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Multimetal oxides

The present invention relates to multimetal oxides of the general
formula I

1 2
Moi12-a-b-¢ Va Mp Mc Ox (1),

where

Ml is W and/or Nb,

M2 is Ti, Zr, Hf, Ta, Cr, Si and/or Ge,

a is from 0.1 to 6, preferably from 0.5 to 4.5,

b is from 0 to 6, preferably from 0.1 to 6, particularly
preferably from 0.5 to 4,

c is from 0 to 6, frequently from 0.1 to 6 or from 0.5 to 4,

with the proviso that a + b + ¢ is from 0.1 to 6, preferably from
0.5 to 4.5, and

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

whose

three-dimensional atomic arrangement obtained using CuKo radi-
ation (A = 1.54178 A) gives an X-ray powder diffraction spectrum
{the intensity A of the diffracted X-rays plotted as a function
of twice the diffraction angle (2©)) which contains, in the 20
range (stated in the unit for angles in a plane: ° = degree) from
5 to 50°, at least the following characteristic diffraction lines
Al, a3, a5, A9 and AlC0, but at most the following diffraction lines

Al to Al0;
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where 15 NBASF]Aksiengwsehrdschaki, 95629 is oiz. »050)46359 O, Si

and/ or Ge, ais fromO0.1 to 6, preferably fromO0.5 to 4.5, 20 bis
fromO to 6, -preferably fromO0.1 to 6, particularly preferably
fromO0.5 to 4, cis fromO to 65 frequently from0.1 to 6 or from
0.5 to 4, 2-5———w—t-h—t—he—-p-pg-\.u-se—t-ha-t—&+ b+ cis fromQ 1 to 6_ preferably
from 0.5 |to £AFavapgdffragtian dipgnber] which i s dé@ed® ned by the [val ency
and frequericy of 30 althe elenents |r | ot her tghan _Oxygen whgse
t hr ee- di nernsTorrat dilngz, arrangenent—ottarned TSy uunkcb # +-areh
5 A3 22.3 + 0.2
A4 23.5 + 0.7
AS 27.2 + 0.4
AS 32.0 + 0.8
A7 34.8 + 0.6
10
A8 38.7 + 0.5
A9 45.4 + 0.4
Al0 48.8 + 0.4

The wavelength A of the X-radiation used for the diffraction and
15 the diffraction angle © are related to one another by the Bragg
relationship:

2 sin® = A/4,

20 where d is the interplanar spacing of the three-dimensional
atomic arrangement, associated with the respective diffraction
line.

Furthermore, the present invention relates to a process for the

25 preparation of multimetal oxides I and their direct use as active
material of catalysts for the catalytic gas-phase oxidation of
organic compounds.

The present invention also relates to the use of multimetal

30 oxides I as starting compounds for the preparation of multimetal
oxide materials which contain Mo and V and in turn are suitable
as active material for the catalytic gas-phase oxidation of
organic compounds.

35 The preparation of multimetal oxide materials containing Mo and V
and their use as active materials of catalysts for the catalytic
gas-phase oxidation of organic compounds (eg. acrolein to acrylic
acid) is generally known {(eg. EP-A 293 859).

40 Initially, the preparation of such multimetal oxide materials
containing Mo and V was carried out by providing a suitable
source (starting compound) of each of their elemental constitu-
ents, producing from the total amount of these sources a very
thorough, preferably finely divided dry mixture having a composi-

45 tion corresponding to the required stoichiometry of the desired
multimetal oxide material and dalcininq said dry mixture at elev-
ated temperatures for several hours under inert gas or under an
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(the intensity A of the diffracted X-rays plotted as a function of tw ce
the diffraction angle (2[err])) which contains, in the 2[err] range
(stated in the unit for angles in a plage: [err] degree) from 5to

S0[err], »é%i EQS ﬂhdx%y"'fggg f@é‘raa%‘?“(éﬁﬁ@% s P&:Aé €s ﬂ’ Agrrl,
;

ﬁ{ﬁ;;]’ ﬁ{g gfg w1th I3g rd to ége sources of t V%eﬁ%nta Egﬁtlon

2 X-StehFugpter @b tiin Tl fémetal oxide materialp| wpf]thqterthey were

either already oxides or compounds convertible into oxides by
5 heating, at least in the presence of oxygen (cf. for example
DE-A 4 335 973 and US-A 4 035 262).

It is now_known (cf. for example EP-A 835, DE-C 3 338 380,
DE-A 4 220 859, DE~-A 4 307 381, DE-A 4 405 085, DE-A 4 405 059,

10 DE-A 4 405 060, DE-A 4 405 514 and DE-A 44 404 891) that it may be
advantageous first to preform separately a multimetal oxide com-
prising only a fraction of the total amount of the elemental con-
stituents of the desired multimetal oxide material and then to
use this separately preformed fractional multimetal oxide as a

15 finely divided source for producing the desired multimetal oxide
material.

As a rule, this results in multimetal oxide materials which have
a multiphase composition and some of which are more advantageous

20 for the catalytic gas-phase oxidation of organic compounds than
the multimetal oxide materials prepared by the single-vessel pro-
cesses known per se.

It is an object of the present invention to provide novel frac-
25 tional metal oxides of multimetal oxide materials containing Mo

and V, which multimetal oxide material can be used as starting

compounds for the preparation of multiphase multimetal oxide ma-

terials which contain Mo and V and are particularly suitable as

active material for the gas-phase catalytic oxidation of acrolein
30 to acrylic acid.

We have found that this object is achieved by the multimetal ox-
ides I defined at the outset. Advantageous multimetal oxides I
include those in which x is from 15 to 50. x is preferably from
35 25 to 40, particularly preferably from 30 to 40. Other suitable
multimetal oxides I include those in which ¢ is 0. Where ¢ is 0
and M! is exclusively W, suitable multimetal oxides I are those in
which > 25 or > 50 or > 75 or > 95 or > 99% of the vanadium is

present as V4t,
40

Typical of the novel multimetal oxides I is that their X-~ray pow-
der diffraction spectrum obtained using CuKo radiation in the 20
range from 5° to 50° as a characteristic fingerprint contains at
least the diffraction lines Al, A3, a5, A% and Al® but on no ac-

45 ount more than the diffraction lines Al, A2, A3, A4, AS, A6, A7,
A8, A® and Al0,
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14. 4 [err] 0.7 5 A3 22.3

[err] 0.2 A4 23.5 [err] 0.7
A5 27.2 [grr] 0.4 A6

?2}?] 0 %e& f%‘%oteworthy at somé“gf the diffraction lin e t g% 0.5
A9 ' which have a relatlv&%yﬂrlargﬁ dhat —U.:i.gth FWHM (the width R Oti:lL '

48. 8 [ erdiffFagtion limpe (taeclpbepd fePdptbedtiafe axfuaatienr &f #dédator the
di ffracti orhalrfd theShehehdidif thaeir omexingire afnpl £ fude e steked eth tiheomeianot her
by the Brfidfbr anghiekaih PliaPe), reflecting an unusual pattern of ZhdirB-[err]
= [err]/d, rang%oaw@ef.gmf-fa%gtehgra& Pl AL FRGHAG iRkt h D Coxides T (cf,
t hr ee- di mensi onal atgmoc arr angerrent., associ ated.w Rh thet respegt lve
diffracticnﬁ;amp F?ﬁe.In the author oplnion, 1s particular pattern o
short-range and long-range order is responsible, inter alia, for
the particular catalytic properties of the novel multimetal ox-

10 ides I.

Owing to the particular half-width conditions, the X-ray powder
diffraction spectrum of the novel multimetal oxides I does not
contain the diffraction lines Al in completely resolved form. How-
15 ever, the presence of the multiplicity of diffraction lines Al
(after subtraction of the linear background) is directly visually
evident as a relative maximum in the envelope of the X-ray powder
diffraction spectrum of the novel multimetal oxides I, the posi-
tion of these relative maxima defining, in this publication, the
20 position of the diffraction lines Al according to the claims.

After subtraction of the linear background (the connecting line
between A(20 = 5°) and A(2© = 65°)), the following relative line
intensities (Ipr®l = (I/I,) x 100%), based on the most intense of

25 the diffraction lines Al to Al0, can be furthermore assigned to
these diffraction lines A! to Al0, the amplitude, measured from
the base line to the relative maximum, being used as a measure of
the intensity:

30 X~ray diffraction line Iarel [%]
al 7 + 5
A2 5 + 5
A3 100
35 Al 20 + 40 This Sheet Has Been Replaced
= T W (R
AS 25 + 25
a7 20 + 20
40 A8 10 + 10
A2 25 + 15
Alo 35 + 20

With regard to this line intensity data, it should be noted that,
45 in contrast to the position of the lines, the relative line in-

tensities are markedly influenced in a manner known per se to a

person skilled in the art by the individual crystal orientations
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In all embodiments, the X-ray powder diffraction spectrum was re-

corded by means of a Siemens D-5000 diffractometer using CuKQ

radiation (40 kV, 30 maA, A = 1.54178 A). The diffractometer was

equipped with an automatic primary and secondary collimator and
15 with a graphite secondary monochromator.

It is of course possible to resolve the X-ray powder diffraction
spectrum of the multimetal oxides I, and hence to produce an al-
ternative characterization of said spectrum, by subtracting the
20 j1inear baquround and then, under the boundary condition of a
minimum mean square deviation, describing the experimental dif-
fraction spectrum (its envelope) by a mathematical function and
converting it by resolution into a superposition of separately
resolved lines Al* to Al0*, The maximum of each of the resolved
25 jines defines their line position.

The resolution of the X-ray powder diffraction spectra, as de-
scribed above, was carried out using the 1994 version of the
software package DIFFRAC-AT V 3.2/PROFILE supplied by Siemens, the

30 resolution and fitting being carried out on the basis of the
Pearson VII form function.

While the presence of the diffraction lines A2, A4 and AS to A8 in
the CuKoa X-ray powder diffraction spectra of the novel multimetal

35 oxides I on the basis of an exclusively visual consideration of
their envelope entails a certain degree of uncertainty in some
cases and may therefore be contentious (cf. Example), their math-
ematical resolution produced as described above generally unam-
biguously indicates diffraction lines A2*. A%Y, A6* and A7* (cf.

40 pxample), whereas it does not require a diffraction line A8%*. Both
methods of characterization (piece of information) together
therefore require the definition, according to the claims, of the
subject of the invention. On the other hand, when exclusively
mathematically resolved, the CuKo X-ray powder diffraction spec-

45 trum of the novel multimetal oxides I can as a rule be character-
ized as follows:
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corresponding to the required stoichionetry of the desired mul ti et al
oxide material and calcining said dry m xture at el ev- at ed

tenperatures for several hours under i ngert gas or under an
3 Oxygen r-gnf Al nlno. oac f\nn Al Lol nrl avoccal nNnrAeQ ce\ AL_[ f h

was i nport af¥- %A% ﬁhﬁ,g%ﬁ?d fo thez&:ﬁr]ces df tHE"E dfEnt al| corEWEM IS0 t yeht s
of the mult | 18511188 de naflerials was that they were ither already
oxi des or cpm@dtinds converti Bl.& iintdo7oxi dgs by¥ bH heating, Bt0 | #adt8in the

presence of [Ox¥gemn (¢~ 10 1qxgrrp,l qs TA 26330 273 ang G A F P3D 20
It i s nowskpowd—tef——For—efanpe—tR—A-8364—DE—c-3—338—384; —

a3 22.2 + 0.2 30 + 20 1.2 + 0.9
ad* 23.2 + 0.7 23 + 20 1.8 + 1.2
A5* 27.0 + 0.5 80 + 20 4.0 + 2.5
A6* 31.8 + 1.5 52 + 48 5.0 + 3.0
10 | a7+ 34.7 + 1.2 52 + 48 4.0 + 3.0
AB* - - -
A9* 45.4 + 0.4 12 + 8 1.5 + 1.0
Al0* 48.6 + 0.5 25 + 20 2.2 + 1.8

15 Iprel [%] is the percentage line intensity based on the most in-
tense of the diffraction lines Al* to Al0*, the area under the
diffraction line being used as the measure of intensity.

The novel multimetal oxides I are obtainable in a simple manner

20 by producing, from suitable sources of their elemental constitu-
ents, a very thorough, preferably finely divided, dry mixture
which corresponds to the desired stoichiometry, and calcining
this mixture at from 300 to 500°C. The key to obtaining the novel
multimetal oxides I is the redox character of the calcination at-

25 mosphere, which must not be too oxidizing and must not be too re-
ducing.

It is not possible to provide generally valid guantitative data
with regard to the required redox character of the calcination

30 atmosphere. Thus, on the one hand the required redox character
varies with the chosen stoichiometry and on the other hand, for
example, the opposite ions (eg. NH4®) of the chosen sources of
the elemental constituents also contribute to the redox character
of the calcination atmosphere, for example when they are decom-

35 posed during the calcination. By exploratory preliminary experi-
ments, a person skilled in the art can, however, determine the
required redox character of the calcination atmosphere.

For controlling the redox character of the calcination atmos-

40 phere, a person skilled in the art has available, for example, N3
and/or noble gases, as inert gases, for example ammonia, hy-
drogen, lower molecular weight aldehyde and/or hydrocarbons as
reducing gases and oxygen (generally in the form of air) as an

oxidizing gas.
45
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catal ytic oxkdatie @f s8CEQL ©i¥1e3@st fodeinild &raetdng compounds. In addi-
tion, compounds such as ammonium acetate and ammonium nitrate are
frequently added to the elemental sources and act as pore formers
during the calcination and also influence the redox character of
15 the calcination atmosphere.

The thorough mixing of the starting compounds in the preparation
of multimetal oxides I can be carried out in dry or wet form. If
it is effected in dry form, the starting compounds are advantage-

20 ously used as finely divided powders and are subjected to cal-
cination after mixing and, if required, compaction. However, the
thorough mixing is preferably carried out in the wet form.
Usually, the starting compounds are mixed with one another in the
form of an aqueous solution and/or suspension. The aqueous ma-

25 terial is then dried and is calcined after drying. The drying
process is preferably carried out immediately after the prepara-
tion of the agueous mixture and by spray drying (the entry tem-
perature is as a rule from 250 to 350°C and the outlet tempera-
tures are usually from 100 to 150°C).

30
Interestingly, the novel multimetal oxides I as such are suitable
as active material of catalysts for the gas-phase catalytic ox-
idation of organic compounds, such as alkanes, alkanols, alkenes,
alkanals, alkenals and alkenols of 3 to 6 carbon atoms (eg.

35 propylene, methacroclein, tert-butanol, methyl ester of tert-buta-
nol, isobutene, iscbutane or isobutyraldehyde), to olefinically
unsaturated aldehydes and/or carboxylic acids, and to the corre-
sponding nitriles (ammoxidation, especially of propene to acry-
lonitrile and of isobutene or tert-butanol to methacrylonitrile).

40 The preparation of acrolein, methacrolein and methacrylic acid
may be mentioned by way of example. They are also suitable as
catalyst active materials for the oxidative dehydrogenation of
olefinic compounds.

45
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defined at the outset. Advantageous nultinetal oxides | I ncl ude those in
which x is from15 to 50. x is preferably from35 25 to 40, particularly
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sui tabl e nmul oXi are >-75 or
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S5[err] to §0[err] as a characteristic fingerprint contains at | east the

diffraction bifes, & ahbds Jﬁrgnletaﬁ[eme Aket ;ﬁri eA}:seg\Lg Lﬁctolg( M2
Alerr], A[er??rl%&[gﬁrfatalysgﬁ[ PF]t gqngfp aﬁa tic oxidation of or-

ganic compounds, in particular acroleln to acryllc acid, shaping
to achieve the desired catalyst geometry is preferably carried

10 out by application to premolded inert catalyst carriers, before
or after the final calcination. The usual carriers, such as po-
rous or nonporous aluminas, silica, thorium dioxide, zirconium
dioxide, silicon carbide or silicates, such as magnesium silicate
or aluminum silicate, may be used. The carrier elements may be

15 regularly or irregularly shaped, regularly shaped carrier
elements having pronounced surface roughness, for example spheres
or hollow cylinders, being preferred. Among these in turn,
spheres are particularly advantageous. The use of essentially
nonporous, spherical carriers having surface roughness and

20 comprising steatite, whose diameter is from 1 to 6 mm, preferably
from 4 to 5 mm, is particularly advantageous. The layer thickness
of the active material is advantageously chosen in the range from
50 to 500 um, preferably from 150 to 250 um. It should be pointed
out here that, in the preparation of such coated catalysts, the

25 powder material to be applied is generally moistened for coating
of the carrier elements and is dried again after application, for
example by means of hot air.

For the preparation of the coated catalysts, the cocating of the
30 carrier elements is as a rule carried out in a suitable rotatable

container, as disclosed, for example, in DE-A 2 909 671 or

EP-A 293 859. As a rule, the relevant material is calcined before

the carrier is coated. Furthermore, the catalytically active ma-

terial is milled to a particle diameter of from > 0 to 300 pm,
35 preferably from 0.1 to 200 um, particularly preferably from 0.5 to
50 yum, before the coating process is carried out. The coating and
calcination process can also be carried out in a suitable manner
according to EP-A 293 859, so that the resulting multimetal oxide
I layers have a specific surface area of from 0.50 to 150 m?/g, a
specific pore volume of from 0.10 to 0.90 cm3/g and a pore diame-
ter distribution such that at least 10% of the total pore volume
are accounted for by each of the diameter ranges from 0.1 to
<1 pm, from 1.0 to < 10 um and from 10 um to 100 um. The pore
diameter distributions stated as being preferred in EP-A 293 859
may also be established.

40

45
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X-ray povwkblde or potassium titanate, and calcination is effected. Here
10 too, calcination can generally be carried out prior to the shap-
ing procedure.

A preferred geometry of unsupported catalysts comprises hollow
cylinders having an external diameter and a length of from 2 to
15 10 mm and a wall thickness of from 1 to 3 mm.

For the catalytic gas-phase oxidation of acrolein to acrylic acid
using the novel multimetal oxides I as catalyst active material,
acrolein produced by the catalytic gas-phase oxidation of propene
20 is usually used. As a rule, the acrolein-containing reaction
gases from this propene oxidation are used without intermediate
purification. The gas-phase catalytic oxidation of acrolein is
usually carried out in tube-bundle reactors, as a heterogeneous
fixed-bed oxidation. Oxygen, advantageously diluted with inert
25 gases (for example in the form of air), is used as the oxidizing
agent in a manner known per se. Suitable diluents are, for
example, Ny, CO;, hydrocarbons, such as methane, ethane, propane,
butane and/or pentane, recycled reaction exit gases and/or steam.
As a rule, an acrolein:oxygen:steam:ineft gas volume ratio of
301 : (1 to 3) ;3 (0 to 20) : (3 to 30), preferably 1 : (1 to 3)
(0,5 to 10) : (7 to 18), is established in the acrolein oxida-
tion. The reaction pressure is in general from 1 to 3 bar and the
total space velocity is preferably from 1000 to 3500 1 (S.T.P.)
per 1 per h. Typical multitube fixed-bed reactors are described,
35 for example, in DE-A 2 830 765, DE-A 2 201 528 or US-A 3 147 084.
The reaction temperature is usually chosen so that the acrolein
conversion in a single pass is above 90%, preferably above 98%.
Usually, reaction temperatures of from 230 to 330°C are required
in this connection.
40
It is noteworthy that, in the gas-phase catalytic oxidation of
acrolein to acrylic acid, the novel multimetal oxides I have not
only a high activity but also a surprisingly short forming time,
ie. if a tube-bundle reactor loaded with the novel multimetal ox-
45 jdes I is operated under the abovementioned conditions using an
afrolein—containing gas stream for the purpose of the oxidative
formation of acrylic acid, the selectivity of the acrylic acid
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er’ . . . . .
40 [err]oxj‘gﬁu:'lon ?f orgs.inAg com:.>01.mds, in part:.culz.:lr ogloacrole;n &B
A6 acrylic acid, wh1125reta:frg.rn,g] thegabovementione@dmdvantages, only
20 [ err]whepQthgy are dilp8ed with multimetal oxides of 1the genkenll]fod)
10 mula IX
3
M3z Cug He Oy (11),
15 where
M3 is Mo, W, V, Nb and/or Ta,
d is from 4 to 30, preferably from 6 to 24, particularly
20 preferably from 9 to 17,
e is from 0 to 20, preferably from 0 to 10, and
y is a number which is determined by the valency and
25 frequency of the elements other than oxygen in II,

to give at least two-phase multimetal oxide materials of the gen-
eral formula III

30 [alp [Blq (II1),
where
- 1 2 12
35 A = (MO12-a-b-c Va Mp Mc Ox) x et o (active phase),
3

B = Mj3 Cug He Oy (promoter phase)
40

and

p and q are numbers other than zero, whose ratio p/q is from

160:1 to 1:1, preferably from 20:1 to 1:1, particularly pre-
45 ferably from 15:1 to 4:1,
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35 [err] 20 Wth regard to this line intensity data, it should be
noted that, 45 in contrast to the position of the lines, the relative line
in- tensities are markedly influencgg in a manner known per se to a

oo sty BTt W i e
tropy of theiensdy a’lthBrﬁ%lrﬂfle’rF“étF F e EheSF }‘?‘f"’lll @’%’f‘ﬁﬁ?‘f‘?nt °W183n58 f or

i dent i fi cat theimfchemdcabvedmpasgitinpt & fipgiggsfrom theix LRral FHHSOPMEARL |t
shoul d be simd ettd @t thbsehamtidadncbhasosition

5

1 2
A Moi12-a-b-c Va Mb_ Me Ox

10 and the moiety [B] in the form of three-dimensional regions B
which are delimited from their local environment owing to their
chemical composition differing from their local environment and
are of the chemical composition

15
3
B Mjs Cug He Oy

the regions A and B being distributed relative to one another as
20 in a mixture of finely divided A and finely divided B.

In the simplest procedure for the preparation of such multimetal
oxide materials III, the multimetal oxides I and II are each pre-
formed separately, and a thorough dry mixture is then produced
25 from at least one finely_aivided, separately preformed multimetal
oxide I and at least one finely divided, separately preformed
multimetal oxide II in the desired ratio (the thorough mixing can
be carried out in dry or wet form; if it is effected in wet, as a
rule aqueous, form, drying is carried out subsequently; the mix-
30 ing can be carried out by means of a kneader or mixer), from
which dry mixture suitable catalysts for the catalytic gas-phase
oxidation of organic compounds, in particular that of acrolein to
acrylic acid, can then be produced in a manner corresponding to
that described for the multimetal oxide I alone, by shaping. How-
35 over, both the multimetal oxides I and the multimetal oxide ma-
terials III can of course also be used in powder form as cata-
lysts. It is just as self evident that the multimetal oxide ma-
terials III can be used for all those catalytic gas-phase reac-
tions for which the multimetal oxides I were also stated as being
40 guitable. If catalysts based on multimetal oxide materials III as
active material are used for the catalytic gas-phase oxidation of
acrolein to acrylic acid, this is generally effected under the
same process conditions as described for the corresponding use of

the multimetal oxide I catalysts alone.
45
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f.raction spectrum of the novel nultinetal oxides | appears to be t he
fact that it generally contains no diffraction |Iines whose FVWHM <
0.25[err]. 10 In all enbodi nents, t;ms X-ray powder diffraction spectrum

s T R UG e IR G e B P 800081 £ gagaag% Shartil g GHia

radi ation (

radiation (40 K% €Br f RETF M AKLDLE cFaPr)FhEoF‘FF U SHABDIS Ty G OLGiagNR e
secondary gt kheraueh, preferpbiy %?n%du@éﬁl%%sl%yem%WE%(le EH&tX-ray
powder di f falslet isonrces spiedthedm elendreatulcbnatl @lenhs ded ¢alaindrigebést o
produce a® @by mixthebNat i MRdnChRBDAES efoomtl ofr&dusing spestizimeddyoocc,

subtracti ngoétme 20oh! 9661 D30kSEOUN Aol BED, iRl EDE-PONMALY QUM ti on
§ R g

evl at1 on, erlrrental | f-

of a are
fraction sp%’c‘fart&l‘?f‘( FPéq%rﬁf’cﬁr5p8?sb§/ega H&t h%rf‘é’t’?té*gle Pgnb? on 98%gand oxy-
converting 98 bedred3dF Lt iXAYUCARS FASRFeFP6R| 25 diwdBocasparat 89, methasol ved
| i nes Al errgnd)a AlldehydesThiegnarcnobeiof) eachmoénide bugselyediier anwix-
defi nes 1begyrd iokeoposid ir@Aucing gases (eg. all of the abovementioned
ones), as described, for example, in DE-A 4 335 973. It is note-
worthy that the calcination atmosphere here may also comprise
steam. In the case of a calcination under reducing conditions, it
should be noted that the metallic constituents are not reduced to
15 the element. The calcination time generally decreases with
increasing calcination temperature.

ed

Essentially the same statements as those made for the sources of
the elemental constituents of the multimetal oxides I are appli-

20 cable with regard to the sources of the elemental constituents of
the multimetal oxides II. Here too, all that is essential is that
they are either oxides or compounds which can be converted into
oxides by heating, at least in the presence of oxygen. In a pre-
ferred preparation method for the multimetal oxides II, the ther-

25 mal treatment of the thorough mixture of the starting compounds
used is carried out in an autoclave in the presence of steam
under superatmospheric pressure at from > 100 to 600°C.

Depending on the chosen calcination conditions, the resulting

30 multimetal oxides II have different three-dimensional atomic ar-
rangements. All those multimetal oxides II which are described in
DE-A 4 405 514, DE-A 4 440 891 and DE-A 19 528 646 as a possible
key phase or promoter phase are particularly suitable for the
present invention, ie. advantageous multimetal oxides II include

35 those which have the structure type (the X-~ray diffraction pat-
tern) of at least one of the copper molybdates listed in Table 1
below (the expression in brackets indicates the source of the as-
sociated X-ray diffraction fingerprint):

40
Cusj (Mo0y) 2 (OH) 4 {Lindgrenite, index card 36-405 of the
JCPDS-ICDD index (1991)),
CugMo0g020 (A. Moini et al., Inorg. Chem. 25(21)
(1586) page 3782 to 3785),
a5 |CusMosO17 {Index card 39-181 of the JCPDS-ICDD
index (1991)),
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The resol utBASF okkthengesa)lpgohast di f fIME2Dn spectd.&. D5 4635%cri bed
above, was carried out using the 1994 version of the sof t war e package
DI FFRAC- AT V 3. 2/ PROFI LE supplied by Sienens, the 30 resolution and fitting

being carried out on the basis of the 13 Pear son VI formfunction
\MI | e the Frncnnr-n of +tho.di £ ant 1 AN -n.Ac. Al orr] oL

esence—ef—the—di-H+ractton—i-nres—~A ard—Aeqr] to
Alerr] in [Cus¥sQaKa X-ray pd (';frirfi %%TEIG(%%pté?r%F?RSFtIﬁBDnoveJ‘
mul timetal |35 oxides | on th& PR £48 Ii b exclusively visual consideration
of t hei r{CegMedmpe ent ai | s| AImdaxt @amddd%ridk off thacZERRE-ICYDI n sofe
cases and ray therefore be cpimdax i(@981(kf. Exanple), their math-

ematical 54gaMdb) ON produced| apndiSs eakr@esh -2V @ £JERET & BDS -3RBHT
bi guously ilndi cates diffract gmég nqsgi\[gyr] A[err] A[err] and A[ err]

f . 40 EXCI } U\ VVIICI cas 1 t I_IUl. a UI I I Il I I C M\
I(38th met Ecﬁgg%f character }ﬁ” ﬁ&rﬁ@ﬁ 53069 gzg%&,ﬁlc@ﬁ}z’ Jf’ﬁeI el
therefore rlequire the defini gfrggg}gdg_ 8?@62{1%1@” fothe

subj ect of Jthe invention. On ShVehY of

mat hemati@dl |y resol ved, the gaycwvﬂgex &i §4a)c) I on spec- 4% trum of
the novel -uI +| rnet al CXI des r-an Sttt o r- Yo ::r-f nr IZ S

fol | ows: CuMoO4 (Index card 26-546 of the JCPDS-ICDD

index (1991)),
HT-Cu molybdate (DE~-A 19 528 646),
15 Cug-xMo3012 where X is from 0 to 0.25 (index

cards 24-56 and 26-547 of the
JCPDS-ICDD index (1991)),

Cu3zMo30g (Index cards 24-55 and 34-637 of the
JCPDS-ICDD index (1991)) and
CuzMo0s5 (Index cards 22-607 of the JCPDS-ICDD

20 index (1991)).

Multimetal oxides II to be recommended for the preparation of
multimetal oxide materials III which are particularly suitable

ag for the catalytic gas-phase oxidation of acrolein to acrylic acid
are those of the general formula IV

CuMoaWpVeNbpTagOy - {(H2O)F {Iv),
30

where

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

35 F is from 0 to 1,
B+C+D+E is from 0 to 1 and
Y is a number which is determined by the valency and
frequency of the elements in IV other than oxygen,
40

whose three-dimensional atomic arrangement corresponds to the
structure type which is defined by the compound CuMocO4~III in Rus-
sian Journal of Inorganic Chemistry 36 (7) (1991), 921, Table 1,
and designated as wolframite in DE-A 4 405 514 and DE-A 4 440 891,

45 . . . . .
Among the multimetal oxides IV in turn, those having the stoi-
chiometry Vv
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tion |line Al* 8 [err] 7
[err] 0.8 - A2* 14.0 [err] 0.8 6 [err] 5 2. 4
[err] 1.5 A3* 22.2 [errqa0.2 30 [err] 20 1.2 [err]
25? A4* - ]23025 [err%OO.Y gg [err]428 1.8 [err] 1.2
err err : : *

31.8 [err] 1.5 C“M%‘QB‘{Cé’#r] 48 5.% [e]rr] 348 10 A[7§”] 2® §2.7
[err] 1.2 52 [err] 48 4.0 [err] 3.0 A8* A9*
45.4 [err] 0.4 12 [err] 8 1.5 [err] 1.0 A10*
48.6 [errf Qnérein 25 [err] 20 2.2 [err] 1.8 15 IFrel [99 is the
percentage |line intensity based on the nost in- tense of the diffraction
| i nes A[errl/iﬁhéiﬁrr], thg,@&ﬁ@ ugdgé fh@

A, B and C are all > 0, with the proviso that B+C < 1, and

Y is a number which is determined by the valency and

10 frequency of the elements in V other than oxygen,

and those having the stoichiometry VI

15 CuMoaWrOy (vI),
wherein

20 1/ (a+B) is from 0.7 to 1.3,
B/A is from 0.01 to 10, preferably from 0.01 to 1, and
Y is a number which is determined by the valency and

frequency of the elements in VI other than oxygen,
are noteworthy.
25
The preparation of multimetal oxides IV, V and VI is disclosed in
DE-A 4 405 514 and DE~-A 4 440 891.

