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< {57) Ahstract: The invention relates 10 2 multi-metal oxide of general lommula (D: Ag,. QM V0, * ¢ H0, in which o represents
\e> o value between 0.3 and 1.9, Q represents an element sclected from P As. Sb andfor Bi. b represents o value between 0 and 0.3,
wut M represents a metal selected from Nb, Ce, W, Ma, Tz, Pd, Pt Ru and/or Rh. © represents a value between 0.001 and 0.5, with the
O proviso that (a-c) = 0.1, d represents a number determined by the valency and aburddunce of elements other than oxygen in formula
{h and ¢ represents a value haween O and 20, The invention also relates (o pre-cinalysts and calalysts for the partial axidation of
—% aronuitic hydrucarhons, produced from said muhi-metal oside.
Y
&= (57) Zusammenfussung: Beschrichen wird ein Multimetalloxid der allgemeinen Formel th: Ag, QuMc Vo0, * e O, worin a cinen
& Werl von 0.3 bis 1Y hut, Q fiir ein unter P, As, Sh undfoder Bi ausgewithiies Blement sieht, b einen Wert von O his 0.3 hat. M {ur cin
O upter Nb. Ce. W, Mn. Ta. Pd. Pt Ru undioder Rh ausgewdinlics Metall sicht, ¢ cinen Wert von 0001 bis 0.5 hat. mit der Mussgabe,
duss tu-cd = 0.1 181 d eine Zahl, dic sich durch dic Wertighkeit und Haofigkeit der von Sauerstof! verschiedenen Flemente in der
Farmel 13 bestimml. bedeutel und ¢ einen Wert von 0 his 20 hat. sowie daraus hergesiel e Prilkatalysatoren und Katalysatoren fir
? div partielle Osidaton von aromatischen Kohlenwasserstollen.
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20 WO 00/27753 and WO 01/85337 describe multimetal oxides comprising silver oxide
and vanadium oxide and their use for the partial oxidation of aromatic hydrocarbons.

It is an object of the present invention to improve the yields achieved using these
catalysts without having an adverse effect on the selectivities.

25
We have found that this object is achieved by multimetal oxides of the formula |,
AQ, QM V>0, * € H0, I
30 where
a isfrom0.3to01.8,
Q is an element selected from among P, As, Sb and B;,
35

b isfrom0to 0.3,
M is a metal selected from among Nb, Ce, W, Mn, Ta, Pd, Pt, Ru and/or Rh,

40 ¢ is from 0.001 to 0.5, with the proviso that (a-c) = 0.1,
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25 12.16+04,1068+ 0.3, 3.41 +0.04, 3.09 £0.04, 3.02 £ 0.04, 2.36 + 0.04 and 1.80 +
0.04 A.

In the present patent application, the X-ray reflections are reported in the form of the
lattice plane spacings d[A] which are independent of the wavelength of the X-rays used

30 andcan be calculated from the measured diffraction angle by means of the Bragg
equation.

in the multimetal oxide of the formula |, the variable a is preferably from 0.5 to 1.0 and
particularly preferably from 0.6 to 0.9, the variable b is preferably from 0 to 0.1 and the
35 variable ¢ is preferably from 0.005 to 0.2, in particutar from 0.01 to 0.1.

d is determined by the valence and abundance of the elements other than oxygen in
the multimetal oxide of the formula |. The number e, which is 2 measure of the water
content, is preferably from O to 5.
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hydrogenarsenates, hydrogenantlmonates and hydrogenbismuthates and alkali metal

hydrogenphosphates, hydrogenarsenates, hydrogenantimonates and

hydrogenbismuthates. Very particular preference is given to using phosphorus alone as

element Q, in particular in the form of phosphoric acid, phosphorous acid,

hypophosphorous acid, ammonium phosphate or phosphoric esters and especially as
30 ammonium dihydrogenphosphate.

