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i ndustri2®l processes, since the suspensions tend to i nhonogenei 30 ties, to
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the general g kR8d88rPofvhhadid pentoxide which is reacted with a solution of a silver com-
pound and, if appropriate, further components. However, the handling of solid suspen-
sions is undesired in industrial processes, since the suspensions tend to inhomogenei-

30 ties, to sedimentation of the solid, to blockage of pipelines and pumps and the like.

It is an object of the present invention to provide novel readily obtainable multimetal

oxides for preparing catalysts for the partial oxidation of aromatic hydrocarbons. The

catalysts which can be prepared from the multimetal oxides should have similar or bet-
35 ter activities and selectivities than the catalysts prepared according to the prior art.

According to the invention, the object is achieved by multimetal oxides of the general
formula (1),
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where



. Aga,CObM V1zCa - e |1-1z0 (1). where 0000055662 2 a has a value from3 to
10, Qis an els {.selected fromP, As, Sb and/or Bi, 5 b has a value from
0.2 to 3, Mqoggy al selected fromLi, Na, K, Rb, Cs, TlI, My, Ca, Sr, Ba,
Cu, Zn, Cd, Pb, C, Au, A, Fe, Co, Ni, Ce, M, Nb, W Ta and/or M, 10 c
has a value fromO to 3, with the provisgthat (a-c) ? 0.1, d is a nunber
which is determ ned by the val ency and frequency of the elenents in the
formul a (1) &t heltasthauegyaio 18nd 15 e has a value fromO to 20, which is
present in a crystal structure whose powder X-ray diffractogramis

character- iged jpynleiihéftbbigbiad FonPb, A& Zptand/ormief erably at least 7,
especially at least 9, interplanar spacings selected fromd = 7.13; 5.52;

5.14; 3.57; 3.25; 2.83; 2.79,.2.73; 2.23 and 1.71 20 A ( 0.04 A). Most

pref er abl%y, B he m@u%&?ﬁg’%ﬁ 'ractogramis characterized by re- flections
at all of the interplanar spacings specified. In the present application,

t he X-ray rd¥l ecisiaonstabsetectarefeorh iLedNa, K, RbeC$,dMH,iMgfC4, 182, BaytQy, @nacd R, Cr,

spaci ngs d[ A] WwhAg M aFe donfie s Nboly, traeinamy flengt h of the X-radiation
used and 25 can be calculated fromthe reflection angle neasured by neans

of the Bragg equation. | er.al he powder  X-ra i ffractogram of - t he
i nvent i V{Q mi ti #\lﬁsaﬂ valye @%'%?PQQ%WB*’E’W Wﬁ?ﬁ@f@ar‘?)gp'g' reflections listed in
Table 1. 30 Table 1 Reflections d ( 0.04) [A] [4 1 7.13 18.6 2 5.52 19.3

3 5.14 43.7 d 4 3isEnuthedwhihds @&eidindd btz BBy afd fréquienzy of O@ eléménts t 85. 1
0000055662 3 9 theddrmida @) othér tharl dxytfendand

15 e has a value from 0 to 20,

which is present in a crystal structure whose powder X-ray diffractogram is character-
ized by reflections at at least 5, preferably at least 7, especially at least 9, interplanar
spacings selected from d = 7.13; 5.52; 5.14; 3.57; 3.25; 2.83; 2.79; 2.73; 2.23 and 1.71

20 A (£0.04 A). Most preferably, the powder X-ray diffractogram is characterized by re-
flections at all of the interplanar spacings specified.

In the present application, the X-ray reflections are specified in the form of the interpla-
nar spacings d[A] which are independent of the wavelength of the X-radiation used and
25 can be calculated from the reflection angle measured by means of the Bragg equation.

in general, the powder X-ray diffractogram of the inventive multimetal oxide has the 10
characteristic reflections listed in Table 1.

30 Table1
Reflections d (£ 0.04) lrel

[A] (%]
1 713 18.6
2 5.52 19.3
3 5.14 437
4 3.57 33.0
5 3.25 73.4
6 2.83 64.1
7 2.79 100
8 2.73 85.1




Depenbll ng on the de &ree of crystallinity and the texture of the resulting

crystals of netal oxide, there may be weakening of the intensity of
t he reflectlons |n the pow der X-ray diffractogram which nay occur to such
an extent that individual reflections of ,5 relatively weak intensity can no
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Ko Rb, Tl, Adietddbnvémion d¥itie artifig ARG aIPd riésiiefram iMpritid®. The BET specific
surface ea, measured accordl ng to DIN 66 131, which |s based on the
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vanadi um conpound i s conbi ned a solution of a silver

In a very particularly preferred embodiment, a has a value from 5 to 9, b a value from

0.5 to 1.5 and c the value 0.