Further particularly suitable multimetal oxides II are those of
30 the general formula VII

CuMOA'WB'Vc'NbD'TaE'Oy' (VII),

35 where

1/{A'+B’+C’+D'+E’) is from 0.7 to 1.3, preferably from 0.85 to
1.15,
particularly preferably from 0.95 to 1.05,
40 very particularly preferably 1,
(B'+C’'+D’+E’) /A’ is from 0.01 to 10, preferably from 0.05 to 3,
particularly preferably from 0.075 to 1.5,

and
Y is a number which is determined by the wvalency
45 and frequency of the elements
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sui tabl e sources of their elenmental constitu- ents, a very thorough,

preferably finely divided, dry mxtureq5 which corresponds to the desired

WF?:?’I’% éc%‘tthlé@(sgénf&?m 300 to 500[err]C. The

stoi chionetry, and cal cining ]
I |sgetnhe redox character of

key to obtaining the novel

OXl

the cal cination at- 25 nosphere, which nust not be too oxidizing and mnust
not be too r@wose sEeckiRFe type| is|the\@T perrehImelybdiprevivke geretasey il i d
quantitativeordat &9 528védk.regard to the required redox character of the
cal cinatign 30 at nosphere. Thus, on the one hand the required redox

char act er

for exa
the el errentrrgtl

ﬁm\éﬁﬁi ES5e Wi 1t ieR 2€ NGR £l 5 HRHC B OPBLT Y +ABHe O LR At Bekphand,

cal ci nat i on ™¥FPRERR} X5 Idx AFpHRAtMEN PR SPURCS 13408 o5 0a T 20ty

the calcination. By exploratory prelimnary experi- ments, a person

skill ed i¥0 tFuerther pesyidievevétimetstleoxidest ik are mégtures afedak titheatasict er

of the cal cigkaldegnIRtAME I €as likewise disclosed in DE-A 19 528 646. This

15

20

25

30

35

40

45

applies in particular to those mixtures which contain the
multimetal oxides IV and VII in intergrown form.

Before its use for the preparation of catalysts comprising
multimetal oxide materials III, the mixture produced from separ-
ately preformed finely divided multimetal oxides I and II can of
course also first be compressed, then milled and only thereafter
brought into the desired catalyst form. As in the case of the
separately preformed multimetal oxides I and II, the diameter
range from > 0 to 300 um, particularly preferably 0,5 to 50 pm,
very particularly preferably from 1 to 30 um, is also recommended
for the maximum particle diameter.

The particular advantage of the novel multiphase catalysts com-
prising multimetal oxide materials III is that the calcination
conditions required for obtaining the various phases are as a
rule different from one another. As a result of the principle of
separate preformation, the calcination conditions of the particu-
lar phase desired can be optimally adapted.

Beyond the abovementioned uses, the multimetal oxides I are suit-
able very generally for improving the performance of catalyti-
cally active multimetal oxide materials, as described, for
example, in DE-A 4 335 973, US-A 4 035 262, DE-A 4 405 058,

DE-A 4 405 059, DE-A 4 405 060, DE-A 4 405 514, DE-A 4 440 891 and
DE-A 19 528 646.

For this purpose, for example, the active materials described
there are mixed in finely divided form with finely divided
multimetal oxides I in a simple manner and are shaped in the same
way as the thorough starting mixture for the preparation of cata-
lysts comprising multimetal oxide materials III.

The multimetal oxides I are particularly suitable as a component
of the co-phases of the multiphase catalysts comprising multime-
tal oxide materials and disclosed in DE-A 4 405 058,
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For control BASEH Akbiendesethachafbr of I5R62%I ci nat iQi% atGRRL/ 468 Fher e,
person skilled in the art has avail able, for exanple, N2 and/ or nobl e
gases, as inert gases, for exanple anmonia, hy- drogen, | ower nol ecul ar
wei ght al dehyde and/or hydrocarbons asig reducing gases and oxygen

(general ly 151,? A Negd9rgngof Dg'f‘)%% D%XAdJLZzi J5945 I[‘lcf'%E -A 4 440 891.

5
7 t e ar our ces t hat
Chey are o Pt matiBaket qrdes 3 ?efd SHRES. SHHtARIEaAS o °°mpc?8ﬁasrted
into oxi deso%fl’r?eéf:?:h‘ée %Haﬂee%t thﬁ M iphaseneataysts gkyBEM® 4% 5384844 on
to the oxi dédsichpmorbrisarnul timetabl exsteameaitryiabs cdmalidthese qasesef or e
hal | des, %idfuiRi®haskotaBABStsCivhi 6k 6Somprisexal bt Atstadc ekate mateariaasat es

and hydrQXi&Kﬁ*coﬁ%h&ﬁbbﬁéégéikbhﬁgising multimetal oxides I in finely di-
vided (from > 0 to 300 um) homogeneous distribution are formed.
They are particularly suitable as catalysts for the catalytic
gas-phase oxidations of organic compounds, which oxidations are
10 stated in the respective cited publications.

Finally, it should be noted that the present invention permits
the preparation of pure multimetal oxides I for the first time.

15 Examples

1) Preparation and identification of novel multimetal oxides MI1
to MI9 and comparative multimetal oxides VMI1l and VMI2

20 General aspects

The novel multimetal oxides I described below all contain the
elemental constituents Mo and W in the oxidation state +6. On the
other hand, the oxidation state of the elemental constituent V is

25 as a rule a distribution over its possible oxidation stage V3+,
v4t and V3*, It was possible to determine this distribution by ti-
trimetric analysis with potentiometric endpoint indication (com-
bined platinum electrode and potentiograph from Metrohm, 9100
Herisau, Switzerland), it being necesssary to effect the pro-

30 cedure under an inert gas atmosphere. Carrying out the titration
at 80°C facilitated the endpoint detection. In other respects, the
potentiometric analysis was as follows in all cases:

In each case 0.15 g of the oxidic sample material was dissolved in
35 3 mixture of 5 ml of concentrated phosphoric acid (density p at
20°C = 1.70 g/em3) and 10 ml of agueous sulfuric acid with heating
(argon atmosphere), the agueous sulfuric acid solution used in
turn being a mixture of equal volumes of water and concentrated
sulfuric acid (p20 = 1.52 g/cm3) (the stated volumes relate to
20°C). The solvent was chosen so that it did not change the poss-
ible oxidation states of V, which was checked by means of ap-
propriate V standards.

40

For the analytical determination of the V3* content, the freshly
prepared resulting solution was titrated with a 0.1 molar aqueous
ammonium ferrous sulfate standard solution ({(NHy)zFe(S04)3). For
the analytical determination of V3* and V4*, a fresh solution

45
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vanadat es, tungstates and niobates), which as a rul e have NH err] as the
opposite ion, which, on heating, |liberates NH3 having 10 a reduci ng action.
The acids derived fromthese oxo conpouynds are of course also suitable

anmmonl um ac
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ation of the nitric acid and of some of the sulfuric acid used to

15 a residual volume of about 3 ml, the total V content being con-
verted in the oxidation state +5. After cooling, the residual
volume was diluted to 50 ml and the V5* present was titrated po-
tentiometrically with a 0.1 molar agueous (NHy)Fe(S0Q4); standard
solution to beyond the equivalence point (endpoint).

20
The aqueous solution thus obtained was titrated with a freshly
prepared 0.02 molar agqueous potassium permanganate standard sol-
ution, two potential jumps occurring. The first potential jump
indicated the excess of Fe2* used, and the second potential jump

25 gave the amount of KMnO4 which was required for the oxidation of
vt to V53t and which corresponds to the total V content of the

sample.

as possi bl e &Sée%%tr'eagl&Oa(mc%‘ﬂ%éﬁo{a&lx?%qx{anner &%Q%&Q@FS d%l }”%@egﬁly

MI1: Mog.54V2.47W0.95033.53
30
33.746 kg of ammonium heptamolybdate hydrate (MoO3 content: 81.8%
by weight, ideal composition: (NHy)gMo7024 - 4H20), 6.576 kg of am-
monium metavanadate (V205 content: 76.5% by weight, ideal composi-
tion: NHyVO;3), 5.764 kg of ammonium paratungstate hydrate (WO;
35 content: 89.0% by weight, ideal composition: (NHg)1gW32041 - 7H20)
and 7.033 kg of ammonium acetate (CH3COONH; content: 97.0% by
weight, ideal composition: CH3;COONH;) were dissolved in the stated
order in succession in 250 1 of water at 90°C while stirring. The
resulting yellow to orange solution was cooled to 80°C and spray-
dried at an inlet temperature of 300°C and an outlet temperature
of 110°C.

40

800 g of the spray powder obtained were kneaded for 1 hour, with
45 the addition of 250 g of water, in a kneader (type LUK 2,5 from

Werner and Pfleiderer, 7000 Stuttgart, Germany) having an effec-

tive volume of 2.5 1. Of the 250 g of water, 180 g were added

within the first 10 minutes of kneading and 70 g within the
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mul tinmetal oxides | as such are suitable as active material of catalysts
for the gas-phase catal ytic ox- i dation of organic conpounds, such as

al kanes, al kanol s, al kenes, al kanallse al kenal s and al kenol s of 3to6
carbon atong e rol e ert ta thyl. ester of
tert-buta- rens J'I%lnl sog rﬁ)%}rg‘lé:egl gggﬁrﬁ%ara]ée}n ?g%b} Sulthggh tmi‘né%loﬁ

ol ef i ni cal Ilylke &ﬁ@éﬁﬁ@a@@ﬁ%%&’ﬁ?d‘%@%éf’& 1§a}|“?ib5?yla|tcli9| sandaﬁHePo t he
corre- s pooxtiadg thirovgh e siznpokading eénmeebpetialdfy Sofmpr opene to acry-
lonitrile and of isobutene or tert-butanol to nethacrylonitrile). 40 The

preparati®om@f qaekOkigd r!:iesmittlﬂ @t Sl ANdePBLIAGT Yah€iAC4 bin aR¥rPEontal

ment | oned by Rt18%aH 8 &gy Reﬁeéaa&ua.l%tgsbulsa\;&\m@ gciiye
rraterlalsfor eOX|da|ved roge i,on_ o nre 8 oyn 45
nd a rotary speed o o) utlons per m1nute he c1nat10n
condltlons were as follows:
10 ist step: the granules used were continuously heated from 25 to
275°C within 50 minutes;
2nd step: thelgranules used were continuously heated from 275
to 325°C within 30 minutes;
15
3rd step: the granules used were kept at 325°C for 4 hours;
4th step: the granules used were continuously heated from 325
to 400°C within 30 minutes;
20
5th step: the granules used were kept at 400°C for 10 minutes.

The external heating of the rotary kiln was then switched off and
the latter was cooled by blowing surrounding air onto the out-
25 side. The granules used cooled to 25°C within 5 hours.
During the individual calcination steps, gas mixtures which had
the following compositions (standard temperature and pressure
conditions (S.T.P.) = 1 atm, 25°C) flowed through the interior of

30
the rotary kiln, parallel to the axis of rotation:

1st step, 2nd step and 3rd step:

3.6 1 (s.T.P.)/h of air, 1.5 1 (S.T.P.)/h of NH; and 44.9 1
35 (S.T.P.)/h of Ny
(total gas flow: 50 1 (S.T.P.)/h);
4th step, 5th step and cooling phase:
3.6 1 (8.7.P.)/h of air and 44.9 1 (S.T.P.)/h of Ny
40 {total gas flow: 48.5 1 (S.T.P.)/h).
The resulting multimetal oxide powder MI1l had a black color and a
specific surface area (determined according to DIN 66 131 by gas
adsorption (N;) according to Brunauer-Emmet-Teller (BET)) of
15.0 m2/g. More than 99% of the vanadium contained in the multime-

45
tal oxide MI1 was present as V4t (this determination was carried
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particularly striking with regard to tf¢s reaction. 5 When t he novel
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particul ar & ?b‘F}é‘ﬂ‘PettGYa%?%fISfY? 4029 §P\e§5r ng to achi eve the desired
catal yst geonetry is preferably carried 10 out by application to prenol ded
i nert cat al ysé @uEHa ixetray beddere diffoachidrerspelesrin ndgtaraiivedaad¢errdifige
usual Carsi £6Sths Wt tameROs in thRUBeOEr IWMIRES aHd &fdliatas, astét caubtireri um

di oxi de, f&?' the ?&Réérxd%ac%h:bﬁﬂa EHtiida0rnsidd198Wesy SRS ion

magnesi um siTica um.n W n%§ e used. The carrier
el enents nayipes 1"51 FQ&UFE?‘?KP% °r F888Fat? y*SMApkd, regul arly shaped
carrier el ement s havi ng pronounced surface roughness, for exanple
spheres ot hulbswal lgylriesdéved: bei ng preferred. Anbong these in turn,
spheres ape particul arly advantageous. The use of essentially

X-ray diffrac- 20 Iprel
tion line [°] [%]

Al 8.4 5

15 A2 14.8 2
A3 22.4 100
A4 23.6 22
AS 27.2 41
Ab - -

20
A7 35.2 14
A8 - -
A® 45.5 19
Al0 48.9 25

25

2. Mathematically resolved:
X-ray diffrac- 20 Igrel FWHM

30 tion line [l [%] [°1
Al* 8.3 11 3.4
A2* 14.5 3 3.5
A3* 22.4 28 0.5

35 A4 22.9 16 2.2
AS* 27.1 100 4.4
Ab* 31.5 36 5.7
AT* 35.3 40 4.8
AB* - - -

40 A% 45.5 9 0.
Al0* 48.8 33 2

The experimentally determined CuKa X-ray powder diffraction spec-
trum reflecting the three-dimensional atomic arrangement of the
multimetal oxide MIl is shown in Figure 1 (ordinate: intensity,

45
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nonpor ous, BAREr Akifiengeseddschafitng suPPBE@9r oughne®sZ andi020/463H2i si ng
steatite, whose dianeter is froml1l to 6 mm preferably from4 to 5 mm
is particularly advantageous. The | ayer thickness of the active nateri al
I s advant ageously chosen in the range ggom 50 to 500 [err]m pref erably

from 150 to, @f@e& ]ag‘soi\g Catan@ﬁlg P&’%é‘t %%sclagyt RE" ] atf{oinn th

preparation_of such coat mat'eri 0 be appl I ed
S generall9 noi st ened for coati ng of the carrier elenments and is dried
again after application, for exanpl e by nmeans of hot air. For the

pr epar at i onFofthdmnogeat Eﬂgu:m dl phvws the ldosbrnbackgrtdumd3@ochersws- el enents
ijs als a El Bl er&@tféd %lrodhei ékra’ilu%ltilbﬁbgﬂxé Acanabk éng 1&@%@&28@ as |

I scl osed, o &X | ule,
the rel evan& raf‘lmgl R(%&I nfg ?9 aggltﬁ;é tpos:.@%?@ %’rq%lh% ?ndféq&“’[
Fur t her nor €S {Tﬁ'eac%togl ?%%IIT y ?.%1%? CPRTF e§“’ﬁ??lké%sei 12epaprdicl e
di anet er of XtFMG I rAGtEem JRACtERP Bbvifeftdeabriter dm o. pateragheanaer] m
parti cul ar | ¥ntps efter albby2®r vamdess firom 5 &9 43€r ahé £hei ake tbhestoat i ng

process I8 carri ed out The coating and cal cination process can al so be
carried Out $ue SULHANL GHPBBCLange AL & Y 49 B A3293u80 %50, LIgL (he
resul ting gm de F gg é’b %ﬁ@t eC| surrace a of fro
0.50 to 150 %Eftgazf 18’be%‘?ef‘itc¥uﬁ‘o i gpe ?Jorﬁ’i}dfoMFb ) 1éﬁﬂ‘?’éi’fr]/g
and a pore ¥¢&kfp- Furthermore, Figure 2 shows the result (including the

background line) of the mathematical fit and resolution carried

15 out in accordance with the description for this range (PROFILE,
Pearson VII profile function, fixed background). The superposi-
tion of mathematically generated diffraction lines Ai* gives the
fit to the experimental envelope.

20 In a corresponding manner, Figure 3 shows the 20 range from 43 to
65° on a larger scale and the resolution performed for this range,
including the linear background line.

The rectangular section appearing above the actual X-ray diffrac-
tion spectrum in Figures 2 and 3 shows in each case the differ-
ence between the experimental envelope of the X-ray powder dif-
fraction spectrum and its mathematical fit. This difference is a
measure of the quality of the fit.

25

30 MI2: Mog 54V2,47W0.99033.53

Granules were produced as for MI1l. 400 g of the granules were cal-
cined in a calcination furnace operating according to the prin-
ciple of a jet reactor. The granules used were present as a 5 cm
high bed on a wire net through which a gas mixture flowed from
below. The volume of the furnace was 3 1, and the circulation
ratio [(circulated gas mixture volume flow): (freshly added gas
mixture volume flow)] was chosen to be 20. The granules used were
first continuously heated from 25 to 325°C in the course of 1 hour
in the stated furnace. The granules used were then kept at 325°C
for 4 hours. At the beginning of the calcination, the gas mixture
flowing through was composed of 120 1 (S.T.P.)/h of Ny, 10 1
(s.T.P.})/h of air and 3.3 1 (S.T.P.)/h of NH3. Finally, the gran-
ules used were heated from 325 to 400°C within 20 minutes and then
kept at 400°C for a further hour. In this final phase, a gas mix-
ture comprising 120 1 (S.T.P.)/h of N and 101 (S.7.P.)/h of air

35
40

45
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ter distribBASBnAkbibhnghaelischefst 10993P62%e t ot alOFor QORAAARB59 are
accounted for by each of the dianeter ranges fromO.1 to <1 ([err]m
from1.0 to < 10 [err]mand from 10 [err]mto 100 [err]m The pore

di aneter distributions stated as .being2preferred in EP-A 293 859 may

al so be est fg%v!z%{ggxrough. Cooling tSNEo R ViRInpEb Li PR LA QXEdEsed HARuURE

course al so s un- sypported catalysts. In this context, the

t hor ough dr §A 79 & é'f%e H%?)'f‘rpsrl‘}pé)lti g the starting conpounds of the nultinetal
oxide I is preferably conpacted imediately to give the desired catal yst
ge- 5 onetTlye (femuldiagphe] tinetadt pxide pawdext ML2iwas ideptberhgpods-

ible, if peguitacheadloortdeQonyerithopespessitet ahesystelf 3ymaphiyses andr
stearic acig; 1asdJHii-Cant e Andfxer xTPLHI RGvRrdd; apehd8idal 8p6ctrum.

MI3: Mog.35V2.60W1.05033.40

10 852.78 g of ammonium heptamolybdate hydrate (MoO; content: 81.0%
by weight, ideal composition: (NHy)gMo7024 - 4 H20), 177.14 g of
ammonium metavanadate (V,0s5 content: 77.0% by weight, ideal com-
position: NH4VO3) and 156.29 g of ammonium paratungstate hydrate
(W03 content: 89.0% by weight, ideal composition: {(NHg)i1oW120421

15 7 H,0) were dissolved in the stated order in succession in 5 1 of
water at 95°C. The yellow to orange solution obtained was cooled
to 80°C and spray-dried at an inlet temperature of 300°C and an
outlet temperature of 110°C. 100 g of the spray-dried powder were
then calcined in a horizontal rotary kiln with an isothermally

20 neated quartz bulb volume of 1 l_and a rotary speed of 12 revol-

utions per minute under the conditions defined below. The powder

used was continuously heated from 25 to 275°C in a first step
within 50 minutes, continuously heated from 275 to 325°C within

30 minutes in a second step immediately after the first step,

kept at 325°C for 4 hours in a third step immediately after the

second step and heated from 325to 400°C within 3.5 hours in a

fourth step immediately after the third step. During the first

three steps, a gas mixture consisting of 9.6 1 (S.T.P.)/h of air,

31 (S.T7.P.)/h of NH3 and 87.4 1 (S.T.P.)/h of N (total gas flow:

100 1 (8.T.P.)/h) flowed through the quartz bulb. During the

fourth step, a gas mixture consisting of 9.6 1 (S8.T.P.)/h of air

and 87.4 1 (s.T.P.)/h of N, flowed through the guartz bulb (total
gas flow = 97 1 (S.T.P.)/h). After the end of the fourth step, the
external heating of the rotary kiln was switched off and cooling
was effected from the outside by blowing on air. The powder used
cooled to 25°C within 5 hours under the gas mixture comprising

9.6 1 (S.T.P.)/h of air and 87.4 1 (S.T.P.)/h of N and flowing

unchanged through the quartz bulb.

40
The resulting multimetal oxide powder MI3 had a black color and a
specific surface area (DIN 66131) of 0.5 m2/g. More than 99% of
the vanadium contained in the multimetal oxide MI3 was present as
v4+, The multimetal oxide MI3 thus had the stoichiometry

25
30

35

45 Mog.35V2.60W1.05033.40-
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ing agent s, BREEnAkLigngeseldschadit gl as85083Best os, QiFi cOMSAE6359 bide or

potassiumtitanate,

can generally be carried out prior to the shap-

preferred geonmetry of unsupported cata@sts conprises holl ow

and calcination is effected. Here 10 too,
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A2 14.7 scarcely detect-
able
a3 22.3 100
15 Al - -
A5 27.1 45
A6 - -
A7 35.0 17
8 - _
20 A
AS 45.5 20
Alo 49.0 25
25 2. Mathematically resolved:
X-ray diffrac- 20 Iprel FWHM
tion line [°] [%] (]
Al* 8.0 12 3.4
30 A2* 14.0 2 3.1
A3* 22.3 28 0.6
ad* 22.9 16 2.0
AS* 27.1 100 4.6
35 a6+ 31.9 25 5.7
AT+ 35.2 34 5.0
AB* - - -
A9* 45.5 10 1.
10+
40 A 48.6 20 2
MI4: Mog,35V2,60W1.05033.40

A spray-dried powder was produced as for MI3. 60 g of the spray-
45 dried powder were then calcined in a horizontal rotary kiln with
an isothermally heated quartz bulb volume of 1 1 and a rotary

speed of 12 revolutions per minute under the conditions defined



but ane and/ BASFeddkdriengessilschathict i 0950629 gases AndroP050L4H359 As a

rul e, an acrol ein:oxygen:steaminert gas volune ratio of 30 1 : (1 to 3) :
(0O to 20) : (3 to 30), preferably 1 : (1 to 3) (0,5 to 10) (7 to 18),
is established in the acrolein oxida- 23 tion. The reaction pressure is in
eneral fro (o] t | Qi d ref.erapl y. from
1000 to 3s0perohs Tp okt HEq vad HecelPAfd B BE) 2Yor S W8 81kl
reactors ar &#t§8séRi Bt re4s5 SEEP- ¢ npoushypeatest §em74ls Y9E3A55C ity
or US-A 3 137 e8rgutes ifha segend orteareipeediabely afgsuathy Ghrssenten. t hat
the acrol ei kept 60NYZ5% @ori B Bowtgheapahsrd StpovenSdlatdlvebeeabl ynabove
oqui red — Bectadl 86 A WETREA TS 8" LoT A L RL B Riinbked fn o
gas- phase CMFSEi R0, IPICEACSTY after bhe HLAE TP fad (¥hen EpE"RE, o
nul ti metal @P0dEsEPr nel @ipytes. RyHinga theghizsd i3vetorputa Magomjxture con-
surpri si ngl wishkdng éHréing (Ene,P.) /hi ef aira t.5be- beuwlire )Yeaof a¥Hil eaded
wi th the nowal 7mil {s netral) /BXof 4%, itdefed tirdder ahedpuuider bullB (total gas
abovementli®ngd,congit i @Ng . ¥Si pgh aburing £RL SHREANLAG ¥ NHEHIRS BL ! €A SO
the purpose of (hg oI dAlive o [ TRULOP. Of) ALY hE, AGI4 45t hey sel ectivity
of the acryfnl ¢ acrd
($.7.P.)/h of Ny flowed through the quartz bulb (total gas flow:

48.5 1 (s.T.P.)/h). After the end of the fifth step, the external
heating of the rotary kiln was switched off and cooling was ef-
fected by blowing on air from the outside. The powder used cooled
to 25°C within 5 hours under the gas mixture comprising 4.8 1
(s.T.P.)/h of air and 43.7 1 (S.T.P.)/h of N; and flowing un-

changed through the guartz bulb.

15

20 The resulting multimetal oxide powder MI4 was identical to the

multimetal oxide MI3 with respect to the V3+,v4+ and Vv3* analysis
and with respect to its CuKa X-ray powder diffraction spectrum.
The quantitative evaluation of the X-ray diffraction spectrum

carried out as described {(shown in Figures 7 to 9) gave the fol-

25 lowing in the relevant 2@ range:

1. vVvisually resolved:

30 | X-ray diffrac- 20 Iprel
tion line fo] [%]
Al 8.9 5
A2 13.8 still just de-
tectable
35
A3 22.3 100
aAéd - -
AS 27.0 40
A6 - -
40
A7 35.3 still just de-
tectable
A8 - -
A9 45.3 18
a5 alo 49.0 24
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10 f or "eRASR Akbibngesedlpchafsu val ¥e0GRRhin a hdi< H0HHEEEITHg

time. Wth regard to this plateau value, the preparation of the novel
mul timetal oxide materials exhibits higher reproducibility. 5 However,
the nultinetal oxides | begin fully toggisplay their po- tential as
catal yst acfiv éﬁléyca59§ #gggfﬁghalytlc gas- phase oxi dation of
organi ¢ conpounds, 1n particul ar acroleinto acrylic acid, while
retai ni ng the_abovenentloned advantages, only when they are diluted with
mul ti nmet al U)ku_tég?, g ggmeratSgpr- 10 ”Uj';g}ei | rwmm . verr] Cuferr]
He qe”]s tion line (11}e) [%] °]
Al* 8.5 8 2.8
A2* 13.7 2 2.1
A3 22.2 26 0.4
A4 22.8 15 2.2
10 A5* 26.9 100 4.3
A6* 32.0 42 5.6
AT 35.1 61 4.7
AB* - - -
15 A%* 45.4 9
Alo* 48.8 34
MI5: Mog.54V2.47W0.99033.01
20

800 g of the spray powder produced for the preparation of MIl were
kneaded in a kneader (type LUK 2,5 from Werner and Pfleiderer,
7000 Stuttgart, Germany) having an effective volume of 2.5 1 with
the addition of 80 g of acetic acid (100% strength) and 200 g of
water for 1 hour. The 80 g of acetic acid and 80 g of water were
added during the first 10 minutes of kneading. The remaining 120 g
of water were added during the remaining 50 minutes of kneading.
The resulting moist and clod-like kneaded product was dried for
15 hours at 110°C and then forced through a sieve having a mesh
30 size of 5 mm. 100 g of the resulting granules were then calcined
in a horizontal rotary kiln as described for MI1.

25

The resulting multimetal oxide powder MI5 had a black color and a
specific surface area (DIN 66131) of 16.0 m?/g. 42% of the vana-

35 dium contained in the multimetal oxide MI5 were present as V3* and
58 % as V4+*, In contrast to the multimetal oxide MI1, the multime-
tal oxide MI5 thus had the stoichiometry Mog.54V2.47W0.99033.01. The
CuKa X-ray powder diffraction spectrum determined and evaluated
as for the multimetal oxide MI1 nevertheless reflected the same

40 three-dimensional atomic arrangement for the multimetal oxide MI5
as for the multimetal oxide MI1 (cf. Figures 10 to 12). The dif-
fraction lines determined in the relevant 20 range are:

45
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15 where

30, preferably from6 to 24, particularly 20
eis

17,

a number which is deternmined by the vaggncy and 25 ency of
e ot erents ocraranpseaydn 1 o o ve I HRIEITR-=-
[Al p[B] g (reny,
X-ray diffrac- 20 Iprel
tion line [°] [%]
> Al 8.6 8
A2 14.3 3
A3 22.3 100
a4 - -
10 A5 27.2 59
AS 31.6 26
a7 34.8 24
A8 - -
15 A% 45.5 24
Al0 49.0 31
2. Mathematically resolved:
20
X-ray diffrac- 20 Iprel FWHM
tion line [e] [%] [°]
Al* 8.4 10 3.1
A2* 13.9 2 2.0
25 A3 22.3 38 0.8
Ad* 23.1 27 2.4
AS* 26.9 100 4.0
aA6* 31.2 42 4.4
30 AT* 35.0 85 4.6
AB* - - -
A% 45.6 15
alo+ 48.6 12
35
VMI1: Mog.54V2.47W0.99034.18
100 g of the granules obained for the preparation of MI5 by knead-
ing spray powder with water and acetic acid were calcined, as de-
40 scribed in Example MI1, in a horizontal rotary kiln. Instead of
the various gas mixtures, however, a corresponding amount of pure
air flowed through the rotary kiln in each case.
a5 The resulting multimetal oxide powder VMI1l had a black color and

BASF[ 3ktliengeselschafty, No92062Br Ta,

fromO to 20, preferably from O}0510.1.284 Replaced i's

a specific surface area (DIN 66131) of 16.2 m2/g. 47% of the vana-
dium contained in the multimetal oxide VMIl were present as Vé+
and 53% as V5%, In contrast to the multimetal oxides MI1 and MIS,

0.Z. 00%0/463%590m 4 to
preferably from9 to



wher e 35BASF Aktievifemellsadlexfif M e@BP6RPerr] (J@rE]) 0BSPELASB59

(active phase), B=Merr] Cu[err] He Jerr]
(pronoter phase) 40 and p and g are nunbers other than
zero, whose ratio p/qis from 16@:1 to 1:1, preferably from20:1 to

11, part'C%h%rk¥l€qﬁgtéi5oxideféﬂfﬁjkﬁugrﬁgﬁ:g%e;skgiéhﬂbmetry
Mog,54V2 . 47W0.99034.18. The associated CuRO X-ray powder diffraction
spectrum is shown in Figure 13. It is evidently different from
‘that of the multimetal oxide MI1 and, in the 2@ range from 5 to

5 50°, contains, for example, the following intense diffraction
lines (having a relatively small half-width).