As salts of the metal component M, it is usual to choose ones which are soluble in the
solvent used. If water is used as solvent in the preparation of the multimetal oxides of
the present invention, it is possible to use, for example, the perchlorates or

35 carboxylates, in particular the acetates, of the metal component M. Preference is given
to using the nitrates of the relevant metal component M, in particular cerium nitrate or
manganese nitrate.

The reaction of the V,0; with the silver compound, the compound of the metal
40 component M and, if appropriate, Q can generally be carried out at room temperature
or at elevated temperature. The reaction is generally carried out at from 20 to 375°C,



silver conpound and the conpound of the netal conmponent Mto formthe
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suspension is fornmed. Depending on the dedired chem cal conposition of the
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general |y usé"t? ion, for ea‘ﬁﬁlmﬁmc?fd?yﬁﬁﬁ‘g QFBe"G e regetianof g V-OWikihe. 001
to 0.1, basedll\@ncmpﬁmdﬁéﬂddhet:bmpown:b@fltMmetal cmnpd:reaneM toermthletmuitirnetial oxi de
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The novel nulti netal qx (g? ch:rs %I?QX&H ﬂﬁ ol.ated fromthe
reaction m xPANGETER R P Mg Vs S”PB?'?SM}C 2c=s GNP {F ?%P"%%"aﬂ can be
i sol at ed, f ororareuns ia thepiprm fof a dark bigwe husmnspensioaneand drying the solid
obtained, with drying being able to be 30 carried out both i n convent I onal
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producti @b obf heeresestinventipntis obthinet with adtbsous Grmwnmrpholbgy coating, w thout
prior isolation and drying of the nultinmetal oxide.
The novel multimetal oxide formed in this way can be isolated from the reaction mixture
and stored for further use. The multimetal oxide can be isolated, for exampie, by
filtering the suspension and drying the solid obtained, with drying being able to be
30 carried out both in conventional dryers and also in, for example, freeze dryers. Drying
of the multimetal oxide suspension obtained is particularly advantageously carried out
by means of spray drying. It can be advantageous to wash the multimetal oxide
obtained in the reaction to free it of salts before drying it. Spray drying is generally
carried out under atmospheric pressure or reduced pressure. The inlet temperature of
35 the drying gas, generally air, although it is of course aiso possible to use other drying
gases such as nitrogen or argon, is selected according to the pressure employed and
the solvent used. The temperature at which the drying gas enters the spray dryer is
advantageously chosen so that the outlet temperature of the drying gas which has
been cooled by vaporization of the solvent does not exceed 200°C for any prolonged
40 time. In general, the outlet temperature of the drying gas is set to from 50 to 150°C,
preferably from 100 to 140°C. If storage of the multimetal oxide is not intended, the
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silicon carbide or steatite, or else other known catalysts based on vanadium
oxide/anatase for the oxidation of aromatic hydrocarbons to aldehydes, carboxylic
30 acids and/or carboxylic anhydrides. The precatalyst preferably comprises from 5 to

25% by weight, based on the total weight of the precatalyst, of multimetal oxide.

As inert nonporous support material for the precatalysts and coated catalysts of the
present invention, it is possible to use virtually all support materials of the prior art as

35 are advantageously used in the production of coated catalysts for the oxidation of
aromatic hydrocarbons to aldehydes, carboxylic acids and/or carboxylic anhydrides, for
example quartz (SiO,), porcelain, magnesium oxide, tin dioxide, silicon carbide, rutile,
alumina (Al;O;), aluminum silicate, steatite (magnesium silicate), zirconium silicate,
cerium silicate or mixtures of these support materials. In the present context, the

