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Multimetal oxide materials 

The present invention relates to multimetal oxide materials of 

5 the general formula I 

[A]p [B]q (I), 

where 
10 

A is Mo v xl x2 x3 x4 xs x6 0 
12 a b c d e f g x 

(active phase)~ 

15 B is x 7 cu H 0 
12 h i y 

(promoter phase), 

xi is w, Nb, Ta, Cr and/or Ce, preferably w, Nb and/or er, 

x2 is cu, Ni, co, Fe, Mn and/or Zn, preferably cu, Ni, co and/or 

20 Fe, 

X3 is Sb and/or Bi, preferably Sb, 

X' is Li, Na, K, Rb, Cs and/or H, preferably Na and/or K, 
25 

xs is Mg, ca, Sr and/or Ba, preferabl1 ca, Sr and/or Ba, 

x& is Si, Al, Ti and/or Zr, preferably Si, Al and/or Ti, 

30 X7 is Mo, w, v, Nb and/or Ta, preferably Mo and/or W, 

a is from 1 to 8, preferably from 2 to 6, 

b is from 0.2 to S, preferably from o.s to 2.5, 
35 

c is from 0 to 23, preferably from 0 to 4, 

d is from O to SO, preferably from O to 3, 

40 e is from 0 to 2, preferably from O to 0.3, 

f is from O to s, preferably from o to 2, 

g is from O to SO, preferably from 0 to 20, 
45 
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2 
h is from 4 to 30, preferably from 6 to 24, particularly 

preferably from 9 to 17, 

i is from 0 to 20, preferably from 0 to 10, · 

x and y are each numbers which are deterriiined by the valency 
and frequency of the elements other than oJCYgen in I and 

p and q are non-zero numbers whose ratio p/q is from 160:1 to 
10 1:1, preferably from 20:1 to 1:1, particularly preferably 

from 15:1 to 4:1, 

which contain the component [A]p in the.form of three-dimensional 
regions A which are delimited with respect to their local envi-

15 ronment owing to their chemical composition differing from their 
local environment and are of the chemical composition 

20. 

25 

A Mo v x1 x2 x3 x4 x5 x6 o 
12 a b c d e f g x 

and the component [B]q in t~e form of three-dimensional regions 8 
which are delimited from their local environment owing to their 
chemical composition differing from their local environment and 
are of the chemical composition 

B . x7 Cu H 0 
12 h i y 

where the regions A and B are distributed relative to one another 

30 as in a mixture of finely divided A and finely divided B, with 
the proviso that the regions B contain crystallites ·of oxometal­
lates of the ge~eral formula II 

35 

where 

Cu Mo W V Nb Ta 0 
A B.C D E Y 

(II), 

l/(A+B+C+D+E) is from 0.7 to 1.3, preferably from 0.85 to 1.15, 

40 particularly preferably from 0.95 to l.OS, very 
particularly preferably 1, 

(B+C+D+E)/A is from 0.01 to 1, preferably from 0.05 to 0.3, 

particularly preferably from 0.075 to 0.15 and 
45 very particularly preferably 0.11 and 

------·-------



BASP Aktiengesellsahaf t 950558 o.z. 0050/46067 

y 
3 

is a number which is determined by the valency and 
fre~uency of the elements other than oxygen in II, 

of a novel structure type which is defined below by means of its 
5 X-ray diffraction pattern (fingerprint). The characteristic and 

most intense diffraction lines of the novel structure type are 
shown in the form of interplanar spacings d[AJ independent of the 
wavelength of the X-rays used: 

10 
d cAJ Intensity [%] 

3.40 ± 0.3 100 

3.54 ± 0.3 72 

2.27 ± 0.2 39 
15 6.79 ± 0.3 32 

2.56 ± 0.2 25 

1.57 ± 0.2 22 

1.87 ± 0.2 19 

20 2.96 ± 0.3 18 

3.56 ± 0.3 18 

1.64 ± 0.2 17 

2.66 ± 0.2 16 

25 1.59 ± 0.2 16 

1.5s ± 0.2 16 

2.67 ± 0.2 14 

2.00 ± 0.2 14 

3.04 ± 0.3 13 
30 

1.57 ± 0.2 11 

2.36 ± 0.2 11 

1.44 ± 0.2 11 

1.70 ± 0.2 10 
35 1.51 ± 0.2 10 

2.35 ± 0.2 10 

The stated intensities are relative reference values and are 
based on the diffraction line having the strongest intensity. In-

40 tensity is.understood here as meaning the maximum amplitude of 
the X-ray diffraction band. The associated diffraction angles e 
are obtained from the Bragg relationship: 

sine = ~/2d, 
45 
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4 
where A is the wavelength of the X-rays used for X-ray dif f rac­
tion. The above data are based on the powder pattern of an oxome­
tallate cu1 Mo0 • 9 Wo. 1 . o4 • The corresponding X-ray pattern was 
produced on a Siemens D-5000 diffractometer using Cu Ka radiation 

5 (40 kV, 30 mA, A= 1.5406 A). The diffractometer was equipped with 
an automatic divergence, antidiffusion and counter collimator and 
a Peltier detector. Regarding the stated line intensities, it 
should be noted that, in contrast to the position of the lines, 
the relative line intensities are markedly influenced, in a 

10 manner known per se to a person skilled in the art, by the 
individual crystal orientations established in various prepar­
ations for powder analysis, on the basis of the anisotropy of the 
crystal form, and are therefore less significant for identific­
ation of the n·ovel structure type. The quantitative intensities 

15 stated above are therefore to be understood as typical values 
which may vary by up to ± 50 ' (based on the stated values) in 
the case of the lines of strongest intensity (30-100 t, based on 
the line of strongest intensity). 

20 The novel structure type is to be defined below as HT (lligh 
~emperature) copper molybdate type, and crystallites of 
oxometallates II of the novel· structure type defined above are to 
be referred to as crystallites B*. 

25 The present invention also relates to the oxometallates II them­
selves and processes for the preparation of oxometallates II and 
of multimetal oxide materials I. 

The present invention furthermore relates to the use of oxometal-
30 lates II or multimetal oxide materials I for catalytic gas-phase 

oxidations of low molecular weight organic compounds. 

DE-A 4 335 973 and US-A 4 035 262 relate to multimetal oxide ma­
terials whose empirical elemental composition corresponds to that 

35 of the novel multimetal oxide materials. These multimetal oxide 
materials are prepar~d by processing suitable sources of the com~ 
ponents of the desired multimetal oxide materials in the required 
amounts to give an intimate dry mixture and then calcining the 
latter at elevated temperatures for several hours. The resulting 

40 multimetal oxide materials are recommended as catalysts for the 
preparation of acrylic acid from acrolein by gas~phase catalytic 
oxidation. However, the disadvantage of the prior art multimetal 
oxide materials is tha:t.durinq"their use, the ~electivity of the 
acrylic acid formation at a given. acrolein conversion is not "com-

45 pletely satisfactory. Furthermore, these multimetal oxide materi­
als. exhibit pronounced forming behavior, ie.", when freshly pre­
pared multimetal oxide materials are used, the selectivity (at a 
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given acrolein conversion) of the acrylic acid formation reaches 
its final value only after a relatively long operating time, and 
said final value then remains essentially stationary. Further­
more, the reproducibility of their preparation·with respect to 

5 the stationary final value of the ~electivity of the acrylic acid 
formation i~ unsatisfactory. 

BP-A 835, DE-C 3 338 380, DE-A 4 220 859 and DE-A 4 307 381 also 
relate to multimetal oxide materials which are suitable as 

10 catalysts for the pr~paration of a,~-monoethylenically unsaturated 
carboxylic acids by gas-phase catalytic oxidation and which 
advantageously have a co-phase/key phase structure. Although the 
general formulae of this prior art also formally include, within 
a broad diversity of possible multimetal oxide materials, those 

15 whose key phase can simultaneously contain the element copper in 
addition to elements such as molybdenum or tungsten, the totality 
of all embodiments comprises not a single such embodiment~ 
rather, said embodiments are limited to those whose key phase 
contains the element bismuth instead of the element copper. The 

20 prior art expressly.recommends this embodiment as.the 
particularly pr'7ferred one. The disadvantage of this preferred 
embodiment of the prior art, however, is that it too is not 
completely satisfactory as a catalyst for the catalytic gas-phase 
oxidation of acrolein to acrylic acid., with regard to the 

25 selectivity of the acrylic acid formation at a given acrolein 
conversion. 

