
Title: MULTI-METAL OXIDE CONTAINING SILVER, VANADIUM AND A PROMOTER METAL
AND USE THEREOF  Abstract: The invention relates to a multi-metal oxide of
general formula (I): Ag[err]Q[err]M[err]V[err]O[err] * [err] H[err]O, in
which a represents a value between 0.3 and 1.9. Q represents an element
selected from P, As, Sb and/or Bi. b represents a value between 0 and 0.3,
M represents a metal selected from Nb,. Ce, W, Mn. 'l'a, Pd, Pt. Ru and/or
Rh. c represents a value between 0.001 and 0.5. with the  proviso that la-c1
= 0.1. d represents a number determined by the valency and abundance of
elements other than oxygen in formula  (I) and e represents a value between
0 and 20. The invention also relates to pre-catalysts and catalysts for the
partial oxidation of  aromatic hydrocarbons, produced from said multi-metal
oxide.   PF 0000054734 1 Multimetal oxide comprising silver, vanadium and a
promoter metal and use thereof The present invention relates to a multimetal
oxide comprising silver, vanadium and a  promoter metal, its use for
producing precatalysts and catalysts for the gas-phase 5 partial oxidation
of aromatic hydrocarbons, the (pre)catalysts obtained in this way and a
process for preparing aldehydes, carboxylic acids and/or carboxylic
anhydrides using  the catalysts. As is known, many anhydrides, carboxylic
acids and/or carboxylic anhydrides are 



10 prepared industrially by catalystic gas-phase oxidation of aromatic
hydrocarbons such  as benzene, o-, m- or p-xylene, naphthalene, toluene or
durolene (1,2,4,5- tetramethylbenzene) in fixed-bed reactors, preferably
shell-and-tube reactors.  Depending on the starting material, these
oxidations give, for example, benzaldehyde,  benzoic acid, maleic anhydride,
phthalic anhydride, isophthalic acid, terephthalic acid 15 or pyromellitic
anhydride. The oxidations are generally carried out by passing a mixture  of
a gas comprising molecular oxygen, for example air, and the starting
material to be  oxidized through a large number of tubes which are arranged
in a reactor and each  contain a bed of at least one catalyst. 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 I, Aga-CQbMCV2Od * e H2O, I 30 where a is from 0.3 to
1.9, Q is an element selected from among P, As, Sb and Bi,  35 b is from 0
to 0.3, M is a metal selected from among Nb, Ce, W, Mn, Ta, Pd, Pt, Ru
and/or Rh,  40 c is from 0.001 to 0.5, with the proviso that (a-c) z 0.1, 1
PF 0000054734 2  d is a number which is determined by the valence and
abundance of the elements other than oxygen in the formula I and e is from 0
to 20. 5 The invention also provides a precatalyst which can be converted
into a catalyst for the  gas-phase partial oxidation of aromatic
hydrocarbons and comprises an inert  nonporous support and at least one
layer comprising a multimetal oxide as defined  above applied thereto. 10
The invention also provides a catalyst for the gas-phase partial oxidation
of aromatic  



hydrocarbons which comprises an inert nonporous support and, applied
thereto, at  least one layer comprising, as catalytically active
composition, a silver-vanadium oxide  bronze which contains at least one
metal M selected from the group consisting of Nb, 15 Ce, W, Mn, Ta, Pd, Pt,
Ru and/or Rh and in which the Ag:V atomic ratio is from 0.15 to  0.95 and
the M:V atomic ratio is from 0.0005 to 0.25, preferably from 0.001 to 0.15.
The invention also provides a process for preparing aldehydes, carboxylic
acids and/or  carboxylic anhydrides, in which a gaseous stream which
comprises an aromatic 20 hydrocarbon and a gas comprising molecular oxygen
is brought into contact with a  catalyst as defined above at elevated
temperature. The multimetal oxide of the present invention preferably has a
crystal structure whose  X-ray diffraction pattern displays reflections at
lattice plane spacings d of 15.23  0.6, 25 12.160.4, 10.680.3, 3.41 0.04,
3.090.04, 3.020.04, 2.360.04 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 and can be calculated from the measured diffraction angle by means
of the Bragg  equation. In the multimetal oxide of the formula 1, 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
c is preferably from 0.005 to 0.2, in particular 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 I. The number e, which is a measure of
the water  content, is preferably from 0 to 5. PF 0000054734 3  The specific
surface area determined by the BET method and measured in accordance  with
DIN 66 131, which is based on the "Recommendations 1984" of the
International  Union of Pure and Applied Chemistry (IUPAC) (cf. Pure & Appl.
Chem. 57, 603 (1985)),  is generally more than 1 m2/g, preferably from 3 to
250 m2/g, in particular from 10 to 5 250 m2/g and particularly preferably
from 20 to 80 m2/g. As metals M, preference is given to Nb, Ce, W, Mn and
Ta, in particular Ce and Mn, of  which Ce is most preferred. 10 To prepare
the multimetal oxides of the invention, it is usual to heat a suspension of
vanadium pentoxide (V205) with the solution of a silver compound and a
solution of a  compound of the metal component M and, if appropriate, the
solution of a compound of  0. As solvents for this reaction, it is possible
to use polar organic solvents such as  