Visually resolved:

10 X-ray diffrac- 20 Iprel FWHM
tion line [°] [%] [°1
Bl 9.7 32 0.15
B2 16.8 7 0.18
15 B3 19.4 15 0.23
B4 25.8 91 - 0.19
B3 26.1 78 0.23
B¢ 29.5 62 0.21
20 B7 31.2 24 0.45
BS 34.0 26 0.17
B9 - 35.7 44 0.36
B10 43.1 12 0.25
25 Bll1 45.4 39 0.63
B12 46.7 26 0.45
B13 49.4 41 1.18

This means that the three-dimensional atomic arrangement of the
30 multimetal oxide VMI1 does not correspond to that of the multime-
tal oxide MI1 or MI5,

MI6: Mog gV2,4034.37

35 239.74 g of oxalic acid dihydrate (ideal composition: HzC304

2 H;0, H3C304 content: 71.4% by weight) were dissolved in 4 1 of
water at 80°C in a first vessel. Thereafter, 90.22 g of ammonium
polyvanadate (V305 content: 88.2% by weight, ideal composition:
(NH4) 2Vg015) were dissolved in the resulting agqueous solution
while stirring and while maintaining the temperature of 80°C, a
deep blue aqueous solution A being formed. The ammonium polyvan-
adate was added in small portions in the course of 15 minutes in
order to prevent the reaction batch from frothing over. In a
second vessel, 619.60 g of ammonium heptamolybdate hydrate (MoOj
content: 81.3% by weight, ideal composition: (NH;)gMo7024 x 4 H0)
were dissolved in 4 1 of water at 80°C while stirring (solution
B) . Thereafter, solution B was continuously stirred into solution

40

45
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whi ch cont aBASFhaktdiengesieAlschafithe f 0BBD6R9t hr ee- D n2nsOOHA/46259  gi ons

A which are delimted fromtheir |local environnment ow ng to their
chem cal conposition di fferi ng fromt hei r local envi ronment and are of
t he chem cal conposition A

thr e- o meri Bhll 1« L’l%eié]m%ﬁa?@] i -4 t%?l?e%gﬁa?r%utLB%wQ?%%lilformc’f

t hr ee- di nensi On regions
envi r onment SBWRHEPR (S”’atshéFFrred cﬁr?énﬁcﬁllr@?ﬁﬁ)dél fPBEs Y 189 Cnand rgent hei r
| ocal envirespnrantdmded (indee todmpidratohen 31d°Ccoopoket itempetbture: 110°B) =
Merr] Cu[err] He (Jerr]

5 100 g of the spray-dried powder were calcined in a horizontal ro-
tary kiln with an isothermally heated quartz bulb volume of 1 1
and a rotary speed of 12 revolutions per minute under the condi-
tions below. The powder used was continuously heated from 25 to
275°C within 50 minutes in a first step, continuously heated from
275 to 325°C within 35 minutes in a second step immediately after
the first step and kept at 325°C for 4 hours in a third step im-
mediately thereafter. Directly afterward, the powder used was
heated from 325 to 400°C within 35 minutes in a fourth step and
kept at 400°C for 10 minutes in a fifth step immediately there-
after. The external heating of the rotary kiln was then switched
off and the quartz bulb was cooled by blowing on air from the
outside. The powder used cooled to room temperature (25°C) within
5 hours. During the entire calcination time (including the cool-
ing phase), 50 1 (S.7T.P.)/h of air flowed through the quartz bulb.

10

15

20

The resulting multimetal oxide powder MI6 had a black color and a
specific surface area (DIN 66131) of 6.6 m2/g. 36% of the vanadium
contained in the multimetal oxide MI6 were present as V4+* and 64%
as V3*, The multimetal oxide MI6 thus had the stoichiometry

Mog,6V2.4034.37-

25

The visual appearance of the associated CuKo X-ray powder dif-
fraction spectrum corresponded to that of MI1 {(cf. Figure 14) and

30 had the three-dimensional atomic arrangement in common with MI1.
Its valuation carried out as for MI1l gave the following diffrac-
tion lines in the relevant 2© range:

1. Visually resolved:

35
X-ray diffrac- 20 Irel
tion line [e] [%]
Al 8.0 9
A2 14.1 4
40
A3 22.3 100
A4 23.5 40 s Sheet Has Been Replaced
s Z \\ll\l\\\“l\\h\lm\ll\
AS - ~
45 a7 34.5 26
A8 _ 38.7 12




t he regi onsBASEndkbigegrgedilschaltt ed r@P862%e to orfe-Zndi0%0/463%9 in a

m xture of
procedure f

finely divided A and finely divided B. In the sinplest
or the preparation of such nultinetal oxide materials II1,

the nmultinetal oxides | and I ar e eacmspre- forned separately,-and a

t hor ough dr
separatel y
separately
t hor ough m
in wet, as

xi ng can be carrled out In dry or wet form I t]
a rul e aqueous, form -drying is carried out subsequently,

m x- 30 |ﬁgzcanM@éh§@§¥4QRiknme591W%bns of a kneader or mixer), from-
which dry m xture suitable catalysts for the catal ytic gas-phase

oxidation of—organic conpounds __in particular that of acrolein to
acrylic acildX-saw @h&frase froducé® in d nanke€f! cor rlespofiithg t ¢ t hat
descri bed flor t?k?ﬁn}PP?netal oxi 84 | allone, [y shagi ng. [Pbw 3% ever, bo
the mul ti mgtal oxigdes T an the gujtlnttal OXgd€e ng- zterlal 1l can
course al8q — er—fprm-as—gata— —+ysis: H—ts o4t as sel f
evident thdt_the gliltinetall oxide ha- :
A3 22.2 19 6.2
A4 23.0 23 2.6
AS* 27.3 100 3.0
15 A6* 32.8 51 7.8
AT 34.8 4 1.8
AB* - - -
A%* 45.3 | 8 1.3
20 Al0* 48.6 16 2.3
MI7: Mog . 6V2.4034.13

25

30

35

40

45

100 g of the spray-dried powder prepared for MI6 were calcined in
a horizontal rotary kiln with an isothermally heated quartz bulb
volume of 1 1 and a rotary speed of 12 revolutions per minute
under the conditions below. The powder used was heated from 25 to
275°C within 50 minutes in a first step, continuously heated from
275 to 300°C within 25 minutes in a second step immediately after
the first step and kept at 300°C for 4 hours in a third step im-
mediately thereafter. The external heating of the rotary kiln was
then switched off and the bulb was cooled by blowing on air from
the outside. The powder used cooled to room temperature (25°C)
within 3 hours. During the entire calcination time (including the
cooling phase)}), 50 1 (S.T.P.)/h of air flowed through the quartz
bulb.

The resulting multimetal oxide powder MI7 had a black color and a
specific surface area (DIN 66131) of 5.7 m2/g. 56% of the vanadium
contained in the multimetal oxide MI6 were present as V4+ and 44%
as V5*, The multimetal oxide MI7 thus had the stoichiometry

Mog,V2.4034.13.

The visual appearance of the associated CuKo X-ray powder dif-
fraction spéctrum corresponded to that of MI1 (cf. Figure 15) and
had the three-dimensional atomic arrangement in common with MI1.
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terials |1 BA&F Bktianggsnlischatiose cABA6RA% ¢ gas- PhéseOPBAF46359t ons

for which the nultinmetal oxides | were also stated as being 40 suitable. If

catal ysts based on nultimetal oxide nmaterials IIl as active material are
used for the catal ytic gas-phase oxi dagigon of acrolein to acrylic acid,
this is gengral Lex‘ia:@&é@ﬁrﬁ‘j:a&}?g@& &€ as fé@rmnprg%%SEhgomlfdw@ﬂa @Stfrac-
descri bed f%rm%hflggsr rl%sp%% 0o Use 35 ran e ltimetal oxide’ | catalysts
al one. 45 g ) 12 The mul ti et al
oxides Il can be prepared in a sinple manner known per se to a person
skilled in tthevaswal¥wrreseampfie by producing a very thorough, preferably
finely diw ded, dry mxture fromsuit- abl e sources of their el enental
constituents_and calcining this 5 dry mixture at from 200 to 1000[err]C,
frequently {r¥m®s5@if6rae0[err]C, 20 Iprel
tion line [°] [%]
Al 7.9 10
10 A2 14.2 5
a3 22.3 100
a4 - - '”G\WUH%ﬁuMQWM

5 I

15
A7 34.7 30
A8 - -
A9 45.6 29
Alo 49.0 48
20 '

2. Mathematically resolved:

X~ray diffrac- 20 Igrel FWHM
25 tion line [°] [%] [°]
al* 7.9 7 3.1
A2* 14.3 4 3.0
A3* 22.3 39 2.0
30 il , ; -
AS* 26.8 100
A6* 31.3 25
AT* 34.2 . 53
IXD - — —
35 Ad* 45.4 8
AlO* 48.6 29
MIS: Mog . 9V3.0033.72
40

306.86 g of oxalic acid dihydrate (ideal composition: HC204

2 Hy0, HyCy04 content: 71.4% by weight) were dissolved in 4 1 of

water at 80°C in a first vessel. Thereafter, 115.48 g of ammonium

polyvanadate (V305 content: 88.2% by weight, ideal composition:
45 {NH4) 2Vg015) were dissolved in the clear agueous solution while

stirring and while maintaining the temperature of 80°C, a deep

blue aqueous solution being formed (solution A). The ammonium

I

ced




often from BBSFtBksbepaespllschafsi ng pdseéd¥e to cdv3. ANSQAAE3IRY -
cination under inert gas (eg. N2, a mxture of inert gas and oxy- gen
(eg. air), reducing gases, such as hydrocarbons (eg. neth- ane),

al dehydes (eg. acrolein) or ammonia, b3 al so under a m x- 10 ture of

Qerr] and #or —Ciﬁ%aggﬁgﬁé%%_dg%&' :éxg‘;sngé}g BBOVESRNtIORGd couPEr 185

descri bed, exa [t.1S .nate- rthy. that the
Cal ol nat | o AN e SEAEE Ry SAPRD S ErSEion Mt PR LHe RS of a
cal ci nat i onCY@fterI™ 8dBEFPRA CiGFERLT ondd - §4 9 of SHBMATG UBehABt AP xhsatenly -

met al | i ¢ codsate UMeOs cortandt: Bddifedy weigbti hicdeslle gompos itieonzal ci nati on
time genebalimy,)drej®@asess Wb werd [ilsgasveg nalacinatiwatdreapesattiivhile
Essenti al | ysﬂf@:i%ﬂ@séié%%@@)% et LOSCTRAB1 L od M waQUESRS Rlous 1yt NE

el enent al con%%%%fen s of_the ng]tkggﬁgg ox§des % are agpll- 20 %3Q¥e W th
regard to tHE ¢BECOFOTHE A EnBht & THASPER ubheb RGeS - T IAT BT al
oxi des |1. i#eR hlye agpeoyhfolusieR et isfirredt fri @ furkByr ot hauERept

oxi des or c®ujDands thbn cdprzamndréed oirgrete dempéoa tureox Bd0SC byoutdati ng, at

| east i nl0hgPasaReR: 01167¢)gen. In a pre- ferred preparation nethod for
the multinmetal oxides Il, the ther- 25 mal treatnment of the thorough
m xture of the starting conpounds used is carrjed qut in an autoclave in

t he presenc%PQﬁg'§Fe§H? spray-dried powder were calcined in a horizontal ro-
tary kiln with an isothermally heated quartz bulb volume of 1 1
and a rotary speed of 12 revolutions per minute, as described for

15 MI7, in an air stream.

The resulting multimetal oxide powder MI8 was black and had a

specific surface area (DIN 66131) of 5,3 m2/g. 52% of the vanadium

contained in the multimetal oxide MIB8 were present as V4* and 48%

as V3+*, The multimetal oxide MI8 thus had the stoichiometry

Mog_ oV3.0033.72. The visual appearance of the associated CuKa X-ray

powder diffraction spectrum corresponded to that of MI1 (cf. Fig-

ure 16) and accordingly had a three-dimensional atomic arrange-
ment in common with MIl. Its evaluation carried out as for MI1l
gave the following diffraction lines in the relevant 2© range:

20

25

1. Visually resolved:

30 | X-ray diffrac- 20 Tprel
tion line {°] %)
atl 8.3 9
A2 14.6 3
A3 22.3 100
35 =8 - -
AS 27.0 95
AS - -
A7 35.0 29
40 a8 - -
AS 45.2 31
Al0 48.6 41
45
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under super BASEsphddiengesedsiaahafit from?50688 t o 600Pe%r] €950/463B8pendi ng
on the chosen calcination conditions, the resulting 30 nmultinetal oxides II
have different three-dinmensional atomc ar- rangenents. All those

mul tinmetal oxides Il which are describgd in DE-A 4 405 514, DE-A 4 440

891 and DE- A 19, aﬁcﬁ@aq_q argmelal e key phase or pronoter phase are

particularly suitable for present invention, ie. advantageous
mul ti nmet al OXI des Il incl ude 35 those which have the structure type (the
X-ray diffrg X1 E T Ojg al T Eastl 1 7ol ybdat es
listed in Tab on 1 the gxpress|on ifyjbrack ts |p§| cat els the source
of the ass5 soc'ﬁ*eu Xt "*'”M"*ln.f:r‘gcrpr:.
CU err] (MO err])Z{\b—DZ (Li nfgPenitb, index car 3634(3‘5 of It he
JCPDS- 1 CDD | ndex (4291)), Cu[err] Mo( e r]q rr] - (A Mpini et al.,
| norg. Chen—25(213= 52.3 112, 3785), 45
Cu[err] M| efrldert] (Inr%éy carH 30_191 of kh DD
i ndex (1991)), At 23.9 1
10 AS* 26.9 100
AS* 31.9 11
AT 34.9 26
aA8* - - -
15 A9* 45.2 : 8
plox 48.3 13
MIS: Mog . gV3.0034.04
20

100 g of the spray-dried powder prepared for MI8 were calcined in
a horizontal rotary kiln with an isothermally heated quartz bulb
volume of 1 1 and a rotary speed of 12 revolutions per minute, as
described for MI6, in an air stream. The resulting multimetal

25 oxide MI9 was black and had a specific surface area (DIN 66131)
of 5.7 m2/qg.

31% of vanadium contained in the multimetal oxide MI9 were pres-
ent as V4* and 69% as V5+. The multimetal oxide MI9 thus had the
stoichiometry Mog ogV3.0034.04. The visual appearance of the asso-
ciated CuKa X-ray powder diffraction spectrum (Figure 17) corre-
sponded to that of MI1 and had the three-dimensional atomic ar-
rangement in common with MI1. Its evaluation carried out as for
MI1l gave the following diffraction lines in the relevant 2©

35 range:

30

40

45 . '
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Chem stry
CuMoA- | | |
(CuwoA,

(1994)),

10

15

20

25

30

35

40

45

i ndex card 21-307 of 10

Cu6VBASESAktiengeselliscihaftcard 460688 of t heO JTPDFOEL359
I ndex (1991)),
i ndex (1991)),
i ndex (1991)),

Cu6MAQOLS (I'ndex card 35-17 of the JCPDS-I1CDD
5 Quibor (1 ndex car ¢,28neeAas BlenRBRacdCPDS- | CDD

a6(7 Qﬂuggi an Jou]%
: 1991), 927 )
am‘t'%lsﬂfas]tla’r 5850\1/\‘6??? am t((a ) ) 7]

MRITIN...

t he JCPDS-1 CDD i ndex

PN IA TT tHEfexTar—26-5¢ 8=t THe P CPDS- | COD
tion line [c] (%]
Al 8.0 8
A2 14.2 "2
a3 22.3 100
a¢ 23.9 29
A5 27.4 59
A6 - -
a7 35.0 20
A8 38.8 9
A9 45.4 23
Al0 48.8 32

2. Mathematically resolved:

X-ray diffrac- 20 Igrel FWHM
tion line [°} (%] (°1
Al* 8.1 9 3.1
A2* 14.0 9 2.2
A3* 22.2 43 0.9
A4 23.3 37 2.6
AS* 27.2 100 3.9
A6* 31.8 25 3.9
AT 35.1 90 4.1
A8* - - -
A%* 45.3 10
Alo* 48.6 24
VMI2: Mog . 0V3.0032.90

100 g of the spray-dried powder from MI8 were calcined in a hori-
zontal rotary kiln with an isothermally heated quartz bulb volume
of 11 and a rotary speed of 12 revolutions per minute, as de-
scribed for MI1.

The resulting multimetal oxide VMI2 was black and had a specific
surface area (DIN 66131) of 6.8 m2/g. 93% of the vanadium con-
tained in the multimetal oxide VMI2 were present as V4t and 7% as
v3+, The visual appearance of the associated CuKa X-ray powder
diffraction spectrum evidently differed from that of the multi-



i ndex (1991BRSF Akyiepgessihlisghaft (DB5A628 528 648)Z2. ABS5U(A63583012

where x is fromO to 0.25 (index cards 24-56 and
26- 547 of the JCPDS- 1 CDD i ndex (1991)), Cu3Mb2™
(I ndex cards 24-55 and 34-637 of the 33 JCPDS—ICDD

'JgeDg_l(éngl)n)eté‘Pdoxﬁﬁ fae2MoCP, Figure 18) ar(d%”%xtﬁé‘rﬁ :%%ggoz AL des .
to be reconmBntePTE efe E‘P%p’ﬁ‘rﬁﬁ‘PhSn #ﬁ%’f?ﬁe’t‘&len&% agﬁ%ﬁcetﬁo&l s 111

which are pat®fRularly suitable 25 for the catal yti c gas-phase oxidation of

acrolein to acrylic acid are those of the general formula IV
CUND[ er r ] W et shdM By revblbhieeedTalerr]Jerr] . (H2O [err] (v,
X-ray diffrac- 20 Iprel FWHM
tion line [°] [%] [°]
10 Bl 26.0 85 0.50
B2 36.9 31 0.45

2) Preparation of multimetal oxides II

15 MII1l: Starting material 1 (Cuj;zMo12045) of M5 of DE-A 4 440 891 was
reworked:

55.3 g of copper(II} oxide (CuO, from Merck, Darmstadt, ultrapure,
at least 96%, pulverulent) and 100.0 g of molybdenum (VI) oxide
(MoQO3, from Merck, Darmstadt, analytical grade, at least 99.5%,
pulverulent) were dispersed in 500 ml of water. The total amount
of the aqueous dispersion was heated to 350°C in an autoclave
(material: Hastelloy C4; internal volume: 2.5 1) while stirring
(1000 revolutions per minute) and kept at this temperature and at
the associated excess pressure for 24 hours while stirring. The
autoclave was then cooled to room temperature, the aqueous dis-
persion contained therein was removed, and the dispersed solid
was filtered off and then dried in a drying oven at 80°C. In the
investigation by scanning electron microscopy (SEM), the result-
ing dry powder exhibited crystalline particles having a number
average particle diameter of about 8 pm. The chemical analysis of
the crystalline particle gave a Cu/Mo ratio of about 1.

20

25

30

With the use of CuKd radiation (Siemens D-5000 diffractometer,

40 kv, 30 mA, with automatic divergence, scatter and counter tube
collimator and Peltier detector), the crystalline powder CuMoOy
gave the following X-ray diffraction pattern, reproduced in the
form of interplanar spacings d[A], independent of the wavelength
of the X-rays used, and the associated relative intensities (%)
of the various diffraction lines, based on the diffraction line
with the strongest intensity (amplitude):

35
40

45
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30 wher 8ASF AMWtierpedaligchaft f r om9G062% 1.3, O.ZF 0050/46359 s

fromO to 1, B+C+D+E is fromO to 1 and Y s a
nunber which is determ ned by the val ency and frequency
of the elenments in IV other than oxygemg 40 whose t hree-di nensi onal
atom c arr apgerert—eoresponrds—t-e—the structure type which is defined by
t he conpoungd CuMbO4-111f{in Rus- si anj}Journal of Inorganic Chem stry 36
(7) (1991), |921a Table |, Ia&%d [&&signpted as wolframite in DE-A 4 405 514
and_ DE- A 4 AIZI-'OT‘83L. — [T ['ne moftipetal oxides IV in turn, those
havi ng the5 sftm "2 44 chipnetry V Voo
3.01 58.4
3.14 56.8
10
2.75 35.5
2.82 30.6
15 3.39 30.1
1.65 25.2
20 3.96 21.6
i.72 21.1
2.50 20.5
25
2.20 17.3
4.68 15.2
30 2.48 14.5
1.96 13.8
35 3.71 13.7
3.75 13.2
1.80 12.4
40 |
2.90 12.2
2.34 12.1
45 1.61 11.8
This Sheet Has Been Rep!
R




14 BAGBVBkSdengesellvehatt er r P50629 0.Z. 0050/463%%), 5

wherei n 1/ (A+B+C) is fromO0.7 to 1.3, A, B and C are all
> 0, with the proviso that B+C < 1, and Y i s a nunber
whi ch is determ ned by the val ency and3§0 . frequency of the
el ement s i npv—et-her—tHhaf—oxyger;
a [A] Iprel [%]
. 11.5
5 3.31
1.85 11.5
2.04 11.3
10
2.08 11.2
1.70 11.1
15 2.00 10.8
1.89 10.7
. 10.3
20 2.12
1.88 9.15
1.86 8.52
25
1.98 8.25
2.30 §.01
30 2.04 7.29
2.66 6.89
.57 6.73
35 -
1.55 6.54
1.77 6.53
40
2.37 6.45
1.56 6.03
45 1.55 5.93 Th’i?,Sheet I--]as-,Bﬁen Repiaced
A




and t hose h&BASE) Akkiengeselbsehafity]  S50529 CUNQ«ZH]W/@QSQH]

(vi), wherei n 20 1/ (A+B) is fromO0.7 to 1.3,
is from0.01 to 10, preferably from0.01 to 1, and Y is a
nunber which is determ ned by the val enygy and frequency
of t he el enght-s—R—A—etrher—har—oxy-gen; are noteworthy. 25 The
preparationjof nmultinmetgl oxides IV, V and VI is disclosed in DE-A 4 405
514 and DE-A 4 44QA891. 146t tHdr pafticularly suitable multinetal
oxi des Il ane-those of
5 2.12 5.78
1.63 5.76
2,06 5.72
10
1.83 5.43
1.60 5.42
15 2.14 5.12
5.81 4.91

The uncertainty of the stated interplanar spacings 4 is + 0.20 A

(the lines of low intensity presumably also include lines due to

slight impurities). This X-ray diffraction pattern corresponds to
that for CuMoQs~III in Russian Journal of Inorganic Chemistry 36

(7) (1991), 927, Table 1.

20

25 MIIZ2: Starting material 1 (Cuji;MogWgOs3-48) of M3 of

DE-A 19528646 was reworked:

223.05 g of ammonium heptamolybdate hydrate (MoO3 content: 81.3%
by weight, ideal composition: (NHy)¢Mo07024-4H20) and 327.52 g of
ammonium paratungstate hydrate (W03 content: 89.2% by weight,
ideal composition: (NHg)1oW12041°7H20) were dissolved in 5 1 of
water at 90°C while 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:
32.5% by weight, ideal composition: Cu(CH3COQ);-H;0) and stirring
was carried out for 15 minutes at 25°C, a light blue suspension
being obtained (suspension B). The suspension B was then stirred
into the solution A which was at 90°C, and the resulting suspen-
40 sion was stirred for a further 3 hours at 80°C. After cooling to
25°C, the aqueous suspending medium of the resulting agqueous sus-
pension (suspension C) had a pH (glass electrode) of 5.3. The
suspension C was spray-dried at an inlet temperature of 310°C and
an outlet temperature of 110°C.
45

30

35
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30 the genePASFr dkkdienggsellschaft 950629 0.Z. 0050/46359

CuMb[err]"Werr]"'V[err]' No[err]' Ta[err]"dJerr]"’ (vi), 35
wher e 1/(A+B +C +D +E') is from0.7 to 1.3, preferably from0.85 to
1. 15, partigularly preferably fromO0.95 to 1.05,

(B +C +0r +£57 oo povier YBLHRAL WagHLSICthell 8800 hebeino beips of-
particul arl §£B€%?e?°§btll§mﬂlg%¥0€%3?ogi.%goeoc Wl%}/n 24" Hoursin‘a First and
% step and qogtinpgudky fmemcROP stRIS8dr fi vikkhisy 3t heuyal Brey sybse-
and frequenquent dduorel emepi sand the temperature being kept at 780°C for a
5 further hour in a third step. Calcination was carried out in a

rotary kiln having an effective volume of 1 1, in each case 60 ¢

of starting spray powder being used and an air flow of 50 1

(S.T.P.)/h being established.

10 The resulting powder had a brown color and a specific surface
area according to DIN 66131 of 0.3 m2/g and the composition
CujisMogWgOs2-48. In the investigation by SEM, the powder exhibited
crystalline particles having a number average particle diameter
of about 8 um. With the use of CuRa radiation (Siemens D-5000

15 diffractometer, 40 kV, 30 mA, with automatic divergence, scatter
and counter tube collimator and Peltier detector), the crystal-
line powder gave an X-ray powder diagram which exhibited a super-
position of the wolframite fingerprint on the HT copper molybdate
fingerprint, ie. it had a two-phase structure. According to the

20 line intensities, the two structure types were present roughly in
the frequency ratio 60 (wolframite structure): 40 (HT copper
molybdate type}.

The HT copper molybdate structure type is characterized by the
25 following X-ray diffraction diagram, recorded with a crystalline
powder of the composition CuMog gWp 103.5-4 with the use of CuKa
radiation (Siemens D-5000 diffractomer, 48 kv, 30 mA, with auto-
matic divergence, scatter and counter tube collimator and Peltier
detector) and reproduced in the form of interplanar spacings
d[A]l, independent of the wavelength of the X-rays used; and the
associated relative intensities (%), based on the diffraction
line of strongest intensity (amplitude), of the various diffrac-
tion lines (arranged according to decreasing intensity):

30

35
d [A] IArel [95]
3.40 100
3.54 72
2.27 39
40
6.79 32
2.56 25
1.57 22
1.87 13
45 2.96 18
3.56 18 iy '
.This Sheet Has Been Replaced

g



in VIl ot heBASRankbiengesellschafibse st33R§2% e t ype 9-& -t IROSY 4% ks
nol ybdate type disclosed in DE-A 19 528 646. 5 Anmong the mul tinet al

oxides VIl in turn, those in which C +D +E'= O are preferred. A VI
which is particularly reconmended as 3gnultinetal oxide Il is that of the
conposi ti on—Mp10—8\W 20324245 Further possible nmultinmetal oxides |
are mxturds of ¥ et al ;#gesﬁﬂv and VI, as likew se disclosed in
DE-A 19 528 646. Thés afgplies iA7particylar to those m xtures which
contain th mobtEpetal gxi 0es T ygand VI in intergrown form 15 Before
Its use for_Lhe_pLegem£¢44m—ei—GaLaLys%s—eenpr|5|ng
5 1.59 16
1.55 16
2.67 14
2.00 14
3.04 13
10 1.57 11
2.36 11
1.44 11
1.70 10
15 1.51 10
2.35 10
1.55 9.6
2.32 9.2
20 2.89 9.0
1.68 9.0
1.48 8.9
1.94 8.7
25 1.60 8.7
2.69 8.6
1.84 8.5
1.98 8.1
3.92 8.0
30 2.34 8.0
2.70 7.5
1.52 7.5
1.49 7.4
35 2.44 7.3
5.78 7.2
1.68 7.1
1.91 6.9
40 1.71 6.8
1.74 6.5
4.56 6.3
3.16 6.1
2.08 5.7
43 2.02 5.6
2.28 5.6 . This Sheet Has Been Replac

L
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mul ti et al BASRAkLiengeselischatte ni 33082%r oduce® -EroM0S0446359 aiely

preformed finely divided nultinetal
first be conpressed,

oxi des

| and 11

then mlled and only thereafter

can of

br ought

desired catalyst form As in the case3¥ the 20 separately preforned

mul ti net al
particul arl
from1l to ]

oxTde

i 101 B
{Aﬁl Vi Q. :

‘Tll qun HeT
Erqh FsJ]

30 [err3A5is also r econfrehded

course al so
into the

range from> 0 to 300 [err]m
very particularly preferably
for the maxi num particle

di aneter. [25 ThQJXﬂtICU|dr adVansage of the novel nultiphase catal ysts
com pl’|§1||g ||5.1 .III::La.] U?\lu‘cnl rtatsil1l is that the cal cination
condi ti orks Pnulrew}% alning fhe varidus phases are as a rul e
di fferent from;nﬂa*ﬂmnher. As a réslt of |the principl e of separat e
preformati Theg Gal CIl natjon condgtqons ol the particu- 30 | ar phase
desired ca ' . pnd t he abovenenti oned uses,
mul ti met al oxi des*12%r e suilt - abt® very generally for inproving the
performancg¢ of catadyti - cally acs%ive miltimetal oxide materials, as
descri betf [for—35;agampre, T DE 7525 335 973, US-A 4 035 262, DE-A 4 405
058, DE}A-4—405 059, DEYA 4 4050580, DEJA 4 4 : 1
S0 S 05 5Ts Shbdrridy ghe A8 (3 8% and
T
4.46 3.2
15 3.76 2.9

The uncertainty of the stated interplanar spacings d is essen-

tially + 0.3 A for values of > 2.9 A and essentially + 0.2 A for
d values of < 2.9 A (the low-intensity lines may also include

20 lines due to slight impurities).