30 Inthe formula (1), Q is in particular the element P.

The metal M in the formula (1) is in particuiar selected from Na, K, Rb, Tl, Au, Cu, Ce,
Mn; M is especially Ce or Mn.

35 The BET specific surface area, measured according to DIN 66 131, which is based on
the “Recommendations 1984” of IUPAC International Union of Pure and Applied Chem-
istry (see Pure & Appl. Chem. 57, 603 (1985)), is generally more than 1 m?/g, in par-
ticular from 3 to 100 m?/g, and especially from 10 to 80 m%/g.

40 The inventive muitimetal oxides are prepared in particular by a process in which



"5 sal't and a source of the el ement Q and also, if appropriate, a source of
t he net al ng upon the desired chem cal conposition of the
mul ti metal oxide of the for- nmula (1), it is prepared by reacting together
t he amounts, arising froma, b and ¢ of the 10 formula (1), of vanadium
conpound, silver salt and source of the elenent Q and also, if appropriate,
t he source ofi) t henaguedusiholutine of atleastione watdrtsolubleavanagdiushecanspasintids preel on
conpl eti on of repatddpand Usef ul wat er - sol ubl e vanadi um conpounds are in
particul ar m)novanadat es 15 (Me' 2HV04), di vanadat es (Me' 3HV20,),
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al kali et al |on|\_/br anmoni umion, in partlcul ar the nmet avanadat es and espe-
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gl ycol di et hgihpletidreof redetieher ence i s given to using water as the sol vent.

The silver salt used is preferably silver nitrate, but it is |ikew se
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exampl e
hydr bgenphos BiSaRaediR, compaURds may also besbidind by rgaging el dith co0usiia 39¢8tss | i al |

met al hydrogen phosphat es, ar senat es, an- tinonates and bi snut hates. Very
particul ar piTeé eoletmreofitse gilveesaltma;abélp@qamisiph@rtersar aavaleremissiblehwgaiienent Q

in particul aéolk/éhtt%hfa@raﬂﬂdhblspégsmb%h@l Bely/6ls, do@@rwlmfecwcoa@r gol ethers
hypophosagorggi % o@mmwmﬁy%e@ (?ss@béﬁﬁ nﬁ qoen 40
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o1 phosphor e%fﬁyreierpﬁﬁ‘%ﬁﬁng'tr S*Hbi%ﬂ%megeﬁﬂg'ewﬂ? ey ar o

or phosphorl ﬁey are
al so used, t Relublgstiershlts, 8 sivepcetdapineRerMivalecrsdver dkeridfeneral Iy "t hose

whi ch are soluble in the solvent used, in particular the water-soluble
salts, for 0068@RhEhRodeleEnd fomehe Hloap & AS, Ste and/oxBil maelse useeidh ale@senand
nitratesggl NiNadrinl Sridsdiidas 8F RYdrExi@etd In particular, they are used in the form of their
soluble compounds, more preferably their organic or inorganic water-soluble com-
pounds. Very particular preference among these is given to to the inorganic water-
soluble compounds, in particular the alkali metal and ammonium salts and especially
the semineutralized or free acids of these elements, for example phosphoric acid, ar-
35 senic acid, antimonic acid, the ammonium hydrogenphosphates, arsenates, anti-
monates and bismuthates, and the alkali metal hydrogen phosphates, arsenates, an-
timonates and bismuthates. Very particular preference is given to using phosphorus
alone as the element Q, in particular in the form of phosphoric acid, phosphorous acid,
hypophosphorous acid, diammonium hydrogenphosphate, ammonium dihydrogen-
40 phosphate or phosphoric esters, especially as ammonium dihydrogenphosphate or
phosphoric acid and very especially as phosphoric acid.