polyols, polyethers or amines, e.g. pyridine, or preferably water. As silver
salt, 15 preference is given to using silver nitrate, but the use of other
soluble silver salts, e.g.  silver acetate, silver perchlorate or silver
fluoride, is likewise possible. If used, the element or elements Q from the
group consisting of P, As, Sb and Bi can  be employed in elemental form or
as oxides or hydroxides. However, they are 20 preferably used in the form of
their soluble compounds, especially their organic or  inorganic
water-soluble compounds. Among these, particular preference is given to
inorganic water-soluble compounds, especially the alkali metal and ammonium
salts  and in particular the partly neutralized or free acids of these
elements, e.g. phosphoric  acid, hydroarsenic acid, hydroantimonic acid,
ammonium hydrogenphosphates, 25 hydrogenarsenates, hydrogenantimonates 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 V205 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 375C,  PF 0000054734 4  preferably from 20 to 100C
and particularly preferably from 60 to 100C. If the  temperature of the
reaction is above the boiling point of the solvent used, the reaction  is
advantageously carried out under the autogenous pressure of the reaction
system in  a pressure vessel. The reaction conditions are preferably chosen
so that the reaction 5 can be carried out at atmospheric pressure. The
duration of this reaction can be from  10 minutes to 3 days, depending on
the type of starting materials reacted and the  temperature conditions
employed. It is possible to prolong the reaction time of the  reaction, for
example to 5 days and more. In general, the reaction of the V205 with the  



silver compound and the compound of the metal component M to form the
multimetal 10 oxide of the present invention is carried out over a period of
from 6 to 24 hours. The  orange-red color of the V205 suspension changes
during the reaction and a new  compound in the form of a dark brown
suspension is formed. Depending on the desired chemical composition of the
multimetal oxide of the formula  15 1, the amounts of V205, silver compound
and the compound of the metal component M determined by a and c of formula I
are reacted with one another to prepare it. Thus, the  silver compound is
generally reacted with the vanadium pentoxide in a ratio which  corresponds
to an atomic ratio of Ag:V of from 0.15 to 0.95, preferably from 0.25 to
0.5,  corresponding to a value of a in the formula I of from 0.3 to 1.9 or
0.5 to 1.0, 20 respectively. The silver compound is particularly preferably
used in an amount relative  to the vanadium pentoxide corresponding to an
atomic ratio of Ag:V of from 0.3 to 0.45,  corresponding to a value of a in
the formula I of from 0.6 to 0.9. The compound of the  metal component M is
generally used in an amount of from 0.0005 to 0.25, preferably  from 0.001
to 0.1, based on V205. After the reaction is complete, the multimetal oxide
25 of the present invention is obtained with a fibrous crystal morphology.
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 example, 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 also 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 200C for any
prolonged 40 time. In general, the outlet temperature of the drying gas is
set to from 50 to 150C,  preferably from 100 to 140C. If storage of the
multimetal oxide is not intended, the PF 0000054734 5  multimetal oxide
suspension obtained can also be passed to the further use, for  example, the
production of the precatalysts of the present invention by coating, without
prior isolation and drying of the multimetal oxide. 