25 Sl:

30

35

40

45

+As for S81,

Preparation of coated catalysts S1 to S$3 and comparative
coated catalysts SV1 to SV3

After the multimetal oxide MI1 from 1) (Mog . 54V3, 47Wp.99033.53)
had been milled to particle diameters of from 0.1 to 50 um,
nonporous steatite beads having a rough surface, a diameter
of from 4 to 5 mm and a peak-to-valley height Rz of from 40 to
200 pm (determined according to DIN 4768, sheet 1, using a
Hommel Tester for DIN/ISO surface parameters, from Hommel-
werke, Germany) were coated with the resulting active materi-
al powder in a rotary drum in an amount of 50 g of powder per
200 g of steatite beads, with simultaneous addition of 18 g

of water, according to DE-A 4442346. Drying was then effected

with air at 110°C.

except that the multimetal oxide VMI1l from 1)
which had been milled in a corresponding manner and likewise
had the composition Mog 54V3.47W0.99033.53 was used as active ma-
terial.

As for S1, except that a mixture of multimetal oxide MI1 from
1) (Mo1aV3_ 47W1.39047.11), milled in a corresponding manner, and
the multimetal oxide powder MII1 from 2) (CujzMo1204g), milled
to a number average maximum particle diameter of from 1 to
3 um using a centrigual mill from Retsch, Germany, was used

t he



DE-A 19 528BaSF Aktiemgsseldischafithose, 968628xanpl e, Othe 8LBPYE6ARPeri al s
described 40 there are mxed in finely divided formw th finely divided
multimetal oxides | in a sinple manner and are shaped in the sane way as
the thorough starting mxture for the goeparation of cata- | ysts

conprising mul tiy %?Ll@é'n@%é@c&fr I 5 Wak: stéprddantdl hi MBédImOXisdean! are
particularly sul ta St sBaTPEAE Horar gl;tweomrﬁ%h%S%,généﬁ%%e@J'su,fhase

catal ysts conpri
4 405y058 P chlometr:Lc unlts in the resu.e[tlng mlxedsfgvrn]r er Ij?SA 4 405 059, DE- A

DE-A 4 405 060, (BEIN:4 @OH1314AaRkcomgk Rixgpr@oy the two powders was ob-

5 tained by mixing in an intensive mixer from Gustav Eirich,
Hardheim, Germany (type RO2, MPM system). With use of a pan
having a volume of 10 1 and rotating at 64 revolutions per
minute and a Stern impeller which rotated countercurrent to
the pan at 900 revolutions per minute, 600 g of mixture were

10 mixed for 15 minutes.

The resulting two-phase active material was:

[Mo12V3.47W1.39047.11) 6.5 [Cu12MO12048] & Mo3pV3W1,2Cu1,6047.23
15
33: As for 82, except that the multimetal oxide MII2 from 2) was
used instead of the multimetal oxide MII1 from 2).

The resulting active material was:
20
[Mo12V3.47W1.39047.11) 6.5 [Cu12MOgWg042-48] -

SvV2: As for S1, except that a finely divided powder produced as

follows was used as active material:

25
127 g of copper (II) acetate monohydrate (32.4% by weight of
Cu) were dissolved in 2700 g of water to give a solution I.
860 g of ammonium heptamolybdate tetrahydrate (81.3% by
weight of MoO3), 143 g of ammonium metavanadate (77.2% by

30 weight of V,05) and 126 g of ammonium paratungstate heptahy-
drate (89.3% by weight of WO3) were dissolved in succession
in 5500 g of water at 95°C to give a solution II. The sol-
ution I was then stirred all at once into the solution II,
and the aqueous mixture heated at 80°C was spray-dried at an

35 outlet temperature of 110°C.

800 g of the spray powder were kneaded and calcined as the

800 g of spray powder for the preparation of MIl. Thereafter,

milling was effected to give a particle diameter of from 0.1
40 to 50 um, and a coated catalyst was formed as in 81.

Stoichiometry of the active material: Moj;ViWi, 2Cuj, g0x«.

45
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The mul ti meBAPFoRktdengesal Isghafd: nor e 9209628bl e as @-2onPBRBARE359f the
active phase of the nultiphase catal ysts of DE-A 19 528 646 whi ch
conprise multinetal oxide materials. In all these cases, 5 nultiphase
catal ysts which conprise nultinetal ox#de materials and contai n phases
conpri sing mult ipABL alo BHARS thei Asdddi@ltkadtaka XJHagego&ééf”Hffﬂ}aEglggo
[err]m honogeng aét%t Wl R AL, LAGHR canc1 INBYOR B DAIL GHEAT Y
suitable as cata rth ﬁ% %{lgg ﬂa&aﬁp ase 0x] |oqs o{lxtl)éganlc
conpounds, whi cfl. xf?i%’ia} or?é{ 8§ i Xr&8pedth irdctiipglines

publ i catlons diffenkng From Aémw& b ribeedard@t2@ Ite Spitesdht. i nventi on
permits 5 the preparation of pure multinetal oxides |I for the first tine.

15 Exanpl essv3: Ai)fa’f@matebceapangxatd@m:nugil:\aélym l@fl nayved, Pm)"B'@Pt -
oxi des M1 £1o%8a M.hgro%ﬁﬂ eggp@aﬁ%hxelay fdfﬁ%tc@ Fgézlérgggﬁ:lh% J:B%powagq

20 General aspe F nove timetal ox
contain the é ‘Zatl n-li g‘onstltuents Mo and Win the oxidation state +6.

On the
10 Stoichiometry of the active material: Mo;sV3Wi oCuj gOxss.

4. Use of the coated catalysts from 3) as catalysts for the gas-—
phase oxidation of acrolein to acrylic acid.

15 The catalysts were introduced into a tube reactor (V2A stain-
less steel, 25 mm internal diameter, 2000 g catalyst bed,
heated by means of a salt bath), and a gaseous mixture com-
posed of

20 5% by volume of acrolein,
7% by volume of oxygen,
10% by volume of steam and
78% by volume of nitrogen

25 was fed in at reaction temperatures of from 250 to 270°C
using a residence time of 2.0 seconds. In all cases, the salt
bath temperature was adjusted so that, after forming was com-
plete, a single pass gave a uniform acrolein conversion of
99%. The product gas mixture falling out of the reactor was

30 analyzed by gas chromatography. The results for the selectiv-
ity of the acrylic acid formation using different catalysts
are shown in the Table below.

35 Catalyst S % Bath temperature

(°c)

sl 92.4 255

svil 92.2 264

s2 96.0 254

40 83 96.5 255
sv3 95.1 261

sv2 95.3 254

45 The conversion, selectivity and residence time are defined as
follows:
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ot her hand, BAISF akitdemassedlgschafit t he 86868Qt al con@t%t uBAPOX4F3595 as a

rule a distribution over its possible oxidation stage V[err], V[err] and
Vlerr]. It was possible to determne this distribution by ti- trimetric
analysis with potentionmetric endpoint gpdication (com bi ned pl ati num

el ectrode aggggot ent| ??r aph fr omu%%t ogfqm 91]e%00f cgg‘;éls@e ag%iéﬂ Ixaqg)),

bei ng neces ect the TQTT‘Q§§“‘

at nospher e. °€aPF§¢¥E}Qnﬁ%)tﬁe tltq%ﬂPPGnOf mokesgOf eRFYC Fidt*PHat ed t he
endpoi nt detsetetbivity soblier regavestedhto aciydienscidret ki 0&nal ysis was
as foll ows itheahérgricedicid = I'n m@h fanke®) .ckSmgl1ef ¢the oxidic sanple
materi al wag digspbyad in 35 a YododeenOfor dHte@f concentrated phosphoric

acid (densi tl%és?d?%c%eazo[ err]C % %0 gé&[ﬁ Udl)nngnﬁlﬂ'ledﬂ of aqueous

sul furic aci (ar, € aqueoys ul furic acid
sol ution usédefh tarn belng vol umes™ o? %gter and
concentrat ed sul furic acid ([%mQ@Pt—Oﬁ.%MPR@ﬁ@ﬁFeg$ﬂ) (the stated vol unes
relate to 40 20[err] C). The sol westsedashodggenlsésthar. lifh di d not change

the poss-10 ible oxidation states of V, which was checked by neans of ap-
propriate V standards. For the analytical determination of the V[err]
content, the freshly prepared resulting solution was titrated with a 0.1

nol ar aqueous

15
20
25
30
35
40

45
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ammoni um f eBASEsAkGipngeseddsehad tsol ut i9GH6RONH4) 2FO( B4 PRH0/B6359 t he

anal ytical determnation of V[err] and V[err], a fresh solution

17 prepared in a correspondi ng manner was titrated with a freshly
prepared 0.02 nol ar aqueous potassi um permanganate standard sol ution
(KMhO4), two potenti al MmH (Merr] -> V[err] ﬂansiaeé(hmé‘]‘_
Vierr]). k;g u#?of th ,H)mMquand V[err] content$l d
de- 5 scriped Had to corres total V content 011

This too could be determ ned by titrimetric analysis with po

tionmetric ehdpoRmultidietali onsde of thEoformila gur pose, 0.15 g of the OXI dic
sanpl e maberi al was dis-

1 .2
Moi12-a-b-c Va Mp Mc Ox (1),
10
where
Ml is W and/or Nb,
15 . ] )
M2 is Ti, 2r, Hf, Ta, Cr, Si and/or Ge,
a is from 0.1 to 6,
20 b is from 0 to 6,
¢ is from 0 to 6,
with the proviso that a + b + ¢ is from 0.1 to 6, and
25
x 1s a number which is determined by the valency and fre-
gquency of the elements in I other than oxygen,
whose
30

three-dimensional atomic arrangement obtained using Cuko
radiation (A = 1.54178 A) gives an X-ray powder diffraction
spectrum (the intensity A of the diffracted X-rays plotted as
a function of twice the diffraction angle (20)) which

35 contains, in the 20 range from 5 to 50°, at least the follow-
ing characteristic diffraction lines Al, A3, A5, A? and Al®,
but at most the following diffraction lines Al to Al0;

40 X-ray diffraction line : 20 [9]
Al 8.3 + 0.7
A2 14.4 + 0.7
A3 22.3 + 0.2
a4 23.5 + 0.7
45 A3 27.2 + 0.4
Ab 32.0 + 0.8




10 sol ved i BASEyAktiangsseld sghaft ( he 8506@%nti one@.BenPO5ACE6359 trat ed

aqueous sulfuric acid and 10 mMl of concentrated nitric acid ([err] =
1.52 g/cnferr]) with heating (argon atnosphere). Thereafter, t he
sol ution obtained was concentrated by heati ng W|th evapor- ation of the
nitric aci dfamd—of—somgyof the—sutfurtcractd uacgl $, F "6"' eere—y ol unme
of about 3 j-—the total V content heinfy con- 4 tedi’rﬁ)the oxi dption
state +5. After cooli n@e t he residual volume @s7dilwweédsto 50 nj and
the V[err] aresent wasAaltrated po- entlonetggcgelLly otqau T lg{)'nt
NHE 2 Fet-S&4 t-arrctar-d Sottrt+or—to—beyena—t e I
?gﬁggg?ngﬁ : ' }ﬁlé ous._solutiaon fhus nhtan% th a

freshly pL epar gdl fikt aT0bREdE RIS Q1S i REE aES | AR iRE i MeRPanat L tHlaggdard sol -
ution, two pote@&aehd,ﬁ"megcgwtra ago e thist, Ppévﬁ%tgj Q'elgg{% amp 4! cat ed

t he excess of ng\gé ’%é the second potentia Ve T he
anount of KMhO4 s gw red for the oxidation of V[err] to V[err]
ﬁ/gg gglvghgg%rgspogd]s_nto the total V content of the sanpl e. M 1:
POV, O CTJArel [96]
_ 0 RN O R A
A2 5+ 5
A3 100
15 ad 40 + 40
AS 70 + 40
AS 25 + 25
a7 20 + 20
20 A8 10 + 10
A® 25 + 15
Alo 35 + 20

25 3. A multimetal oxide as claimed in claim 1 or 2, wherein the
Cuka X-ray powder diffraction spectrum has no highly dis-
solved diffraction line whose half-width (on the 20 scale) is
< 0.25°,

30 4. A multimetal oxide of the formula I

1
Moj2-a-b-c¢ Va Mp Mg Oy (1),
35
where
Ml is W or Nb,
40 M2 is Ti, Zr, Hf, Ta, Cr, Si or Ge,
a is from 0.1 to 6,
b is from 0 to 6,
45

¢ is from 0 to 6 This Sheet Has Been Replaced
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33. 746 kg oPARFOHRARTRAGLIGHRRE ¢ hy 562 M3 cOnBenPO58748659 by
wei ght, ideal conposition: (NH4)6M724 . 4H20), 6.576 kg of am noni um
nmet avanadat e (V205 content: 76.5% by wei ght, ideal conposi - tion:
NHAVCB), 5.764 kg of anmoni um paratungsyate hydrate (W3 35 content: 89.0%
by veight, ideal,ieampesidddiisol M) JIME2OAL 55 WHRA) 0.1 9% 733 ko of
anmoni um acetate (CH3 H4 content:  97. 0% by wel ght, 1 deal corrpogl ][ | OPZ
CH3COONH4) were di,ssolved in the stated .order in succession in 25 o]
wat er at )90[err]xCl\ﬁhFl%“I§ﬁrr FRAGR ¥ deterpdrad (b Fhge MRLARED adange

sol ution was cool ed frgaBeEamf $heaglementdy iiadIaether ithlast oxyyerer at ure of
300[err] CBand an outlet tenperature of 110[err]C 800 g of the
spray powder obwaepe@énwere kneaded for 1 hour, with 45 the addition of 250
g of water, in a kneader (type LUK 2,5 from ?Nar nerfagdSP{Iegierﬁr, 22800
Stuttgart, German aving an effec- .tive volune o : : t he g
of vat er, 180 gl\%zté %ecﬁ—eéémenswo?ﬁna‘ioﬁ‘écf PFEIRHF R n GPESS BT 481 AP and
70 g within t he©of the multimetal oxide Mog, s54V2.47W0.935033.35 which is obtain-

10 able as follows:

33.746 kg of ammonium heptamolybdate hydrate (MoO; content:
81.8% by weight, ideal composition: (NHy)gMo7034 + 4 Hy0),
6.576 kg of ammonium metavanadate (V05 content: 76.5% by

15 weight, ideal composition: NH4VO3), 5.764 kg of ammonium para-
tungstate hydrate (WO; content: 89.0% by weight, ideal com-
position: (NHg)10W12041 * 7 H20) and 7.033 kg of ammonium acet-
ate (CH3COONH4 content: 97.0% by weight, ideal composition:
CH3COONH4) are dissolved in succession in the stated order in

20 250 1 of water at 90°C while stirring; the resulting vellow
to orange solution is cooled to 80°C and spray-dried at an
inlet temperature of 300°C and an outlet temperature of
110°c;

25 800 g of the spray powder obtained are kneaded in a kneader
(type LUK 2.5 from Werner and Pfleiderer, 7000 Stuttgart,
Germany) having an effective volume of 2.5 1, with the addi-
tion of 250 g of water, for 1 hour. Of the 250 g of water,
180 g are added within the first 10 minutes of kneading and

30 70 g within the remaining 50 minutes of kneading; the result-
ing moist and clod-like kneaded prodﬁct is dried for 15 hours
at 110°C and then forced through a sieve having a mesh size

of 5 mm;

35 100 g of the resulting granules are then calcined in a hori-
zontal rotary kiln with an isothermally heated quartz bulb
volume of 1 1 and a rotary speed of 12 revolutions per min-
ute, the calcination conditions being as follows:

40 1st step: the granules used are continuously heated from

25 to 275°C within 50 minutes;
2nd step: the granules used are continuously heated from
45 275 to 325°C within 30 minutes;

3rd step: the granules used are kept at 325°C for 4 hours;

YR R
| AT
* mos x
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18 renai BASE Bktienaeseldsabadddi ng. 9PRE28esul ti nQ- Foi 805084463684d-

| i ke kneaded product was dried for

t hrough a sieve having a nesh size of 5 mMm
granul es were then calcined in a horizantal

i sothermal |y hegigds@artz Bybby¥aliime Qbed dre coﬁ@gn@oﬁéﬁfﬂﬂéa%ggegrgﬁ 12

revol utions per m nute. ThegggIC|Q&}b n??ﬁﬁﬁhgﬂ§%h§§ %e;$0§$25 to

t he granul es used were

1st step: the granul es u

275[err] C within 50 m nutes; 2nd st ep:
continuously heétbdstemm 27%he granules used are kept at 400°C for 10 min-

5 utes;

15 hours at 110[err]C and then

forced
5 100 g of the resulting
rotary kiln with an

the external heating of the rotary kiln is then switched off
and the latter is cooled by blowing on surrounding air from
the outside; the granules used cool to 25°C in the course of

10 5 hours;

during the individual calcination steps,

gas mixtures which

have the following compositions {(standard temperature and

pressure conditions (S.T.P.) 1 atm,

25°C) flow through the

15 interior of the rotary kiln, parallel to the axis of rota-

tion:

1st step, 2nd step and 3rd step:
3.6 1 (S.T.P.)/h of air, 1.5 1 (S.T.P.)/h of NH;

20 and 44.9 1 (S.T.P.)/h of N; (total gas flow: 50 1

(S.T.P.}/h);

4th step, 5th step and cooling phase:
3.6 1 (s.T.P.})/h of air and 44.9 1 (S.T.P.

25 N, (total gas flow: 48.5 1 (S.T.P.)/h).

5. A multimetal oxide as

in a is from 0.5 to 4.

30 6. A multimetal oxide as

in b is from 0.1 to 6.

7. A multimetal oxide as

in b is from 0.5 to 4.

35

8. A multimetal oxide as

in ¢ is from 0.1 to 6.

9. A multimetal oxide as

40 in ¢ is from 0.5 to 4.

10. A multimetal oxide as

claimed in

5.

claimed in

claimed in

claimed in

claimed in

claimed in

ina +b + cis from 0.5 to 4.5.

45 11. A multimetal oxide as

claimed in

wherein x is from 15 to 50.

* c L M H *

any of claims 1 to 4,

any of claims

any of claims

any of claims

any of claims

any of claims

to

to

to

to

to

any of claims 1 to
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to 325[ er r | BARR Wktizngssrklschatt 3550628 t ReZgr ARBOE46358d wer e

kept at 325[err]C for 4 hours; 4t h st ep: the granul es used were
continuously heated from 325 to 400[err]Cwithin 30
m nut es; 20 5th step: the granul®s used were kept at 400[err]C for

10 m nutes. 1, A mﬁt%@lnfamh@aag r@aafmehhgnrgﬁﬁr&f ch b im¥es {1gA switched
of f and t he % _anst QQl, d(2j W ng surrounding air onto t he out -
to

25 side. The granul €s use c00 ‘err]C within 5 hours. Duri ng

the individual calcination steps, gas m xtures which had the foll ow ng

conposi ti oné-%sﬁ“-aﬁééﬁé“@@ﬂp@txaﬁerés apimeds suranBPeicohding ochsq $27.P.) =1
atm 25[ersr] C) whewetntihricudlromh20i td eGi.or of the rotary kiln, parallel
to the axis of rotation:

14. A multimetal oxide as claimed in any of claims 1 to 7 and 10
to 13, wherein ¢ is 0 and M! is exclusively W, and at least
25% of the vanadium contained are present as Vi+,
10
15. A process for the catalytic gas-phase oxidation of organic
compounds, wherein the catalyst used is one whose active ma-
terial is a multimetal oxide as claimed in any of claims 1 to
14.
15
16. A process as claimed in claim 15, which is the process for
the catalytic gas-phase oxidation of acrolein to acrylic
acid.

20 17. A catalyst whose active material consists of a multimetal
oxide as claimed in any of claims 1 to 14.

18. Use of a multimetal oxide as claimed in any of claims 1 to 14
as the starting compound for the preparation of multimetal
25 oxide materials containing Mo, V and at least one of the
elements W, Nb, Ti, Zr, Hf, Ta, Cr, Si and Ge.

19. A process for the preparation of a multimetal oxide material
containing Mo, V and at least one of the elements W, Nb, Ti,
30 Zr, Hf, Ta, Cr, Si and Ge, wherein at least one multimetal
oxide as claimed in any of claims 1 to 14 is used as the
starting compound.

20. A finely divided mixture containing a finely divided multime-
35 tal oxide I as claimed in any of claims 1 to 14 and a finely
divided multimetal oxide of the formula II

3
40
where
M3 is Mo, W, V, Nb or Ta,
45

d is from 4 to 30,
. 'ﬂn>Shea
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1st step, 2BASH dktdengmseldsghatt 3. 69606397 p. )/ nOef-aPP50{483p9
(S.T.P.)/h of NH3 and 44.9 | 35 (S.T.P.)/h of N2 (total gas flow 50 |
(S.T.P.)/h); 4t h step, 5th step and cool i ng phase: 3.6 1 (S.T.P.)/h
of air and 44.9 | (S.T.P.)/h of N2 40 (¢otal gas flow. 48.5 1 (S.T.P.)/h).

The resulting my ggng{.(?ﬂ Prdeopgler M1 had a black color and a
specific surface area (determned according to DIN 66 131 by gas

adsorption (N2) according to Brunauer-Emet-Teller (BET)) of 45 15.0
nerr]/g. More #hah 39pret Wélelanla'ﬂid&ﬁ%h{fsﬁgr@ﬂ ‘ﬁh% f’ﬁ@ﬂ‘ﬁ#ta}%- t al
oxi de M1 was presefitegsengeraf] thehphemriter Annali othetadbear PREEEn -

5

21. A multimetal oxide material having at least two phases and of
the formula III

. ST

wherein
15
1 .2 12
A= (M012-a-b-c Va My Mg Ox) X m (active phase) ,.
3
20 B = Mj; Cug He Oy (promoter phase),
ML is W or Nb,
25 M2 is Ti, Zr, Hf, Ta, Cr, Si or Ge,
a is from 0.1 to 6,
b is from 0 to 6,
30
¢ is from 0 to 6,
with the proviso that a + b + ¢ is from 0.1 to 6,
35 % is a number which is determined by the valency and fre-
quency of the elements in A other than oxygen,
M3 is Mo, W, V, Nb or Ta,
40 d is from 4 to 30,
e is from 0 to 20,
y is a number which is determined by the valency and
45 frequency of the elements in B other than oxygen,
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19 out aBAdds ikthiezhgdsal)sciaft nul t 9PO6RA9 oxi de M-%-t AQ50H4§358e

stoi chi ometry M8.54V2. 47W). 99C33. 53. The CuKa X-ray powder
diffraction spectrumdeterm ned according 5 to the statenments in the
destcrl pt idonhan]g Ie?/al uated after subtrac-7 tion of the linear background
cont ai ned the o g f o] S t I £]° e
(5 to 50[err]): %\gl 8 VgésurIa %trrge‘gt(:) Ve cfh%§ zbFo! %){s%agxg?(g Fr%gqg-m] £E8HY
2[err] | [ to ‘tlonllne [[err]]

[ %A Al 8.4 5 15 - A2

14. 8 which 2ontains the mpRBety [Alp in the fppmgof three-dimen- 1QQ
ﬁi 5 sidhal® regions A whichZ¥re delimited fA%om their local en®P¥-2

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

1 2
A MowanecVads 2 Ox AR )
* c L M S *

and the moiety [Blg in the form of three dimensional regions
B which are delimited from their local environment owing to

15 their chemical composition differing from their local envi-
ronment and are of the chemical composition

10

3
20

where the regions A and B are distributed relative to one
another as in a mixture of finely divided A and finely di-
vided B and, with the use of CuKa radiation (A = 1.54178 A),

25 the three-dimensional atomic arrangement of the regions A
gives an X-ray powder diffraction spectrum (the intensity of
the diffracted X-rays plotted as a function of twice the dif-
fraction angle (29)) which, in the 2© range from 5 to 50°,
contains at least the following characteristic diffraction

30 lines Al, A3, A5, A% and Al® but not more than the following
diffraction lines Al to Al0:

Diffraction line 20 [°]
35 Al 8.3 + 0.7
A2 14.4 + 0.7
Ire 22.3 + 0.2
a4 23.5 + 0.7
40 AS 27.2 + 0.4
AS 32.0 £ 0.8
a7 34.8 + 0.6
A8 38.7 + 0.5
AS : 45.4 + 0.4
45 AL0 48.8 + 0.4
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A6 BASF Aktiengesellschaft . 2850629 QyZ. 0050/46359 35 2

14 A8 - - A9
45,5 E 19 Al10 48. 9 25 25
2. Mathematically resol ved: X-rayg diffrac- 2[ err] I[err]
i\fbM 30 2TZ| o l'ng{'@lmetal ox1<%?_[rgﬂéﬂ1]al havnﬂﬂat least two [p{l'farsrek] and of
14.5 the formula 1I g A3* 22. 4 28
0.5 35 A4* 22.9 16 2.2 A5*
27.1 100 4.4 AB* 31 5
57 5 AT* (Al 3813 40 (II11),
: : ¥ 10 Yl MU A IIII
wherein
10 _ 1.2 12
A = (Mo12-a-b-c Va Mp Mc Ox) . T3-a-b-c (active phase),
3
B = Mj; Cug He Oy {promoter phase),
15
Ml is W or Nb,
M2 is Ti, zZr, Hf, Ta, Cr, Si or Ge,
20
a is from 0.1 to 6,
b is from 0 to 6,
25 ¢ is from 0 to 6,
with the proviso that a + b + ¢ is from 0.1 to 6,
% 1s a number which is determined by the valency and
30 frequency of the elements in A other than oxygen,
M3 is Mo, W, V, Nb or Ta,
d is from 4 to 30,
35
e is from 0 to 20,
y is a number which is determined by the valency and fre-
quency of the elements in B other than oxygen,
40
p and q are numbers other than zero, whose ratio p/q is from
160:1 to 1:1,
45
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AQ* BASEuﬁﬁ;iengesellsc@pft 950629 0.Z2.59850/46359 48.

33 2.3 The experinentally determ ned CuK[err] X-ray powder
diffraction spec- 45 trumreflecting the three-di nensional atomc
arrangement of the multinetal oxide M1 is shown in Figure 1 (ordinate:
intensity, ~ which contalns the moiety [Alp in the formUof the’l-@dmas-
absol ute counti @qohaie %S@ 14k &L e]b @ﬁﬁtéé%ﬂ ﬁbftﬂel BRlAr ehs -
Furt her nmor e, Flg%aﬁent ow1ng.to ttéﬂ?%ﬁmmuca g%%bos1 ion di fering from

their local environment and are of the chemical composition

e oo o A

10 and the moiety [Blgq in the form of three dimensional regions
B which are delimited from their local environment owing to
their chemical composition differing from their local envi-
ronment and are of the chemical composition

15 . 3
B M1z Cug He Oy

where the regions A and B are distributed relative to one

20 another as in a mixture of finely divided A and finely di-
vided B and a three-dimensional atomic arrangement of the re-
gions A is that of the multimetal oxide as claimed in claim
4.

25 23, A multimetal oxide material as claimed in claim 21 or 22,
whose region B has the structure type of at least one of the
copper molybdates listed in Table 1 below (the expression in
brackets indicates the source of the associated X-ray dif-

fraction fingerprint):
30

35
40

45
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5 tracted f GRSFhERAANIRITEIIMREConneP083 i ne bePnden00504E58359 5perr])

and A(2[err] = 65[err])) and the position of the indi vi dual diffraction
lines Alerr]. The points of contact between base

diffracti on spectrumdivide the latter10n a natur aI rﬁﬂﬂl””l”ll' ﬁuﬂr”imwo
2[err] ranges frraprd 19 43[err] and from43 to 65[err]

shows the 2[err] range from5 to 43[err] of the CuK[err] X-ray povv- " der
diffraction spectrumof the multinmetal oxide M1 on a | arger scal e.

Fur t her nor efc] @1ebg) A BNGWS tN@.in8§LéAidd NehudkNgatd & 6-208a6K0¢kaINd] | i ne)
of the mathematical fit and r@@@bt-r@mbqafdreb{eqilgiﬁl)qqt I n accordance W th

t he descrid T for—thrs—Ttan PROE Pe J -l fometi on,
fixed backg[o éﬁ) Mg)b 60 *ne supergg(%gag?{? [;:otr}:été ﬁ]tlf% Ellhcal I% 2e er at pd
di ffracti onllines-A* gives tih f e exnerl | 20 In

a correspon{FwdiosBimer . Fi gur|d I848hogRrd RE-2p2ro] thengEPPEORRR t 0
65[err] on h_larger scal e andifA&Xr 85 1tti-on perforned for this ranpe,
i ncludin eugdMogesy backgroyndnberecard 40-86B sfcilangubps-EEmD i on
appeari ng-Oaaove the actual X-jiagesi {19%03-),25 tion spectrumin Figurps 2 and

3 shows in PEFMGERE (Ne dIT18hndex card 35-17 of the JCPDS-ICDD
index (1991)),

$od

CuMoOy (Index card 22-242 of the JCPDS-ICDD
index (1991)),
15 CuMoOy4 (Russian Journal of Inorganic Chemistry

36(7) (1991), 927-928, Table 1,
CuMo04-III with distorted wolframite
structure (CuWO4, index card 21-307 of
the JCPDS-ICDD index (1994)),

20 |CuMoOy (Index card 26-546 of the JCPDS-ICDD
index (1991)),

HT-Cu molybdate (DE-A 19 528 646),

Cuyg-xM030132 where x is from 0 to 0.25 (index
cards 24-56 and 26-547 of the
JCPDS-ICDD index (1991)),

25
Cu3Mo,0g {Index cards 24-55 and 34-637 of the
JCPDS-ICDD index (1991)) and
CuzMoCs {Index cards 22-607 of the JCPDS-ICDD
index (1991)).
30

24. A multimetal oxide material as claimed in any of claims 21 to
23, whose regions A and B have maximum diameters of from > 0
to 300 um.

35 25. A multimetal oxide material as claimed in any of claims 21 to
23, whose regions A and B have maximum diameters of from 1 to

30 pm.