The prior applications DE-A 44 05 058, DB-A 44 05 059 and 
DE-A 44 05 060 relate to multimetal oxide materials which 

30 likewise have a co-phase/key phase structure~ They are 
·particularly suitable for the preparation of methacrylic acid by 
gas-phase catalytic oxidation but are unsatisfactory for the 
catalytic gas-phase oxidation of acrolein to acrylic acid, with 
regard to the selectivity of the acrylic acid formation at a 

35 given acrolein conversion. 

The prior application DE-A 44 OS 514 and the prior application 
DE-A 44 40 891 relate to multimetal oxide materials which 
likewise have a co-phase/key phase structure [A']p, [B']q, the 

40 empirical elemental compositions of the co-phase and of the key 
phase there each being in agreement with the empirical elemental 
compositions of the active phase and of the promoter phase of the 
~ultimetal oxide materials I of the present invention. The two 
above.mentioned prior applications .furthermore state ~hat the key 

45 phases B' there may contain crystallites which have the structure 
type (the X-ray diffraction pattern) of at least one of the 
copper molybdates listed in' Table 1 below (the .expression in 

liii[iifi 
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6 
brackets indicates the source of the associated X-ray diffraction 
fingerprint): 

Table 1: 

cu3 (Mo04)2 (OH)2 (lindgrenite, index card 36-405 of the JCPDS­
ICDD index (1991)), 

(A. Moini et al., Inorg. Chem. 25 (21) (1986) 
pages 3782 to 3785), 

(index card 39-181 of the JCPDS-ICDD index 
(1991)), 

15 CU& Mos 019 (index card 40-865 of the JCPDS-ICDD index 
(1991)), 

20 
Cu Mo 04 

Cu Mo 04 
25 

30 

35 Cu2 Mo Os 

(index card 35-17 of the JCPDS-ICDD index 
(1991)), 

(index card 22-242 of the JCPPS-ICDD index 
( 1991)), 

(Russian Journal of Inorganic Chemistry H (7), 

(1991), 927-928, Table 1, Cu Mo 04-III w~th 
distorted wolframite structure (CuW04, index 
card 21-307 of the JCPDS-ICDD index (l.994)), 

where x =- O to 0.25 (index cards 24-56 and 
26-547 of the JCPDS-ICDD index (1991)), 

(index cards 24-55 and 34-637 of the JCPDS-ICDD 
index ( 1991)), 

(index card 22-607 of the JCPDS-ICDD index 
(1991)). 

Multimetal oxide catalysts [A']p, [B']q which are recommended by 
DE-A 44 05 514 and DE-A 44 40 891 as being particularly advanta-

40 geous for the catalytic gas-phase oxidation of acrolein to acryl­
ic acid are those multimetal oxide materials whose key phase con­
tain crystallites of oxometallates of the general formula III 

45 
(III), 

----·---------·--
where 
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7 
l/(A'+B'+C'+D'+E') is from 0.7 to 1.3, 

F' is from 0 to 1, 

5 B'+C'+D'+E' is from O to 1 and 

10 

Y' is a number which is determined by the valency 
and frequency of the elements other than 
oxygen in III, 

of the structure type which is defined by the compound CuMo04-III· 
.in Table 1 in Russian Journal of Inorganic Chemistry J.§.(7) 
(1991), 921, and was designated as wolf:ramite in the DE-As. 

15 At the time of filing of DE-A 44 05 514 and of DE-A 44 40 891, 
the fact that the HT copper molybdate structure type existed at 
all was unknown, to say nothing of the ~act that special oxome­
tallates III, ie. the oxometallates II, occur in this structure 
type. The fact that the novel multimetal oxide materials I whose 

20 promoter phase B contains crystallites of oxometallates II in the 
HT copper molybdate structure type can particularly advantageous­
ly be used as catalysts for the gas-phase catalytic oxidation of 
acrolein to acrylic acid was also unknown. 

25 Accordingly, the abovementioned forms the subject of the present 
invention. 

30 

Very particularly preferred materials I are those whose regions A 
have a composition of the following general formula I~ 

Mo v x1 x2 x5 x6 o 
12 a' b'. c' f' g' x' 

where 

(IV), 

35 xi is W and/or Nb, 

40 

45 

x2 is cu and/or Ni, 
is Ca and/or Sr, 
is Si and/or U, 

xs 
x& 
a' 
b' 
c' 
f' 
g' 
X' 

is from 2 to 6, 
is 
is 
is 
is 

from 
from 
from 
from 

1 to 
1 to 
0 to 
O.to 

·2, 

3, 
0.75, 
10 and 

is a number which is determined by the valency and 
frequency of the elements other than oxygen in· IV. 

-------------
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8 
It is also advantageous if the component [B]q of the novel multi­
metal oxide materials I is present in the latter in t~e form of 
three-dimensional regions of the chemical composition B whose 
largest diameter de (longest distance between two points on the 

5 surface (interface) of the region, passing through the center of 
gravity of the region) are from> 0 to 300 µm, preferably from 0.1 
to 200 µm, particularly preferably from 0.5 to 50 µm, very parti­
cularly preferably from l to 30 µm. However, the largest diameters 
may of course also be from 50 to 150 µm or from 75 to 125 µm (ex-

10 perimental determination of the largest diameters to be carried 
out, for example, by the method of laterally resolved energy dis­
persive X-ray spectroscopy ( EDXS) ,. for example by means of an 
electron beam microprobe JEOL JCXA/733). 

15 The component [A]p may be present in amorphous and/or crystalline 
form in the novel multimetal oxide materials I. The coinponent [B]q 
may consist exclusively of oxometallate II crystallites of the 
novel structure type, as well as comprising crystallites having a 
composition 

20 

x7 cu B o 
12 h i y 

of one (or more) other structure types, in particular of those 
25 stated in Table 1. The component [B]q can of course also contain 

amorphous compositions 

30 

x7 Cu B 0 
12. h i y 

The amount of the crystall_ites B* may therefore be from > O to 
100 or from 1 to 95 or from 5 to 90 or from 10 to 85 or from 15 
to 75 or from 25 to 65 or from 35 to 55 or from 40 to SO, t by 
weight, based on the total amount of the· component [B]q• An amount 

35 of from 95 to 100 ' by weight i~ of course also suitable. 

Crystallites B* which are particularly suitable according to the 

invention are those of the stoichiometry II where C+D+E=O, ie. 
oxometallates II of the novel structure type which are advanta-

40 geous according to the.invention are those of the general formula. 
v 

45 

where 

Cu Mo W o 
A. B .y (V)' 

__ _:.--------. -
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l/(A+B) is from 0.7 to 1.3, preferably from 0.85 to 1.15, 

particularly preferably from 0.09 to 1.05, very 
particularly preferably 1, 

5 B/A is from 0.01 to 1, preferably from 0.05 to 0.2, 

particularly preferably from 0.075 to 0.15, very 
particularly preferably 0.11, and 

Y is a number which is determined by the valency and 
10 frequency of the elements other than oxygen in V, 

frequently from 3.5 to 4, 

15 

ie. a very particularly advantageous novel oxometallate II of the 
novel structure type has the composition 

Cu Mo W o • 
1 0 • 9 0 • 1 3 • 5-4 

The novel materials I are obtainable in a simple manner, for ex-
20 ample by·pre-f~rming, separately in finely divided form, a multi­

metal oxide material 

25 

x7 cu a o 
12 h i y (B)' 

which contains crystallites of oxometallates II of the novel 
structure type or consists exclusively of them (starting material 
1), and then bringing the starting material 1 into intimate con­
tact with suitable sources of the elemental constituents of the 

30 multimetal oxide material A 

Mo v x1 x2 x3 x4 x5 x6 o (A) 
12 a b c d e f g x 

35 in the desired ratio and calcining the resulting dry mixture at 
from 250 to soo•c, it being'possible to carry out the calcination 
under inert gas (eg. N2 ), a mixture of inert gas and oxygen (eg. 
air), reducing gases~ such as hydrocarbons (eg. methane), alde­
hydes (eg. acrolein) or ammonia or a mixture of o2 and reducing 

40 gases (eg. all of the abovem.entioned ones), as described, for ex­
ample, in DE-A 4 335 973. In a calciriation under .reducing.condi­
tions, it should be ensured that the metallic constituents are 
not reduced to the element. The duration of ca~cination is, as a 
rule, a few hours and usually decreases with increasing calcina-

45 tion temperature. As is generally known, all that is important 
with regard to the sources of the elemental constituents of the 
multimet~l oxide material A is that they are either already ox-
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ides or are compounds which can be converted into oxides by heat­
ing, at 1east in the presence of oxygen. In addition to the ox­
ides, particularly suitable starting compounds are halides, ni­
trates, formates, oxalates, citrates, acetates, carbonates and 

5 hydroxides. Suitable starting compounds of Mo, V, W and Nb are 
also oxo compounds thereof (molybdates, vanadates, tungstates and 
niobates) or the acids derived from these. 