5 The multimetal oxides of the present invention are used as precursor
compounds for  the preparation of the catalytically active composition of
catalysts employed for the gas- phase oxidation of aromatic hydrocarbons by
means of a gas comprising molecular  oxygen to form aldehydes, carboxylic
acids and/or carboxylic anhydrides. 10 Even if the multimetal oxides of the
present invention are preferably used for producing  coated catalysts, they
can also be used as precursor compounds for producing  conventional
supported catalysts or all-active catalysts, i.e. catalysts which do not
contain a support material. 15 The production of the catalysts of the
present invention for the partial oxidation of  aromatic hydrocarbons to
give aldehydes, carboxylic acids and/or carboxylic  anhydrides from the
multimetal oxides of the present invention is advantageously  carried out
via the stage of a "precatalyst" which can be stored and handled as such
and from which the active catalyst can be produced either by thermal
treatment or in 20 situ in the oxidation reactor under the conditions of the
oxidation reaction. The  precatalyst is thus a precursor of the catalyst,
which comprises an inert nonporous  support material and at least one layer
applied thereto in the form of a shell, with this  layer preferably
comprising from 30 to 100% by weight, in particular from 50 to 100%  by
weight, based on the total weight of this layer, of a multimetal oxide of
the formula I. 25 The layer particularly preferably consists entirely of a
multimetal oxide of the formula I.  If the catalytically active layer
further comprises additional components in addition to  the multimetal oxide
of the formula I, these can be, for example, inert materials such as
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 (SiO2), porcelain, magnesium oxide, tin
dioxide, silicon carbide, rutile,  alumina (A1203), 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 PF 0000054734 6  



which should ideally contain no pores can be technically unavoidable. As
advantageous support materials, particular mention may be made of steatite
and  silicon carbide. The shape of the support material is generally not
critical for the  precatalysts and coated catalysts of the present
invention. For example, it is possible to 5 use catalyst supports in the
form of spheres, rings, pellets, spirals, tubes, extrudates or  granules.
The dimensions of these catalyst supports correspond to the catalyst
supports customarily used for producing coated catalysts for the gas-phase
partial  oxidation of aromatic hydrocarbons. As mentioned, the
abovementioned support  materials can also be mixed in powder form into the
catalytically active composition of 10 the coated catalysts of the present
invention. The coating of the inert support material with a shell of the
multimetal oxide of the  present invention can in principle be carried out
using known methods of the prior art.  For example, the suspension obtained
in the reaction of the vanadium pentoxide with a 15 silver compound, a
compound of the metal component M and, if appropriate, Q can, in  accordance
with the process of DE -A 16 92 938 and DE-A 17 69 998, be sprayed  onto the
catalyst supports consisting of an inert support material at elevated
temperature in a heated coating drum until the desired amount of multimetal
oxide,  based on the total weight of the precatalyst, has been reached. In
place of coating 20 drums, it is also possible to use, in a manner analogous
to DE-A 21 06 796, fluidized- bed coaters as described in DE-A 12 80 756,
for applying the multimetal oxide of the  present invention in the form of a
shell to the catalyst support. In place of the  suspension of the multimetal
oxide of the present invention as obtained in the reaction,  it is also
possible to use, particularly preferably, a slurry of the powder of the
multimetal 25 oxide of the invention obtained after isolation and drying in
these coating processes. As  described in EP-A 744 214, organic binders,
preferably copolymers, can be added in  dissolved form or advantageously in
the form of an aqueous dispersion to the  suspension of the multimetal oxide
of the present invention as is formed in its  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-butanediol 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 vinyl  