26. A process for the preparation of a catalyst containing
40 multimetal oxide materials as claimed in any of claims 21 to
23 as active material, wherein at least one finely divided
multimetal oxide I as claimed in any of claims 1 to 14 and at
least one finely divided multimetal oxide of the formula II

45
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ence bet weeBASR Axpengeseblscimatt ope H50629 X-ray Pewde00§i0/4635% raction

spectrumand its mathematical fit. This difference is a nmeasure of the
quality of the fit. 30 M 2: Mb8. 54V2. 47\WD. 90033. 53 Granul es were
produced as for M1. 400 g of the granylies were cal - i u

cal cination furnace operating accordi ngl%l to the prin- "Mﬂ” “ﬂ”"m‘”m
reactor. The granulbgs &?eg V{?re present as a 5 ¢ 5 hi gh*bell oh & wisr e *net
t hrough which a gaslt?n'xdur‘é Y owed from bel ow.""THe vol unme of the furnace
was 3 1, and the circul ation ratio [(circul ated gas m xture vol une
flow: (freshly added gas m xture volune flow)] was chosen to be 20. The

granul es used weiere first continuously heated from25 to 325[err]Cin the
course of 1 hour 40 in the stated furnace. The granul es used were then kept
at 325[err]C or, 4 hoyrs th egi nning of the calcination, the gas
m xt ur e flowi‘Ir?glfh’F‘%Ug \’Xla?h%’o?n‘e)oigaefd of 120 1 (S.T.P.)/h of N2, 10 1
(S.T.P.)/h of air and 3.3 1 (S.T.P.)/h of NH3. Finally, the gran- 45 ul es
used were heat ed fisofrgns4 % 406[ err] C within 20 minutes and then kept
at 400[erxgC for a further hour. In this final phase, a gas m x- ture

conprising 120 lg (8 ¥rBm)d hedf20N@nand 10 | (S. T.P.)/h of air

y is a number which is determined by the valency and
frequency of the elements in II other than oxygen,
15 '
are each separately preformed, the separately preformed
finely divided multimetal oxides I and II are mixed to give a
thorough dry mixture and the latter is molded.

20 27. A process for the catalytic gas-phase oxidation of organic
compounds, wherein the catalyst used is one whose active ma-
terial is a multimetal oxide material as claimed in any of
claims 21 to 25.

25 28. A process as claimed in claim 27, which is a process for the
catalytic gas-phase oxidation of acrolein to acrylic acid.

29. A multiphase multimetal oxide material which contains phases

comprising multimetal oxides I as claimed in any of claims 1
30 to 14 in finely divided homogeneous distribution having maxi-

mum diameters of from > 0 to 300 um.
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ting off the heat supply. The resulting nultinmetal oxide powder M2
was identical to the 5 nultinmetal oxide M1 with respect to the V[err]
anal ysis and wWith respect to its CuKlerr] X-ray powder diffraction
spectrum M 3: Mb8. 35V2. 60WL. 05033. 40 10 852.78 g of anmmoni um

hept anol ybdgat& ;hedLdt S {3 content: 81. 0%

Abstract

Multimetal oxides containing Mo, V and at least one of the el-
ements W, Nb, Ti, Zr, Hf, Ta, Cr, Si and Ge and having a special
three-dimensional atomic arrangement are used in catalysts for
the catalytic gas-phase oxidation of organic compounds.
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by wei ght, ideal conposition: (NH4)6M724 . 4 H20), 177.14 g of
anmoni um net avanadate (V20 content: 77.0% by wei ght, ideal com

position: NHAVQ3) and 156.29 g of ammoni um paratungstate hydrate (W3
cont ent eFSIrGIb wei ght, ideal conposition: (NH4)10W2M1 15 7 H2O were
di ssol v [ ethated'order in succession in 51 of water at 95[err]C
The yell ow to orange sol uti on obtai ned was cool ed to 80[err]C and
spray-dried at an inlet tenperature of 300[err]C and an out | et
tenperature of 110[err]C. 100 g of the spray-dried powder were t hen
calcined in a horizontal rotary kiln with an isothermally 20 heated quartz
bulb volume of 1 | and a rotary speed of 12 revol - utions per mnute
under the conditions defined bel ow. The powder used was conti nuously
heated from 25 to 275[err]Cin a first step Wi thin 50 m nutes,
continuously heated from275 to 325[err]C within 30 mnutes in a second
step immredi ately after the first step, kept at 325[err]C for 4 hours in
athird step inmediately after the second step and heated from 325t o0
400[err]Cwithin 3.5 hours in a fourth step immedi ately after the third
step. During the first three steps, a gas m xture consisting of 9.6 1
(S.T.P.)/h of air, 30 3 1 (S.T.P.)/h of NH3 and 87.4 1 (S.T.P.)/h of N2
(total gas flow 100 1 (S.T.P.)/h) flowed through the quartz bul b.
During the fourth step, a gas m xture consisting of 9.6 1 (S.T.P.)/h of
air and 87.4 1 (S.T.P.)/h of N2 flowed through the quartz bulb (total

A3

285.14
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gas flow=97 1 (S.T.P.)/h). After the end of the fourth step, the 35
external heating of the rotary kiln was switched off and cooling was
effected fromthe outside by blowing on air. The powder used cooled to

25[err]C¥FIi®5 urs under the gas mixture conprising 9.6 1

(S.T.P.)/

d 87.41 (S.T.P.)/h of N2 and fl ow ng unchanged

t hrough the quartz bulb. 40 The resulting nultinmetal oxide powder M3
had a bl ack color and a specific surface area (DIN 66131) of 0.5
nMerr]/g. Mire than 99% of t he vanadi um contained in the nultinetal

oxi de M 3 was present as Vlerr]. The multinetal oxide M3 thus had the
stoichionetry 45 M8. 35V2. 60W.. 05033. 40.

22
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The associated CuK[err] X-ray powder diffraction spectrumis shown in

Figures 4 to 6. It shows the three-dinensional atom c arrangenent I n
cormon with M1. Its evaluation, carried out as for M1, gave t he
following diffraction lines in the relevant 2[err] range. 5 1. Visually
resol ved: diffrac- 2[err] I[err] tion
I|ne Flé[[aér]] [ % 10 Al

A2 14.7 scarcely
det ect - abl e A3
22.3 100 15 A4 - -
A5 27.1 45 A6 A7
35.0 17 20 A8 A9 45.5
20 Al0 49. 0 25

LA ‘
_J* “*l“ l“ll-hlllidi u| "

Intensitat [Counts]
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2. Mathematically resolved: 25 X-ray diffrac- 2[err]

[[err] FWHM tion |line [[err]] [ %
[[err]] - AL* 8.0 12 3.4 30
AD* 14.0 2 3.1 A3*
22.3 28 0.6 Ad* 22.9 16
2.0 FI@ 4 27.1 100 4.6 35 AG*
31.9 . 5.7 AT* 35, 2 34
5.0 AS* - - - AQ*
45. 5 10 1.1 40 A10* 48. 6 20
2.4 M 4: Mb8. 35V2. 60WL. 05083. 40

)

[o»]

g [

Intensitat [Cps]

0.00

0 15 20 25 30 35 40 45 50 55 60 65
20

This Sheet Has Been Replaced

I

0050/46359



A spray-dried powder was produced as for M3. 60 g of the spray- 45 dried
powder were then calcined in a horizontal rotary kiln with an

i sothernmal 'y heated quartz bulb volume of 1 1 and a rotary speed of 12
revol utions per mnute under the conditions defined

2 7 FEB 199 23 bel ow. The
powder usedht@at from25 to 275[err]C within 50 m n- utes in a
first step, "cohtY |y heated from 275 to 325[err]C within 30 m nutes
in a second step imrediately after the first step, kept at 325[err]C for
3 hours in a third step inmedi ately after the

627.45 +62.75
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second step and heated from 325 to 400[err]C within 90 mnutes in a

fourth step immedi ately after the third step and then kept at 400[err] C
for 10 mnutes. During the first 3 steps, a gas m xture con- si sting of
4.8 1 (S.T.P.)/h of air, 1.5 1 (S.T.P.)/h of NH3 and 43.7 1 (S.T.P.)/h
of N2 ro ugh, the quartz bulb (total gas 10 flow 50 | (S.T.P.)/h).
During the igﬁ% 4EE fifth steps, a gas m xture consisting of 4.8

(S. T.P.)/ h %of 43.7 | (S.T.P.)/h of N2 flowed through the quartz
bulb (total gas flow 48.5 1 (S. T.P.)/h). After the end of the fifth
step, the external heating of the rotary kiln was swi tched off and
cooling was ef- 15 fected by blowing on air fromthe outside. The powder
used cool ed to 25[err]C within 5 hours under the gas mi xture conpri sing
4.8 | (S.T.P.)/h of air and 43.7 1 (S.T.P.)/h of N2 and flow ng un-
changed through the quartz bulb. 20 The resulting nmultinmetal oxide powder
M4 was identical to the multinmetal oxide M3 with respect to the
Vlerr],Vlerr] and V[err] analysis and with respect to its CuKa X-ray
powder diffraction spectrum The quantitative evaluation of the X-ray
diffraction spectrum 25 carried out as described (shown in Figures 7 to 9)
gave the fol- low ng in the relevant 2[err] range:

—
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1. visually resolved: 30 X-ray diffrac- 2[ err]

[[err]
8.9

de-

22.3

A5

- 40
tectabl e
A10

tion I|ne [[err]] [ % Al
A2 13.8 still just
tectable 35 A3
Ad - -
F|@ % 40 AG
: 35.3 still just de-
A9 45. 3 18 45
49. 0 24
A3
.
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24 2. Mathematical ly resol ved: X-ray diffrac- 2] err]

dferr] FWHAM tion line [[err]] [ %
[[err]] Al* 8.5 8 2.8
A2* : 2 2.1 A3* 22. 2
26 Fb@,s A4* 22.8 15 2.2 10
A5* 26.9 100 4.3
32.0 42 5.6 AT* 35.1 61
4.7
(=)
m
0
o~
+1
m A L LN LS
[~
o
~
7}
*g"
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@ B
= .
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15 A9* 45. 4 9 0.9 Al10*

48. 8 34 2.2 M 5: Mb8. 54V2. 47W). 99033. 01 20
800 g of the spray powder produced for the preparation of M1 were

kneaded in a kneader (type LUK 2,5 from Werner and Pfl ei derer, 7000
Stuttgart, ving an effective volune of 2.5 1 wth t he

addi tion ofFi@ getic acid (100% strength) and 200 g of 25 water for 1
hour. The 8 dcetic acid and 80 g of water were added during the
first 10 m nutes of kneading. The renmaining 120 g of water were added
during the remaining 50 m nutes of kneadi ng. The resulting noist and

cl od-1i ke kneaded product was dried for 15 hours at 110[err]C and then
forced through a sieve having a nesh 30 size of 5 nm 100 g of the
resulting granules were then cal ci ned in a horizontal rotary kiln as
described for M 1. The resulting multinetal oxide powder M5 had a

bl ack color and a specific surface area (DIN 66131) of 16.0 n2/g. 42% of
the vana- 35 diumcontained in the nmultinmetal oxide M5 were present as
Vlerr] and
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58 %as V[err]. In contrast to the nultinmetal oxide M1, the nmultime-

tal oxide M5 thus had the stoichionetry MB8. 54V2. 47W). 99033. 01. The
CuK[err] X-ray powder diffraction spectrum determ ned and eval uat ed as
for the nultinmetal oxide M1 nevertheless reflected the same 40

t hr ee-di m c arrangenent for the nultinetal oxide M5 as for
t he nultrFkafieQAl (cf. Figures 10 to 12). The dif- fraction |lines
%

determ ne ant 2[err] range are:
25 1. Visually resolved: X-ray diffrac- 2[ err]
[[err] tion line [[err]] [ %A

‘\8 T T

<+ Al0

~

Intensitét [Cps]

0.00

0 15 20 25 30 35 40 45 50 55 60 65
20 [°]

This Sheet Has Been Repl

i

0050/46359



AL 8.6 8 A2 ~14.3

3 A3 22. 3 100 Ad
- - 10 A5 27. 2 59
A6 31.6 26 A7 34.8
24" ﬁ - - 15 A9
45.5 Al10 49.0
31 Z.Fl\/flt t1 (Z:tl ly resolved: 20 X-ray diffrac- 2[ err]
| [err] FVWHV tion line [[err]] [ %
[[err]] Al* 8.4 10 3.1
A2* 13.9 2 2.0 25
0 T
! ay Al
N[ i
o
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A3* 22.3 38 0.8 A4*

23.1 27 2.4 AS5* 26. 9

100 4.0 AG* 31.2 42

4.4 30 AT* 35.0 85 4.6

AB* - - A9* 45. 6

15 Al0* 48. 6 12

2.0 35 F;kt(gi_'1 2&b8.54V2.47V0.99CB4.18 100 g of the granules

obai ned for the preparation of M5 by knead- i ng spray powder with water
and acetic acid were calcined, as de- 40 scribed in Exanple M1, in a

hori zontal rotary kiln. Instead of the various gas m xtures, however, a
correspondi ng anmount of pure air flowed through the rotary kiln in each
case. The resulting multinetal oxide powder VM1 had a bl ack col or and

45 a specific surface area (DI N 66131) of 16.2 nferr]/g. 47% of the vana-
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diumcontained in the nultinetal oxide VM1 were present as V[err] and
53% as V[err]. In contrast to the nmultinetal oxides M1 and M5,

26 the nultinmetal oxide VM1 thus had the stoichionetry

Mb8. 54V2. 47WD. 99034. 18. The associ ated CuKa X-ray powder diffraction

spectrumis shomn in Figure 13. It is evidently different from t hat of
t he nultlne elNE? and, in the 2[err] range from5 to 5 50,
cont ai ns, he follow ng intense diffraction l i nes (having a
relatively snall hal f-w dt h). Visually resolved: 10 X-ray
diffrac- 2[err] I[err] FVWHM

8 1 T T 1 T T L} L] 1 T i

g 4
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B13

g1l

514}

5253 W ¢
W RIS l! b b IHI

0 15 20 25 30 35 40 50 65
20

itat [Counts
0.00 Intensitat [Counts]

s Sheet Has Been Replaced

R

0050/46359



tion line [[err]] [ %A [[err]] Bl

9.7 32 0.15 B2 16. 8 7
0.18 15 BS 19.4 15 0.23 B4
25.8 0. 19 B5 26. 1 78
0.23 : 62 0.21 20 B7
31.2 FF@ 14 0. 45 B8 34.0 26
0.17 35 7 44 0. 36

B10 43. 1 0. 25 Bll 45. 4
39 0.63 25 BlZ 46. 7 26 0. 45
B13 49. 4 41 1.18 This neans that the

t hree- di nensi onal atomi c arrangenent of the 30 nultinetal oxide VM1l does
not correspond to that of the multine- tal oxide M1 or M5. M 6:

Mb9. 6V2. 4034. 37
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35 239.74 g of oxalic acid dihydrate (ideal conposition: H2C204 2 H20,

H2C2O4 content: 71.4% by weight) were dissolved in 4 | of wat er at
80[err]Cin a first vessel. Thereafter, 90.22 g of ammoni um pol yvanadat e
(V205 content: 88.2% by wei ght, ideal conposition: (NH4) 2v6016) were

dissolved in the resulting aqueous solution 40 while stirring and while
naintainigaaf eniﬁggture of 80[err]C, a deep bl ue aqueous solution A
a

bei ng for . i um pol yvan- adate was added in small portions in
the course of 15 mnutes in order to prevent the reaction batch from
frothing over. In a second vessel, 619.60 g of ammoni um hept anol ybdat e
hydrate (MGC3 content: 81.3% by wei ght, ideal conposition: (NH4)6M7024
X 4 H20 were dissolved in 41 of water at 80[err]C while stirring

(sol ution B). Thereafter, solution B was continuously stirred into

sol ution
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27 A at 80[err]Cwith 15 mnutes. The resulting deep bl ue aqueous
solution was stirred for a further 15 hours at 80[err]C and then
spray-dried (inlet tenperature: 310[err]C, outlet tenperature: 110[err]CO).

5 100 g of the spray-dried powder were calcined in a horizontal ro- tary
kitln with an_isothermally heated quartz bulb volunme of 1 | and a rotary
speed of 12 ti1 per m nute under the condi - tions bel ow. The
powder used twa nt Inwdusly heated from 25 to 275[err]C within 50
mnutes in a first step, continuously heated from 10 275 to 325[err]C
within 35 mnutes in a second step i medi ately after the first step and
kept at 325[err]C for 4 hours in a third step im nmedi ately thereafter.

Directly afterward, the powder used was heated from 325 to 400[err]C
within 35 mnutes in a fourth step and 15 kept at 400[err]C for 10 m nutes
inafifth step i mediately there- after. The external heating of the
rotary kiln was then swtched of f and the quartz bulb was cool ed by

bl owi ng on air fromthe out si de. The powder used cooled to room
tenperature (25[err]C) within 5 hours. During the entire cal cination

time (including the cool- 20 ing phase), 50 1 (S.T.P.)/h of air flowed
t hrough the quartz bulb.
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The resulting nmultinetal oxide powder M6 had a black color and a
specific surface area (DIN 66131) of 6.6 nferr]/g. 36% of the vanadi um
contained in the nmultimetal oxide M6 were present as V[err] and 64% 25 as
Vierr]. The multinetal oxide M6 thus had the stoichionetry

Mb9. 6V2. 4034. 37. The vi sual appearance of the associated CuK[err]

X-ray powderEj[gGl| 1r tion spectrum corresponded to that of M1 (cf.
Figure 14) a ad e three-dinmensional atom c arrangenent in conmnon

with M1. Its valuation carried out as for M1 gave the follow ng
diffrac- tion lines in the relevant 2[err] range: 1. Visually
resol ved: 35 X-ray diffrac- 2[err] [[err]
tion line [[err]] [ %A Al 8.0
9 A2 14. 1 4 40 A3
22. 3 100

&

5 10
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A4

74

34.5

28

48. 9
diffrac-

23.5 40 A5 27. 4
A6 - - 45 A7
26 A8 38.7 12
A9 ' 45. 4 27 Al0
38 5 2. Mthematically resol ved: X-ray
Fl@er1]8 I [err] FVWHM
Y L 81 ¥ R}
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tion line [[err]] [ %A [[err]] Al*

_‘8 0 5 2.7 10 A2* 13.8 2
A3* 22.2 19 0.9 A4*
23 0 FlG af 2.6 A5* 27. 3 100
3.0 15 Al 32.8 51 7.8 AT*
34.8 1.8 AB* - -
A9* © 45.3 8 1.3 20 Al0*
48. 6 16 2.3 M 7: Mb9. 6V2. 4034. 13 25 100 g of
the spray-dried powder prepared for M6 were calcined in a hori zont al
rotary kiln with an isothermally heated quartz bulb volunme of 1 |1 and a
rotary speed of 12 revolutions per mnute under the conditions bel ow.
The powder used was heated from25 to 275[err]Cwithin 50 mnutes in a

first step, continuously heated from
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30 275 to 30
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OferrJCwithin 25 minutes in a second step i medi at effyaf ®&r
ep and kept at 300[err]C for 4 hours in a third step im
ereafter. The external heating of the rotary kiln was t hen
and the bulb was cool ed by, blowing on air from t he out si de.
sed cooled to roomtenperatture (25[err]C) 35 within 3 hours.
re caIC|nat|on time (including the cool i ng phase), 50
VugF?m?? PWEFEARPough the quartz bul b. The resul ting
xi de powder M7 had a bl ack color and a 40 specific surface
131) of 5.7 nferr]/g. 56% of the vanadi um contained in the
xide M6 were present as V[err] and 44% as V[err]. The
)f‘hgengeﬁth YsrvBAd: b6 3aReeht ORI T Hime t aVDEx B34S %@Béhé?»geneflél
ggggrfngg of the associated CuK[err] X-ray powder dif-
rumcorresponded to that of M1 (cf. Figure 15) and had
nmensi onal atom c arrangenent in comon with M1

1 2
MO12-a-b-c Va Mp M Oy (1),

This is the replacement shest

whexe oae: 27 FEB 1997
Ml is W and/or Nb,

M2 is Ti, Zr, Hf, Ta, Cr, Si and/or Ge,

a is from 0.1 to 6, preferably from 0.5 to 4.5,

b is from 0 to 6, preferably from 0.1 to 6, particularly

preferably from 0.5 to 4,
c is from 0 to 6, frequently from 0.1 to 6 or from 0.5 to 4,

with the proviso that a + b + ¢ is from 0.1 to 6, preferably from
0.5 to 4.5, and

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

whose

three-dimensional atomic arrangement obtained using CukKo radi-
ation (A = 1.54178 A) gives an X-ray powder diffraction spectrum
(the intensity A of the diffracted X-rays plotted as a function
of twice the diffraction angle (20)) which contains, in the 2©
range (stated in the unit for angles in a plane:
5 to 50°, at least the following characteristic diffraction lines
Al, A3, A5, A9 and Al0, but at most the following diffraction lines
Al to al0:

° = degree) from




29 . Its evaluation carried out as for M1 gave the followi ng diffrac-

tion lines in the relevant 2[err] range: 1. Visually resolved: 5
X-ray diffrac- 2[ err] “lferr] tion line
[[err]] [ %A Al 2 7.9 10 10
fgo A&(—%:!éy%diffraction line s rzl\‘fé [°] A5 22.3
27.1 94 a1l : A6 8.3- + 0.7 -
15 a2 14.4 £ 0.7
5 A3 22.3 + 0.2
Al 23.5 + 0.7
as . 27.2 + 0.4
asé 32.0 + 0.8
A7 34.8 + 0.6
10 A8 38.7 + 0.5
a’ 45.4 + 0.4
Al0 48.8 + 0.4

15

20

25

30

35

40

45

The wavelength A of the X-radiation used for the diffraction and
the diffraction angle © are related to one another by the Bragg
relationship: '

2 sin® = A/4,

where d is the interplanar spacing of the three-dimensional
atomic arrangement, associated with the respective diffraction
line.

Furthermore, the present invention relates to a process for the
preparation of multimetal oxides I and their direct use as active
material of catalysts for the catalytic gas—-phase oxidation of
organic compounds.

The present invention also relates to the use of multimetal
oxides I as starting compounds for the preparation of multimetal
oxide materials which contain Mo and V and in turn are suitable
as active material for the catalytic gas-phase oxidation of
organic compounds.

The preparation of multimetal oxide materials containing Mo and V
and their use as active materials of catalysts for the catalytic
gas-phase oxidation of organic compounds (eg. acrolein to acrylic
acid) is generally known (eg. EP-A 293 859}.

Initially, the preparation of such multimetal oxide materials
containing Mo and V was carried out by providing a suitable
source (starting compound) of each of their elemental constitu-
ents, producing from the total amount of these sources a very
thorough, preferably finely divided dry mixture having a composi-
tion corresponding to the required stoichiometry of the desired
multimetal oxide material and calcining said dry mixture. at elev-
ated temperatures for several hours under inert gas or under an
This is the replacement sheet
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AT . 34.7 30 A8 -
A9 45. 6 29 Al0

49.0 48 20 2. Mathematical ly resol ved: X-ray
diffrac- 2[err] I[err] 3 FVWHAM 25 tion line

[[err]] %h-containing gakl 4] lair) (single-Wssel process) a1l Phat
ZS* Q%s i ogtant w1ﬁﬁgre% rd to the sééré%s 6 the elemﬁﬁﬁgl con-

_ stituents of the multimetal ox1dg5mater1als was thaty they were (g
4.8 eithggralready oxidegiom compounds corpertible into oxgdes by

AT* 5 heat34g?2 at least in &% presence ob.dxygedb (cf. for eX@ifnple

45. 4 DE-A 8 335 973 and U5-A 4 035 262).

It is now known (cf. for example EP-A 835, DE-C 3 338 380,
DE-A 4 220 859, DE-A 4 307 381, DE-A 4 405 085, DE-A 4 405 059,

10 DE-A 4 405 060, DE-A 4 405 514 and DE-A 44 404 891) that it may be
advantageous first to preform separately a multimetal oxide com-
prising only a fraction of the total amount of the elemental con-
stituents of the desired multimetal oxide material and then to
use this separately preformed fractional multimetal oxide as a

15 finely divided source for producing the desired multimetal oxide
material.

As a rule, this results in multimetal oxide materials which have
a multiphase composition and some of which are more advantageous

20 for the catalytic gas-phase oxidation of organic compounds than
the multimetal oxide materials prepared by the single-vessel pro-
cesses known per se.

It is an object of the present invention to provide novel frac-
25 tional metal oxides of multimetal oxide materials containing Mo

and V, which multimetal oxide material can be used as starting

compounds for the preparation of multiphase multimetal oxide ma-

terials which contain Mo and V and are particularly suitable as

active material for the gas-phase catalytic oxidation of acrolein
30 to acrylic acid.

We have found that this object is achieved by the multimetal ox-
ides I defined at the outset. Advantageous multimetal oxides I
include those.in which x is from 15 to 50. x is preferably from
35 25 to 40, particularly preferably from 30 to 40. Other suitable
multimetal oxides I include those in which ¢ is 0. Where ¢ is 0O
and M! is exclusively W, suitable multimetal oxides I are those in
which > 25 or > 50 or > 75 or > 95 or > 99% of the vanadium is
present as V4+,
40
Typical of the novel multimetal oxides I is that their X-ray pow-
der diffraction spectrum obtained using CuKo radiation in the 20
range from 5° to 50° as a characteristic fingerprint contains at
least the diffraction lines Al, A3, A5, A% and Al0 but on no ac-
count more than the diffraction lines Al, a2, a3, A4, A5, a6, A7,
A8, A9 and alo,

45
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A10* 48. 6 29 ) 3.9 M 8:
Mb9. OV3. 0033. 72 40 306.86 g of oxalic acid dihydrate (ideal conposition:
H2C2O4 2 RO, H2C2O4 content: 71.4% by weight) were dissolved in 4 1 of
water at 80[err]Cin a first vessel. Taereafter, 115.48 g of ammoni um
pol yvanadatye Y265t &aHt@Rt tha8. 28 o VR hENE 1 £ 6207 0GONDOSE 4N tndBe
g Emﬁl\/ﬁgl%\ég;ﬁa% sasqle\is@wal meaureeg 1§§i u a?@m' E of il 'egL[Sng
sol ution bék ﬁ§ SeFiH | \;15& JERB Aahensied g %rﬁs e '35
30 pol yhaginbhatke Qédéléle-}rn M M pairR irisie n staked day $Beonnis
5 for angles in a plane), reflecting an unusual pattern of short-
range and long-range order in the novel multimetal oxides I (cf.
Examples). In the author’s opinion, this particular pattern of
short-range and long-range order is responsible, inter alia, for
the particular catalytic properties of the novel multimetal ox-

10 ides I.

Owing to the particular half-width conditions, the X-ray powder
diffraction spectrum of the novel multimetal oxides 1 does not
contain the diffraction lines Al in completely resolved form. How-
15 ever, the presence of the multiplicity of diffraction lines Al
(after subtraction of the linear background) is directly visually
evident as a relative maximum in the envelope of the X-ray powder
diffraction spectrum of the novel multimetal oxides I, the posi-
tion of these relative maxima defining, in this publication, the
20 position of the diffraction lines Al according to the claims.

After subtraction of the linear background (the connecting line
between A(29 = 5°) and A(29 = 65°)), the following relative line
intensities (Iprel = (I/Io) x 100%), based on the most intense of

25 the diffraction lines Al to Al0, can be furthermore assigned to
these diffraction lines A! to Al0, the amplitude, measured from
the base line to the relative maximum, being used as a measure of
the intensity:

30 X-ray diffraction line Iprel [%)
Al 7 + 5
A? 5 +
A3 1¢0

35 A4 40 + 40
AS 70 + 40
A8 25 + 25
A7 20 + 20

40 A8 10 + 10
a9 25 + 15
aio 35 + 20

With regard to this line intensity data, it should be noted that,
45 in contrast to the position of the lines, the relative line in-

tensities are markedly influenced in a manner known per se to a

person skilled in the art by the individual crystal orientations
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mnutes in order to prevent the reaction batch fromfrothing over. In a

second vessel, 594.82 g of ammoni um hept anol ybdate hy- drate (MC3
content: 81.3% by weight, ideal conposition: 5 (NH4)6M7024 . 4 H2O were
dissolved in 4 1 of water at 80[err]C wi |l e stirring (solution B).

Thereafter, SOLAMALN 3R Waﬁ&@@tﬂdwa@ysbyeparéaﬂowsegnarsége'iplo&at LRE dhdo-
80[err]C wt $‘3Pf1'[5 fmtplut eﬁ% ;I'at'ie frog_ﬁ\u Uge q_ql{%qgssfi%f%l on was

nagre t g ?%
stirred for d | et
t enper at ur e: “3A%H efrotr] E:deBEl’f ’e‘fa?(?nt BEpEIL%t’UJr"&lan %)r oscides! * 100 Ljno1‘e

the spray-dried powder were calcined in a horlzontal ro- tary kiln with
an i sot her path ythisatcedngquat oz, bitl sheoldree cftate thatrmbsernvetaecy sgpeed of

12 revol uti OggowErtnANHL surasexd%%ﬁ:hbedriﬁlc%fl\/hﬁe CUKAIX-Qialy BOWERKMAILf -

:s”t]rGf ;gzu; ﬁ uegg %tﬁﬂ‘ g l;te %‘@EE f%nm%m@ta&k mnsg%daﬁpear§gﬁfg{éngd
%&g}eera&ﬁgsg Feagiang o PErachah Tihes GRIES, '

in the rrultl
The mul ti met BVE¥ X3 @ezM’S t hus had the stoichi ometry Mb9. 0V3. 0083. 72. The
vi sual appéarance of the associated CuKa X-ray

In all embodiments, the X-ray powder diffraction spectrum was re-

corded by means of a Siemens D-5000 diffractometer using Cuka

radiation (40 kV, 30 mA, A = 1.54178 A). The diffractometer was

equipped with an automatic primary and secondary collimator and
15 yith a graphite secondary monochromator.