40 expression “nonporous” should be taken to mean “nonporous except for technically
ineffective quantities of pores”, since a small number of pores in a support material
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preparation or a slurry of a powder of the dry multimetal oxide of the present invention
30 in water, an organic solvent such as a higher alcohol, a polyhydric alcohol, e.g.
ethylene glycol, 1,4-butanediocl or glycerol, dimethylformamide, dimethylacetamide,
dimethyl sulfoxide, N-methylpyrrolidone or a cyclic urea, e.g. N,N'-
dimethylethyleneurea or N,N'-dimethylpropyleneurea, or in mixtures of these organic
solvents with water, with a binder contents of from 10 to 20% by weight, based on the
35 solids content of the suspension or slurry of the multimetal oxide of the present
invention, generally being employed. Suitable binders are, for example, vinyl acetate-
vinyl laurate, vinyl acetate-acrylate, styrene-acrylate, vinyl acetate-maleate or vinyi
acetate-ethylene copolymers. If organic copolymer polyesters, e.g. copolymers based
on acrylate-dicarboxylic anhydride-alkanolamine, in a solution in an organic solvent are
40 added to the slurry of the multimetal oxide of the present invention, the binder content
can, in a manner analogous to the teachings of DE-A 198 23 262 .4, be reduced to from
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preferab®§ crystall ize in sheet or tunnel structures, with the vanadiumin
the [V2G6] hagbve 2J0°CCH paPtitular ¥t RAipecatires a8Ve 300°CEHHeGRSltihRbAGes\dfithg - 30

At appropriately high . cogting te ratures, part of the multimetal oxides
appl 1 6d Lo t RESSRUPENER deopsthast 1@ lnmysataiaicafiCerug sisTapatiym PRSP | y acti ve
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25 For the purposes of the present invention, silver-vanadium oxide bronzes are silver-
vanadium oxide compounds having an atomic Ag:V ratio of less than 1. They are
generally semiconducting or metallically conductive, oxidic solids which preferably
crystallize in sheet or tunnel structures, with the vanadium in the [V,0s] host lattice
partly being present in reduced form as V(IV).

30
At appropriately high coating temperatures, part of the multimetal oxides applied to the
catalyst support can be decomposed to catalytically active silver-vanadium oxide
bronzes and/or silver-vanadium oxide compounds whose crystallographic structure has
not been elucidated but which can be converted into the silver-vanadium oxide bronzes

35 mentioned. At coating temperatures of from 300 to 500°C, this decomposition proceeds
virtually to completion, so that coating at from 300 to 500°C gives the coated catalyst of
the present invention without going through the precursor stage of the precatalyst.

The coated catalysts of the present invention are preferably produced from the
40 precatalysts of the present invention or are produced in situ from these precatalysts in
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However, the coated catalysts of the present invention are particularly preferably

30 produced from the precatalysts of the present invention in a single stage or, if
appropriate, in a plurality of stages after thermal treatment during or after coating of the
catalyst support, in particular in a single stage, in each case in situ in the oxidation
reactor under the conditions of the oxidation of aromatic hydrocarbons to aldehydes,
carboxylic acids and/or carboxylic anhydrides.

35
The catalytically active shell of the coated catalyst produced according to the present
invention generally comprises from 30 to 100% by weight, preferably from 50 to 100%
by weight, based on the total weight of the catalytically active shell, of the silver-
vanadium oxide bronzes produced in this way, with the silver and the vanadium in the

40 catalytically active shell generally being present in an atomic ratio of Ag:V of from 0.15
to 0.95, preferably from 0.25 to 0.5 and particularly preferably from 0.3 to 0.45. The
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reactor. The Coated catal ystS of precatalysts of the present | nvention are
for this28ur @J‘@éent catalysts generally being located in separate catalyst zones which may be
arranged in one or more fixed catalyst beds in the reactor.

The coated catalysts or precatalysts of the present invention are for this purpose
introduced into the reaction tubes of a shell-and-tube reactor which are thermostated to

30 the reaction temperature from the outside, e.g. by means of a salt melt. If a precatalyst
according to the present invention is used in place of the coated catalyst of the present
invention, it is converted into a coated catalyst according to the present invention under
the temperature conditions of the partial oxidation of aromatic hydrocarbons to
aldehydes, carboxylic acids and/or carboxylic anhydrides, in particular the partial