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 PF
0000054734 7  1 to 10% by weight, based on the solids content of the
suspension or slurry. Coating of the catalyst support with the multimetal
oxides of the present invention is  generally carried out at coating
temperatures of from 20 to 500C, and can be carried 5 out in the coating
apparatus under atmospheric pressure or under reduced pressure.  To produce
the precatalysts of the present invention, coating is generally carried out
at  from 0C to 200C, preferably from 20 to 150C, in particular from room
temperature to  100C. When the catalyst support is coated with a moist
suspension of the multimetal  oxides of the present invention, it can be
advantageous to employ higher coating 10 temperatures, e.g. temperatures of
from 200 to 500C. At the abovementioned lower  temperatures, part of a
polymeric binder used in the coating process can remain in the  layer
applied to the catalyst support. During later conversion of the precatalyst
into a coated catalyst according to the 15 present invention by thermal
treatment at from > 200 to 500C, the binder is removed  from the applied
layer by thermal decomposition and/or combustion. The conversion of  the
precatalyst into a coated catalyst according to the present invention can
also be  carried out by thermal treatment at above 500C, for example at
temperatures up to  650C, preferably at from > 200 to 500C, in particular
from 300 to 450C. 20 Above 200C, in particular at temperatures above 300C,
the multimetal oxides of the  present invention decompose to form
catalytically active silver-vanadium oxide  bronzes. 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 [V2O5] 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 500C,
this decomposition proceeds  virtually to completion, so that coating at
from 300 to 500C 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 PF
0000054734 8  the reactor for the oxidation of the aromatic hydrocarbons.
During the thermal treatment of the precatalysts of the present invention at
from < 200  to 650C, preferably from < 250 to 500C, in particular from 300
to 450C, the 5 multimetal oxides present in the precatalyst decomposes to
form silver-vanadium oxide  bronzes. This conversion of the multimetal
oxides of the present invention present in  the precatalyst into
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 acids and/or carboxylic anhydrides, for example in the
reactor for 10 preparing phthalic anhydride from o-xylene and/or
naphthalene, at the customary  temperatures of from 300 to 450C when a
precatalyst according to the present  invention is used in place of the
coated catalyst of the present invention in this reaction.  In this case, a
steady increase in the selectivity of the coated catalyst is generally
observed until the conversion of the multimetal oxide of the present
invention into the 15 silver-vanadium oxide bronzes is complete. The
silver-vanadium oxide bronzes formed  in this way are thus a catalytically
active constituent of the catalytically active layer of  the coated catalyst
of the present invention. The thermal conversion of the multimetal oxides of
the present invention into silver- 20 vanadium oxide bronzes proceeds via a
series of reduction and oxidation reactions  which are not yet understood in
detail. A further possible way of producing a coated catalyst according to
the present  invention comprises treating the multimetal oxide powder of the
present invention 25 thermally at from > 200 to 650C and coating the inert
nonporous catalyst support, if  appropriate with addition of a binder, with
the silver-vanadium oxide bronze obtained in  this way. 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 PF 0000054734 9  catalytically active layer of the coated catalysts of
the present invention particularly  preferably consists entirely of the
silver-vanadium oxide bronzes produced according to  the present invention.
If the catalytically active layer or layers comprises further  components in
addition to the silver-vanadium oxide bronzes produced according to 5 the
present invention, these can be, for example, inert materials according to
the prior  art, e.g. silicon carbide or steatite, or else catalyst compounds
which are not according  to the present invention for the oxidation of
aromatic hydrocarbons to aldehydes,  carboxylic acids and/or carboxylic
anhydrides, e.g. catalysts based on vanadium  pentoxide/anatase as have been
mentioned by way of example in the above discussion 10 of the prior art. The
thickness of the catalyst shell comprising the catalytically active
constituents is generally from 10 to 250 mm. This also applies when the
catalyst shell  consists of a plurality of layers applied in succession. The
BET surface area of the coated catalysts of the present invention is
generally from  15 2 to 100 m2/g, preferably from 2 to 40 m2/g and
particularly preferably from 3 to 20 m2/g. The coated catalysts of the
present invention are used for the partial oxidation of  aromatic
hydrocarbons to aldehydes, carboxylic acids and/or carboxylic anhydrides, in
20 particular for the gas-phase partial oxidation of o-xylene and/or
naphthalene to phthalic  anhydride or of toluene to benzoic acid and/or
benzaldehyde, by means of a gas  comprising molecular oxygen. For this
purpose, the catalysts of the present invention  can be used alone or in
combination with other catalysts of differing activity, for  example
catalysts of the prior art which are based on vanadium oxide/anatase, with
the 25 different 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 650C, preferably from 250 to 480C,
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. PF 0000054734 10  The
reaction gas supplied to the catalyst is generally produced by mixing a gas
which  comprises molecular oxygen and may further comprise as suitable
reaction moderators  and/or diluents such as steam, carbon dioxide and/or
nitrogen in addition to oxygen  with the aromatic hydrocarbon to the
oxidized. The gas comprising molecular oxygen 5 can generally comprise from
I to 100% by volume, preferably from 2 to 50% by volume  and particularly
preferably from 10 to 30% by volume, of oxygen, from 0 to 30% by  volume,
preferably from 0 to 20% by volume, of steam and from 0 to 50% by volume,
preferably from 0 to I% by volume, of carbon dioxide, balance nitrogen. To
produce the  reaction gas, the gas comprising molecular oxygen is generally
loaded with from 30 to 10 300 g, preferably from 70 to 150 g, of the
aromatic hydrocarbon to be oxidized per  standard m3 of gas. It is
particularly advantageous to use air as gas comprising  molecular oxygen.
The gas-phase partial oxidation is advantageously with two or more zones,
preferably  15 two zones, of the catalyst bed present in the reaction tube
being thermostated to different reaction temperatures, which can be achieved
using, for example, reactors  having separate salt baths, as are described
in DE-A 22 01 528 or DE-A 28 30 765. If  the reaction is carried out in two
reaction zones as described in DE-A 40 13 051 the  reaction zone closest to
the inlet for the reaction gas, which generally comprises from 20 30 to 80%
by volume of the total catalyst volume, is generally thermostated to a
reaction temperature which is from 1 to 20C higher, preferably from 1 to 10C
higher  and in particular from 2 to 8C higher, than that in the reaction
zone nearest the gas  outlet. Such a mode of operation is referred to as
two-zone or multizone structuring of  the reactor. As an alternative, the
gas-phase oxidation can also be carried out at a 



