﬁ%f&?é%%ﬁﬁ @?\ef lsIll ?%l?eal ga%f}éﬁ?a%}yl\%?ghﬁe 17. The
mul ti et ahatoxdti0el neded | pd @is Téasteshe mel aimedal shbdei madRrisl exsl usivel y
Nb. 18. Tge nuh%inet oxide material as clainmed in claiml1l, wherein M3 is
at | east enmdht©f+dMmthe group consisting of Ni, Co, Bi, Pd, Ag, Au,
Pb and Ga. 19. The multinetal oxide material as clainmed in claim1, wherein
M3 is at | east one elenent fromthe group consisting of Ni, Co, Pd and Bi
20. The At iThe droxdse anteliphedsizlalawd 24 chlaérein thberein M is Te,
M is Nb Hamcg oNB S atisl east  one elfgent gel ected fromthe %Er)ou% consi sting
of Ni, CoYEHFPPOR1S AR Rt AT %I U™ et P AT R Bh BBRATRs AT | east
one nmultpr@seale OXi de material as clainmed in claim1 and whose X-ray
diffraction pattern has no reflection with the peak position 20 = 50.0 t
0.3. 22. The multinmetal oxide material as clainmed in claim21, in which the
mul ti met 0Xd i ( i i L Lt i at | east
one fine?%GUﬁ%ﬂggﬁaiiﬁe$+%1&%?oﬁsﬁéféﬁ%ﬁ%ééFg%ﬁé?%%%ﬂ%é%fﬁ%fﬁ?%g, titani um
di oxi de, @dstphmse azmooindan oxidf andleaobi ume oxatera28d écnul tinetal oxide

mat erial which co ises ? 80%Db wei ght of at |east.one nultjpetal oxide
mator i al WSETHHAR RYOEI G 90 At GHOLS S0F AR T T At 1 bR PIFLERn has a

~reflecti gy tint hesd@aks POST 14085 20ne RO Pidiea B. ofide AnPrOSESS 91 the

het er ogeneousl y cat aIJ;_/z_ed {)arti al gas-phase oxidation of at |east one
sat ur at edclpimgd in claim 1.

27. The process as claimed in claim 26, wherein the
hydrocarbon is propane, propene or a mixture of propane and

propene.

28. A method for partial oxidation and/or ammoxidation of
at least one saturated and/or unsaturated hydrocarbon
comprising utilizing at least one multimetal oxide material

as claimed in claim 1 as a catalyst.

29. A process for the preparation of a multimetal oxide
material as claimed in claim 1, wherein a thorough dry
mixture is produced from sources of the elemental
constituents of multimetal oxide material, saild mixture is
calcines at 350 to 700°C and the resulting product is
washed with an aqueous solution of an organic and/or

inorganic acid.

30. The multimetal oxide as claimed in claim 1, wherein d

ig from 0.003 to 0.5.



unsat urated hydrocarbon, wherein the catalytically active material used is
at | east one nultinetal oxide materiajp as clained in claim1l. 25. The
process as clainmed in claim24, wherein the hydrocarbon is propane, propene
or a mxture of propane and propene. 26. A process for the heterogeneously
catal yzed .parti al as- phase anmpoxi dat.i an of .at l.east .one_saturated or

unsat ur at%éLd y rglélz%r YOI, ﬂheol)(éirgr?taﬁe cclo’?tl il@alq]flé%t]i’vé’m%%%}i | used is
at | east ignerad . metsaltcoxg.de material as clainmed in claiml. 27. The
process- as claimed in claim26, wherein the hydrocarbon is propane, propene .
or a mxture of propane and propene. 28. A nethod for partial oxidation
and/or amDxigdal bl el |BAYe AIE WA 60 MG UnsaliAehs
hydrocarbon conprising utilizing at least one nmultinetal oxide material as
cl ai med iconsleaitinly &8 aodat aly store2®f prupeeessitf ar dsthreegm eparati on of a

mul tinmetal oxide _material .as clained i.n claim.1, wherein a thorough dry
Txture. BRI acEt i Aot ad 6 A e tirdiial: 1 dhied tlRGL

mul tinet Jr oxide mfslitle 531 ¢ Mekiddr@ithire & GIET ato I 0 700C and the
resulting product is washed with an aqueous sol ution of an organic and/or

i nor gani @ceild.c 2@1drive thula isrdredit ioiitde ofs 38 #9ed 9h FeAtRY, wherein d

is fromO0.003 to 0.5. 42 31. The nultinmetal oxide as clained in claim1,
wherein d is from0.004 to 0.5. 32. The nultinetal oxide as clainmed in
claim 1, 3gapatiee mfl t ie@rtedr tdxigle/ & sral1%iote draime cdfaipr dpansapabla siff eam of
propane, air in water in a ratio of 1:15:14 at a pressure of 2 bar absolute
and a t eSS D BHRE % ©F MR &r PEWPAES d W FEF@ K& ivity of 58

mol % or gle, 33r The JaHd  mel al dide &S 16y ned 4 £l @idadyr£apabl e of
converting 73 nol % or nore of propane in a streamof propane, air in water
in a ratiod ¢ bhrlBbbdlattea arkss rampaofa tinsarofalisd] @ e@ntbran t enper at ur e of

; . X = 5
350C to faocrrngli%cra%lj]f wz%&lhd aWste eactsievliec%} Iov t5y8 %11‘015%8 orgrolg@eoa{tqu.eat er.