35 oxidation of o-xylene and/or naphthalene to phthalic anhydride or the partial oxidation
of toluene to benzoic acid and benzaldehyde. The reaction gas is passed at from 100
to 650°C, preferably from 250 to 480°C, and a gauge pressure of generally from 0.1 to
2.5 bar, preferably from 0.3 to 1.5 bar, and at a space velocity of generally from 750 to
5000 h™ over the catalyst bed which has been prepared in this way.
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In a preferred embodiment of the process for the partlal oxidation of aromatic

hydrocarbons to aldehydes, carboxylic acids and/or carboxylic anhydrides, which has
been found to be particularly advantageous for the preparation of phthalic anhydride

30 from o-xylene and/or naphthalene, the aromatic hydrocarbon is firstly reacted over a
bed of the coated catalyst of the present invention to convert it partially into a reaction
mixture. The reaction mixture obtained or a fraction thereof can then be brought into
contact with at ieast one further catalyst whose catalytically active composition
comprises vanadium pentoxide and anatase.

35
The gaseous stream is preferably passed successively over a bed of an upstream
catalyst and a bed of a downstream catalyst, where the bed of upstream catalyst
comprises a catalyst according to the present invention and the bed of downstream
catalyst comprises at least one catalyst whose catalytically active composition

40 comprises vanadium pentoxide and anatase. In general, the catalytically active
composition of the downstream catalyst comprises from 1 to 40% by weight of
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25 This way of carrying out the reaction achieves a significantly higher overall phthalic
anhydride yield than when only catalyst systems based on vanadium oxide/anatase are
used, since the coated catalysts of the present invention can oxidize o-xylene and/or
naphthalene significantly more selectively to phthalic anhydride or the abovementioned

intermediates.
30
The oxidation of toluene to benzaldehyde and/or benzoic acid can be carried out in an
analogous fashion. Benzaldehyde is used, for exampie, as a flavor.
Examples
3B
A Catalysts

A.1  Ceq02Ag071V20y (catalyst according to the present invention)

40 102 g of V.05 (= 0.56 mol) were added whilst stirring to 7 | of deionized water at 60°C.
The suspension was admixed with an aqueous solution of 4.94 g of CeNO; * 6 H,O (=
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scintillation detector. ghe followm ng lattice plane spacings d [A] with the
associated relative intensities IBL [%4 were observed in the X-ray powder
diffracti on pe t dimioAldh- 8404 (catalyst adcbrdigg {odthe preseot iegerties) 1), 5. 05 (12.5),
15 4.35 (23), 3.85 (16.9), 3.41 (62.6), 3.09 (55.1), 3.02 (100), 2.58
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to 7 | of deiorngedmyrichenstur Splirity 98.5%). An aqueous solution of 68 g of AQNO; (=
0.398 mol} in 1| of water was added to the resulting orange suspension while
continuing to stir. The temperature of the suspension obtained was subsequently
25 increased to 90°C over a period of 2 hours and the mixture was stirred for 24 hours at
this temperature. The dark brown suspension obtained was then cooled and spray
dried (inlet temperature (air)=350°C, outlet temperature (air) = 110°C).

The powder obtained had a specific surface area determined by the BET method of

30 58 m%g. An X-ray powder diffraction pattern of the powder obtained was recorded. The
following lattice plane spacings d [A] with the associated relative intensities |, [%] were
observed in the X-ray powder diffraction pattern: 15.09 {6.8), 11.98 (5.7), 10.61 (9.4),
4.36 (16.8), 3.84 (14.7), 3.40 (81.7), 3:09 (61.1), 3.01 (100), 2.58 (26.4), 2.47 (27.9),
2.41 (21.6), 2.36 (37.8), 2.04 (32.2), 1.93 (28.9), 1.80 (42.2), 1.55 (43.4).

35
A3  AgosV:0x (comparative catalyst)

102 g of V.05 (= 0.56 mol) were added whilst stirring to 7 | of deionized water at 60°C.