25 uniform reaction temperature without division into temperature zones. In
a preferred embodiment of the process for the partial 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 least 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 PF 0000054734 11  vanadium oxide, calculated as V205,
from 60 to 99% by weight of titanium dioxide,  calculated as TiO2, 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 Sb203. The bed of the downstream catalyst 5
advantageously 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. In the case
of the preparation of phthalic anhydride from o-xylene, the partially
reacted  10 reaction mixture comprises, for example, phthalic anhydride and
other oxidation products such as o-tolualdehyde, o-toluenecarboxylic acid
and phthalide and  unreacted o-xylene. It can then be processed further,
either by a) separating off the o-xylene from the phthalic anhydride and the
other oxidation  15 products which are intermediates on the reaction path
from o-xylene to phthalic anhydride and recirculating it and feeding the
stream of phthalic anhydride and  intermediates into two or more further
catalyst beds comprising, for example, a  coated catalyst based on vanadium
oxide/anatase where the intermediates are  selectively oxidized to phthalic
anhydride; or by 20 



b) passing the product mixture without further work-up, i.e. without
o-xylene being  separated off, over a second catalyst bed or, if
appropriate, over a further catalyst  bed. 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 example, as a flavor. Examples  35 A
Catalysts A.1 Ceo0D2Ago.71V2OX (catalyst according to the present invention)
40 102 g Of V205 (= 0.56 mol) were added whilst stirring to 7 I of deionized
water at 60C.  The suspension was admixed with an aqueous solution of 4.94 g
of CeNO3 * 6 H2O (= PF 0000054734 12  0.011 mol, Aldrich, purity 99%). An
aqueous solution of 68 g of AgNO3 (= 0.398 mol) in  I I of water was added
to the resulting orange suspension while continuing to stir. The
temperature of the suspension obtained was subsequently increased to 90C
over a  period of 2 hours and the mixture was stirred for 24 hours at this
temperature. The dark 5 brown suspension obtained was then cooled and spray
dried (inlet temperature  (air) = 350C, outlet temperature (air) = 110C).
The powder obtained had a specific surface area determined by the BET method
of  61 m21g. An X-ray powder diffraction pattern of the powder obtained was
recorded by 10 means of a D 5000 diffractometer from Siemens using Cu-Ka
radiation (40 kV, 30 mA).  The diffractometer was equipped with an automatic
primary and secondary diaphragm  system and a secondary monochromator and
scintillation detector. The following lattice  plane spacings d [A] with the
associated relative intensities IB1 [%] were observed in the  X-ray powder
diffraction pattern: 15.04 (11.9), 11.99 (8.5), 10.66 (15.1), 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
(23.8), 2.48 (27.7), 2.42  (25.1), 2.36 (34.2), 2.04 (26.4), 1.93 (33.2),
1.80 (35.1), 1.55 (37.8). A.2 Mn0.02Ag0.71V2O X (catalyst according to the
present invention) 20 102 g of V205 (= 0.56 mol) were added whilst stirring
to 7 I of deionized water at 60C.  