Crystallites of oxometallates II of the novel structure type can 
10 be prepared in a si~ple manner by producing a very intimate, pre­

ferably finely divided dry mixture whose composition corresponds 
to their stoichiometry from suitable sources of their elemental 
constituents, and calcining said dry mixture at from 700 to 900°C, 
preferably from 700 to soo•c, for several hours under inert gas 

15 or, preferably, in the air. 

surprising1y, either crystallites of oxometallates II of the 
novel structure alone or said crystallites as a mixture with 
crystallites of other oxometallate structure types are generally 

20 formed in the abovementioned high-temperature calcination. 

The thorough mixing of the starting compounds can be carried out 
in dry or wet form. If it is effected in dry form, the starting 
compounds are advantageously used as -finely divided powders and 

25 subjected to calcination after mixing and, if required, compac­
tion. However, thorough mixing is preferably carried out in wet 
form. Usually, the starting compounds are mixed with one another 
in the form of an aqueous solution and/or suspension. Thereafter, 
the aqueous material is dried and then calcined. The drying 

30 process is preferably carried out directly after the production 
· of the aqueous mixture and by spray-drying (the outlet tempera­

tures are, as a rule, from 100 to 150°C), which requires a partic­
ularly intimate dry mixture. 

35 Particularly intimate dry mixtures are obtained in the drying 
process described when exclusively sources of the elemental con-. 
stituents in salt form are used as starting materials. In the 
case of the elemental constitu~nt copper, it is particularly 
a4vantageous in this context to start from aqueous solutions 

40 which contain it in the form of copper-ammonia complexes (eg. 
tetrammine) • 

The crysTallites of oxometallates II of the novel structure type, 
which crystallites are obtainable as described above, or the 

45 crystallite mixtures containing them can then be used, for ex-

----------
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ample by themselves as starting material 1, if necessary after 
milling and/or classification to desired sizes. 

However, they may, of course, also be mixed beforehand with 
5 multimetal oxides 

x7 Cu H 0 
12 h i y 

10 of other structu~e types, as listed, for example, in Table 1 and 
obtainable by the processes described in DB-A 44 05 514 and 
DE-A 44 40 891 (starting materials l') in the desired ratio to 
give a novel starting material 1''). The latter can be used as 
such or, if required, first compressed, sintered, then comminuted 

15 again and then used. 

The starting material.! (or starting material 1'') can be brought 
into intimate contact with the sources of the multimetal oxide 
material A (starting.material 2) in both the dry and wet state. 

20 In the latter case,_ it is merely necessary to ensure that the 
pre-formed crystallites B* and, if necessary, other desired B 
crystallites do not go into solution. This is usually ensured in 
an aqueous medium at a pH which does not differ too greatly from 
7. The said starting material is brought into intimate contact in 

25 the wet state, drying is usually subsequently effected to qive a 
dry material (preferably by spray-dryi~g). In dry mixing, such a 
dry material is automatically obtained. The starting material 
1'''' can of course also be brought into intimate contact with 
the sources of the multimetal oxide material A (starting material 

30 2) in such a way that first a starting material 1 and then a 
starting material 1' are brought into contact, or vice versa. 

For example, the following possible mixing methods are suitable: 

35 a. mixing a dry, finely divided, pre-formed starting material 1 
with dry, finely divided starting compounds of the elemental 
constituents of the desired multimetal oxide A in the desired 
ratio in a mixer, kneader or mill; 

to b. pre-forming a finely divided multimetal oxide A by thorough 
mixing of suitable starting ~ompounds of its elemental con­
~tituents (dry or wet) and subsequently calcining the result­
ing intimate dry mixture at from 250 to 45o•c (the statements 
made on page 9 are applicable with regard to duration of cal-

tS cination, calcin~tion atmosphere and sources of elements); 
ensuring that the pre-formed multimetal oxide A is in finely 

_______ di_vi~ed form and mixing it with the finely divided starting 
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material 1 . in the desired rati.o as in a. 1 in this nu.xing 
method, final calcination of the resulting mixture is not es­
sential1 

5 c. stirring the required amount of pre-formed starting material 
1 into an aqueous solution and/or suspension of starting com­
pounds of the elemental constituents of the desired multime­
tal oxide A and then carrying out spray-drying1 instead of 
the starting compounds of the elemental constituents of the 

10 desired multimetal oxide A, it is of course also possible to 
use a multimetal oxide A itself which has already been pre- · 
formed according to b. 

All mixing methods intermediate between a., b. and/or c. can of 
15 course also be ·used. The resulting intimate dry mixture can then 

be calcined as described and thereafter molded to give the de­
sired. catalyst geometry, or vice versa •. In principle, the cal­
cined dry mixture (or, if desired, uncalcined dry mixture where 
mixing method b) is used) can however also be used as a powder 

20 catalyst. 

our own investigations have shown that the structure type of the 
crystallites B* contained in the starting material 1 is essen­
tially retained as such on calcination of the dry mixture com-

25 prising the starting material 1 and the starting mate~ial 2. If 
the starting material 1 also contains other structure .types of 
Table 1, these are likewise retained as such (particularly in the 
case of crystallites of oxometallates III of the wolframite 
structure type) or are partially or completely converted into 

30 other structure types of Table 1 on calcination of the dry mix­
ture. However, essentially no fusion of the components of start­
ing material 1 ~ith those of starting material 2 ~akes place. 

It is thus possible, after milling of the pre-formed starting 
35 mixture 1 or starting mixture l~ or starting mixture 1'' (for ex­

ample by wet or dry milling, for example in a ball.mill or by jet 
milling), to separate off, from the resulting powder generally 
consisting of essentially spherical particles, the particle class 
having a maximum particle diameter in the maximum diameter range 

40 desired for the multimetal oxide material I (as a rule from > O 
to.300 µm, preferably from 0.1 to·200 pm, particularly preferably 
from 0.5 to 50 µm, very particularly preferably from 1 to 30 µm) 
by classification to be carried out in a manner known per se (for 
example wet·or dry screening) and thus to use it ~n a tailor-made 

45 manner for the preparation of the desired multimetal oxide 
material. 

This Sheet Has Been Replaced 

111111111111111111·1111111 
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It is noteworthy that novel multimetal oxide materials I which 
are particularly advantageous as catalysts for the gas:--phase 
catalytic oxidation of acrolein to acrylic acid are those whose 
pro~oter phase B contains both oxometallates II of the HT copper 

5.molybdate structure type (ie. crystallites B*) and crystallites 
of oxometallates III of the wolframite structure type (referred 
to here as crystallites B**)· The weight ratio of crystallites B* 
to crystallites B** contained in the promoter phase B may be from 
0.01 to 100, from 0.1 to 10, from 0.25 to 4 and from 0.5 to 2. 

10 This is true particularly when the promoter phase B of the novel 
mu1timetal oxide materials I consists exclusively of a mixture of 
such crystallites B* and crystallites B**, it being advantageous 
if the crystallites B* are ingrown with the crystallites B**· 

15 Mixtures of crystallites B* of the general formula v and crystal­
lites B** of the stoichiometry VI 

20 

25 

30 

35 

40 

45 

where 

1/(A'+B'+C') 

A' ,B' ,C' 

Y' 

(VI) I 

is from 0.7 to 1;3, 

are all >O, with the proviso that B'+C'S 1, 

and 

is a number which is determined by the 
valency and frequency of the elements other 
than oxygen in VI, 

and/or of the stoichiometry VII 

where 

l/(A'+B') 

B'/A' 

Y' 

(VII), 

is from 0.7 to 1.3, 

is from 0.01 to 1 and 

is a number which is determined by the 
valeney and frequency of the elements other 
than oxygen in VII, . 

are preferred in thi.s case. 

i1iiMiii 
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Interestingly, such intergrown mixtures B*/B** are frequently 
formed in the calcination of intimate mixtures of suitable 
sources of their elemental constituents if the mixtures contain 
these elemental constituents in the stoichiometry III and if the 

5 calcination is carried out under inert gas or in air and at from 
100 to 9oo·c. 