Where they are also used, the salts of the metal component M selected are generally
those which are soluble in the solvent used, in particular the water-soluble salts, for



“nitrates, of the netal conponent Min question. To carry out the process
accor di ng t 80985%662enti on for preparing a nultinetal oxide of 5 the
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carried out at atnospheric pressure. The duration of this react ion may,
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obtained in the reaction to free it of salts before drying it. 35 The
spray-dryi ngThc-;Sdtﬂﬁﬂﬁfcﬁ'trhlh’réHw@ﬁ ik edepeRging upbITBRIRNSS bGhd BRAM atefials educed
pres- sure. Rt e\’rﬁ%?at J%ecoﬂa‘ﬁéﬁélérﬁgﬁ ‘Bx%rr?"fbjmﬁrhu?esStBde%PyE |t‘§ed the

I nlet tenpera the drying

gas usedd s %chPtheotatpf?'?ns fregbaof iR e atsin b ersradiods Gimye ot B.01"Ss
ni trogen or %ﬁ’t}fﬁt thereaction @tcaf’@‘i’métt a¥elracpesiod oh frome tgraf hﬂﬁ"ﬁgas | nto the
spray-dryer is advantageously selected in such a way that the outlet
t enper atj ur2 802?3 thhe formt i E@eg%g rﬁamhetgél btdemp@egidma% t}f)mtt?f rfctnmmtxtm?es ”O]E
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carried out either in conventional dryers or else, for example, in freeze-dryers. The dry-
ing of the resulting multimetal suspension is particularly advantageously carried out by
means of spray-drying. It may be advantageous to wash the multimetal oxide obtained
in the reaction to free it of salts before drying it.
35
The spray-drying is generally undertaken under atmospheric pressure or reduced pres-
sure. Depending upon the pressure employed and the solvent used, the inlet tempera-
ture of the drying gas is determined; generally, the drying gas used is air, but it is also
possible to use other drying gases such as nitrogen or argon. The inlet temperature of
40 the drying gas into the spray-dryer is advantageously selected in such a way that the
outlet temperature of the drying gas cooled by evaporation of the solvent does not ex-
ceed 200°C for a prolonged period. In general, the outlet temperature of the drying gas
is set to from 50 to 150°C, preferably from 80 to 140°C.



6 Inp a particularly preferred enbodi nent, the solution of the vanadi um
conpound is re- acted with the source of the elenent Q and, if appropriate,
the source 090009@56f% al M a streamof the resul ti ng solution is m xed
continuously with a streamof the silver salt solution and the m xed stream
is spray-dried. 5 If storage of the multigetal oxide is not intended, the
resulting multinetal oxide sus- pension may al so be fed to further use

wi t hout pr ecledi pagti¢uarlygirélerred ethbddigieny tiod saltitéon afithe varedaim complrindfimre-exanpl e
to prepare téged willetHd sovrdy &feied aleynehsQkind Cipapprogriatd,Ahd Beurt@¥ERE invedal M, a

mul timetal Ogidesofthe rdstff 3BufloP SHARESE ntRBGRAWih 5 ée?rh%‘?ﬂﬁa' di0er 3

catal yti cal |¥olt‘ﬁ |\ﬁ? & % i’l 8@ % / gtda sts, as use or t gas phase
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weight of this layer, of a multimetal oxide of the formula (!). More preferably, the layer
consists entirely of a multimetal oxide of the formula ().

35 When, apart from the multimetal oxide of the formula (l), the catalytically active layer
also contains further components, these may be, for example, inert materials such as
silicon carbide or steatite, or else other known vanadium oxide/anatase-based catalysts
for the oxidation of aromatic hydrocarbons to aidehydes, carboxylic acids and/or car-
boxylic anhydrides. The precatalyst preferably contains from 5 to 25% by weight, based

40 on the total weight of the precatalyst, of multimetal oxide.

The inert nonporous support material used for the inventive precatalysts may be virtu-
ally any support materials of the prior art, as advantageously find use in the preparation
of coated catalysts for the oxidation of aromatic hydrocarbons to aldehydes, carboxylic
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hols, e.g. ethylen glycol, 1 tanedlo ycerol, d|me formamide, d|me
lacetamide, dimethyl sulfoxide, N-methyipyrrolidone or cyclic ureas such as N N -
dimethylethyleneurea or N,N'-dimethylpropyleneurea, or in mixtures of these organic
35 solvents with water, organic binders, preferably copolymers, dissolved or advanta-
geously in the form of an aqueous dispersion, and the binder contents employed are
generally from 10 to 20% by weight, based on the solids content of the suspension or
slurry of the inventive multimetal oxide. Suitable binders are, for example, vinyl ace-
tate/vinyl laurate, vinyl acetate/acrylate, styrene/acrylate, vinyl acetate/maleate or vinyl
40 acetate/ethylene copolymers. When the binders are organic copolymer polyesters, for
example based on acrylate/dicarboxylic anhydride/alkanolamine, and are added in a
solution in an organic solvent of the slurry of the inventive multimetal oxide, it is possi-
ble, in a similar manner to the teaching of DE-A 198 23 262.4, to reduce the content of