An aqueous solution of 69.5 g of AgNO; (= 0.409 mol}) in 1 | of water was added to the
40 resulting orange suspension while continuing to stir. The temperature of the

suspension obtained was subsequently increased to 80°C over a period of 2 hours and
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25
1400 g of steatite (magnesium silicate) rings having an external diameter of 8 mm, a
length of 6 mm and a wall thickness of 1.6 mm were heated to 160°C in a coating drum
and, together with 13.8 g of an organic binder comprising a copolymer of acrylic acid-
maleic acid (weight ratio = 75:25), sprayed with a suspension comprising 466 g of
30 anatase having a BET surface area of 21 m%/g, 67.2 g of vanadyl oxalate, 14.4 g of
antimony trioxide, 3.15 g of ammonium hydrogenphosphate, 2.87 g of cesium sulfate,
721 g of water and 149 g of formamide. The catalytically active composition applied in
this way comprises, on average, 0.16% by weight of phosphorus (calculated as P),
7.5% by weight of vanadium (calculated as V.0Os), 3.2% by weight of antimony
35 (calculated as Sb.Q3), 0.40% by weight of cesium (calculated as Cs) and 88.74% by
weight of titanium dioxide.

The coated catalyst obtained in this way was heated to 160°C in a coating drum and,

together with 14 g of an organic binder comprising a copolymer of acrylic acid-maieic
40 acid (weight ratio = 75:25), sprayed with a suspension comprising 502 g of anatase

having a BET surface area of 21 m%g, 35.8 g of vanadyl oxalate, 2.87 g of cesium
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25 A3

An 80 cm long iron tube having an internal diameter of 16 mm was charged with the
catalyst A.1, A.2 or. A .3 (coated steatite spheres) to a bed length of 66 cm. To regulate
the temperature, the iron tube was surrounded by an electric heating jacket. 360

30 standard I/h of air laden with 60 g of 98.5% strength by weight o-xylene per standard
m? of air were passed through the tube from the top downward. The results obtained
are summarized in the table below.

Table
35
Catalyst Stoichiometry of |Reaction Conversion |COy-
the active temperature | (o) selectivity”
composition C) (%)
Catalyst from
example A.1 Ceoo2Age71Va0x (350 58 11
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proportion o verte |nt

t h h duct
Pt hal | ¢ annodPTele ol eHFRCA e ERYed MR ILS trebhr e Sainsa hote p BT Pt o
10  area of the active composition of 6.7 m%/g and a vanadlum oxidation state of 4.63. The

following lattice plane spacings d [A] with the associated relative intensities |, [%] were
observed in the X-ray powder diffraction pattern: 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 (37.5), 1.52 (23.5).
15
B.2 Preparation of phthalic anhydride using a combination of the comparative
catalyst from example A.3 and the reference catalyst A.4 and A.5 in one tube

0.80 m of the catalyst A.5, 1.40 m of the catalyst A.4 and subsequently 0.80 m of the
precatalyst A.3 (coated steatite rings) were introduced from the bottom upward into a
3.85 m long iron tube having an internal diameter of 25 mm. To regulate the
temperature, the iron tube was surrounded by a salt melt. 4.0 standard m*h of air
laden with 80 g of 98.5% strength by weight o—xylene per standard m® of air were
passed through the tube from the top downward. At a salt bath temperature of
353-360°C, an average PA yield of 115.5% by weight was achieved (the yield is the
amount of phthalic anhydride in percent by weight, based on 100%-pure o-xylene). The
conversion was more than 99.94%, and the residue phthalide content at the reactor
outlet was less than 0.35% by weight.

20

25

30 B.3 Preparation of phthalic anhydride using a combination of the catalysts according
to the invention from example A.1 and the reference catalysts A.4 and A.5 i one

fube

The procedure of exampie B.2 was repeated using 0.80 m of the catalyst A.5, 1.40 m
of the catalyst A.4 and subsequently 0.80 m of the precatalyst A.1. An average PA
yield of 117.2% by weight was achieved.