When the novel multimetal oxide materials are used as catalysts 
for the gas-phase catalytic oxidation of acrolein to acrylic 

10 acid, shaping to give the desired catalyst geometry is preferably 
effected by application to premolded inert catalyst carriers, be­
fore or after the final calcination. The usual carriers, such as 
porous or nonporous aluminas, silica, thorium dioxide, zirconium 
dioxide, silicon carbide or silicates, such as magnesium silicate 

15 or aluminum silicate, may ~e used. The carriers may have a regu­
lar or an irregular shape, carriers having a regular shape and 
pronounced surface roughness, for example spheres or hollow cyl­
inders, being preferred • .Anlong these in turn, spheres are partic­
ularly advantageous. The use of essentially nonporous, spherical 

20 steatite·carri~rs which have a rough surface and whose diameter 
is from .1 to 8 mm, preferably from 4 to 5 mm, is particularly ad­
vantageous. The layer thickness of the active material is advan­
tageously chosen in the range from 50 to 500 µm, preferably from 
150 to 250 µm. It should be pointed out here that, for coating the 

25 carriers in the preparation of such coated catalysts, the powder 
material to be applied is generally moistened and, after applic­
ation, is dried again, for example by means of hot air. 

For the preparation of the coated catalysts, the carriers are as 
30 a rule coat~d in a suitable rotatable container, as disclosed, 

for example, in OE-A 2909671 or EP-A 293859. As a rule, the rele­
vant material is calcined before coating of the carrier. 

The coating and calcination process according to EP-A 293 859 can 
35 be us~d in a suitable manne~ known per ·se if the resulting multi~ 

metal oxide active materials have a specific surface area of from 
0.50 to 150 m2/g, a·specific pore volume of from 0.10 to 
0.90 cml/g and a pore diameter distribution such that at least 
10 t of the total pore volume in each case are accounted for by 

40 the diameter ranges from 0.1 to< 1 µm, from 1.0 to< 10 µm and 
from 10 µm to 100 µm. The pore diameter dis~ibutions stated in 
EP~A 293 859 as being preferred may also be established. 

·. The novel multimetal oxide materials can of course also be used 
45 as unsupported catalysts. In this context, the intimate dry mix­

ture comprising starting materials 1 and 2 is preferably com­
pacted directly to give the desired catalyst geometry (for 
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example by pelletizing or extruding), it being possible, if 
required, to add conventional assistants, for example graphite or 
stearic acid as lubricants and/or molding assistants and rein-
_ forcing agents, such as microfibers of glass, asbestos, silicon 

5 carbide or potassium titanate, and is calcined. Here too, cal­
cination may_generally be carried out prior to the shaping proce­
dure. A preferred geometry of unsupported catalysts is a hollow 
cylinder having an external diameter and a length of from 2 to 
10 mm and a wall thickness of from 1 to 3 mm. 

10 
The novel multimetal oxide materials are particularly suitable as 
catalysts having high selectivity (at a given conversion) for the 
gas-phase catalytic oxidation of acrolein to acrylic acid. Acro­
lein produced by the catalytic gas-phase oxidation of propene is 

15 usually used in the p~ocess. As a rule, the acrolein-containing 
reaction gases of this propene oxidation are used without inter­
mediate p~rification. The gas~phase catalytic oxidation of acro­
lein is usually carried out in tube-bundle reactors as a hetero­
geneous fixed-bed oxidation.· oxygen, advantageously diluted with 

20 inert gases (for example in the form of air), is used as the oxi­
dizing agent in.a manner known per se. Examples of suitable di­
luting gases are N2, C02, hydrocarbons, recycled reaction exit 

·gases and/or steam. As a rule, an acrolein:oxygen:steam:inert gas 
volume ratio of 1:(1 to 3):(0 to 20):·(3 to 30), preferably 1:(1 

25 to 3):(0.5 to 10):(7 to 18), is established in the acrolein 
oxidation. The reaction pressure is in general from 1 to 3 bar 

. and the total space velocity is preferably from 1000 to 
3500 l(S.T.P.) per 1 per h. Typical multitube fixed~bed reactors 
are described, for example, in DE-A 2 830 765, DE-A 2 201 528 or 

30 US-A 3 147 084. The reaction temperature is usually chosen so 
that the acrolein conversion is above 90 ,, preferably above 
98 ,, in a single pass. Usually, reaction temperatures of from 
230 to 33o•c are required for this purpose. 

35 It is noteworthy that the novel multimetal oxide materials also 
have a reduced forming time with respect to the selectivity of 
the acrylic acid formation in the gas-phase catalytic oxidation 
of acrolein to acrylic acid, ie. ~f a tube-bundle reactor loaded 
with the novel multimetal oxide materials i~ operated under the 

40 abovementioned conditions with an acrolein-containing gas stream 
for the purpose of the oxidative formation of acrylic acid, the 
selectivity of the acrylic acid formation actually reaches its 
plateau value within a reduced operating time. Furthermore, the 
preparation of the novel multimetal oxide materials exhibits high 

45 reproducibility with respect to this plateau value. 

------------·--

~· . 



BASF Aktiengesellschaft 950558 o.z. 0050/46067 

16 
In addition to the gas-phase catalytic oxidation of acrolein to 
acrylic acid, the novel products are however also capable of cat­
alyzing the gas-phase catalytic oxidation of other organic com­
pounds, in particular other alkanes, alkanols, alkanals, alkenes 

5 and alkenols, preferably of 3 to 6 carbon atoms (eq. propylene, 
methacrolein, tert-butanol, the methyl ether of tert-butanol, 
isobutene, isobutane or isobutyraldehyde), to olefinically unsat­
urated aldehydes and/or carboxylic acids, and the corresponding 
nitriles (ammoxidation, especially of propene to acrylonitrile 

10 and of isobutene or tert-butanol to methacrylonitrile). The prep­
aration of acroiein, methacrolein and methacrylic acid may be 
mentioned by way of example. However, they are also suitable for 
the oxidative dehydrogenation of olefinic _compounds. 

15 Finally, it should be stated that both the crystallites B* and 
the crystallites B** may also be ~sed as key phases, in a manner 
completely analogous ~o that described above, in the multimetal 
oxide materials desc~ibed and claimed in DE-A 44 05 058 and 
DE-A 44 05 060, and the resulting multimetal oxide.materials may 

20 be used as gas-phase oxidation catalysts as desc~ibed in the two 
DE-As. 

25 

30 

35 

·unless stated otherwise, the· conversion, selectivity and resi­
dence time are defined as follows in this publication: 

Conversion Cof 
acrolein (°I) - Number of moles· of converted acrolein 

----------------------------------~x 1001 
Number of moles of acrolein used 

Selectivity s of the = 
acrylic acid formation (I) 

Number of ~oles of acrolein 
converted into acrylic acidx 1001 
Total number of moles of 
acrolein converted 

Residence time 
(sec) -

Volume of reactor filled with 
catalyst (1) 
---------------------------------~. x 3600; 
Synthesis gas through-
put (l(S.T~P.)/h) 

· 40 Examples 

a) ~reparation of novel multimetal oxide materials M and multi­
meta! oxide materials MV for comparison 

45 MV1:127 g of copper(II) acetate monohydrate (Cu content: 
. . 

32.4 I by weight) were_ dissolved in 2700 g of water to 
give a solution r·. 860 g of aDll'i\Onium heptamolybdate te-
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trahydrate (81.3 t by weight of Mo03 ), 143 g of ammonium 
metavanadate (72.2 t by weight of V20s) and 126 g of am­
monium paratungstate heptahydrate (89.3 t by weight of 
W03 ) were dissolved in succession in 5500 g of water at 
95•c to give a solution II. The solution I was then 
st~rred all at once into the solution II, and the· aqueous 
mixture was spray-dried at an outlet temperature of 
110°c. The spray powder was then kneaded with 0.15 kg of 
water per kg of powder. The kneaded material was calcined 
in a through-circulation furnace fed with an oxygen/ni­
trogen mixture. The oxygen content was adjusted so that · 
an o2 content of 1.5 t by volume was present at the out­
let of the through-circulation. furnace. During the cal­
cination, the kneaded materiai was first heated at a rate 
of 10°c/min to 300°c and then kept at this temperature 
for 6 hours. Thereafter, .it was heated at a rate of 
10°c/min to.400°c and this temperature was maintained for 
.a further hour. In order to adjust the ammonia content of 
the calcination atmosphere, the furnace loading F (g of 
catalyst precursor per 1 of internal volume of the 
through-circulation furnace), the inlet volume flow rate 
IF (l(S.T.P.)/h) of the oxygen/nitrogen mixture and the 
residence time RT (sec) of the oxygen/nitrogen feed (ra­
tio of internal vol'ume of the through-circulation furnace 
to volume flow rate of the oxygen/nitrogen ~xture fed 
in) were chosen as listed below. The through-circulation 
furnace used had an internal volume of 3 1. 