It is of course possible to resolve the X-ray powder diffraction
spectrum of the multimetal oxides I, and hence to produce an al-
ternative characterization of said spectrum, by subtracting the
20 jinear background and then, under the boundary condition of a
minimum mean square deviation, describing the experimental dif-
fraction spectrum (its envelope) by a mathematical function and
converting it by resolution into a superposition of separately
resolved lines Al* to Al0*. The maximum of each of the resolved
25 jines defines their line position.

The resolution of the X-ray powder diffraction spectra, as de-
scribed above, was carried out using the 1994 version of the
software package DIFFRAC-AT V 3.2/PROFILE supplied by Siemens, the

30 resolution and fitting being carried out on the basis of the
Pearson VII form function.

While the presence of the diffraction lines A2, A% and A% to A8 in
the CuKa X-ray powder diffraction spectra of the novel multimetal

35 oxides I on the basis of an exclusively visual consideration of
their envelope entails a certain degree of uncertainty in some
cases and may therefore be contentious (cf. Example), their math-
ematical resolution produced as described above generally unam-
biguously indicates diffraction lines A2*. A%*, AS* and A7* (cf.

40 Example), whereas it does not require a diffraction line A8*, Both
methods of characterization (piece of information) together
therefore require the definition, according to the claims, of the
subject of the invention. On the other hand, when exclusively
mathematically resolved, the CuKoa X-ray powder diffraction spec-

45 trum of the novel multimetal oxides I can as a rule be character-

ized as follows: o
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powder diffraction spectrum corresponded to that of M1 (cf.
16) and accordingly had a three-di nensi onal
common with M 1.
following diffraction lines in the rel 8vant 2[err]

resol ved:
tion line
8.3
A3

A8
31
10
15

20

25

Fi g-
atom c arrange- ment
M1 gave the
range:

ure
in
Its evaluation carried out as for

-t

[ 2Te T %] "R 1]
er

D4 Al
2 146 3
0-700 3pb 0.8 -

XPay ATEREad- T 1] ac- o
tion line a r]] [
Al" 223 8.1
A2A5

I+

27 M
+5 95

|+

- 6
.0.8 6 1A8
0

A3* 0.2 30 3720 0.9

1+

A9

ZI

49.
23 1.2
80 2.5

I+

20
20

a4
A3

i+

]+

52 3.0
52 3.0

48
48

AS*
AT

I+

st el ] o] W
ojolojw]l V]l O

I+
4+

A8* , -

12 + 8 1.5
25 20 2.2

a9* 45.4
Al0+ 48.6

i+

0.4
0.5

1.0
1.8

{
I+

+ + +

Igrel [%] is the percentage line intensity based on the most in-
tense of the diffraction lines Al* to Al0*, the area under the
diffraction line being used as the measure of intensity.

The novel multimetal oxides I are obtainable in a simple manner
by producing, from suitable sources of their elemental constitu-
ents, a very thorough, preferably finely divided, dry mixture
which corresponds to the desired stoichiometry, and calcining
this mixture at from 300 to 500°C. The key to obtaining the novel
multimetal oxides I is the redox character of the calcination at-
mosphere, which must not be too oxidizing and must not be too re-

" ducing.

30

35

40

45

It is not possible to provide generally valid quantitative data
with regard to the required redox character of the calcination
atmosphere. Thus, on the one hand the required redox character
varies with the chosen stoichiometry and on the other hand, for
example, the opposite ions (eg. NH4®) of the chosen sources of
the elemental constituents also contribute to the redox character
of the calcination atmosphere, for example when they are decom-
posed during the calcination. By exploratory preliminary experi-
ments, a person skilled in the art can, however, determine the
required redox character of the calcination atmosphere.

For controlling the redox character of the calcination atmos-
phere, a person skilled in the art has available, for example, N3
and/or noble gases, as inert gases, for example ammonia, hy-
drogen, lower molecular weight aldehyde and/or hydrocarbons as
reducing gases and oxygen (generally in the form of air}) as an
oxidizing gas.
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Al0 48. 6 41 45

31 2. Mathematically resol ved: X-ray diffrac- 2[ err]
[[err] FWHM 5 tion line [[err]] [ %A

[[err]] Al * 8.0 7 5 3.1

A2* All thdat is important with regard to the elementdf3sources is 22.

24 t&ag they are either already oxides or are compounds which can be

converted into oxides by heating, at least in the presence of
oxygen. In addition to the oxides, particularly suitable starting
5 compounds are therefore halides, nitrates, formates, citrates,
oxalates, acetates, carbonates and hydroxides. Suitable starting
compounds of Mo, V, W and Nb are also their oxo compounds (molyb-
dates, vanadates, tungstates and niobates), which as a rule have
NHJD as the opposite ion, which, on heating, liberates NH3 having
10 a reducing action. The acids derived from these oxo compounds are
of course also suitable as possible starting compounds. In addi-
tion, compounds such as ammonium acetate and ammonium nitrate are
frequently added to the elemental sources and act as pore formers
during the calcination and also influence the redox character of
15 the calcination atmosphere.

The thorough mixing of the starting compounds in the preparation
of multimetal oxides I can be carried out in dry or wet form. If
it is effected in dry form, the starting compounds are advantage-

20 ocusly used as finely divided powders and are subjected to cal-
cination after mixing and, if required, compaction. However, the
thorough mixing is preferably carried out in the wet form.
Usually, the starting compounds are mixed with one another in the
form of an agqueous solution and/or suspension. The agqueous ma-

25 terial is then dried and is calcined after drying. The drying
process is preferably carried out immediately after the prepara-
tion of the agueous mixture and by spray dryving (the entry tem-
perature is as a rule from 250 to 350°C and the outlet tempera-
tures are usually from 100 to 150°C).

30
Interestingly, the novel multimetal oxides I as such are suitable
as active material of catalysts for the gas-phase catalytic ox-
idation of organic compounds, such as alkanes, alkanols, alkenes,
alkanals, alkenals and alkenols of 3 to 6 carbon atoms (eg.

35 propylene, methacrolein, tert-butanol, methyl ester of tert-buta-
nol, isobutene, isobutane or isobutyraldehyde), to olefinically
unsaturated aldehydes and/or carboxylic acids, and to the corre-
sponding nitriles (ammoxidation, especially of propene to acry-
lonitrile and of isobutene or tert-butanol to methacrylonitrile).

40 The preparation of acrolein, methacrolein and methacrylic acid
may be mentioned by way of example. They are also suitable as
catalyst active materials for the oxidative dehydrogenation of
clefinic compounds.

45
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Ad* 23.9 11 1.1 10 AS* 26. 9

100 5.1 _ 31.9 11 3.4
AT* 34.9 26 4.1 AB* -
- 15 A9* 8 45.2 8 2.3
':‘/é-g* OV3. ooe zg douli_t(:)xg the Qﬂatlglmetal ox:.angI Z&Zilﬂagtlcularl sult-
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quartz bul b e pene o S K Bt 0 4 g Sl ma L e
m nute, as Partesdarby¥dstoiking with Eﬁgﬁdr tot fhbnremsdipBsul ting nul ti et al
25 oxide M9 was black and had a specific surface area (DIN 66131) of

5.7 nferr]/ghen the novel multimetal oxide materials are used as active ma-
terial of catalysts for the -gas-phase catalytic oxidation of or-
ganic compounds, in particular acrolein to acrylic acid, shaping
to achieve the desired catalyst geometry is preferably carried

10 out by application to premolded inert catalyst carriers, before
or after the final calcination. The usual carriers, such as po-
rous or nonporous aluminas, silica, thorium dioxide, zirconium
dioxide, silicon carbide or silicates, such as magnesium silicate
or aluminum silicate, may be used. The carrier elements may be

15 regularly or irregularly shaped, regularly shaped carrier
elements having pronounced surface roughness, for example spheres
or hollow cylinders, being preferred. Among these in turn,
spheres are particularly advantageous. The use of essentially
nonporous, spherical carriers having surface roughness and

20 comprising steatite, whose diameter is from 1 to 6 mm, preferably
from 4 to 5 mm, is particularly advantageocus. The layer thickness
of the active material is advantageously chosen in the range from
50 to 500 um, preferably from 150 to 250 um. It should be pointed
out here that, in the preparation of such coated catalysts, the

25 powder material to be applied is generally moistened for coating
of the carrier elements and is dried again after application, for
example by means of hot air.

For the preparation of the coated catalysts, the coating of the
30 carrier elements is as a rule carried out in a suitable rotatable
container, as disclosed, for example, in DE-A 2 909 671 or
EP-A 293 859. As a rule, the relevant material is calcined before
the carrier is coated. Furthermore, the catalytically active ma-
terial is milled to a particle diameter of from > 0 to 300 um,
preferably from 0.1 to 200 um, particularly preferably from 0.5 to
50 um, before the coating process is carried out. The coating and
calcination process can also be carried out in a suitable manner
according to EP-A 293 859, so that the resulting multimetal oxide
I layers have a specific surface area of from 0.50 to 150 m2/g, a
specific pore volume of from 0.10 to 0.90 cm3/g and a pore diame-
ter distribution such that at least 10% of the total pore volume
are accounted for by each of the diameter ranges from 0.1 to
<1 um, from 1.0 to < 10 pm and from 10 um to 100 um. The pore
diameter distributions stated as being preferred in EP-A 293 859
may alsc be established.

35

40

45
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31% of vanadi um contained in the nmultinmetal oxide M9 were pres- ent as
Vl[err] and 69% as V[err]. The multinetal oxide M9 thus had the 30
stoichionetry M9.0V3.0034. 04. The visual appearance of the asso- ci ated
CuK[err] X-ray powder diffraction spectodum (Figure 17) corre- sponded to
fM _hﬁ] ﬁ/}‘lM Il'rﬁ‘é‘q%/&{féi %’nPchEé@«?Ii HrRiesi gnaén Qifo%ﬁr?é'also rbh%ng]sglaln%m!%-commn
diffracti ongﬁ???%%#iﬁ g le}(%fée'v,%’t %gtgr r I{%tr’ aﬁglg: tlgg¥°%g%4gry,mlmﬁ
comprising the starting compounds of the multimetal oxide I is

preferably compacted immediately to give the desired catalyst ge-
5 ometry (for example, pelletizing or extrusion), it being poss-

ible, if required, to add conventional assistants, eg. graphite

or stearic acid, as lubricants and/or molding aids and reinforc-

ing agents, such as microfibers of glass, asbestos, silicon car-

bide or potassium titanate, and calcination is effected. Here
10 too, calcination can generally be carried out prior to the shap-

ing procedure.

A preferred geometry of unsupported catalysts comprises hollow
cylinders having an external diameter and a length of from 2 to
15 10 mm and a wall thickness of from 1 to 3 mm.

For the catalytic gas-phase oxidation of acreclein to acrylic acid
using the novel multimetal oxides I as catalyst active materiai,
acrolein produced by the catalytic gas-phase oxidation of propene

20 is usually used. As a rule, the acrolein-containing reaction
gases from this propene oxidation are used without intermediate
purification. The gas-phase catalytic oxidation of acrolein is
usually carried out in tube-bundle reactors, as a heterogeneous
fixed-bed oxidation. Oxygen, advantageously diluted with inert

25 gases (for example in the form of air), is used as the oxidizing
agent in a manner known per se. Suitable diluents are, for
example, Nz, CO;, hydrocarbons, such as methane, ethane, propane,
butane and/or pentane, recycled reaction exit gases and/or steam.
As a rule, an acrolein:oxygen:steam:inert gas volume ratio of

30 1 : (1 to 3) : (0 to 20) : (3 to 30), preferably 1 : (1 to 3)
(0,5 to 10) : (7 to 18), is established in the acrolein oxida-
tion. The reaction pressure is in general from 1 to 3 bar and the
total space velocity is preferably from 1000 to 3500 1 (S.T.P.)
per 1 per h. Typical multitube fixed~bed reactors are described,

35 for example, in DE-A 2 830 765, DE~-A 2 201 528 or US-A 3 147 084.
The reaction temperature is usually chosen so that the acrolein
conversion in a single pass is above 80%, preferably above 98%.
Usually, reaction temperatures of from 230 to 330°C are required
in this connection.

40
It is noteworthy that, in the gas-phase catalytic oxidation of
acrolein to acrylic acid, the novel multimetal oxides I have not
only a high activity but also a surprisingly short forming time,
ie. if a tube-bundle reactor loaded with the novel multimetal ox-

45 ides I is operated under the abovementioned conditions using an
afrolein-containing gas stream for the purpose of the oxidative
formation of acrylic acid, the selectivity of the acrylic acid
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32 1. Visually resol ved: X-ray diffrac- 2[err]

I[err] tion line [[err]] [ %
8.0 8 A2 14. 2 2
A3 22.3 A0 Ad 23.9

29 10 formA%ion reaches its pPatehu value within a B8 orter operatingAb
- time. With regard to thiéﬂﬁlateau value, tﬁg5p9eparation of the 20
novel multimetal oxide materials exhibits higher reproducibility.

5 However, the multimetal oxides I begin fully to display their po-
tential as catalyst active material for the catalytic gas-phase
oxidation of organic compounds, in particular of acrolein to
acrylic acid, while retaining the abovementioned advantages, only
when they are diluted with multimetal oxides of the general for-

10 mula IX
3
M1z Cug He Oy (11),
15 where
M3 is Mo, W, V, Nb and/or Ta,
d is from 4 to 30, preferably from 6 to 24, particularly
20 preferably from 9 to 17,
e is from 0 to 20, preferably from 0 to 10, and
vy is a number which is determined by the valency and
25 frequency of the elements other than oxygen in II,

to give at least two-phase multimetal oxide materials of the gen-
eral formula III

30 (al, [Blq (III),
where
- 1.2 12
35 A = (MO12-a-b-c Va Mp Mc Ox) x m (active phase),
3

B = Mj; Cug He Oy {promoter phase)
40

and

p and g are numbers other than zero, whose ratio p/q is from
160:1 to 1l:1, preferably from 20:1 to 1:1, particularly pre-
45 ferably from 15:1 to 4:1,
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A8 38.8 9 15 A9 45. 4

23 Al10 48. 8 32 2.
Mat hemati cal 'y resol ved: 20 X-ray diffrac- 2[ err] [[err]
FWHM tion line [[errl] [ % [[err]]
Al* which &ohtain the moiet® [Alp in the3fdrm of three-df¥énsional re-
14. 0 . Q. 4 n%-%é A3* : nﬁ g .

gions A'which are 4 ited from the ocal enviro 9 owing to
43 . . . . . . . ,
2 6 the1§¥$hem1cal compogif}gn differing 66m their locaé_gpv1ronment
AG* and ayp @f the chemicaé5composition 3.9 30 AT7*
35.1 5 90 4.1 A8* -
- A9* 45, 3 10 1.4
Al10* 48. 6 24 1 2 2.5 -

A Moi12-a-b-¢ Va Mp Mc Ox

10 and the moiety [B] in the form of three-dimensional regions B
which are delimited from their local environment owing to their
chemical composition differing from their local environment and
are of the chemical composition

15
3
B M3 Cug He Oy

the regions A and B being distributed relative to one another as
20 in a mixture of finely divided A and finely divided B.

In the simplest procedure for the preparation of such multimetal
oxide materials III, the multimetal oxides I and II are each pre-
formed separately, and a thorough dry mixture is then produced
25 from at least one finely divided, separately preformed multimetal
oxide I and at least one finely divided, separately preformed
multimetal oxide IXI in the desired ratio (the thorough mixing can
be carried out in dry or wet form; if it is effected in wet, as a
rule agueous, form, drying is carried out subsequently; the mix-
30 ing can be carried out by means of a kneader or mixer), from
which dry mixture suitable catalysts for the catalytic gas-phase
oxidation of organic compounds, in particular that of acrolein to
acrylic acid, can then be produced in a manner corresponding to
that described for the multimetal oxide I alone, by shaping. How-
35 ever, both the multimetal oxides I and the multimetal oxide ma-
terials III can of course also be used in powder form as cata-
lysts. It is just as self evident that the multimetal oxide ma-
terials III can be used for all those catalytic gas-phase reac-
tions for which the multimetal oxides I were also stated as being
40 gyitable. If catalysts based on multimetal oxide materials III as
active material are used for the catalytic gas-phase oxidation of
acrolein to acrylic acid, this is generally effected under the
same process conditions as described for the corresponding use of

the multimetal oxide I catalysts alone.
45
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35 VM 2: Mp9. 0V3. 0332. 90 100 g of the spray-dried powder from

M8 were calcined in a hori - zontal rotary kiln with an isothermally
heated quartz bulb volunme 40 of 1 | and a rotary speed of 12 revol utions
per mnute, as de- scribed for M1. 12 The resulting nultinmetal oxide

VM 2 was bl agle andeimcka %&@a’e&i £1 cansmef pepar & 1DENs BRI Inadheb- ﬁnown
nierr]/g. 93%0f.the sjm% ﬁgﬁecﬂ ? Qﬁ%nfto*}e ellhbi é*%éﬁgr%hgfn%/
wer e presen as Vlerr an ua nce O
T e b bt AERDLY SRR THIRcp BEF B SRASAETy Ui FT or ed
from t hat cﬁah;ﬁeSﬁﬁ¥$¢s of thelr elemental constltuents and calcining3ghis
5 dry mixture at from 200 to 1000°C, freguently from 250 to 600°C,
often from 300 to 500°C, it being possible to carry out the cal-
cination under inert gas (eg. N;, a mixture of inert gas and oxy-
gen (eg. air), reducing gases, such as hydrocarbons (eg. meth-
ane), aldehydes (eg. acrolein) or ammonia, but also under a mix-
10 ture of 0, and reducing gases (eg. all of the abovementioned
ones), as described, for example, in DE-A 4 335 973. It is note-
worthy that the calcination atmosphere here may also comprise
steam. In the case of a calcination under reducing conditions, it
should be noted that the metallic constituents are not reduced to
15 the element. The calcination time generally decreases with
increasing calcination temperature.

Essentially the same statements as those made for the sources of
the elemental constituents of the multimetal oxides I are appli-

20 cable with regard to the sources of the elemental constituents of
the multimetal oxides 1I. Here too, all that is essential is that
they are either oxides or compounds which can be converted into
oxides by heating, at least in the presence of oxygen. In a pre-
ferred preparation method for the multimetal oxides II, the ther-

25 mal treatment of the thorough mixture of the starting compounds

" used is carried out in an autoclave in the presence of steam
under superatmospheric pressure at from > 100 to 600°C.

Depending on the chosen calcination conditions, the resulting

30 myltimetal oxides II have different three-dimensional atomic ar-
rangements. All those multimetal oxides II which are described in
DE-A 4 405 514, DE~A 4 440 891 and DE-A 19 528 646 as a possible
key phase or promoter phase are particularly suitable for the
present invention, ie. advantageous multimetal oxides II include

35 those which have the structure type (the X-ray diffraction pat-
tern) of at least one of the copper molybdates listed in Table 1
below (the expression in brackets indicates the source of the as-
sociated X~ray diffraction fingerprint):

40
Cuj {(Mo04) 3 (OH) 2 {Lindgrenite, index card 36-405 of the
JCPDS-ICDD index (1991)),
CugMo0g03p {A. Moini et al., Inorg. Chem. 25(21)
(1986) page 3782 to 3785),
45 CuygMos019 {Index card 39-181 of the JCPDS-ICDD
index (1991)),
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50,
5
36.9

ked:
at

netal oxide M1 (cf. Figure 18) and, in the 2[err] range from5 to
contai ned, for exanple, the following intense diffraction i nes:

Vi sual | y eval uat ed: X-ray diffrac- 2[ err] [[err]

FVWHM tion line [[err]]13 [% [[err]] 10
Bl 260~

31 CysMpsOis ) Pred;f"g?’f‘ﬁs\ﬁ) 4%??5&? A% >?C88§ PP 15 M1 1:
Starting nmafecrial 1 ((hi?hh1/ df DE-A 4 440 891 WAS [ ejvor
55.3 g of cpppdeePis) oxide ( QU@naex orrve 35k 17 Dof neteadiCPDErIeRpur e,

| east 96% pul verul ent) and 1é0dexg(B¥dl.ybdenum (VI) oxi de 20 (M08,

Mer ck, Damsnpéafdo, anal yti cal

gradex @drd @ast49%H%he JCPDS-ICDD
index (1991)),

CuMoOy

10

(Russian Journal of Inorganic Chemistry
36(7) (1991), 927-928, Table 1,
CuMo04-III with distorted wolframite
structure (CuWO4, index card 21-307 of
the JCPDS-ICDD index (1994)),

CuMoQy4

{Index card 26-546 of the JCPDS-ICDD
index (1991)),

HT-Cu molybdate

(DE-A 19 528 646),

Cuy-xMo3012

where x is from 0 to 0.25 (index

15 cards 24-56 and 26-547 of the
JCPDS-ICDD index (1991)),
Cu3Mo30g {Index cards 24-55 and 34-637 of the
JCPDS-ICDD index (1991)) and
20 CuzMo0s {Index cards 22-607 of the JCPDS-ICDD

index (1991)).

Multimetal oxides II to be recommended for the preparation of

multimetal oxide materials III which are particularly suitable

25

are those of the general formula IV

from

for the catalytic gas—-phase oxidation of acrolein to acrylic acid

CuMoaWgVeNbpTaglOy - (H20) g {(1v),

30

where

1/(A+B+C+D+E} 1is from 0.7 to 1.3,
35 F is from 0 to 1,

B+C+D+E is from 0 to 1 and

Y is a number which is determined by the valency and

frequency of the elements in IV other than oxygen,

40

whose three-dimensional atomic arrangement corresponds to the

structure type which is defined by the compound CuMoO4-III in Rus-
sian Journal of Inorganic Chemistry 36 (7) (1991), 921, Table
and designated as wolframite in DE-A 4 405 514 and DE-A 4 440 891.

45

Among the multimetal oxides IV in turn, those having the stoi

chiometry V
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pul verul ent) were dispersed in 500 mM of water. The total anount of the
aqueous di spersion was heated to 350[err]C in an autocl ave (material:
Hastel loy C4; internal volune: 2.5 1) while stirring (1000 revol utions
per mnute) and kept at this tenperatung and at t he associ ated excess
pressure for 24 hours while stirring. The aut ocl ave was then cooled to
roomtenperature h eous dis- persion coptai ned therein was
renoved, and thec'élstk%"‘g‘7 %gg’ﬂ solid was fil teredwo)f'f and then dried in a
drying oven at 80[err]C. In the 30 investigation by scanning el ectron

m croscopy (SEM, the result- ing dry powder exhibited crystalline
parti cl es shamepgim nunber average particle dianeter of about 8 [err]m
The chem cal anal ysis of the crystalline particle gave a Cu/M ratio of

about 1. 3 " e use .qf radi_ati gn (Si enens D-5000 diffractoneter,
40 kv, 30 ni,/\(\é\nggﬁé)gutormtl?'cf |J\(§2?"€;H€e?”§éatter and counter t

ube
col limator AndBPetti%r defEEtBry,” the Wor sf%?l?rr?é'lﬁ&/\ﬂg?‘t&ﬂﬁ)éy?' 2Rfve the
following X¥ray diffracti 6 paberrer “Wdghodtcder9mingd by tha fedency and
i nterpl atdr spaci ngs d[ [ efrpfmencylepertiienel aheritte inaVebehept théd okydée,
X-rays used, and the associated relative intensities (% of the various

di ffraction Lisneg,sHasgd ngnehbes i fiidnkt £ 4 ne wi th the strongest
intensity (anplitude):

15 CuMoWg0Oy (VvI),
wherein

20 1/(a+B) ' is from 0.7 to 1.3,
B/A is from 0.01 to 10, preferably from 0.01 to 1, and
Y is a number which is determined by the wvalency and

frequency of the elements in VI other than oxygen,
are noteworthy.
25
The preparation of multimetal oxides IV, V and VI is disclosed in
DE-A 4 405 514 and DE-A 4 440 891.

Further particularly suitable multimetal cxides II are those of
30 the general formula VII

CUMOA'WB'Vc'NbD'TaE'Oy' (VII),

35 where

1/(a'+B*+C*+D’'+E*) is from 0.7 to 1.3, preferably from 0.85 to

1.15,
particularly preferably from 0.95 to 1.05,
40 very particularly preferably 1,
(B'+C’'+D’'+E’) /A’ is from 0.01 to 10, preferably from 0.05 to 3,
particularly preferably from 0.075 to 1.5,
and
Y’ is a number which is determined by the valency
45 and frequency of the elements
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2.44 100 3.01 58.4
56.8 10

15
in VII other than oxygen,

whose structure type is the HT copper molybdate type disclosed in
DE~A 19 528 646.

Among the multimetal oxides VII in turn, those in which C’+D’
+E’= O are preferred. A VII which is particularly recommended as
multimetal oxide II is that of the composition Mojg,gW;.2Cu12042-45.

Further possible multimetal oxides II are mixtures of multimetal
oxides IV and VII, as likewise disclosed in DE-~A 19 528 646. This
applies in particular to those mixtures which contain the
multimetal oxides IV and VII in intergrown form.

Before its use for the preparation of catalysts comprising
multimetal oxide materials III, the mixture produced from separ-
ately preformed finely divided multimetal oxides I and II can of
course also first be compressed, then milled and only thereafter
brought into the desired catalyst form. As in the case of the
separately preformed multimetal oxides I and II, the diameter
range from > 0 to 300 pum, particularly preferably 0,5 to 50 pm,
very particularly preferably from 1 to 30 um, is also recommended
for the maximum particle diameter.

The particular advantage of the novel multiphase catalysts com-
prising multimetal oxide materials III is that the calcination
conditions required for obtaining the various phases are as a
rule different from one another. As a result of the principle of
separate preformation, the calcination conditions of the particu-
lar phase desired can be optimally adapted.

Beyond the abovementioned uses, the multimetal oxides I are suit-
able very generally for improving the performance of catalyti-
cally active multimetal oxide materials, as described, for
example, in DE-A 4 335 973, US-A 4 035 262, DE-~A 4 405 058,

DE-A 4 405 059, DE-A 4 405 060, DE-A 4 405 514, DE-A 4 440 891 and
DE-~A 19 528 646.

For this purpose, for example, the active materials described
there are mixed in finely divided form with finely divided
multimetal oxides I in a simple manner and are shaped in the same
way as the thorough starting mixture for the preparation of cata-
lysts comprising multimetal oxide materials III.

The multimetal oxides I are particularly suitable as a component
of the co-phases of the multiphase catalysts comprising multime-

tal oxide materials and disclosed in DE-A 4 405 058,
TR 1L uie 1optasement shest
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DE-A 4 405 059, DE-A 4 405 060, DE-A 4 405 514 and DE-A 4 440 891.
The multimetal oxides I are furthermore suitable as a component
of the active phase of the multiphase catalysts of DE-A 19 528 646
which comprise multimetal oxide materials. In all these cases,
multiphase catalysts which comprise multimetal oxide materials
and contain phases comprising multimetal oxides I in finely 4i-
vided (from > 0 to 300 um) homogeneous distribution are formed.
They are particularly suitable as catalysts for the catalytic
gas-phase oxidations of organic compounds, which oxidations are
stated in the respective cited publications.

Finally, it should be noted that the present invention permits
the preparation of pure multimetal oxides I for the first time.

Examples

1) Preparation and identification of novel multimetal oxides MI1l
to MI9 and comparative multimetal oxides VMI1l and VMI2

General aspects

The novel multimetal oxides I described below all contain the
elemental constituents Mo and W in the oxidation state +6. On the
other hand, the oxidation state of the elemental constituent V is
as a rule a distribution over its possible oxidation stage V3+,
V4t and V3*. It was possible to determine this distribution by ti-
trimetric analysis with potentiometric endpoint indication (com-
bined platinum electrode and potentiograph f£rom Metrohm, 9100
Herisau, Switzerland), it being necesssary to effect the pro-
cedure under an inert gas atmosphere. Carrying out the titration
at 80°C facilitated the endpoint detection. In other respects, the
potentiometric analysis was as follows in all cases:

In each case 0.15 g of the oxidic sample material was dissolved in
a mixture of 5 ml of concentrated phosphoric acid (density p at
20°C = 1.70 g/cm3) and 10 ml of aqueous sulfuric acid with heating
{(argon atmosphere), the agqueous sulfuric acid solution used in
turn being a mixture of equal volumes of water and concentrated
sulfuric acid (p2% = 1.52 g/cm3) (the stated volumes relate to
20°C). The solvent was chosen so that it did not change the poss-
ible oxidation states of V, which was checked by means of ap-
propriate V standards.

For the analytical determination of the V3* content, the freshly

- prepared resulting solution was titrated with a 0.1 molar aqueous

ammonium ferrous sulfate standard solution ((NHy)Fe(SO04)32). For
the analytical determination of V3*+ and Vé+, a fresh solution
This is the replacemgnt sheet
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prepared in a corresponding manner was titrated with a freshly
prepared 0.02 molar aqueous potassium permanganate standard
solution (KMnOy), two potential jumps occurring (V3+ — v4+ ang vé+
— V5*), The sum of the V3*+, Vv4* and V5* contents determined as de-
scribed had to correspond to the total V content of the sample.
This too could be determined by titrimetric analysis with poten-
tiometric endpoint indications.

For this purpose, 0.15 g of the oxidic sample material was dis-
solved in a mixture of 10 ml of the abovementioned semiconcen-
trated aqueous sulfuric acid and 10 ml of concentrated nitric acid
(p?? = 1.52 g/cm3) with heating (argon atmosphere). Thereafter,
the solution obtained was concentrated by heating with evapor-
ation of the nitric acid and of some of the sulfuric acid used to
a residual volume of about 3 ml, the total V content being con-
verted in the oxidation state +5. After cooling, the residual
volume was diluted to 50 ml and the V5* present was titrated po-
tentiometrically with a 0.1 molar aqueous (NHy),Fe(SO4); standard
solution to beyond the equivalence point (endpoint).

The aqueous solution thus obtained was titrated with a freshly
prepared 0.02 molar aqueous potassium permanganate standard sol-
ution, two potential jumps occurring. The first potential Jump
indicated the excess of Fe?* used, and the second potential Jjump
gave the amount of KMnO4 which was required for the oxidation of
Vé4* to V5* and which corresponds to the total V content of the
sample.