‘geously in the forn1of an aqueous di spersion, and the binder contents

enpl oyed are ly from 10 to 20% by wei ght, based on the solids
content of tﬂgﬁgﬁ sion or slurry of the inventive nmultinetal oxide.
Sui t abl e bi nders are for exanple, vinyl ace- tate/vinyl laurate, vinyl
acetate/acrylate, styrene/acrylate, vinylgacetate/ naleate or vinyl 40

acet at e/ et hyl ene copol yners. \Wen the binders are organi c copol yner

pol yest ers, biodertefenpl to 1 by weighhhegedior the sslidd oxryentef the suspension or
anhydri de/ al klanpl ami ne, and are added in a solution in an organic sol vent
of the slurry of the inventive nultinetal oxide, it is possi- ble, in a

simlar mann tQE%B Th &f?r?ec tgl &pwf%ﬁ% u%?éna@ muttugfe?alggqggeqr?taﬁli%ﬁ?mtent

of 000005566

content of tR&A 9”6%83)r£ (Eb@l“? 96”61' %@p\,}e)(fgit C‘?sﬁé & 5P2fingdR the, ppor ¢
with the |nvé@ﬂtinﬂépﬁﬂﬂatu3rﬁ@ﬂélle aﬁseptséynderoﬁmpﬁ@qnérwe95uwe¢ramdeer§du¢ednrgm 20 to
500C ar e gensural Ty pepptediie ihventivevdrecdialgsts,cahé heatingad gereerally dahvied awat frovg

appar at us capede BjoPECiredrathiRs m@brf@ssd)v@r irppa@f&ﬁa?ta&ﬁomrrobmd&hpéramﬂ@&ﬂ pres-

sure. To_ preRg i\ AN Bi86alsab §aat aéag b%fﬂ%qﬁve%lw
S oo P Mutimalongss, Fray §apbroprte e %Lﬂm eawna%s?%w(}g i oor
with a noi st example temeparalyres of omyQ0ie5Pa°C A\t the QfPfl‘PElQi'F'OTGﬁQ lgwer emperﬁay be

appropri at e tuesiitp$ pgssitilg iwdencsaigi angplyreenpciicdanirethe coeting, focamuirtont artiper at ur es

of from 200 bmd&OBEeméin it e Iajepap tb@ﬁbe@latél Upp@rrrpera- tures, it is
possi bl e, when usmgapolyrrerlc I nde |nt coating, for aportion of the

bi nder t nin the |la a thecta Ln,the
Pter cotber TR HF doer %Frﬁs?a‘?%xst% b 25 BA <Blaa %F‘%ﬁg}a‘ ieaF Rt &

treat ment at lerRSRpHreRToNEa ‘H“’Pc?ﬁpé%é% G e hindesgseares by therAtabrecomposition by

t her mal decoapd/si canpustiomtiom the apdlied tayen Tihemoenvarsion ppiheguedatglyat to Theated
conver si on otatalyst qahestsi t8d #ffdctddbyathemad] Gdatneat al tgspeturesbsovelgnoet ffect ed by
Lge{ ga|65t r eab%?ﬁéle al tehfIEPRIRE Wb S 65672 BrerdtBfice i Qfven o BaMRi ﬁ S\t tﬁ@imﬁitﬁﬂ; ﬁ[ eZt
t enper at g&ese i‘ ng%tqctgrggérgﬂg%ggf fFo%gé@@eyédb%%H{) |(% H’f %ér&}g‘[l rt(f)'ﬁﬁb% 450C.