F: 
RT: 
IF: 

250 g/1, 
135 sec and 
80 l(S.T.P.)/h. 

The resulting catalytically active material is based on 
the following stoichiometry: 
Mo12V3W1.2CU1. &Ox• 

After milling of the calcined, catalytically active mate­
rial to particle diameters of from 0.1 to 50 µm, non­
porous steatite spheres having a rough surface and a di-

40 · ameter of from 4 to 5 mm were coated with the resulting 
active material powder in· an amount of s·o g of powder per 
200 g of steatite spheres in a rotating drum, with simul­
taneous addition of 18 g of water. Drying was then 

.effected with air at 110°c. 
45 
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Ml: Starting material 1: 

371.76 g of ammonium heptamolybdate hydrate (Mo03 con­
tent: 81.3 ' by weight, ideal composition: (NH4)6Mo7024 • 

5 4H20) and 60.82 g of ammonium paratungstate hydrate (W03 
content: 89.2 % by weight, ideal composition: 
(NH4)ioW12041 • 7B20) were dissolved in 5 l of water at 

• 90 c while stirring (solution A). 3 l of water and 
181.36 g of a 25 % strength by weight aqueous ammonia 

10 solution were added to 455.68 g of copper acetate hydrate 
(Cu content:-32.5 'by weight, ideal composition: 
Cu(CB3C00) 2 • H20) and stirring was carried out for 
·15 minutes at 25•c, a light blue aqueous suspension being 
obtained (s'Q.spension B). The suspension B was then 

15 stirred into the solution A which was at 90°C, the re­
sulting aqueous suspension C was stirred for 3 hours at 
so•c. After the resulting aqueous suspension c had been 
cooled to 25°C, this aqueous suspending medium had a pH 
of 5.0 (glass electrode). The suspension c was then 

20 spray-dried at an inlet temperature of 310°C and an out­
let tempe:t:ature of 11o·c. The resulting light green pow­
der was calcined ·in air, heating being effected in a 
first step continuously in.the course of 24 hours from 
2s•c to 300°C and in a subsequent second step continu-

25 ously in the course of 3 hours from 300°C to 780°c, and 
the temperature being kept at 780°C for a further hour in 
a third step. 

The calcination was carried out in a rotary furnace hav-
30 ing a useful volume of 1 1, in each case 60 g of starting 

spray powder being used and an air stream of 
50 l(S.T.P.)/h being established. 

The resulting powder had a brown color, a specific sur-
35 face area (determined according to DIN 66131 by gas ad­

sorption (N2) according to Brunauer-Emmet-Teller (BET)) 
of 0.3 m2/g and the composition CuMo0 • 9W0 • 1o3 .s_4• In the 
investigation by scanning electron microscopy (SEM), the 
powder had crystalline particles with a number average 

40 maximum particle diameter of about 8 µm. With the use of 
Cu Karadiation (Siemens D-5000 diffractometer, 40 kV, 
30 mA, with automatic divergence, antidiffusion and 
counter collimator and Peltier detector), the crystalline 
powder CuMo0 • 9W0 • 1o3 • 5 _4 showed the following X-ray 

45 diffraction pattern, reproduced in the form of 
-interplan:ar spacings d[AJ independent of the wavel.ength 
of the X-rays used, and the associated relative 
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19 
intensities <•> of the various diffraction lines, based 
on the diffraction line of highest intensity (arranged 
acc~rding to decreasing intensity): 

d [!] Intensity £•] 
3.40 100 

3.54 72 

2.27 39 

6.79 32 

2.56 25 

1.-57 22 

1.87 19 

2.96 18 

3.56 18 

1.64 17 

2.66 16 

1.59 16 

1.55 16 

2.67 14 

2.00 14 

3.04 13 

1.57 11 

2.36 11 

1.44 11 

1.70 10 

1.51 10 

2.35 10 

1.55 9.6 

2.32 9.2 

2.89 9.0 

-1.68 9.0 

1.48 8.9 

1.94 8.7 

1.60 8.7 

2.69 . 8.6 

1.84 8.5 

1.99 8.1 

3.92 8.0 

2.34 8.o 

2.70 7.5 
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d rAJ Intensity ['] 

1.52 7.5 

1.49 7.4 

2.44 7.3 

. 5. 78 1.2 

1.68 7.1 

1.91 6.9 

1. 71 6.8 

1. 74 6.5 

4.56 6.3 

3.16 6.1 

2.08 5.7 

2.02 5.6 

2.28 5.6 

2.05 5.5 

1.80 5 •. 4 

5.13 . 4.9 

3.48 4.9 

3.12 4.1 

4.20 3.7 

4.39 3.5 

3 •. 84 3.5 

3.73 3.4 

4.68 3.4 

4.46 3~2 

3.76 2.9 

The inaccuracy of the interplanar spacings d is 
essentially ± O. 3 A for d values ii!: 2. 9 .A and essentially 
± 0. 2 A for d values < 2. 9 A (the low intensity lines may ·. 
also include lines attributed to small amounts of 
impurities). 

Starting material 2: 

777.7 g of ammonium h~ptamolybdate tetrahydrate (81.3 t 
by weight of Mo03), 147.0 g of ammonium metavanadate 
(77.2 t by weight of V20s) and 112.1 g of ammonium para­
tungstate heptahydrate (89.3 t by weight of W03) were 
dissolved in succession in 55~0 g of ~ater a~ 95•c. The 
aqueous solution (starting material 2) thus had the 
following stoichiometry: 

li1iUIITiffli~F 
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Mo12V3.41W1.18 • 

After milling in a centrifugal mill from Retsch, Germany, 
to a number average maximum particle diameter from 1 to 
3 µm, the starting material 1 was stirred into the 
starting material 2 in an amount such that the molar 
ratio of the abovementioned stoichiometric units was 1.6 
(starting material 1) : 0.88 (starting material 2). 
Thereafter, 102.5 g of ammonium acetate were also stirred 
into the aqueous mixture and the resulting suspension was 
stirred for a further hour at 95°C and then cooled to 
80°C. The aqueous mixture was then spray-dried as in MVl 
and further processed to give a coated catalyst whose ac­
tive material thus likewise had the overall· stoichiometry 

Mo12V3W1.2Cu1.&0x 

Once again, the X-ray spectrum of the active material 
contained the HT Cu molybdate type. 

25 MV2:Starting material 1: 

263.83 g of ammonium heptamolybdate hydrate (Moo3 con­
tent: 81.8 t by weight, ideal composition: 
(NH4)&Mo7024 • 4H20)' and 260.26 g of ammonium para-

30 tungstate hydrate (W03 content: 89.0 t by weight, ideal 
composition: (NH4)ioW12041 • 7H20) were dissolved in 4 l 
of water at 90°C (solution A). 4 1 of water and 435 g of 
25 ' strength by weight aqueous ammonia solution were 
added to 496.37 g of copper acetate hydrate (Cu content: 

35 32.0 ' by weight, ideal composition: Cu(CB3C00) 2 • H20) 
and stirring was carried out at 25°C for 15 minutes, a 
blue solution being obtained (solution B). Thereafter, 
the solution B was stirred into the solution A which was 
at 90°C, and the resulting mixture ~as stirred for a fur-

40 ther 3 hours at 10·~. After the resulting aqueous mixture 

c had been cooled to 25°C, ·its aqueous medium had .a pH of 
8. 4 (glass electrode) • The mixture C was then spray-dried 
at an inlet temperature of 330°C and an outlet tfml,pera­
ture of 110°c. The resulting green powder was calcined in 

45 air, heating being effected in a first step continuously 
in the course of 24 hours from 25 tc 300°C and in a sub­
sequent second step continuously in the course of 
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12 hours from 300 to 4oo•c and the temperature being kept 
at 4oo•c for a further hour in a third. step. Otherwise, 
the calcination was carried out as in the case of start­
ing material 1 for Ml. 

The resulting powder had a brown color, a specific sur­
face area according to DIN 66131 of 9.5 m2/g and the com­
position CuMo0 • 6W0 • 4o,. In the SEM investigation, the pow­
der exhibited spheres containing crystalline particles 
and having a number average particle maximum diameter of 
about 0.2 µm. 