MI1: Mog.54V2,47W0.95033.53

33.746 kg of ammonium heptamolybdate hydrate (MocO3 content: 81.8%
by weight, ideal composition: (NHg)eMo7024 - 4H30), 6.576 kg of am-
monium metavanadate (V.05 content: 76.5% by weight, ideal composi-
tion: NH4VO3), 5.764 kg of ammonium paratungstate hydrate (WO,
content: 89.0% by weight, ideal composition: (NHy)3oW12041 * 7H30)
and 7.033 kg of ammonium acetate (CH3COONH; content: 97.0% by
weight, ideal composition: CH3;COONH4) were dissolved in the stated
order in succession in 250 1 of water at 90°C while stirring. The
resulting yellow to orange solution was cooled to 80°C and spray-
dried at an inlet temperature of 300°C and an outlet temperature
of 110°cC.

800 g of the spray powder obtained were kneaded for 1 hour, with
the addition of 250 g of water, in a kneader (type LUK 2,5 from

Werner and Pfleiderer, 7000 Stuttgart, Germany) having an effec-
tive volume of 2.5 1. Of the 250 g of water, 180 g were added

within the first 10 minutes of kneading and 70 g within the
Thiz is the replacement sheet
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18
remaining 50 minutes of kneading. The resulting moist and clod-~
like kneaded product was dried for 15 hours at 110°C and then
forced through a sieve having a mesh size of 5 mm,

100 g of the resulting granules were then calcined in a horizontal
rotary kiln with an isothermally heated quartz bulb volume of 11
and a rotary speed of 12 revolutions per minute. The calcination

conditions were as follows:

lst step: the granules used were continuously heated from 25 to
275°C within 50 minutes;

2nd step: the granules used were continuously heated from 275
to 325°C within 30 minutes;

3rd step: the granules used were kept at 325°C for 4 hours;

4th step: the granules used were continuously heated from 325
to 400°C within 30 minutes;

5th step: the granules used were kept at 400°C for 10 minutes.

The external heating of the rotary kiln was then switched off and
the latter was cooled by blowing surrounding air onto the out-

side. The granules used cooled to 25°C within 5 hours.

During the individual calcination steps, gas mixtures which had
the following compositions (standard temperature and pressure
conditions (S.T.P.) = 1 atm, 25°C) flowed through the interior of
the rotary kiln, parallel to the axis of .rotation:

1lst step, 2nd step and 3rd step:

3.6 1 {8§.T.P.)/h of air, 1.5 1 (§.T.P.)/h of NH; and 44.9 1
(S.T7.P.)/h of N

(total gas flow: 50 1 (S.7T.P.)/h);

4th step, 5th step and cooling phase:
3.6 1 (s.T.P.)/h of air and 44.9 1 (S.T.P.)/h of Ny
(total gas flow: 48.5 1 (S.T.P.)/h).

The resulting multimetal oxide powder MI1 had a black color and a
specific surface area (determined according to DIN 66 131 by gas
adsorption (N;) according to Brunauer-Emmet-Teller (BET)) of

15.0 m2/g. More than 99% of the vanadium contained in the multime-
tal oxide MI1 was present as V4* (this determination was carried

This ¢ Hie replacement sheet
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out as described above). The multimetal oxide MI1 thus had the
stoichiometry Mog.54V2.47W0.99033.53.

The CuKa X-ray powder diffraction spectrum determined according

5 to the statements in the description and evaluated after subtrac-
tion of the linear background contained the following diffraction
lines in the relevant 2@ range (5 to 50°):

1. Visually resolved:

10
X-ray diffrac- 20 Iprel
tion line {e] (%]
Al 8.4 5
15 A2 14.8 2
A3 22.4 100
Ad 23.6 22
AS 27.2 41
20 A° _ ~
A7 35.2 14
A8 - -
bt 45.5 19
Al0 48.9 25
25

2. Mathematically resolved:

X-ray diffrac- 2@ Igrel FWHM
30 tion line [°l (%] [°]
alr 8.3 11 3.4
A2+ 14.5 3 3.5
A3* 22.4 28 0.5
35 A4 22.9 16 2.2
A5* 27.1 100 4.4
AS* 31.5 36 5.7
AT 35.3 40 4.8
A8+ - - -
40
A9 45.5 9
All* 48.8 33

The experimentally determined CuKa X-ray powder diffraction spec-
trum reflecting the three-dimensional atomic arrangement of the
multimetal oxide MI1 is shown in Figure 1 (ordinate: intensity,

45
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20
stated as absolute counting rate; abscissa: 20 range from 5 to
65°%).

Furthermore, Figure 1 shows the linear background to be sub-
tracted for the evaluation (the connecting line between

A(20 = 5°) and A(20 = 65°)) and the position of the individual
diffraction lines Ai. The points of contact between base line and
X-ray diffraction spectrum divide the latter in a natural manner
into the two 2@ ranges from 5 to 43° and from 43 to 65°.

Figure 2 shows the 20 range from 5 to 43° of the CukKa X-ray pow-
der diffraction spectrum of the multimetal oxide MI1 on a larger
scale. Furthermore, Figure 2 shows the result (including the
background line) of the mathematical fit and resolution carried
out in accordance with the description for this range (PROFILE,
Pearson VII profile function, fixed background). The superposi-
tion of mathematically generated diffraction lines Ai* gives the
fit to the experimental envelope.

In a corrésponding manner, Figure 3 shows the 2@ range from 43 to
65° on a larger scale and the resolution performed for this range,
including the linear background line.

The rectanqular section appearing above the actual X-ray diffrac-
tion spectrum in Figures 2 and 3 shows in each case the differ-
ence between the experimental envelope of the X-ray powder dif-
fraction spectrum and its mathematical fit. This difference is a
measure of the quality of the fit.

MI2: Mog.54V2.47W0.99033.53

Granules were produced as for MI1l. 400 g of the granules were cal-
cined in a calcination furnace operating according to the prin-
ciple of a jet reactor. The granules used were present as a 5 cm
high bed on a wire net through which a gas mixture flowed from
below. The volume of the furnace was 3 1, and the circulation
ratio [{(circulated gas mixture volume flow): {(freshly added gas
mixture volume flow)] was chosen to be 20. The granules used were
first continuously heated from 25 to 325°C in the course of 1 hour
in the stated furnace. The granules used were then kept at 325°C
for 4 hours. At the beginning of the calcination, the gas mixture
flowing through was composed of 120 1 (S.T.P.)/h of Ny, 10 1
(s.T.P.})/h of air and 3.3 1 (S.T.P.)/h of NH;. Finally, the gran-
ules used were heated from 325 to 400°C within 20 minutes and then
kept at 400°C for a further hour. In this final phase, a gas mix-
ture comprising 120 1 (S.T.P.)/h of N3 and 10 1 {S.T.P.)/h of air
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flowed through. Cooling to room temperature was effected by cut-
ting off the heat supply.

The resulting multimetal oxide powder MI2 was identical to the
multimetal oxide MI1 with respect to the V3+.4+.3+ analysis and
with respect to its CuKa X-ray powder diffraction spectrum.

MI3: Mosg.35V2.60W1.05033.40

852.78 g of ammonium heptamolybdate hydrate (MoO3 content: 81.0%
by weight, ideal composition: {(NH4q)gMo7024 - 4 H20), 177.14 g of
ammonium metavanadate (V205 content: 77.0% by weight, ideal com-
position: NH4VO3) and 156.29 g of ammonium paratungstate hydrate
(WO3 content: 89.0% by weight, ideal composition: (NHg)19W12041

7 Hz0) were dissolved in the stated order in succession in 5 1 of
water at 95°C. The yellow to orange solution obtained was cooled
to 80°C and spray-dried at an inlet temperature of 300°C and an
outlet temperature of 110°C. 100 g of the spray-dried powder were
then calcined in a horizontal rotary kiln with an isothermally
heated quartz bulb volume of 1 1 and a rotary speed of 12 revol-
utions per minute under the conditions defined below. The powder
used was continuously heated from 25 to 275°C in a first step
within 50 minutes, continuously heated from 275 to 325°C within
30 minutes in a second step immediately after the first step,
kept at 325°C for 4 hours in a third step immediately after the
second step and heated from 325to 400°C within 3.5 hours in a
fourth step immediately after the third step. During the first
three steps, a gas mixture consisting of 9.6 1 (S.T.P.)/h of air,
31 (S.T.P.}/h of NH; and 87.4 1 (S.T.P.)/h of N; (total gas flow:
1001 (s.7T.P.}/h) flowed through the quartz bulb. During the
fourth step, a gas mixture consisting of 9.6 1 (S.T.P.)/h of air
and 87.4 1 (S.T.P.)/h of N; flowed through the quartz bulb (total
gas flow = 97 1 (S.T.P.)/h). After the end of the fourth step, the
external heating of the rotary kiln was switched off and cooling
was effected from the ocutside by blowing on air. The powder used
cooled to 25°C within 5 hours under the gas mixture comprising
9.6 1 (S.T.P.)/h of air and 87.4 1 (S.T.P.)/h of N; and flowing
unchanged through the guartz bulb.

The resulting multimetal oxide powder MI3 ‘had a black color and a
specific surface area (DIN 66131) of 0.5 m2/g. More than 99% of
the vanadium contained in the multimetal oxide MI3 was present as
V4*. The multimetal oxide MI3 thus had the stoichiometry

Mog.35V2.60W1.05033.40-
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(NH4) 10241 7H20O) were dissolved in 5 | of
9 39 (solution A). 3|
aquéous ammoni a sol ution were

of water

197.88 g

X-ray diffrac- 20 Iprel
10 tion line {°] [%]
Al 7.9 7
A2 14.7 scarcely detect-
able
a3 22.3 100
15 Al - -
A5 27.1 45
Af - -
A7 35.0 17
20 A® N -
Ad 45.5% 20
Al0 45.0 25
25 2. Mathematically resolved:
X-ray diffrac- 29 Iprel FWHM
tion line (el (%] 1
Al* 8.0 12 3.4
30 A2+ 14.0 2 3.1
A3 22.3 28 0.6
AL 22.9 16 2.0
AS* 27.1 100 4.6
35 Ab* 31.9 25 5.7
A7* 35.2 34 5.0
A8* - - -
as* 45.5 10 1.1
40 alo 48.6 20 4
MI4: Mog.35V2.60W1.05033.40

A spray-dried powder was produced as for MI3. 60 g of the spray-
45 dried powder were then calcined in a horizontal rotary kiln with

an isothermally heated quartz bulb volume of 1 1 and a rotary

speed of 12 revolutions per minute under the conditions defined

sl LRI ‘ "_".‘_...\7"'"‘.., \,si
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35 added to 492.64 g of copper acetate hydrate (Cu content: 32. 5% by

wei ght, ideal conposition: Cu(CH3COO 2. H20 and stirring was carried out
for 15 mnutes at 25[err]C, a |light Dblue suspension bei ng obt ai ned
(suspension B). The suspension B was then stirred into the solution A

whi ch ty : t
Further 3 nal e Gt 86, B2 EEF?S?H%O% s ggon 2 Of e L e °

suspendi ng nRsukPof %hés APy ﬁ@né Ysheated 3§ E%u%‘fﬁer%l‘”éﬁh@
had a pH (gl 3 misugesr bued SﬁCOBdBStqmelmmemspéMsafﬁEICblmsfspiﬁ'aysm ed at
an inlet tenmpgyatadr e26fc EdY ar bbGranth a tairauited intiddenaély catferltfle. 45
37 The 9reen, ROWIEE 204 HGea@sok M 44 Ned4bBe@if1eH1826b NG AL 181 2
fourth step immediately after the third step and then kept at -
400°C for 10 minutes. During the first 3 steps, a gas mixture con-
gsisting of 4.8 1 (S.T.P.)/h of air, 1.5 1 (§.7.P.)/h of NH3 and
43.7 1 (S.T.P.)/h of N; flowed through the quartz bulb (total gas
10 flow: 50 1 (S.T.P.)/h). During the fourth and fifth steps, a gas
mixture consisting of 4.8 1 (S.T.P.)/h of air and 43.7 1
(S.T.P.)/h of N; flowed through the quartz bulb (total gas flow:
48.5 1 (S.T.P.)/h). After the end of the fifth step, the external
heating of the rotary kiln was switched off and cooling was ef-
fected by blowing on air from the outside. The powder used cooled
to 25°C within 5 hours under the gas mixture comprising 4.8 1
(S.T.P.)/h of air and 43.7 1 (S.T.P.)/h of N; and flowing un-
changed through the quartz bulb.

15

20 The resulting multimetal oxide powder MI4 was identical to the

multimetal oxide MI3 with respect to the V3+,v4* and V3t analysis
and with respect to its CukKa X-ray powder diffraction spectrum.
The quantitative evaluation of the X-ray diffraction spectrum

carried out as described (shown in Figures 7 to 9) gave the fol-

25 lowing in the relevant 2© range:

1. Visually resolved:

30 | X-ray diffrac- 20 Iprel
tion line fo] (%]
al 8.9 5
A2 13.8 still just de-
tectable
35
a3 22.3 100
A4 - -
AS 27.0 40
A6 - -
40
a7 35.3 still just de-
tectable
AB - -
a9 45.3 18
45 Al0 49.0 24

Tris is e repacement sheel
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fected continuously from25 to 300[err]Cwithin 24 hours in a first step
and continuously from300 to 780[err]C within 3 hours in a subse- quent
second step, and the tenperature being kept at 780[err]C for a 5 further
hour in a third step Calcination was cggried out in a rotary kiln

havi ng an effect R.each case 60 g of starting spray
powder bei ng£ use é:lr%ggll?}f’ llleogv?/vlo £o50 | (S. T.P.)/ h being established.
10 The resul ti i ng povvder had a brown col or and a specific surface area

according t rN O&?ﬁffg ey U gt 1t§eyunp 5[L|Ni_%
nvest i '

Cul2Mo6We A 2 sti gagéion by SE [%tjhe pawder [eE I bi tjed
crystalling mﬁ_&mww of about
tion (5

8 [err]m W/|th the &l8e of CYK[err§-Fadidti i emer]s D- %080 15

di ffractonetfer, 40 Z¥, 30 m4, wih, qaut onmati C «j verggnce, psgatter and
count er tubg—eetH+rater—and .”elt‘ et—aet-getot) the y-s+ad Hi ne powder
gave an X-rg owde?” dj aara %% ?exhl ited a super]- Désiti n of the

wol frami te fji nger pra%it on the HT22:o$pper nmol ybdéat e fingeRprint, ie. it
had a twolphaSe STTARTUTE. ACCOrg§Tg to (tne 3@ol T ne [T NTeRsSgTies,| the two

structure ty A=Y -t hs—t—n-e-q-ﬁeney—pa-t-l-g-ﬁo
(wolframte structlﬁ‘e) 40 (IHT c%%pf\{er m)lyﬂaate type).—”-6
AT* 35.1 61 4.7
AS* - . - -
15 AS™ 45.4 9
A0+ 48.8 34
MI5: Mog,54V2.47W0.59033,01
20

800 g of the spray powder produced for the preparation of MI1 were
kneaded in a kneader (type LUK 2,5 from Werner and Pfleiderer,
7000 Stuttgart, Germany) having an effective volume of 2.5 1 with
the addition of 80 g of acetic acid (100% strength) and 200 g of
25 water for 1 hour. The 80 g of acetic acid and 80 g of water were
. added during the first 10 minutes of kneading. The remaining 120 g
of water were added during the remaining 50 minutes of kneading.
The resulting moist and clod-like kneaded product was dried for
15 hours at 110°C and then forced through a sieve having a mesh
30 size of 5 mm. 100 g of the resulting granules were then calcined
in a horizontal rotary kiln as described. for MI1.

The resulting multimetal oxide powder MI5 had a black color and a
specific surface area (DIN 66131) of 16.0 m2/g. 42% of the vana-

35 dium contained in the multimetal oxide MI5 were present as V3+ and
58 % as V4*, In contrast to the multimetal oxide MI1l, the multime-
tal oxide MI5 thus had the stoichiometry Mog 54V2.47W0.99033.01- The
CuKO X-ray powder diffraction spectrum determined and evaluated
as for the multimetal oxide MI1l nevertheless reflected the same

4p three-dimensional atomic arrangement for the multimetal oxide MI5
as for the multimetal oxide MI1 (cf. Figures 10 to 12). The dif-
fraction lines determined in the relevant 2© range are:

This is the replacement shegt
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The HT copper nolybdate structure type is characterized by the 25 fol | owi ng
X-ray diffraction diagram recorded with a crystalline powder of the
conposi tion CuMd0.9WD. 138.5-4 with the use of CuK[err] radiation (Sienens
D- 5000 diffractonmer, 48 kV, 30 mA, w t hagmut o- matic divergence, scatter
and counter {ubey£gldiigptasoangyPel tier detector) and reproduced in the

formof interplanar spacings 30 d[[err]], independent of the wavel ength of
the X-rays used, and the associ ated rel ati veli nt Ie_ani t.i es (:/oihte)a\slg(rji gﬂs
T ONgesS TTCETTIST]L APl ooe) 0
Ejithf ?;fcf raCtIt?{griai?"n%%g%g%-rZ[nggdgaclfg?rdi ng toydtacrte,gleii ng i)nt ensity): 35
d[[err]] 5 i{crgi[%, 340 Q0 3.54
72 2. 27 39 408-66.79 8 32 2.56
25 1.57 a2 22 14.3 1.187 3 19
A3 22.3 100
ad - -
10 a5 27.2 59
as 31.6 26
a7 34.8 24
A8 - -
15 A3 45.5 24
Al0 49.0 31

2, Mathematically resolved:

20
X-ray diffrac- 20 Iprel FWHM
tion line {°] [%] [°]
Al 8.4 10 3.1
A2* 13.9 2 2.0
25 A3 22.3 38 0.8
A4 23.1 27 2.4
AS* 26.9 100 4.0
A6* 31.2 42 4.4
30 AT* 35.0 85 4.6
A8* - - -
A9+ 45.6 15 1.
A0+ 48.6 12 2.0
35
VMI1: Mog, 54V2,.47W0.99034.18

100 g of the granules obained for the preparation of MIS5 by knead-
ing spray powder with water and acetic acid were calcined, as de-

40 scribed in Example MI1, in a horizontal rotary kiln. Instead of
the various gas mixtures, however, a corresponding amount of pure
air flowed through the rotary kiln in each case.

The resulting multimetal oxide powder VMI1 had a black color and
45 5 specific surface area (DIN 66131) of 16.2 m2/g. 47% of the vana-
dium contained in the multimetal oxide VMIl1l were present as V4+
and 53% as V5*. In contrast to the multimetal oxides MI1 and MIS,

This i3 toe repiacement sheet
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45.
38
2.66
16
3.04
11

2.96 18 3.56 | 18

10

15

20

25

30

35

40

45

d[[err]] Iferr] [ 1.64 17
16 5 1.59 16 1.55
2. 67 14 26 2.00 14

the multhi?eld1 oxide 3 thus had the st&}chiometry 2. 36

Mog.54V2.47W0.99034.18. The associated CuKO X-ray powder diffraction
spectrum is shown in Figure 13. It is evidently different from
that of the multimetal oxide MI1 and, in the 20 range from 5 to
50°, contains, for example, the following intense diffraction
lines (having a relatively small half-width).

Visually resolved:

X-ray diffrac- 20 Iprel FWHM
tion line (el [%] [°1
Bl 9.7 32 0.15

B2 16.8 7 0.18

B3 19.4 15 0.23

B4 25.8° 91 0.1

B3 26.1 78 0.23

B6 29.5 62 0.21

B7- 31.2 24 0.45

B8 34.0 26 0.17

B9 35.7 44 0.36
B10 43.1 12 0.25
B11 45.4 39 0.63
B12 46.7 26 0.45
B13 49.4 41 1.18

This means that the three-dimensional atomic arrangement of the
multimetal oxide VMI1l does not correspond to that of the multime-
tal oxide MI1 or MIS5.

MI6: Mog,6V2.4034.37

239.74 g of oxalic acid dihydrate (ideal composition: HzC204

2 H0, HpC;04 content: 71.4% by weight) were dissolved in 4 1 of
water at 80°C in a first vessel. Thereafter, 90.22 g of ammonium
polyvanadate (V05 content: 88.2% by weight, ideal composition:
(NH4) 2VgO16) were dissolved in the resulting aqueous solution
while stirring and while maintaining the temperature of 80°C, a
deep blue aqueous solution A being formed. The ammonium polyvan~
adate was added in small portions in the course of 15 minutes in
order to prevent the reaction batch from frothing over. In a
second vessel, 619.60 g of ammonium heptamolybdate hydrate (MoO3
content: 81.3% by weight, ideal composition: (NHj)gMo7024 X 4 H,0)
were dissolved in 4 1 of water at 80°C while stirring (solution

B) . Thereafter, solution B was continuously stirred into solution
This is this replacement shest
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10

15

20

25

30

35

40

45

11 1.70 10 15 1.51

2.35 10 1.55 9.6
9.2 20 2.89 9.0 1.68
1.48 8.9 27 1.94 8.7 25
A a& %R;éaﬁﬁth 15 minut%%u?%he resultigg Sﬁeg'giue agueous é.8430

solution gvap stirred for, ayfurther 15 hours atg80°C and then 5o
sprdy4@ried (inlet tempefagudB: 310°C,2od44let temperature: 7110°C).
7.2 1.68 7.1
100 g of the spray-dried powder were calcined in a horizontal ro-
tary kiln with an isothermally heated quartz bulb volume of 1 1
and a rotary speed of 12 revolutions per minute under the condi-
tions below. The powder used was continuously heated from 25 to
275°C within 50 minutes in a first step, continuously heated from
275 to 325°C within 35 minutes in a second step immediately after
the first step and kept at 325°C for 4 hours in a third step im-
mediately thereafter. Directly afterward, the powder used was
heated from 325 to 400°C within 35 minutes in a fourth step and
kept at 400°C for 10 minutes in a fifth step immediately there-
after. The external heating of the rotary kiln was then switched
off and the quartz bulb was cooled by blowing on air from the
outside. The powder used cooled to room temperature (25°C) within
5 hours. During the entire calcination time (including the cool-
ing phase), 50 1 (S.T.P.)/h of air flowed through the gquartz bulb.

The resulting multimetal oxide powder MI6 had a black color and a
specific surface area (DIN 66131) of 6.6 m2/g. 36% of the vanadium
contained in the multimetal oxide MI6é were present as V4t and 64%
as V5%, The multimetal oxide MI6 thus had the stoichiometry

Mog.6V2.4034.37-

The visual appearance of the associated CuKo X-ray powder dif-
fraction spectrum corresponded to that of MI1 (cf. Figure 14) and
had the three-dimensional atomic arrangement in common with MI1.
Its valuation carried out as for MI1l gave the following diffrac-
tion lines in the relevant 2@ range:

1. Visually resolved:

X-ray diffrac- 20 Irel
tion line [e] [%]
Al 8.0 S
A2 14.1 4
A3 22.3 100
A4 23.5 40
AS 27.4 74
AS - -
A7 34.5 26
A8 38.7. 12

Thiz is the replacement shest
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1.91
6.5
2.08
5.6
Iferr] [

5

10

15

20

25

30

35

40

45

6.9 40 1.71 6.8 1.74
4.56 6.3 3.16 6.1
5.7 45 2.02 5.6 2.28
28 39 dJ[[err]]
a9 VY 45.4 o9 27 °¥
alo 48.9 38
2. Mathematically resolved:
X-ray diffrac- 20 Iprel FWHM
tion line [°] [%] [°]
Al* 8.0 5 2.7
A2* 13.8 2 2.3
A3 22.2 19 0.9
A4 23.0 23 2.6
AS* 27.3 100 3.0
A6* 32.8 51 7.8
a7 34.8 4 1.8
A8* - - -
A9* 45.3 8
Ao 48.6 16
MI7: Mog 6V2,4034.13

100 g of the spray-dried powder prepared for MI6 were calcined in
a horizontal rotary kiln with an isothermally heated quartz bulb
volume of 1 1 and a rotary speed of 12 revolutions per minute
under the conditions below. The powder used was heated from 25 to
275°C within 50 minutes in a first step, continuously heated from
275 to 300°C within 25 minutes in a second step immediately after
the first step and kept at 300°C for 4 hours in a third step im-
mediately thereafter. The external heating of the rotary kiln was
then switched off and the bulb was cooled by blowing on air from
the outside. The powder used cooled to room temperature (25°C)
within 3 hours. During the entire calcination time (including the
cooling phase), 50 1 (S.T.P.)/h of air flowed through the quartz
bulb.

The resulting multimetal oxide powder MI7 had a black color and a
specific surface area (DIN 66131) of 5.7 m2/g. 56% of the vanadium
contained in the multimetal oxide MI6 were present as V4* and 44%
as V3*, The multimetal oxide MI7 thus had the stoichiometry

Mog, 6V2.4034.13.

The visual appearance of the associated CuKo X-ray powder dif-
fraction spectrum corresponded to that of MI1 (cf. Figure 15) and
had the three-dimensional atomic arrangement in common with MI1.

Thiz is the reptacement sheet

1997
pate: &1 FEB W9/

5.4



10
d val ues of ~%°%

to slight inpurities). Preparation of coated catalysts S1 to S3
and conpar afi véisually resateedcatal ysts SV1 to SV3
5
X-ray diffrac- 20 Iprel
tion line (e} [%]
al 7.9 10
10 a2 14.2 5
A3 22.3 100
A4 - -
a5 27.1 94
A6 - -
15
a7 34.7 30
a8 - -
AS 45.6 28
Al0 49.0 48
20

1y [err].Q, %g‘@}é‘s?[iﬁv%
: e

5. 5.13 3.48

3.12 4.1 4. 20 3.7

3.5 10 3.84 3.5 3.73

4.68 3.4 4.46 29 3.2 15 _

2.9 TheedneRithaitibh Rhriiés Tt 8d ESE Qi A%k BRECHNADWInGSASEARLk -

tia yes. vantl 28 fhg%g essentially [err] "0.2 A for
ensi ?y I'nes’

may al so include 20 |ines due

2. Mathematically resolved:

X-ray diffrac- 20 Igprel FWHM

25 tion line [°] (%] [°]
ALY 7.9 " 7 3.1
A2* 14.3 4 3.0
A3 22.3 39 2.0

30 Ad” N . N
AS* 26.8 100 .8
AB* 31.3 25 2.9
AT* 34.2 53 5.
AB* - - -

35 AS* 45.4 8
Al0* 48.6 29

MIS8: Mog.9V3.0033.72
40

306.86 g of oxalic acid dihydrate (ideal composition: HaC20,4

2 H 0, HaC304 content: 71.4% by weight) were dissolved in 4 1 of

water at 80°C in a first vessel. Thereafter, 115.48 g of ammonium

polyvanadate (V205 content: 88.2% by weight, ideal composition:
45 {NH,4)2Ve015) were dissolved in the clear aqueous solution while

stirring and while maintaining the temperature of 80°C, a deep

blue aqueous solution being formed (solution A). The ammonium
This ig the repiacsmeﬂ?gﬁeet(
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25 S1: After the multinmetal oxide M1 from1) (M8.54V2.47W). 99C33. 53)
had been mlled to particle dianeters of fromO.1 to 50 [err]m

nonporous steatite beads having a rough surface, a dianeter of from
4 to 5 mmand a peak-to-valley height BDerr] of from40 to 200
[err]m (det san}naﬁh@m&@dwg aaaéa NndZR811 daliohs U811k @ourse of HOMEI
Tester for %ei,olsty 'i: thgrzoégé_tg%geiaatch fromv\ggggﬁi :ger many)
wer e coat ed W|t he reu% oﬁﬁ#lg erl < 5 i §y rotary
drum i n an SYBEN{IDA E6EgP % oy S84 S ot ampgnund nealic | yidash, o

with sinmul tQﬁ%Eﬁs(%l FPEﬁertf £3-3% By weight.ihderl cRMPESAFEGRt o DE-A
4442346. Br yNHg MasOishend effoicwede dissolweidt hinad 1l aif #46¢erad B0°C whifw1: As

for S1, excepiriivd (sbe@uftbhiBE! ahepshtieedMsbilut@8h13 was contWhh&ksNad been

miled ina Eg%%gag&@ 89, JRNMe ' ARdebi K AW 3 n 48 nigudidd WhE £FOUPASHY 0N
ST, except U PR TR ICROVEP B RENFT 7 ghpimther 15 potrs at |

(Mp12V3. 47VE0 30 ed then ﬁptquecﬂnwda(wwemmmgumnraew Candutlet
temperature: 110°C).

100 g of the spray-dried powder were calcined in a horizontal ro-
tary kiln with an isothermally heated quartz bulb volume of 1 1
and a rotary speed of 12 revolutions per minute, as described for
15 MI7, in an air stream.
The resulting multimetal oxide powder MI8 was black and had a
specific surface area (DIN 66131) of 5,3 m2/g. 52% of the vanadium
contained in the multimetal oxide MI8 were present as V4+ and 48%
as V5*, The multimetal oxide MI8 thus had the stoichiometry
Mog.oV3.0033.72. The visual appearance of the associated CuKo X-ray
powder diffraction spectrum corresponded to that of MI1 (cf. Fig-
ure 16) and accordingly had a three-dimensional atomic arrange-
ment in common with MI1l. Its evaluation carried out as for MI1l
~gave the following diffraction lines in the relevant 2© range:

20

25

l. Visually resolved:

30 { X-ray diffrac- 20 ‘Iprel
tion line [°] %]
Al 8.3 9
AZ 14.6 3
A3 22.3 100
35 ad — —
A5 27.0 95
A6 - -
A7 35.0 29
40 A8 - -
A® 45.2 31
al0 48.6 41
45
t sheet



45 the nul ti met al

oxi de

powder

MI1 from2) (Cul2Mb12M48),

to a nunber average nmaxi mum particle dianmeter of from1l to

using a centrigual
40 as active material.

mll

from Retsch, Germany,
MI1 was3$tirred into nilled M1 in an

was used

amount such2t haitHdratiBhaly redscavei:t he abovenenti oned st oi -

mlled

3 [err]m

chionmetric units in the resulting m xed powder was 6.5 (M1):1
(M11). A thorough m xture of the two powders was ob- 5 tai ned by
m xing in ang-HaonagFerdaxXef fromeGustgv Ei tireh, Fwa dheirlm  Ger many
(type RQ2, WM s;y&{ e.the Wth usel[ef a pan  [%] havi ng @ivol u of 10 1
and rot at 5n at—64 I*CVUTCFFI TSTPgT rrate—at { ell er which
rotated cou terrurlr"pnt to the pan at 900 rewviol uti'dds per| m nute, 600
g of mixturke were AU mxed for 15 minutes:- -
A3 22.3 24 1.8
y-Chl 23.9 i1 1.1
10 AS* 26.9 100 .
Ab* 31.9 11
A7 34.9 26
AB* - - -
15 AS* 45.2 8
Alo* 48.3 13 3.
MI9: Mog, 0V3.0034.04
20

25

30

35

40

45

100 g of the spray-dried powder prepared for MI8 were calcined in
a horizontal rotary kiln with an isothermally heated quartz bulb
volume of 1 1 and a rotary speed of 12 revolutions per minute, as
described for MI6, in an air stream. The resulting multimetal
oxide MIS was black and had a specific surface area (DIN 66131)
of 5.7 m?/qg.