Above 200C, Ceial | y at tenperatures of nore than 300C, the |nvent|ve
mul ti nmet al OXI des deconpose to formcatal ytically active silver-vanadi um
oxi de br onzefdbo® 2008C - epeciatiynatdemperaiiresofimaneziean 3@G°6r thedn\entiveemuitionetedi um

oxi de conpoupgdged\@edontpoas teforfiicatallically\activd silepiara@ifn bXidbrbnzds)Sagerar e
general | ysse msﬁ. g8 Fe%tf@r'themlrwnmﬁ .dercbm o%sq'la‘émaﬁi fnfodi es

whi ch crysta nne Str

vanadi um i s gpeﬁéﬁf’o 859, T;\a/z %f;seﬁaépgfreaf ik w?yefJéﬁf?éé%'

At appr opri at¥d 9xigic gha lizeRrefergbly i shestoniprnel ﬁté'fc‘éf ] on of
t he mul ti net e vaprdiderss arﬁ@BntedthainCHd h@@ttlatm)esparﬂmmﬂuced tOSV(J)\@corT'posed to
catalytically active silver- vanadi um oxi de bronzes and/or silver-vanadi um

oxi de coppoundgppbsiels highcbhliR) Aberatures, it is possible that a portion of the multimetal
oxides applied to the catalyst support is decomposed to catalytically active silver-
vanadium oxide bronzes and/or silver-vanadium oxide compounds whose structure has
not been solved by crystallography but which can be converted to the silver-vanadium
oxide bronzes mentioned. At coating temperatures of from 300 to 500°C, this decom-

35 position proceeds virtually to completion, so that, in the case of a coating at from 300

to 500°C, the finished coated catalysts can be obtained without passing through the
preliminary stage of the precatalyst.

In the thermal coating of the inventive precatalysts at temperatures of from above 200
40 to 650°C, preferably at from above 250 to 500°C, in particular at from 300 to 450°C, the
multimetal oxides present in the precatalyst decompose to silver-vanadium oxide
bronzes. This conversion of the inventive multimetal oxides present in the precatalyst
to silver-vanadium oxide bronzes also takes place in particular in situ in the reactor for
the gas phase partial oxidation of aromatic hydrocarbons to aldehydes, carboxylic ac-
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The thus obtained catalysts are used for the partial oxidation of aromatic or heteroaro-
matic hydrocarbons to aldehydes, carboxylic acids and/or carboxylic anhydrides, in
particular for the gas phase partial oxidation of o-xylene and/or naphthaiene to phthalic
anhydride, of toluene to benzoic acid and/or benzaldehyde, or of methylpyridines such
35 as B-picoline to pyridinecarboxylic acids such as nicotinic acid, using a molecular oxy-
gen-containing gas. For this purpose, the catalysts may be used alone or in combina-
tion with other catalysts having different activity, for example catalysts based on vana-
dium oxide/anatase, in which case the different catalysts may generally be disposed in
the reactor in separate catalyst beds which may be disposed in one or more fixed cata-
40 lyst beds.

The BET surface areas, crystallographic structures and vanadium oxidation states of
the silver-vanadium oxide bronzes which can be prepared from the inventive multimetal
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30 144.4 g of ammonium metavanadate (1.2 mol) were added with stirring to 6 | of demin-
eralized water at 30°C and dissolved at 90°C. 11.5 g of phosphoric acid (0.1 mol, 85%
by weight) and an aqueous solution of 118.9 g of AgGNO; (0.7 mol) in 0.2 | of water
were added with further stirring to the resulting yellow-colored solution. Subsequently,
the temperature of the resulting red-brown suspension was increased to 90°C within 2

35 hours and the mixture was stirred at this temperature for 10 hours. Afterward, the re-
sulting dark brown suspension was cooled and spray-dried (inlet temperature (air) =
370°C, outlet temperature (air) = 100°C).

The resulting powder had a BET specific surface area of 14 m%g and a vanadium oxi-

40 dation state of 5. A powder X-ray diffractogram of the resulting powder was recorded.
From the powder X-ray diffractogram, the following interplanar spacings d [A + 0.04]
with the accompanying relative intensities I, [%] were determined: 7.13 (18.6), 5.52
(19.3), 5.14 (43.7), 3.57 (33.0), 3.25 (73.4), 2.83 (64.1), 2.79 (100), 2.73 (85.1), 2.23
(31.4),1.71 (46.4).
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2 hours and Thecregiliingpewdgihadta BEEgpegifia surface @ngroef-24/m&gfand scvanadium o t er -
war d, the redatibh istate bE8- ApowdersXiray diffractagsar evisadcorded of thedresudting ponderf
118.9 g of IfonaeGowder XoY diffrctdgram® the\HiiewingasteRilARAIspacingPa TALLb 4] Bot h
tsg'n;g'rgt“ﬁre h ﬁ@r@éggg ﬁ%?éi&ﬁfeﬁﬁ{engi'ﬁé‘é ﬁ% %F WL Bhadkfined! 7 g§1ﬁ59%o5§$| et
had & BET SPdBON% 1348 o G4 731525 (bRl LIdCH e 20 Doa> (& ke r
state of 5. (BOJdvki&t (582 ay diffractogram was recorded of the resulting
powder . 2d:romthe powder X-ray diffractogram the follow ng interplanar
spacings d | 0.04] wth the acconpanying relative intensities Irel [%
were det er miBed: PrePargtion of prpcatalyss (15 0). 5.15 (48.4), 3.57 (34.7), 3.25
(80.2), 2.83 (64.2), 2.79 (100), 2.73 (88.8), 2.23 (30.1), 1.72 (53.2). 20
B Preparation of precatal ysts For the use, denonstrated under C, of the