35



and phthalide and al so by-products such as nal ei ¢ anhydride, citraconic
anhydri de angrlpgpgedsgsaci d. A sanple of catalyst A 1 renoved fromthe
reactor was found to aave a BET surface 10 area of the active conposition
of 6.7 nmRlg and a vanadi um oxi dation state of 4.63. The followng lattice

pl ane spacings d [A] with the associated 16el ative intensities |,e, [Y4 were
Observed in the X-ray powder diffraction pattern: 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
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Preparati on of phtthalpreseatihyehtioddroorséxagnple A@dndtae refareote thtalysisnpénad i ve
catal yst from exg@ih%né@% nd the reference catalyst A 4 and A 5 in one tube
0.80 mof_the catalyst A5, 1.40 mof the catalyst A 4 and subsequently 0.80
m of the 220 precatal yst A 3 (coated steatite rings) were introduced from
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0 stan nB/. n w of 98 rengt h by
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t he top downtherresidus phthalietcobtenhatt thepeactar wutietovas18s3than 8603 byweightThige PA
yi el d of 14 15¢ihhy sMENLIRat Whh MetafiRE &1ithe presBhtdniehtibi 8re @ERURGNH PIA Pht hal i c
anhydride in .E%rcenb bé 'V\%ght tgaﬁ}efglontloél%e pEre 0- x#ll ene%’. T '
conver si on w{E 9iGPR PE FENCYRT @V, at 2 pd ienath allhg Silveryamae g X5 PNt at ¢ he
reactor out wbichimsigniicantly hbortep ttggoin lexampiedht.. 30 B. 3 Preparati on of
pht hal i ¢ anhydri de using a conbination of the catalysts according to the
invention fromexanple A 1 and the reference catalysts A4 and A 5 in one
tube The procedure of exanple B.2 was repeated using 0.80 mof the catalyst
A5 1.40 m 35 of the catalyst A 4 and subsequently 0.80 mof the
precatal yst A. 1. An average PA yield of 117.2% by wei ght was achi eved. PF
0000054734 16 B. 4 Preparation of phthalic anhydride using a conbination of
the catal ysts according to the present invention fromexanple A 2 and the
reference catalysts A4 and A 5 in one tube 5 The procedure of exanple B.3
was repeated using 0.90 mof the catalyst A5 1.60 m of the catalyst A 4
and subsequently 0.50 mof the precatalyst A 1. An average PA vyield of
116. 7% by wei ght was achi eved. The conversion was nore than 99.94% and



t he residue | ntent at the reactor outlet was |ess than 0.35% by
wei ght. Thi s%@?g%{%oshom that when the catal ysts of the present
invention are used, high PA yields can be achi eved even at a bed | ength of
t he silver-vanadi um oxi de catal yst which4fs significantly shorter than in
exanpl e B. 1'W€EI£&00054734 17 5 W claim1l. Anultinmetal oxide of the
formula I, Aga_, V2Qd * e H2O | where a is from0.3 to 1.9, 10 Qis an
el enent selected fromanong P, As, Sb and/or Bi, bis fromO to 0.3, 15 Mis
a nmetal sel ect ed A multinatd ogidbief tHeformMlah, Ta, Pd, Pt, Ru and Rh, c¢ is from
0.001 to 0.5, with the proviso that (a-c) -a 0.1, d is a nunber which is
determ ne% by the val ence and abundance of the 20 elenents other than
oxygen in<the formula |I and i saf O 0. 2. The nultinmetal oxide
according to claim1 in whi c%dag%bh%’%@“ Oéplﬁ "¢ is from0.01 to 0.1. 30 3.
The nul ti net al o%hgrg according to claim1 or 2 which has a crystal structure
whose X-ray powder diffraction pattern displays reflections at |attice pl ane
spacings d of 15.23 0.6, 12.16 0.4, 10.68 0.3, 3.41 0.04, 3.09 0.04,
3.02 0.04, 2.36a 0. ®ran@.31to8I09, 0. 04 A. 35 4. The multinetal oxide
accordinggto any of claims 1 to 3 which has a specific surface area

det erm neg by the BET net hod of fron}r3 to 250 n2/g. 5. The multinetal oxide
according to anyYof & 2 fgmentsplerted, %iaﬁ}?“ﬂ’lﬁ'f‘sébéf‘d’%&- 40 6. The use of a
mul tinetal oxide according to any of clains 1 to 5 for producing

precatal ysts andypcat  ysh9th@ra t he gas-phase partial oxidation of aromatic
hydr ocar bons. PF 0000054734 18

15 M is a metal selected from among Nb, Ce, W, Mn, Ta, Pd, Pt, Ru and Rh,

c is from 0.001 to 0.5, with the proviso that (a-c) > 0.1,

d is a number which is determined by the valence and abundance of the
20 elements other than oxygen in the formuila | and
e is from O to 20.