The suspension was admixed with an aqueous solution of 2.76 g of Mn(N03)2 *
4 H2O  (= 0.011 mol, Chempur, purity 98.5%). An aqueous solution of 68 g of
AgNO3 (_  0.398 mol) in 1 I of water was added to the resulting orange
suspension while  continuing to stir. The temperature of the suspension
obtained was subsequently 25 increased to 90C 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) = 350C, outlet temperature (air) = 110C). The powder obtained had a
specific surface area determined by the BET method of 30 58 m21g. An X-ray
powder diffraction pattern of the powder obtained was recorded. The
following lattice plane spacings d [A] with the associated relative
intensities I* [%] 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 A.3
Ag073V2Ox (comparative catalyst) 102 g of V205 (= 0.56 mol) were added
whilst stirring to 7 I of deionized water at 60C.  An aqueous solution of
69.5 g of AgNO3 (= 0.409 mol) in 1 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 90C over a period of 2
hours and PF 0000054734 13  the mixture was stirred for 24 hours at this
temperature. The dark brown suspension  obtained was then cooled and spray
dried (inlet temperature (air) = 350C, outlet  temperature (air)-= 110C).
The powder obtained had a specific surface area  determined by the BET
method of 56 m2/b. 5 For example B.1 below, the powders prepared in this way
were applied as follows to  magnesium silicate spheres: 300 g of steatite
spheres having a diameter of from 3.5 to  4 mm were coated with 40 g of the
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 10 at 20C in
a coating drum over a period of 20 minutes and were subsequently dried.  The
weight of the catalytically active composition applied in this way,
determined on a  sample of the precatalyst obtained, was 10% by weight after
heat treatment at 400C  for 1 hour, based on the total weight of the
finished catalyst. 15 For examples B.2 to B.4, the powders were applied as
follows to magnesium silicate  rings: 350 g of steatite rings having an
external diameter of 7 mm, a length of 3 mm  



and a wall thickness of 1.5 mm were coated with 84.4 g of the powder and
9.4g of  oxalic acid with addition of 66.7 g of a mixture comprising 60% by
weight of water and  40% by weight of glycerol at 20C in a coating drum over
a period of 20 minutes and 20 were subsequently dried. The weight of the
catalytically active composition applied in  this way, determined on a
sample of the precatalyst obtained, was 18% by weight after  heat treatment
at 450C for 1 hour, based on the total weight of the finished catalyst. A.4
Reference catalyst (V2O5/TiO2 two-layer catalyst) 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 160C 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 m2/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 V205), 3.2% by weight of antimony
35 (calculated as Sb203), 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 160C in a coating drum and,  together with 14 g of an
organic binder comprising a copolymer of acrylic acid-maleic 40 acid (weight
ratio = 75:25), sprayed with a suspension comprising 502 g of anatase
having a BET surface area of 21 m2/g, 35.8 g of vanadyl oxalate, 2.87 g of
cesium PF 0000054734 14  sulfate, 720 g of water and 198 g of formamide. The
catalytically active composition  applied in this way comprised, on average,
4.0% by weight of vanadium (calculated as  V205), 0.4% by weight of cesium
(calculated as Cs) and 88.8% by weight of titanium  dioxide. The weight of
the layers applied was 9.3% by weight of the total weight of the  5 finished
catalyst. A.5 Reference catalyst (V2Os/TiO2 catalyst) 1400 g of steatite
(magnesium silicate) rings having an external diameter of 8 mm, a  10 length
of 6 mm and a wall thickness of 1.6 mm were heated to 160C in a coating drum
and sprayed with a suspension comprising 468 g of anatase having a BET
surface  area of 21 m21g, 67.2 g of vanadyl oxalate, 16.8 g of antimony
trioxide, 2.95 g of  ammonium hydrogenphosphate, 0.72 g of cesium sulfate,
719 g of water and 150 g of  