With the use of cu Ka radiation (Siemens D-5000 dif­
fractometer, 40 kV, 30 mA, with automatic divergence, an­
tidiffusion and counter collimator and Peltier detector), 
the crystalline powder ex~ibited a powder X-ray pattern 
which corresponded to the wolframite_structure type 
(CuMoo4-III according to Russian Journal of Inorganic 
Chemistry J.2,(7) (1991), 927, Table 1, or CuW04 according 
to index card 21-307 of the JCPDS-ICDD index (1994)). 

A further phase over and above the wolframite· structure 
was not present·. 

Starting material 2: 

An aqueous solution was produced as in the case of Ml but 
the underlying stoichiometry was 

Mo12V3.26Wo.61 • . . 

After ~lling according to starting material 1 from Ml, 
starting material 1 was stirred into the starting materi­
al 2 in an amount such that the molar ratio of the abo­
vementioned stoichiometric units was 1.6 {starting mate­
rial 1) : 0.92 (starting material 2). 

The aqueous mixture was then treated as in Ml, spray­
dried and further processed to give a coated catalyst 
whose active material thus likewise had the overall stoi­
chiometry Mo12V3W1.2Cu1.&0x · 

1iili~ITIHi 
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Once again, the X-ray spectrum of the active material 
contained the wolframite type. 

M2: Starting material 1: 

I. 

A spray-dried powder which contained the elements cu, Mo 
and w in the molar ratio 1:0.6:0.4 was prepared in the 
same manner as the preparation of the starting material 1 
for MV2. The resulting green powder was calcined in air, 
heating being effected in a first step continuously in 
the course of 24 hours from 25 to 300°C and in a subse­
quent second step continuously in the course_ of 3 hours 
from 300 to 100°c and the temperature being kept constant 
at 100°c for a further hour in a third step. Otherwise, 
calcination was carried out as in the case of starting 
material 1 for Ml. 

The resulting powder had a _brown color, a specific sur­
face area according to DIN 66131 of o.e m2/g and the com­
position CuMoo.&Wo.403.5-4• In the SEM investigation, the 
powder had crystalline particles with a number average 
maximum particle ·diameter of about 8 p.m. With the use of 
cu Ka radiation (Siemens 0-5·000 diffractometer, 40 kV, 
30 mA, with automatic divergence, antidiffusion and 
counter collimator and Peltier detector), the crystalline 
powder of the composition CuMoo.&Wo.403.5_4 gave a powder 
X-ray pattern which exhibited a superposition of the HT 
cu molybdate fingerprint on the wolframite fingerprint, 
ie. it had a two-phase structure. 

According to the line intensities, the two structure 
types were present with about the same frequency (about 
50 ' by weight) • 

Starting material 2: 

An aqueous solution was produced as in the case of Ml but 
the underlying stoichiometry was 

After milling according to starting material 1 from Ml, 
the starting material 1 was stirred into the starting ma­
terial 2 in an amount such that the molar ratio of the 
abovementioned stoichiometric units was 1.6 (starting ma­
terial 1) : 0~92 (starting material 2). Thereafter, the 
aqueous mixture was t~eated as·in Ml, spray-dried and 
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further processed to give a coated catalyst whose active 
material thus likewise had the overall stoichiometry 
Mo12V3W1.2Cu1. &Ox 

Once again, the X-ray spectrum of the active material 
contained the superposition of HT cu molybdate type and 
wolframite type. 

MV3:Starting material 1: 

223.05 g of ammonium heptamolybdate hydrate (Mo03 con­
tent: 81.3 ' by weight, ideal composition: (NH4)&Mo7024 • 
4H20) and 327.52 g of ammonium paratungstate hydrate (W03 
content: 89.2 ' by weight, ideal composition: 
(NH4)10W12041 • 7H20) were dissolved in 5 1 of water at . . . 

·90 c w:hile stirring (solution A). 3 1 of water and 
197.88 g of a 25 ' strength by weight aqueous ammonia 
solution were added to 492.64 g of copper acetate hydrate 
(Cu content: 32.S t by weight, ideal composition: 
Cu(CH3C00)2 • H20) and stirring was carried out for 
15 minutes at 2s•c, a light blue suspension being ob-· 
tained (suspension B). The suspension B was then stirred 
into the solution A which was at 9o•c, and the resulting 
suspension c was stirred for a further 3 hours at so·c. 
After the resulting aqueous suspension c had been cooled 
to_25°C, the aqueous suspending medium had a pH of 5.3 
(glass electrode). The suspension C was then spray-dried 
at an inlet temperature of 31o•c and an outlet tempera­
ture of i1o·c. The resulting light green powder was cal­
cined in air, heating being effected in a first step con­
tinuously in the course of 24 hours from 2s 0 c to 3oo•c 
and in a subsequent second step continuously in the 
course of 1 hour.from 3oo•c to 4oo•c, and the temperature 
being kept at 400°c for a further hour in a third step. 
Otherwise, the calcination was carried out as in the case 
of starting material 1 for Ml. 

The resulting powder had a brown color, a specific sur­
face area according to D!N 66131 of 12.2 m2/g .and th~ 
composition CuMo0. 5W0 .s04. In the SEM investigation, the 
powder exhibited spheres containing crystalline particles 
·and having a number average maximum particle diameter of 
about 0 •. 15 !Jlll• With the use of cu Ka radiation (Siemens 
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D-5000 diffractometer, 40 kV, 30 mA, with automatic 
divergence, antidiffusion and counter collimator and 
Peltier detector), the crystalline po~der of the 
composition CuMo0 .sWo.s04 gave a powder X-ray pattern 
which corresponded to the wolframite structure type. A 
further phase over and above the wolframite structure was 
not present. 

Startinq material 2: 

An aqueous solution was produced as in the case of Ml but 
the underlying stoichiometry was 

Mo12V3.21Wo.43. 

The starting material 1 was stirred into starting mate­
rial 2 in an amount such that the molar ratio of the abo­
vementioned stoichiometric units was 1.6 (starting mate­
rial 1) I 0.93 (starting material 2). 

Thereaf~er, the aqueous mixture was treated as in Ml, 
spray-dried and further processed to give a coated cata­
lyst whose active material thus likewise had the overall 
stoichiometry Mo12V3W1. 2Cu1. 60x 

Once again, the X-ray spectrum of the active material 
contained the wolframite type. 

M3: Startinq material 1: 

A spray-dried powder which contained the elements cu, Ma 
and W in the molar ratio 1:0.5:0.S was prepared in the 
same manner as the prepar~tion of the starting material 1 
for MV3~ The resulting green powder was calcined in air, 
heating being effected in a first step continuously in 
the course of 24 hours from 25 to 3oo•c and in a subse­
quent second step continuously in the course of 3 hours 
from 300 to 1eo•c and the temperature being k•pt constant 
at 1eo•c for a further hour in·a third step.-Otherwise, 
calcination was carried out as in the case of starting 
material 1 for Ml. 
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The resulting powder had a brown color, a specific sur­
face area according to DIN 66131 of 0.3 m2/g and the com­
position· CuMo0 .sWo.s03. 5 _4• In the SEM investigation, the 
powder had crystalline particles with a number average 
maximum particle diameter of about 8 µm. With the use of 
cu Ka radiation (Siemens D-5000 diffractometer, 40 kV, 
30 mA, with automatic divergence, antidiffusion and 
counter collimator and Peltier detector), the crystalline 
powder of the composition CuMoo.sWo.sOJ.S-4 gave a powder 
X-ray p~ttern which exhibited a superposition of the HT 
cu molybd.ate fingerprint on the wolframite fingerprint, 
ie. it had a two-phase structure. According to the line 
intensities, the two structure types were present roughly 
in the frequency ratio 60 (wolframite structure) : 40 (HT 
Cu molybdate type). 

Starting material 2: 

An aqueous solution was produced as.in the case of Ml but 
the underlying s"toichiometry was 

After milling according to starting material 1 from Ml, 
the starting material 1 was stirred into the starting ma­
terial 2 in an amount such that the molar ratio of the 
abovementioned stoichiometric units was 1.6 (starting ma­
terial 1) to 0.93 (starting material 2). 

The aqueous mixture was then treated as in Ml, spray­
dried and further processed to give a coated catalyst 
whose active material thus likewise had the overall stoi­
chiometry Mo12V3W1.2Cu1.&0x 

Q lM012V3.21Wo.uoJ [ CuMo0 • 5Wo.sOJ.s-4 J 
~ ::.J o.93 1.& 

Once again, the X-ray spectrum of the active material 
40 contained the superposition of wolframite type and HT cu 

molybdate type. 