2.  The multimetal oxide according to claim 1 in which
25
b is 0 and

c is from 0.01 to 0.1.

30 3. The multimetal oxide according to claim 1 or 2 which has a crystal structure
whose X-ray powder diffraction pattern displays refiections at lattice plane
spacings d of 15.23 £ 0.6, 12.16 + 0.4, 10.68 + 0.3, 3.41 + 0.04, 3.09 £0.04, 3.02
+0.04,2.36 + 0.04 and 1.80 + 0.04 A.

35 4. The multimetal oxide according to any of claims 1 to 3 which has a specific
surface area determined by the BET method of from 3 to 250 m?/g.

5. The multimetal oxide according to any of claims 1 to 4 in which M is Ce or Mn.
40 6. The use of a multimetal oxide according to any of claims 1 to 5 for pro«iucing

precatalysts and catalysts for the gas-phase partial oxidation of aromatic
hydrocarbons.



7. A precat alpy;sd gcan be converted into a catalyst for the gas-phase
partial oxi datlon o aromatlc hydrocarbons and conprises an inert nonporous
support and at |east one layer conprising a nultinmetal oxide according to
any of claims 1 5 to 5 applied thereto. § The precatal yst according to
claim6 which conprises from5 to 25% by wei ght, based on the total weight
of the precatal yst, of nultinetal oxide. 10 9. The precatal yst according to
claim 7 or 87whodePrecatalystyigioeanhe eanyeded inteea eatalyst forthmgaspbesepartiali t e. 10.

A catal yst for t bgidgtsr dfupeRativatydredartons datiicompAsesPdrPiRBl nBnpfeiPaPp Bﬂ”s
whi ch conprises aﬁ&' a{ @géttongqgé? ﬁr‘ﬁ?nfﬁ‘ﬁ P %l}ltl gl’ o ré%g%ﬁgg&ﬁ a%&%f clglms ‘? ast

one | ayer _15 com&:;;< y ac
si | ver - vafadi um 568!3 lﬂddhﬁ"éo whi ch conpri ses at | east one nmetal M sel ected
fromthe group consisting of Nb, Ce, W M, Ta, Pd, Pt, Ru and Rh and/or in

v eh he Ay a0Rbadathaldrdhg o' uhin ol Yol gy 2 ©
t he si | ver - vanadPasgdhenthedotabweight pf the(p;egatalw °fl"2U|t"'FﬁE3| exfel yst according to
claim10 or 11 having a |l ayer whose catalytically active conposition has a

BET surfage af eanZ%E \R}]éc‘a@ly%t 59%01&9%, BhGim ?? é%hoé@ﬁeﬁ%ﬁ%{rﬁ@ ﬁgp%gét%ﬁgriélo any

of clainms 10 t oduced froma nu
conposi tion accoFBmﬁﬁselscﬁt?ﬂt%ﬁ m 1 or a precatalyst according to claim7. 30
14. A process for preparing al dehydes, carboxylic acids and/or carboxylic

hydri d
hydr ocar bon Zﬁd““é'&i‘aﬁsé?%ﬁ%na SN Pdafo R araRaIHORIeRD i .

with a catal yst &BTBPRAS BPUSFURPAR aT@) "ﬁ%thﬁfe“él"g\%sbﬁf‘q la¥®fer at ur e.
35 15. TH& pr ocessmpising, cisrgtaiyicallysaativd dompésitioni a siivez-vanadilip sixidesbrgnzeduced