mul ti net al dxordies u$eydetmoasipated LaderdXiad #ie mnitioletal arkidesfar thehpattialcxidations of t he

powders Al, fHdmatidhpfoddrberdy); @ yewderapp! AZAna A3 srepHe8 wetd apSlicdtd fofdwaN
silicat &5Phgfsnestfh Gicle sPHafds: 860 R Stebfite\PULARE HAVHL ATAREtePbf FSRE S S
to 4 mm were coated in a coating drum at 20°C over 20 min with 40 g of the particular
powder and 4.4 g of oxalic acid with addition of 35,3 g of a mixture comprising 60% by
weight of water and 40% by weight of glycerol and subsequently dried. The weight of
the thus applied catalytically active composition, determined on a sample of the result-
30 ing precatalyst, after heat treatment at 400°C for one hour, was 10% by weight, based
on the total weight of the finished catalyst.

C Oxidation of o-xylene to phthalic anhydride
35
The precatalysts A.1, A.2 and A.3, prepared according to B (coated steatite spheres)
were introduced up to a bed length of 66 cm each into an 80 cm-long iron tube having
an internal width of 16 mm. The iron tubes were surrounded by an electrical heating
mantle for temperature control. Through the tubes from top to bottom, 360 1 (STP)/h of
40 air at 350°C laden with 98.5% by weight o-xylene were passed from top to bottom
through the tube at a loading of 60 g of o—xylene/m® (STP) of air. Table 2 which follows
summarizes the results obtained.



to 4 mmwere coated in a coating drumat 20C over 20 mn with 40 g of the
“»particul ar owder and 4.4 g of oxalic acid with addition of 35,3 g of a
m xture conp& 6209 by weight of water and 40% by wei ght of glycerol and

subsequently dried. The weight of the thus applied catalytically active
conposition, determ ned on a sanple of t result 30 ing precatal yst, after
heat treatnment at 400C for one hour, was 1I0% by wei ght, based on the total
wei ght of t hEabié Ai shed catal yst. C Oxidation of o-xylene to phthalic
anhydride 35 The precatalysts A 1, A 2 and A 3, pr epared according to B

(coated st eéiNot Espher es@;utbgg e rntr oducecphléget o rg,cﬁ{ﬂgglb gg,e%,tgm each

into an 80 ¢mlpng iron t aving ah |nt)(§§1 ron
t ubes were surrounded by an el ectrical| he&e an 'T‘%Mf)or A ur e
control . Thluu —t-he—tubes—romtep—+o bcttcm 60— ’QTD"h cf 40—ai++—at

o /
350C | aden Wit h 9mPamRtiNg calalysht o- xyI ehe %m\ézcb ssed 3% o0 mtop tddottom
t hrough the tub at a di pf 0- xyl eng/ nB (STP) of air. Tablle 2
uhi ohTol Loge. B UBEE] eCHAM & Dot af ned. 0000055662 12 Tabl e 2 |No.