45 

b. Use of the coated catalysts from a. as catalysts for the gas­
phase oxidation of acrolein to acryli~ acid 
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The catalysts were introduced into a tube reactor (V2A stain­
less steel, 25 mm internal diameter, 2000 g catalyst bed, 
heated by salt bath) and a gaseous mixture having the com­
position· 

5 ' by volume of acrolein, 
7 ' by volume of oxygen, 

10 ' by volume of steam and 
78 ' by volume of nitrogen 

was fed in at reaction temperatures of from 250 to 21o•c with· 
the use of a residence time of 2.0 seconds. In all cases, the 
salt bath temperature was adjusted.so that, after the end of 
formation, a single pass gave a uniform acrolein conversion c 

15 of 99 t. The product gas mixture flowing out of the reactor 
was analyzed by gas chromatography. The results for the se­
lectivity of the acrylic acid formation with the use of the 
various catalysts are shown in the table below. 

20 
Catalyst s (i) 

MVl 95.3 

Ml 95.6 

MV2 95.7 
25 M2 95.9 

MV3 96.i. 

M3 96.5 
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We claim: 

1. A multimetal oxide material of the formula I 
5 

[A] p [B] q (I), 

where 

10 
x1 x~ x3 x4 x5 x6 o A is Mo V (active phase), 12 a b c d e f q x 

B is x7 cu H 0 (promoter phase), 12 h i y 
15 

xi is W, Nb, Ta, Cr or Ce, 

x2 is Cu, Ni, Co, Fe, Mn or Zn, 

20 Xl is Sb or Bi, 

X4 is Li, Na, K, Rb, ·Cs or H, 

xs is Mq, Ca, Sr or Ba, 
25 

x& is Si, Al, Ti or Zr, 

x' is Mo, w, v, Nb or Ta, 

30 a is from 1 to 8, 

b is from 0.2 to 5, 

c is from 0 to 23, 
35 

d is from 0 to 50, 

e is from O to 2, 

40 f is from O to 5, 

This Sheet Has Been Replaced 
q is from 0 to 50, 

1111111111111111111111111 
h is from 4 to 30, 

45 
i is from O to 20, 
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2 
x and y are each numbers which are determined by the 

valency and frequency of the elements other than oxyqen 
in I and 

p and q are non-zero numbers whose ratio p/q is from i60:1 
to ~:1, 

which contain the component [A]p in the forni. of three-dimen­
sional reqions A which are delimited with respect to their 

10 local environment owinq to their chemical composition differ­
inq from their local environment and are of the chemical com­
position 

15 A Mo v · x 1 x 2 x 3 x 4 x 5 x 6 o 
12 a b c d e f q x . 

and the component [B]q in the form of three-dimensional re­
qions B which are delimited from their local environment 
owinq to their chemical composition differinq from their 

20 local environment and are of the chemical composition 

B x7 Cu H 0 
12 h i y 

25 where the reqions A and B are distributed relative to one · 
another as in a mixture of finely divided A and finely di­
vided B, with the proviso that the reqions B contain crystal­
lites B* of oxometallates of the formula II 

30 
Cu · Mo w V Nb Ta o 

A B C D E Y 

where 

(II) I 

35 l/(A+B+C+D+E) is from 0.7 to 1.3, 

40 

45 

(B+C+D+E) /A 

y 

is from 0.01 to 1, and 

is a number which is determined by the valency 
and frequency of the elements other than oxy­
qen in II, 

of a novel structure type ·(HT" Cu molybdate _type) which is de­
fined by the f ollowinq X-ray diffraction pattern, reproduced 
in the form of interplanar spacinqs d[A] independent of the 
wavelenqth of the X-rays used: 

111111111111111111111111111111 
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3 

d CAl 
6.79 ± 0.3 

3.56 ± 0.3 

5 3.54 ± 0.3 

3.40 ± 0.3 

3.04 ± 0.3 

2.96 ± 0.3 

2.67 ± 0.2 
10 

2.66 ± 0.2 

2.56 ± 0.2 

2.36 ± 0.2 

2.35 ± 0.2 
15 2.27 ± 0.2 

2.00 ± 0.2 

1.87'± 0.3 

1.70 ± 0.2 

20 1.64 ± 0.2 

1.59 ± 0.2. 

1.57 ± 0.2 

1.57 ± 0.2 

25 . 1.55 ± 0.2 

30 

1.51 ± 0.2 

1.44 ± 0.2 

2. A multimetal oxide material as claimed in claim 1, where xi 
is w, Nb or Cr. 

3. A multimetal oxide mat.erial as claimed in claim 1, where x2 
is Cu, Ni, Co or Fe. 

4. A multimetal oxide material as claimed in claim 1, where x3 
35 is Sb. 

5. A multimetal oxide material as claimed in claim 1, where X4 
is Na or K. 

40 6. A multimetal oxide materiai as claimed in claim 1, where xs 
is Ca, Sr or Ba. 

45 

7. A multimetal oxide material as claimed in claim 1, where x& 
is Si, Al or Ti. 

111111111111111111111111111111 
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4 
8. A multimetal oxide material as claimed in claim 1, where X' 

is Mo or w. 

9. A multimetal oxide material as claimed in claim 1, where a is 

5 from 2 to 6. 

10. A multimetal oxide material as claimed in claim 1, where b is 
from 0.5 to 2.5. 

10 11. A multimetal oxide material as claimed in claim 1, where c is 

from O to 4. 

12. A multimetal oxide material as claimed in claim 1, where d is 

from O to 3. 
15 

13. A multimeta1 oxide material as claimed in claim 1, where e is 
from O to 0.3. 

14. A multimetal oxide material as claimed in claim 1, where f is 

20 from 0 to 2. 

15. A multimetal oxide material as claimed in claim 1, where q is 

from 0 to 20. 

25 16. A multimeta1 oxide material as claimed in claim 1, wher~ h is 
from 6 to 24. 

17. A multimetal oxide material as claimed in claim 1, where h is 
from 9 to 17. 

30 
18. A multimetal oxide material as claimed in claim 1, where i is 

from 0 to 10. 

19. A multimetal oxide material as claimed in claim 1, where ~/q 
35 is from 20:1 to 1: 1. 

20. A multimetal oxide material as claimed in claim 1, where p/q 

is from 15:1 to 4:L 

40 21. A multimetal· oxide material as claimed in claim 1, whose re­

qions A have a composition accordinq to the following formula 

~v 

45 Mo v x1 x2 x5 x6 o 
12 a' b' c·• f' q' x' 

{IV), 

111111111111111111111111111111 
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where 
xi is w or Nb, 
x2 is Cu or Ni, 
xs is Ca or Sr, 
x& is Si or Al, 
a' is from 2 to· 6, 
b' is from l to 2, 
c' is from l to 3, 
f' is from O to 0.75, 

950558 o.z. 0050/46067 

5 

10 g' is from 0 to 10 and 
x' is a number which is determined by the valency and 

frequency of the elements other than oxygen in IV. 

22. A multimetal oxide material as claimed in claim 1, which con-
15 tains the component [B]q in the form of three-dimensional re­

gions of chemical composition B whose maximum diameters d8 

are from > 0 to 300 µm. 

23. A multimetal oxide material as claimed in claim 1, which 
20 contains the component [B]q in the form of three-dimensional 

regions of.chemical composition B whose maximum diameters d8 

are from 0.1 to 200 µm. 

24. A multimetal oxide material as claimed in claim 1, which 
25 contains the component [B]q in the form of three-d~mensional 

regions of chemical composition B whose maximum diameters ds 
are from o.s to so pm. 

25. A multimetal oxide material as claimed in claim 1, ·which 
30 contains the component· [B] q in ~he form of three-dimensional 

regions of chemical composition B whose maximum diameters d8 

are from l ~o 30 pm. 

26. A multimetal oxide material as claimed in claim 1, where 
35 l/(A+B+C+D+E) is from 0.85 to 1.15. 

27. A multimetal oxide material as claimed in claim 1, where 
1/(A+B+C+D+E) is from 0.95 to 1.05. 

40 28. A multimetal oxide material as claimed in claim 1, where 
l/(A+B+C+D+E) is l. 

29. A multimetal oxide material as claimed in claim 1, where 
(B+C+D+E)/A is from 0.05 to 0.3. 

45 
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6 
30. A multimetal oxide material as claimed in claim 1, where 

(B+C+D+E)/A is from 0.075 to Q.15. 