:Opoigts g ; (r:g(r)nr 3| nWhﬁ,‘ﬁ%ﬁ'gnY@és aqeégt@h@%étéelrnglgﬂeg&d%ﬁ'm& gfoup Q:oﬂ%lare ofg{lgl e
or a fraction thg:ieegf %*rbl.'?r %@Jﬁt R“'ﬁpg\%cﬁﬂdglff V(F'Fh%ﬁ% g(na?é?mﬁﬁ@t'q 'ﬁ?

cat al yst 40 whos®&.1&d0 &S5 ancthe ¥ @tdmie ratiorp fromt 0.0005tod25. ses vanadi um

pent oxi de and anat ase. PF 0000054734 19 17. The process accordi ng to claim
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upstream
Ce or Mn.

12. The catalyst according to claim 10 or 11 having a layer whose catalytically active
composition has a BET surface area of from 2 to 100 m*/g.
25
13. The catalyst according to any of claims 10 to 12 which can be produced from a
multimetal oxide composition according to claim 1 or a precatalyst according to
claim 7.

30 14. A process for preparing aldehydes, carboxylic acids and/or carboxylic
anhydrides, in which a gaseous stream which comprises an aromatic
hydrocarbon and a gas comprising molecular oxygen is brought into contact with
a catalyst according to any of claims 10 to 13 at elevated temperature.

35 15. The process according to claim 14, wherein the catalyst is produced in situ from a
precatalyst according to any of claims 7 to 9.

16. The process according to claim 14 or 15, wherein the reaction mixture obtained
or a fraction thereof is brought into contact with at least one further catalyst
40 whose catalytically active composition comprises vanadium pentoxide and
anatase.



catal yst, where the bed of upstream catal yst conprises a catal yst accordi ng
t.o clai m 10 pegboobs4zsad of downstream catal yst conprises at | east one

catal yst 5 whose catalytically active conposition conprises vanadi um

pent oxi de and anatase. 18. The process according to claim 17, wherein the
catal ytically active conposition of the #8wnstream catal yst conprises from

g to _40‘;{2 byf w?l ?Whe@fodééﬂéé&dﬂdﬁh@l@ élgim 16) viridrgib i Gabeass %f?éb% i§f§@.%@0 L ;3 9?%
weli 0] | r e a S Q %% wej of a

cgsi umgcorrpound, ggg#g}]?gy ég&aasb%#fcﬁués rgir%%aﬁ%ﬂsq ?éﬁ}ed&f %goﬁlﬁéﬁ%?us

cormpound, cal cul &8talyshavhere hadedof tpstiegmm eatalveti aprtprises a gataiysbascondingie,

cal cul ated as SbZ@dn 10%nd%he Béteofiodsetisarh catndt Benpriseslaticastidhe oitsiysti n t he

bed of thg dOW“SWnsm@?@géécﬁgtacﬁ&eo{%dnc%ﬁ%n%Bm'pglég%} vandBiy é’r{t&efé afeft al ysts

whose catal ytically ac MPosSI as a ering content, with the
Cs content decre®8#%8€in the flow direction of the gaseous stream 20 20.
The process according to any of clains 14 to 19, wherein o-xylene or

b ocar oo 5 T il S CUBPIY AR ) Bdch o BONEH b
the downstream catalyst comprises fro to 40% by weight of vanadium oxide,
10 calculated as V.05, from 60 to 99% by weight of titanium dioxide, calcuiated as
TiO,, up to 1% by weight of a cesium compound, calculated as Cs, up to 1% by
weight of a phosphorus compound, calculated as P, and up to 10% by weight of

antimony oxide, calculated as Sb,0s.

15 19. The process according to claim 18, wherein the bed of the downstream catalyst
comprises at least two layers of catalysts whose catalytically active composition
has a differing Cs content, with the Cs content decreasing in the flow direction of
the gaseous stream.

20 20. The process according to any of claims 14 to 19, wherein o-xylene or
naphthalene or a mixture of o—xylene and naphthalene is used as aromatic
hydrocarbon and is oxidized to phthalic anhydride.