Cat al yst Phase G Sefectivft (- ARD) %) (erIW
conpar at i ve ?:at Al ysﬁvigc@q%(vzw 39 12 'br(%ﬁvﬁuq;‘ii rretai“c)m de of ,61?1) 2

inventive catal NabmARUIIMR(BGdter A2y (from multinetal oxide of A2) 3
i nventive catal st A97PV12036 40 11° (fromnultinetal oxide of A 3) 1) |"CO

sel ecti vi ty'3cor.ﬁ@$,pqgla§a|§,g the pr opor | RPYi,a.hel xylgne cpnvertgd to gom 5
bustion proguctp (CO, CO2); the residupl selectivity to 100% corresponds to

the proportion (flbmtrmdtlmetayd))edmofdbl)/er val ue, phthalic
anhydri de, andlthe inter c.acid and

pht hal i de, and al so by- products such as naleic anhydride citraconic
anhydri de and beggyiseledfliy’ cdfesdors i tl prfortianel thetkyleit ddrvaked\td c¥ms used
to deterrgne a BakigHplodfiis e 6a ttngr? '. L8R 9 1b0% eMes fonlis 6/ AN, 2

vanadi um oxi datl o grio fa P Vﬁﬁ °t 8%% v P% fpaélfrJaC dam t he

follow ng i nter
i nt ensi t?es l, |ar[d%hev@¢@1es’éﬁ@$ -eialdehyde, q-tpligg acid, am Mhal@? aryl glso (039. 9) ,
2.93 (100), 2] TBod B K)ch a3. rﬂﬂelcaﬁhmr;deZClttacan&rm)/dnde & ertzoiz)acidl. 95
(28.1), 1.86 (16.5), 1.83 15 (37.5), 1.52 (23.5). The deinstalled sanples
of cat al ¥t sp RethsBilEl Sarmpl@HR chalysBAT WY uRRAVE HetefmirdYa BET duAatQarea of the
active composition of 6.7 m?/g and a vanadium oxidation state of 4.63. From the pow-
der X-ray diffractogram, the following interplanar spacings d [A] with the accompanying
relative intensities | [%] were determined: 4.85 (9.8), 3.50 (14.8), 3.25 (39.9), 2.93
(100), 2.78 (36.2), 2.55 (35.3), 2.43 (18.6), 1.97 (15.2), 1.95 (28.1), 1.86 (16.5), 1.83
15  (37.5), 1.52 (23.5).

The deinstalled samples of catalysts A.2 and A.3 exhibit similar powder X-ray diffracto-
grams, the BET surface area is in each case approx. 6 m%g and the vanadium oxida-
tion state is 4.69.



“-grams, the BET surface area is in each case approx. 6 n2/g and the vanadi um
oxi da- tion gphosssee2 4. 69. 0000055662 13 What is clained is: 1. A
mul ti metal oxide of the general formula (1) 5 A ga-,QdMoV1zGa - e H20 0),
where a has a value from3 to 10, 10 Q_| an el ement selected fromP, As,
Sb and/or Bi, b has a value fromO0.2 to"3, 15 Mis a netal selected from
Li, Na, K, MWhat@sclailledidy, Ca, Sr, Ba, Cu, Zn, Cd, Pb, Cr, Au, A, Fe, Co,
Ni, Ce, M, Nb, W Ta and/or Mo, ¢ has a value fromO to 3, with the proviso
that (a-c¢) > determ ned by the val ency and
frequency of " th&mllﬁwneqial ?d%d?“[gﬁiénfemlfogpmla (f)) ot her than oxygen, and e has
~a val ue f5rom0 to 20, 25 which is present in a crystal structure whose
~powder Xoray diffractogrami ngzed by reflectypns at at |least 5
~interplanar spacings sel ect pctc? ﬁEMcV % "37”2? 5.52; 5. 14U)3 57; 3.25; 2.83;
2.79; 2.73; 2.23nel 1.71 A ( 0.04 A). 2. Amltinetal oxide accor di ng to
claim1l1, where 30 a has a value from5 to 9, and <c¢ has the value 0. 35 3.
A mul tinetal oxide ﬁccordi n% to ﬁ‘lh (Fer of claims 1 or 2, wherein b has a
value of from @ 5 {8s@Vva'ue % metal oxide according to any of clains
1to 3, Mherein Qis P. 40 5. A multinmetal oxide according to any of clains
1 to 4, having @ BE® spelemehtsedented fram®, AseBb afid/érBim 3 to 100 n2/ g.
0000055662 14 6. The use of a multinetal oxide according to any of clains 1
to 5 for preparing d catalysts for the gas phase parti al
oxi dation of ar gmat %gﬁ gﬁggﬁbggﬁg 5 7. A precatal yst which can be
converted to a catal yst for t he gas phase partial oxi- dation of aromatic
hydr ocaflBons an coffs? Betal geleglgdi fﬁé‘r'&' NarthHto s, BuMeota, SmBa, Cu, Zn, Cd,