formamide until the weight of the layer applied was 10.5% of the total
weight of the 15 finished catalyst (after heat treatment at 450C for 1
hour). The catalytically active  composition applied in this way, i.e. the
catalyst shell, comprised, on average, 0.15%  by weight of phosphorus
(calculated as P), 7.5% by weight of vanadium (calculated as  V205), 3.2% by
weight of antimony (calculated as Sb203), 0.1 % by weight of cesium
(calculated as Cs) and 89.05% by weight of titanium dioxide. 20 B Oxidations
B.1 Preparation of phthalic anhydride using the catalysts according to the
present  invention from examples A.1 and A.2 and the comparative catalyst
from example  25 A.3 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  m3 of
air were passed through the tube from the top downward. The results obtained
are summarized in the table below. Table 35 CatalystStoichiometry
ofReactionConversionCON- the activetemperature(ova)selectivity')
composition(C)(%) Catalyst from example A.1Ceo.02Aga."V2O X3505811 PF
0000054734 15 Catalyst from example A.2MnO,02Aga.7V2OX3504813 Comparative
catalyst from example A.3 Ag0.73V2OX3503710 1) "CO, selectivity" corresponds
to the proportion of the o-xylene which has been  converted into combustion
products (CO, CO2); the remaining selectivity to 100%  corresponds to the
proportion of the o-xylene which is converted into the desired 5 product
phthalic anhydride and the intermediates o-tolualdehyde, o-toluic acid  



and phthalide and also by-products such as maleic anhydride, citraconic
anhydride and benzoic acid. A sample of catalyst A. 1 removed from the
reactor was found to have a BET surface  10 area of the active composition
of 6.7 m21g and a vanadium oxidation state of 4.63. The following lattice
plane spacings d [A] with the associated relative intensities I,e, [%] 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  20 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 m3/h of air  laden with 80 g of 98.5% strength by
weight o-xylene per standard m3 of air were  passed through the tube from
the top downward. At a salt bath temperature of 25 353-360C, 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. 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 in one
tube The procedure of example B.2 was repeated using 0.80 m of the catalyst
A.5, 1.40 m  35 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. PF
0000054734 16 B.4 Preparation of phthalic anhydride using a combination of
the catalysts according  to the present invention from example A.2 and the
reference catalysts A.4 and  A.5 in one tube 5 The procedure of example B.3
was repeated using 0.90 m of the catalyst A.5, 1.60 m  of the catalyst A.4
and subsequently 0.50 m of the precatalyst A.1. An average PA  yield of
116.7% by weight was achieved. The conversion was more than 99.94%, and  



the residue phthalide content at the reactor outlet was less than 0.35% by
weight. This 10 example shows that when the catalysts of the present
invention are used, high PA  yields can be achieved even at a bed length of
the silver-vanadium oxide catalyst  which is significantly shorter than in
example B. 1. PF 0000054734 17 5 We claim 1. A multimetal oxide of the
formula I, Aga_,QbMIV2Od * e H2O, I where a is from 0.3 to 1.9,  10 Q is an
element selected from among P, As, Sb and/or Bi, b is from 0 to 0.3, 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) -a 0.1, d is a number which is
determined by the valence and abundance of the  20 elements other than
oxygen in the formula I and e is from 0 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 reflections 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 m2/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 producing
precatalysts and catalysts for the gas-phase partial oxidation of aromatic
hydrocarbons. PF 0000054734 18 



7. A precatalyst which can be converted into a catalyst for the gas-phase
partial  oxidation of aromatic hydrocarbons and comprises an inert nonporous
support  and at least one layer comprising a multimetal oxide according to
any of claims 1  5 to 5 applied thereto. 8. The precatalyst according to
claim 6 which comprises from 5 to 25% by weight,  based on the total weight
of the precatalyst, of multimetal oxide. 10 9. The precatalyst according to
claim 7 or 8 whose inert nonporous support material  comprises steatite. 10.
A catalyst for the gas-phase partial oxidation of aromatic hydrocarbons
which  comprises an inert nonporous support and, applied thereto, at least
one layer 15 comprising, as catalytically active composition, a
silver-vanadium oxide bronze  which comprises at least one metal M selected
from the group consisting of Nb,  Ce, W, Mn, Ta, Pd, Pt, Ru and Rh and/or in
which the Ag:V atomic ratio is from  0.15 to 0.95 and the M:V atomic ratio
is from 0.0005 to 0.25. 20 11. The catalyst according to claim 10, wherein
the silver-vanadium bronze contains  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 m2/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. PF 0000054734 19  17. The process according to claim
16, wherein the gaseous stream is 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  claim 10 and the bed of downstream catalyst comprises at least one
catalyst 5 whose catalytically active composition comprises vanadium
pentoxide and  anatase. 18. The process according to claim 17, wherein the
catalytically active composition of  the downstream catalyst comprises from
1 to 40% by weight of vanadium oxide, 10 calculated as V205, from 60 to 99%
by weight of titanium dioxide, calculated as  T102, 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 Sb203. 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. 