31. A multimetal oxide material as claimed in claim 1, where 
(B+C+D+E)/A is 0.11. 

32. A multimetal oxide material as claimed in claim 1, where 
C+D+E is 0. 

10 33. A multimetal oxide material as claimed in claim 1, wherein 
·the oxometallate !I has the composition Cu1Moo.9Wo.103.5.4. 

34. A multimetal oxide material as claimed in claim 1, whose 
reqions B additionally contain crystallites which have the 

15 structure type of one or more of the copper molybdates listed 
below: 

20 

25 

30 

35 

40 

45 

Cu3 (Mo04)2 (OH)2 (lindqrenite, index card 36-405 of the 
JCPDS-ICDD index (1991)), 

Cu Mo 04 

Cu Mo 04 

(A. Moini et al., Inorq. Chem. 25 (21) 
(1986)" paqes 3782 to 3785), 

(index card 39-181 of the JCPDS-ICDD index 
(1991)), 

(index card 40-865 of the JCPDS-ICDD index 
(1991}), 

(index card 35-17 of the JCPDS-ICDD index 
(1991)), 

(index card 22-242 of the JCPDS-ICDD index 
(1991)), 

(Russian Journal of Inorqanic Chemistry l.6. 
(7), (1991), 927-928, Table 1, Cu Mo 04-III 
with distorted wolframite structure (CuW04, 
index card 21-307 of the .JCPDS-ICDD index 
(1994))~ 

where x = O to 0.25 (index cards 24-56 and 
26-547 of the JCPDS-ICDD index (1991)), 

(index cards 24-55 and 34-637 of the JCPDS­
. ICDD index (1991)), 

I lllllll llllll lllll 11111111111 
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7 
(index card 22-607 of the JCPDS-ICDD index 
(1991)) • 

35. A multimetal oxide material as claimed in claim 1, whose 
5 reqions B additionally contain crystallites B** of oxometal­

lates of the formula III 

10 

15 

20 

where 
1/(A'+B'+C'+D'+E') 

F' 

B'+C'+D'+E' 

(III), 

is from 0.7 to 1.3, 

is from O to 1, 

is from 0 ~o 1 and 

Y' is a number which is determined by the valency and 
frequency of the elements other than oxyqen in III, 

of the structure type which is defined by the compound Cu­
Mo04 -III in Russian Journal of Inorqanic Chemistry .J.2(7) 
(1991),· 921, in Table 1 {distorted wolframite type). 

25 36. A multimetal oxide material as claimed in claim 35, whose 
crystallites of oxometallates· III have the stoichiometry VI 

30 

35 

40 

45 

where 

1/ (A'+B'+C') 

A', Bi and C' 

Y' 

(VI) I 

is from 0.7 to 1.3, 

are all > 0, with the proviso that B'+C' is 
s 1, and 

is a number which is determined by the 
valency and frequency of the elements other 
than oxyqen in VI, 

or the stoichiometry VII 

(VII}° I 

111111111111111111111111111111 
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where 

1/(A'+B') 

B'/A' 

Y' 

8 

is from 0.7 to 1.3, 

is from 0.01 to 1 and 

is a number which is determined by the 
valency and frequency of the elements other 
than oxyqen in VII. 

37. A multimetal oxide material as claimed in claim 1, whose re­
gions B contain exclusively crystallites B* of oxometallates 
II and crystallites B** of oxometallates III. 

15 38. A multimetal oxide material as claimed in claim 1, in which 
the amount of crystallites B* is from > O to 100 or from 1 to 
95 or from 5 to 90 or from 10 to 85 or from 15 to 75 or from 
25 to 65 or from 35 to 55 or from 40 to 50 % by weiqht, based 
on the total weiqht of the component [B]q. 

20 

25 

30 

35 

40 

45 

39. An oxometal+ate of the formula II 

cu Mo w v Nb Ta O {II) I 

A B C D E Y 

where 

1/(A+B+C+D+B) 

(B+C+D+B)/A 

y 

is from 0.7 to 1.3, 

is from 0.01 to 1 and 

is a number which is determined by the 
valency and frequency of the elements other 
than oxyqen in II, 

whose structure type is the (HT Cu molybdate type) defined by· 
the following X-ray diffraction pattern, reproduced in the 
form of interplanar spacings d[AJ independent of the 
wavelenqth of the X-rays used: 

111111111111111111111111111111 
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d Ci1 
6.79 ± 0.3 

3.56 ± 0.3 

3.54 ± 0.3 

3.40 ± 0.3 

3.04 ± 0.3 

2.96 ± 0.3 

2.67 ± 0.2 

2.66 ± 0.2 

2.56" ± 0.2 

2.36 ± 0.2 

2.35 ± 0.2 

2.27 ± 0.2 

2.00 ± 0.2 

1.87 ± 0.2 

20 1.70 ± 0.2 

1.64 ± 0.2 

1.59 ± 0.2 

1.57 ± 0.2 

25 1.57 ± 0.2 

1.55 ± 0.2 

1.51 ± 0.2 

1.44 ± 0.2 

950558 o.z. 0050/46067 

9 

30 
40. An oxometallate as claimed in claim 39, where 1/(A+B+C+D+E) 

is from 0.85 to 1.15. 

41. An oxometallate as claimed in claim 39, where 1/(A+B+C+D+E) 
is from 0.95 to 1.05. 

35 
42. An oxometallate as claimed in claim 39, where l/(A+B+C+D+E) 

is 1. 

' 40 

43. An oxometallate as.claimed in claim 39,. where (B+C+D+E)/A is 
from 0.05 to 2. 

44. An oxometallate as claimed in·claim 39, where (B+C+D+E)/A is 
from 0.075 to 0.15. 

45 
45. An oxometallate as claimed in claim 39, where (B+C+D+E)/A is 

0.11. 

I lllllll llllll lllll lllll II llll 
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10 
. 46. An oxometallate as claimed in claim 39, where C+D+E is O. 

47. An oxometallate as claimed in claim 39, havinq the composi­
tion Cu1Moo.9Wo.103.s-4· 

48. A mixture of oxometallates as claimed in claim 39 and oxome­
tallates of the formula III 

where 
1/(A'+B'+C'+D'+E') 

F' 

B'+C'+D'+E' 

Y' 

(III), 

is from 0.7 to ~.3, 

is from 0 to 1 

is from 0 to 1 and 

is a number which is determined by ~he 
valency and frequency of the elements 
other than oxyqen in III, 

which have the wolframite structure type. 

25 49. A process for the preparation of oxometallates as claimed in 
claim 39 or 48, wherein sources of the elements constitutinq 
the oxometallates are thorouqhly mixed with one another and 
the resultinq intimate mixture is calcined in air or under 
inert qas at from 700 to 900°C, and oxometallates obtainable 

30 by this process. 

SO. A process for the preparation of multimetal oxide materials 
containinq Cu, Mo and at least one of the elements W, V, Nb 
and Ta, wherein an oxometallate as claimed in claim 39 or 48 

35 is present as a starting compound. 

40 

45 

51. A method of use an oxometalla~e as claimed in claim 39 or 48 
for the preparation of multimetal oxide materials as claimed 
in claim 1. 

52. A process for the preparation of multimetal oxide materials 
as claimed in claim 1, wherein an oxometallate 

B x7 cu H o 
12 h i y 

\ \11111\ 11\11\ 111\1 \1111 \I Ill\ 
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11 
which contains crystallites B* is pre-formed in finely di­
vided form (starting material 1) and the starting material 1 
is then brought into intimate contact with suitable sources 
of the elemental constituents of a multimetal oxide A 

A Mo v x1 x2 x3 x4 x5 x6 o 
12 a b c d e f 9 x 

in the desired ratio, and a resulting dry mixture is calcined 
10 at from 250 to 500°C. 

S3. A multimetal oxide material obtainable by a process as 
claimed in claim 52. 

15 54. A method of use a multimetal oxide material as claimed in 
claim 1 as a catalyst for the preparation of acrylic acid 
from acrolein by gas-phase catalytic oxidation. 

SS. A process for the preparation of acrylic acid from acrolein 
20 by gas-phase catalytic oxidation, wherein a multimetal oxide 

material as claimed in claim 1 is concomitantly used as the 
catalyst. 

56. A multimetal oxide material containing Cu, Mo and at least 
25 one of the elements W, V, Nb and Ta, having a multiphase 

structure and containing crystallites B* of oxometallates II. 

57. A process for the gas-phase catalytic oxidation of organic 
compounds, wherein a multimetal oxide material as claimed in 

30 claim 56 is used as the catalyst. 

35 

40 

45 
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