Pb, Cr, Au, Al, Fe, Co, Ni, Ce, Mn, Nb, W, Ta and/or Mo,

c has a value from 0 to 3, with the proviso that (a-¢c) > 0.1,

20 d is a number which is determined by the valency and frequency of the ele-
ments in the formula (1) other than oxygen, and

e has a value from 0 to 20,
25 which is present in a crystal structure whose powder X-ray diffractogram is char-
acterized by reflections at at least 5 interplanar spacings selected from d =7.13;
5.52;5.14; 3.57; 3.25, 2.83; 2.79; 2.73; 2.23 and 1.71 A (= 0.04 A).
2. A multimetal oxide according to claim 1, where
30
a has a value from 5to 9, and

c has the value 0.

35 3. A muitimetal oxide according to either of claims 1 or 2, wherein b has a value of
from 0.5 to 1.5.

4. A multimetal oxide according to any of claims 1 to 3, wherein Q is P.

40 5. A multimetal oxide according to any of claims 1 to 4, having a BET specific sur-
face area of from 3 to 100 m%/g.



"~at 1east one |layer applied thereto which conprises a nmultinetal oxide
according foogussee2 clains 1 to 5. 10 8. A precatal yst according to claim
-7, which contains from5 to 25% by wei ght, ba- sed on the wei ght of the
precatal yst, of nultinetal oxide. 9. A p,“scat al yst according to claim?7 or
8, whose inert nonporous support material” consists of steatite. 15 10. A
pr oc\t/a\; s 1;] OE .6)pr e[Taeiusg ofa mﬁmét_altcaddecndcd?{ir@(:‘tomhsﬂ oh¢lain®s Atbys fak pedpatingprk-t 0 5,
in iC i) ap Q04K et B9 t : Rvz =1 R,,nt#ﬂ di um
conmpound is 20 a@ggar ed; an%lg(ﬁﬂ)ﬁ%%t%glgﬁ?%gﬁp%?d@tﬁg%gna |E(r§1ya(§rg?rpound S
reacted with a solttion of a silver salt and the source of the elenent Q
~and also, if appropriate, a source of the nmetal M 25 11. The process
accordi ng td- cl & precaalysiveiieh ean brecoiveded A calblgstfantheigaspbase parial oui-
conpri ses NaVC3 datietl ofrar¢iNabg M@BocatiZonsEne consists £ an e rdinpgrous seppdreandof
claims 10 or 11atieBstdHeqBydrPpfed HbicRiwRith EBRpristd o/ ANRRctHT o8 BELH NG S
reacted with th?o ?Rfé.fcgai&i 1188 element Q and, if appro- priate, of the netal
M and a stream o e resulting solution is continuously nixed with a
streamof the silver salt solution and the m xed streamis spray- dried. 35
13. A pii@ceSs f drprpeatphist asgoringdp ¢kaing 75 which isentgias fionns to 2le by aleighkib@at i on of
aromati ¢ hydr ocad bottiss weightsofthe prgcathlyat) of mealtimetadogide ous support and at
| east one layer applied thereto which conprises a silver-vanadi um oxi de

bronze as a9cat§\|yEEéta é’tléch itx%aﬂﬂ':mﬂ i, .hc? in ngﬁ;%roﬁsrﬁﬁ)tpgﬁmatﬁala
i ST Whog ingle

- precatal yst acc%{)nsisqgo s?tegt%. 0 al ns
15
10. A process for preparing a multimetal oxide according to any of claims 1 to 5, in
which
(i) an aqueous solution of at least one water-soluble vanadium compound is
20 prepared; and
(i) the solution of the vanadium compound is reacted with a solution of a silver
salt and the source of the element Q and also, if appropriate, a source of
the metal M.
25

11. The process according to claim 10, wherein the water-soluble vanadium com-
pound comprises NaVO; and/or (NH,)VOs.

12. The process according to either of claims 10 or 11, in which the solution of the
30 vanadium compound is reacted with the source of the element Q and, if appro-
priate, of the metal M, and a stream of the resulting solution is continuously
mixed with a stream of the silver salt solution and the mixed stream is spray-
dried.

35 13. A process for preparing catalysts for the gas phase partial oxidation of aromatic
hydrocarbons, consisting of an inert nonporous support and at least one layer
applied thereto which comprises a silver-vanadium oxide bronze as a catalyti-
cally active composition, by heat treatment of a precatalyst according to any of
claims 7 to 9.

40