31% of vanadium contained in the multimetal oxide MI9 were pres-
ent as V4* and 69% as V5*. The multimetal oxide MI9 thus had the
stoichiometry Mog ¢V3.0034.04. The visual appearance of the asso-
ciated CuKa X-ray powder diffraction spectrum (Figure 17) corre-
sponded to that of MI1 and had the three-dimensional atomic ar-
rangement in common with MIl. Its evaluation carried out as for
MI1l gave the following diffraction lines in the relevant 20
range:

This 15 the replacemant shest
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The resulting two-phase active materi al
[ M012V3. 47WL. 39047, 11]

S3: As for

S2,
used i nstead of the nultinetal

6.5 [Cul2Mb1l2M48]
except that the nultinetal
oxide M B from?2).

Was:

[err] Mb12V3WL. 2Cul. 6447.23 15
‘oxide M12 from2) was

The resulting

active materhal yy8$a113P resolved: [ M012V3. 47W.. 39047. 11] 6.5

[ CUL2Mo6WBO42- 48]

SV2: As for

S1,

except that a finely divided powder

produced as foll ows was used as actlve_naterlal 25,\\ 127 g of
Z. U VWeT gt ol Cy) were
glioggglr\(/lalol)if\1 %Edqbﬁgnqgl?l%%?g? teokgl v;?: )s/ol ut Jon . 1[9:;1 860 g of ammoni um
hept anol ybd&ape—+et+ahkyerate—1-84—3046-by e . 143 g of
anmoni um net pvanadat® (77. 2% by 30 8-9 weight of V20B) and 1p6 g of
ammoni um par at ungst a€e hept ahy- 14.2 drate| (89.3%by welg of WD3) were
di ssol ved i nfSUCCESZEOM 52.3 100
A4 23.9 29
10 as 27.4 59
AS - _
A7 35.0 20
A8 38.8 9
15 A® 45.4 23
alo 48.8 32

2. Mathematically resolved:

20
X-ray diffrac- 20 Iprel FWHM
tion line [°] (%] [°]
Al* 8.1 9 3.1
A2+ 14.0 9 2.2
25 A3 22.2 43 0.9
Ad* 23.3 37 2.6
AS* 27.2 100 3.9
Ab* 31.8 25 3.9
30 a7 35.1 90 4.1
A8* - - -
A% 45.3 10 1.4
al0* 48.6 24 2.5
35
VMI2: Mog . 0V3.0032.90

100 g of the spray-dried powder from MI8 were calcined in a hori-
zontal rotary kiln with an isothermally heated quartz bulb volume
of 1 1 and a rotary speed of 12 revolutions per minute, as de-
scribed for MI1.

40

The resulting multimetal oxide VMI2 was black and had a specific
surface area (DIN 66131) of 6.8 m2/g. 93% of the vanadium con-
tained in the multimetal oxide VMI2 were present as V4* and 7% as
V3*+, The visual appearance of the associated CuKa X- -ray powder

diffraction spectrum evidently differed from that of the multi-
Thic js the rgplacement shest
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in 5500 g of water at 95C to give a solution Il. The sol - ution |
was then stirred all at once into the solution I, and t he aqueous
m xture heated at 80C was spray-dried at an 35 outl et tenperature of
110[err] C. 800 g of the spray3®owler were kneaded and cal ci ned as

1 ng was P D S A 20 e B S 50
[err]m and 56?0608?%‘6?1&3‘% 8t %ml’?]tﬁ’ngaeaggf#o‘gfg intense&ﬁ%d’iafﬁmﬂet ry

of the actiidn®8terial: M12V3WL. 2Cul. 60x*.
41

5 visually evaluated:

X-ray diffrac- 20 Iprel FWHM
tion line {°] (%] [°1

10 Bl 26.0 85 0.50
B2 36.9 31 0.45

2) Preparation of multimetal oxides 11
15 MII1l: Starting material 1 (CuigMoi1z04g) of M5 of DE-A 4 440 891 was
reworked:

55.3 g of copper{II) oxide {(CuO, from Merck, Darmstadt, ultrapure,
at least 96%, pulverulent) and 100.0 g of molybdenum (VI) oxide
(MoO3, from Merck, Darmstadt, analytical grade, at least 99.5%,
pulverulent) were dispersed in 500 ml of water. The total amount
of the aqueous dispersion was heated to 350°C in an autoclave
(material: Hastelloy C4; internmal volume: 2.5 1) while stirring
(1000 revolutions per minute) and kept at this temperature and at
the associated excess pressure for 24 hours while stirring. The
autoclave was then cooled to room temperature, the agueous dis-
persion contained therein was removed, and the dispersed solid
was filtered off and then dried in a drying oven at 80°C. In the
investigation by scanning electron microscopy (SEM), the result-
ing dry powder exhibited crystalline particles having a number
average particle diameter of about 8 um. The chemical analysis of
the crystalline particle gave a Cu/Mo ratio of about 1.

20

25

30

With the use of CuKa radiation (Siemens D-5000 diffractometer,

40 kv, 30 maA, with automatic divergence, scatter and counter tube
collimator and Peltier detector), the crystalline powder CuMoQy
gave the following X-ray diffraction pattern, reproduced in the
form of interplanar spacings d[A], independent of the wavelength
of the X-rays used, and the associated relative intensities (%)
of the various diffraction lines, based on the diffraction line
with the strongest intensity (amplitude):

35

40

This is the repiacemant sheet
45
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Fi g.

oxide M1 in that

19 shows the associated CuK[err] X-ray powder diffraction
spectrum which differs significantly fromthat of the

it has X-ray diffraction |lines
to A10 in the range 2[err] = 5 to 50[ eBd].

mul ti nmet al
differing fromAl
SV3: As for SV2, -except that

exclusively‘Srﬁ—T—tSTTT?.)/h of—arT fl owed through the cal cination
furnace dur|ng the entife cal- c|nation tine. 10 St oi chionetry
of the actile n@tB¥ial:|M12e3We.Bbul. epxr+. 4. Use of the coated
catalysts ffom3) as cajalysits for the pas- phase oxi dation of
acrolein tolacrylig acif. 15 The chtal ysts were introduced into a tube
react or (Vzh_sLaFé H L est?? PS5 mminternal dianmeter, 2000 g
cat al yst bef, hept ed by nmeans of|a salt bath), and a gaseous m xture
com posédodf 2D o4y vol pne of acrol ein,
3.14 56.8
10
2.75 35.5
2.82 30.6
15 3.39 30.1
1.65 25,2
20 3.96 21.6
1.72 21.1
2.50 20.5
25
2.20 17.3
4,68 15.2
30 2.48 14.5
1.96 13.8
35 3.71 13.7
3.75 13.2
1.80 12.4 o
40 ihis is the replacement sheat
2.90 12,2 5 2
atg: B e
?FEBI\.«S}?
2.34 12.1
45 1.61 11.8
1.59 11.6




7% by vol ume of oxygen, 10% by vol ume of steam and 78% by

vol ume of nitrogen 25 was fed in at reaction tenperatures of from 250
to 270[err]C - using a residence tine of 2.0 seconds. In all cases,
the salt bath terrperature was ad;aslsted so that, after form ng was
com ot-e - uni f orm acrol ei n conversi on of
99% The product gas m ' of the reactor was 30 anal yzed
by gas chronpat ogt L he sel ectiv- ity of the
acrylic acid fi atal ysts are shown in the
Tabl e bel ow. 3§ 31 Cat %'1y§t S % Bat h tenperature
([err]C s : S] . 92.4 255
Svl 92.2 264 S2 96. 0
254 40 1.853 11.5 96. 5 255 )
2.04 11.3
10
2.08 11.2
1.70 11.1
15 2.00 10.8
1.89 10.7
20 2.12 10.3
1.88 9.15
1.86 8.52
25
1.98 8.25
2.30 8.01
30 2.04 7.29
2.66 6.89
35 1.57 6.73
1.55 6.54
1.77 6.53
40
2.37 6.45
ThiS i i’hu ‘b‘
5 FEB 1997
ate:
45 1.55 5.93
3.45 5.82




SV3 95.1 261 Sv2 95.3
254 45 The conversion, selectivity and residence tine are defined as

fol | ows: 42 Conversion C
nunber of noles of converted acrol ein 3600 of acrolein (99 = nunber
of nol es of reerotetrv—used Set-eett+v+ty S of converted to acrylic
acid x 100; the acrylic acig = total nunber of noles of 5 formation
% acrdl ¢Ah comvert®d® ["Resideénce tine enpty reactor
vol une fill ¢d (S€C) = Wit h catal yst (I) x 3600
. .7
5 2.12 5.79
1.63 5.76
2.06° 5.72
10
1.83 5.43
1.60 5.42
15 2.14 5.12
5.81 4.91

The uncertainty of the stated interplanar spacings d is + 0.20 A
20 {the lines of low intensity presumably also include lines due to
slight impurities). This X-ray diffraction pattern corresponds to
that for CuMo04-III in Russian Journal of Inorganic Chemistry 36
{7) (1991), 927, Table 1.
25 MIIZ2: Starting material 1 (CujsMogWgOs3-43) of M3 of

DE-~-A 19528646 was reworked:

223.05 g of ammonium heptamolybdate hydrate (MoO:; content: 81.3%
by weight, ideal composition: (NH4)gMo07034-4H20) and 327.52 g of
30 ammonium paratungstate hydrate (WO3; content: 89.2% by weight,
ideal composition: (NH)1oW12041°7H0) were dissolved in 5 1 of
water at 90°C while 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:
32.5% by weight, ideal composition: Cu(CH3CO0)3-H30) and stirring
was carried out for 15 minutes at 25°C, a light blue suspension
being obtained (suspension B). The suspension B was then stirred
into the solution A which was at 90°C, and the resulting suspen-
40 sion was stirred for a further 3 hours at 80°C. After cooling to
25°C, the aqueous suspending medium of the resulting aqueocus sus-
pension (suspension C) had a pH (glass electrode) of 5.3. The
suspension C was spray-dried at an inlet temperature of 310°C and
an outlet temperature of 110°C.

45

35
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anount of synthesis gas passed through (1
(S.T.P.)/h 10 15 20

10

15

20

25

30

35

40

45

37
The green powder obtained was calcined in air, heating being ef-
fected continuously from 25 to 300°C within 24 hours in a first
step and continuously from 300 to 780°C within 3 hours in a subse-
quent second step, and the temperature being kept at 780°C for a
further hour in a third step. Calcination was carried out in a
rotary kiln having an effective volume of 1 1, in each case 60 g
of starting spray powder being used and an air flow of 50 1
{$.T7.P.)/h being established.

The resulting powder had a brown color and a specific surface
area according to DIN 66131 of 0.3 m2/g and the composition
CuisMogWgOyg2-48. In the investigation by SEM, the powder exhibited
crystalline particles having a number average particle diameter
of about 8 um. With the use of CuKa radiation (Siemens D-5000
diffractometer, 40 kV, 30 mA, with automatic divergence, scatter
and counter tube collimator and Peltier detector), the crystal-
line powder gave an X-ray powder diagram which exhibited a super-
position of the wolframite fingerprint on the HT copper molybdate
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 copper
molybdate type).

The HT copper molybdate structure type is characterized by the
following X-ray diffraction diagram, recorded with a crystalline
powder of the composition CuMog gWg.103.5-4 with the use of CuKa
radiation (Siemens D-5000 diffractomer, 48 kv, 30 mA, with auto-
matic divergence, scatter and counter tube collimator and Peltier
detector) and reproduced in the form of interplanar spacings
d[A], independent of the wavelength of the X-rays used, and the
associated relative intensities (%), based on the diffraction
line of strongest intensity (amplitude), of the various diffrac-
tion lines (arranged according to decreasing intensity):

d [A] Iprel [%]

3.40 100

3.54 72

2.27 39

6.79 32 1003 she replacement shegt
2.56 25

157 22 pae: &7 FEB 1897

1.87 19

2,96 18

3,56 18




25

30

10

15

20

25

30

35

40

45

35

38

da [A] Iarel %]
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
1.98 8.1
3.92 8.0
2.34 8.0
2.70 7.5
1.52 7.5
1.459 7.4
2.44 7.3
5.78 7.2
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
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40 -43- W claim 1. A
mul timetal oxide of the formula |l 5 Mbl2-a-b-c Va Merr]
Merr] err] (r, 10
' 39
d [A] Ix7el (%]
2.05 5.5
1.80 5.4
5 5.13 4.9
3.48 4.9
3.12 4.1
4.20 3.7
4.39 3.5
10 3.84 3.5
3.73 3.4
4.68 3.4
4.46 3.2
15 3.76 2.9

20

25

30

35

40

45

The uncertainty of the stated interplanar spacings d is essen-
tially + 0.3 A for values of > 2.9 A and essentially =+ 0.2 A for
d values of < 2.9 A (the low-intensity lines may also include
lines due to slight impurities).

3)

Sl:

SV1:

S2:

Preparation of coated catalysts S1 to S3 and comparative
coated catalysts SV1 to SV3

After the multimetal oxide MI1 from 1) (Mog.54V3.47W0.99033.53)
had been milled to particle diameters of from 0.1 to 50 um,
nonporous steatite beads having a rough surface, a diameter
of from 4 to 5 mm and a peak-to-valley height Rz of from 40 to
200 um (determined according to DIN 4768, sheet 1, using a
Hommel Tester for DIN/ISO surface parameters, from Hommel-
werke, Germany) were coated with the resulting active materi-
al powder in a rotary drum in an amount of 50 g of powder per
200 g of steatite beads, with simultaneous addition of 18 g
of water, according to DE-A 4442346. Drying was then effected
with air at 110°C.

As for Sl1, except that the multimetal oxide VMI1l from 1)
which had been milled in a corresponding manner and likewise
had the composition Mog_54V2.47Wp.99033.53 was used as active ma-
terial.

As for S1, except that a mixture of multimetal oxide MI1 from
1) (Mo1a2V3_g7W1.39047.11), milled in a corresponding manner, and
the multimetal oxide powder MII1 from 2) (CujizMoi204g)., milled
to a number average maximum particle diameter of from 1 to
3 um using a centrigual mill from Retsch, Germany, was used
This is the replacemant shest
& 7 FEB 1997

Dats:



wher e ML is Wand/or Nb, 15 M is Ti, Zr, H, Ta, Cr, Si

and/ or Ge, ais from0.1to 6, ~ 20 bis fromO to 6,
cis fromO to 6, with the proviso that a + b + c is from0.1 to 6,
and 25 X 1s a nunber which is dderm ned by the val ency and fre-

quency of the elghgRtsveMmdratikar ubaD e/ §RMrred into miN288 ¥P1 in an

amount such that the molar ratio of the abovementioned stoi-
chiometric units in the resulting mixed powder was 6.5
{MI1):1 (MIIl). A thorough mixture of the two powders was ob-

5 tained by mixing in an intensive mixer from Gustav Eirich,
Hardheim, Germany (type RO2, MPM system). With use of a pan
having a volume of 10 1 and rotating at 64 revolutions per
minute and a Stern impeller which rotated countercurrent to
the pan at 900 revolutions per minute, 600 g of mixture were

10 mixed for 15 minutes.

The resulting two-phase active material was:

[Mo12V3,47W1.39047.111 6.5 [Cu12M01204] & Mo12V3W;, 2Cu3 604723

15 .

S3: As for S2, except that the multimetal oxide MII2 from 2) was
used instead of the multimetal oxide MII1 from 2).

The resulting active material was:
20
[Mo12V3_47W1.39047.11] 6.5 [Cu12MogWg042-45] -

SV2: As for S1, except that a finely divided powder produced as

follows was used as active material:

25
127 g of copper(1I) acetate monochydrate (32.4% by weight of
Cu) were dissolved in 2700 g of water to give a solution I.
860 g of ammonium heptamoclybdate tetrahydrate (81.3% by
weight of MoQO3), 143 g of ammonium metavanadate (77.2% by

30 weight of V305) and 126 g of ammonium paratungstate heptahy-
drate (89.3% by weight of WO3) were dissolved in succession
in 5500 g of water at 95°C to give a solution II. The sol-
ution I was then stirred all at once into the solution II,
and the aqueous mixture heated at 80°C was spray-dried at an

35 outlet temperature of 110°C.

800 g of the spray powder were kneaded and calcined as the
800 g of spray powder for the preparation of MIl. Thereafter,

milling was effected to give a particle diameter of from 0.1
40 to 50 um, and a coated catalyst was formed as in S1.

Stoichiometry of the active material: Mojis;V3Wy 2Cuy, 0x«.

45 |
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t hr ee- di nensi onal atom c arrangenent obtai ned using CuK[err]

radi ation ([err]

= 1.54178 [err]) gives an X-ray powder diffraction

spectrum (the-intensity A of the diffracted X-rays plotted as a
function of twice the diffraction angle4t2[err])) which 35 contains, in
the 2[err] range %é(ME95shgwgothéuaééﬁéihtég Jﬁ&lﬁuyhy owder'dﬂ%fractlon
characteristic diifraction Qe&’fiflrs n1f1c tq_ 810, e of g at nost
the foll ow ng di FRF a1 on Pllnes G 3&8 5y 3i°a§/o"rﬁ §F|onllne
2[err] [[err]] multlmetal oxideMIl in that it has X-ray dlffrq;Q3on 1{@@$]
L7 diffiring from Al to Al0 in the rande}. 29 = 5[ ¢or$od. 7
AS 5 22.3 [err] 0.2 A4
(2)3'45 [e”lsvf)- Zs for SV2, except %at exclus:Lvely 3 6 1 (i ) K gf au[ err]
' flowed through the calcination furnace during tﬂe enélre cal-
cination time.

10 Stoichiometry of the active material: Moj;ViWi aCuj. gOxws.

4. Use of the coated catalysts from 3) as catalysts for the gas-
phase oxidation of acrolein to acrylic acid.

15 The catalysts were introduced into a tube reactor (V2A stain-
less steel, 25 mm internal diameter, 2000 g catalyst bed,
heated by means of a salt bath}), and a gaseous mixture com-
posed of

20 5% by volume of acrolein,

7% by volume of oxygen,
10% by volume of steam and
78% by volume of nitrogen

25 was fed in at reaction temperatures of from 250 to 270°C
using a residence time of 2.0 seconds. In all cases, the salt
bath temperature was adjusted so that, after forming was com-
plete, a single pass gave a uniform acrolein conversion of
99%. The product gas mixture falling out of the reactor was

30 analyzed by gas chromatography. The results for the selectiv-
ity of the acrylic acid formation using different catalysts
are shown in the Table below.

- 35 Catalyst S % Bath temperature
(°c)
s1 92.4 255
svl 92.2 264
s2 96.0 254
40
s3 96.5 255
sv3 95.1 261
sv2 95.3 254

45 The conversion, selectivity and residence time are defined as
follows:

This is the rgplacement sheet
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- 44- A7 34.8 [err] 0.6
A9

A8 38.7 [err] 0.5
45. 4 [err] 0.4 5 Al0 48. 8
[err] 0.4 2. A mltinmetal oxide agzclainmed in claiml1, wherein the

dif- oy Altﬂ;éég Eg%?ﬁf | ﬂEQ iglgg n’pjl'-
t:Jdes (I'Terr ﬁofnf’%ﬁi dOI nes ge ol 1680 df)
[err] 5 of acyplein (%) s [errqu@?er of molegyof acroleip wsed A4

40 [err] 40Selectivitabs of 70 domvelrtéf to acrvlidfacid 230perr] 25

A7 20 ther a¢rPlic acid = total number of moles of
5 formation % acrolein converted
Residence time empty reactor volume filled
(sec) = with catalyst (1) x 3600

amount of synthesis gas

passed through (1 (S5.T.P.}/h
10

15

20

25

30

35

40

45 This is the replacemant sheet
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20 A8 10 [err] 10 A9 25 [err] 15 Al0
35 [err] 20 25 3. A multinetal oxide as clainmed in claiml or 2, wherein

t he CuK[err] X-ray powder diffraction spectrum ' L5 -
solved diffraction |ine whose hal f-wi_ggh (on the 2[err|]fﬂl mm Iml “T <
L M S *

0.25[err]. 30 4. Amultinmetal oxide of"the formula I"5% ¢
Mb12- a- b-c l\\(]gelg[lg%l Merr] (err] (n, 35 wher e
ML is Wor i )
1. A multimetal oxide of the formula I
5
1.2
MO12-a-b-¢ Va Mp M Ox {(I).
10
where
M! is W and/or Nb,
15 . . :
M2 is Ti, Zr, Hf, Ta, Cr, Si and/or Ge,
a is from 0.1 to 6,
20 b is fxrom 0 to 6,
¢ is from 0 to 6,
with the proviso that a + b + ¢ is from 0.1 to 6, and
25
X is a number which is determined by the valency and fre-
quency of the elements in I other than oxygen,
whose
30

three~dimensional atomic arrangement obtained using CuKa
radiation (A = 1.54178 A) gives an X-ray powder diffraction
spectrum (the intensity A of the diffracted X-rays plotted as
a function of twice the diffraction angle (20)) which

35 contains, in the 2© range from 5 to 50°, at least the follow-
ing characteristic diffraction lines Al, A3, a5, A% and AlO,
but at most the following diffraction lines Al to Al9;

40 X-ray diffraction line 20 [°]
Al 8.3 bl
A2 14.4 hd
Al 22.3 +
A4 23.5 +
45 AS 27.2 £
AS 32.0 +

This is the replacement shest
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40 M is Ti, Zr, H, Ta, C, S or Ce,
bis fromO to 6, 45 cis fromO to 6, "Im 'E"

- 45- with the proviso that a+b+C|sfrom*
i s a nunber which is determned by the_gal ency and equency of
t he el enent gt ULIICIA-]LIIaII OXYygeTT, 34.8 : 0.6
As 38.7 + 0.5
A® 45.4 + 0.4
5 Al0 48.8 + 0.4

2. A multimetal oxide as claimed in claim 1, wherein the dif-
fraction lines A! to Al0. have the following relative ampli-
tudes (Iprel[%]):

10
Iarel [%]
Al 7+ 5
A2 5+ 5
A3 100
15 Al 40 + 40
AS 70 + 40
AS 25 + 25
A7 20 + 20
20 A8 ' 10 + 10
A9 25 + 15
Al0 35 + 20

25 3. A multimetal oxide as claimed in claim 1 or 2, wherein the
CuKa X-ray powder diffraction spectrum has no highly dis-
solved diffraction line whose half-width (on the 20 scale) is
< 0.2509,

30 4. A multimetal oxide of the formula I

Moj2-a-b-c Va Mlls Mf: Ox (1),
35
where
M! is W or Nb,
40 M2 is Ti, Zr, Hf, Ta, Cr, Si or Ge,

a is from 0.1 to 6,

b is from 0 to 6,

45 This is the replacement shest
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5. wher ein Its three-di nensional atom c arrangenent
corresponds to that of the multinetal oxide Md8.54V2. 47W). 99C33. 35
which is obtain- 10 abl e as foll ows: 33. 746 kg of anmoni um
hept anol ybdat e hydrate (MoO3 content: _45- 81. 8% by wei ght, i deal
conmposition: (N ' . 56 a I u
rre'[rgvanadat e §V2 @%ﬁ%ﬁ:{gﬁ%&%&h%ya 15 b+ V\glzgﬁt#&n iOJd'elaIrng(@)frp%%?t i on:
NH4V33), 5. 764 kg .of ammoni um_par a- tungstate hydrate (W03 content:
89. 0% by wei ght * iifed| neppgr which igqdetqmFinedNey) tp\vAGeRcY #ndp0O) and
7.033 kg of amoni uriregeency of theaedef@H3CAEBN otbat ethian @&kyQe¥nby wei ght,

| deal conmmsition: CH3COONH4) are dissolved in succession in the
stated order in.A&rein 250 | of water at 90[err]C while stirring; the
resulting yell ow to orange solution is cooled to 80[err]C and

spray-dried at agn Inlet tenperature of 300[err]C and an_outl et
tenperature of *tS thri‘;’f(ﬁ’é?eﬂséf’ngg?mm°866r6n6? FHe COFEEFPPRARIC SHE&i ned
are kneaded in ®ikfbgdepltimetal oxigedMqslieV2.&HWorofeiMes ericndsPpbesifer er,
7000 Stutigart, able as follows:

33.746 kg of ammonium heptamolybdate hydrate (MoO3 content:
81.8% by weight, ideal composition: (NHy)gMo7034 - 4 Hy0),
6.576 kg of ammonium metavanadate (V05 content: 76.5% by

15 weight, ideal composition: NH4VO3), 5.764 kg of ammonium para-
tungstate hydrate (WO; content: 89.0% by weight, ideal com-
position: (NHy)310W12041 © 7 H20) and 7.033 kg of ammonium acet-
ate (CH3COONH,; content: 97.0% by weight, ideal composition£
CH3COONH4) are dissolved in succession in the stated order in

20 250 1 of water at 90°C while stirring; the resulting yellow
to orange solution is cooled to 80°C and spray-dried at an
inlet temperature of 300°C and an outlet temperature of
110°C;

25 B00 g of the spray powder obtained are kneaded in a kneader
(type LUK 2.5 from Werner and Pfleiderer, 7000 Stuttgart,
Germany) having an effective volume of 2.5 1, with the addi-
tion of 250 g of water, for 1 hour. Of the 250 g of water,
180 g are added within the first 10 minutes of kneading and

30 70 g within the remaining 50 minutes of kneading; the result-
ing moist and clod-like kneaded product is dried for 15 hours
at 110°C and then forced through a sieve having a mesh size

of 5 mm;

35 100 g of the resulting granules are then calcined in a hori-
zontal rotary kilm with an isothermally heated quartz bulb
volume of 1 1 and a rotary speed of 12 revolutions per min-
ute, the calcination conditions being as follows:

40 lst step: the granules used are continuously heated from

25 to 275°C within 50 minutes;
2nd step: the granules used are continuocusly heated from
45 275 to 325°C within 30 minutes;

3rd step: the granules used are kept at 325°C for 4 hours:

* c L M s *
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Germany) having an effective volume of 2.5 1, w
of 250 g of water, for 1 hour. O the 250 g of ﬁ'ﬂ IIWH\W g are
hi

added within the first 10 ninutes of kneadi ng an in the
remai ning 50 mnutes of kneading; the regglt- |ng noi st and

cl od-1ike kneadegpradct iStﬂéigeﬁhnm@sré‘wae continudis il Bleakbf Cr Ao
then forced through a sieve Qhayi 4%0'38331&3 30 mi utgg 5m 35 100
g of the resulting granules are én cal ¢ néd in a hori- zont al
rotary kiln with an isothermally heated quartz bulb vol ume of 1 |
and a rotary spedth ofter2 revthetgmamilgsr uped-are kept at 400 fefoal &0 rreiri-on
condi ti ons5being as foll ows: utdé; 1st step: the granul es used are
continuously heated from 25 to 275[err]C within 50
mi nut es; RO LRy nek ! %wg SEF SRt Lo L RER St
st ep: the grafRff e@%&é&tﬁfelie‘iﬂ 3251\?!\19‘”’]1@ £8r sarmﬂf’smg air from

the outside; the granules used cool to 25°C in the course of
10 5 hours;

during the individual calcination steps, gas mixtures which
have the following compositions (standard temperature and
pressure conditions (S.T.P.) 1 atm, 25°C) flow through the

15 interior of the rotary kiln, parallel to the axis of rota-
tion:

1st step, 2nd step and 3rd step:
3.6 1 (s.7.P.)/h of air, 1.5 1 (S.T.P.)/h of NHj3
20 and 44.9 1 (S.7.P.)/h of N, {(total gas flow: 50 1
(s.T.P.)/h);

4th step, 5th step and cooling phase:
3.61 (S.T.P.)/h of air and 44.9 1 (S.T.P.)/h of
25 N; (total gas flow: 48.5 1 (S.T.P.)/h).

5. A multimetal oxide as claimed in any of claims 1 to 4, where-
in a is from 0.5 to 4.5.

30 5. A multimetal oxide as claimed in any of claims 1 to 5, where-
in b is from 0.1 to 6.

7. A multimetal oxide as claimed in any of claims 1 to 6, where-

in b is from 0.5 to 4.
35

8. A multimetal oxide as claimed in any of claims 1 to 7, where-
in ¢ is from 0.1 to 6.

9. A multimetal oxide as claimed in any of claims 1 to 8, where-
40 in ¢ is from 0.5 to 4.

10. A multimetal oxide as claimed in any of claims 1 to 9, where-
ina + b+ c¢cis from 0.5 to 4.5.

45 11. A multimetal oxide as claimed in any of claims 1 to 10,
wherein x is from 15 to 50.
This is the replacemant shest
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- 46- 4t h step: the granul es used are continuously heated from

325 to 400[err m m,"m tes; 5th step: t he granul es used
are kept at 40 [m ut es; t he

external heating of te 'rotary kil n I's tipn switched off and the
atter is coghedsby,fiy traa f% 1G4 leamgdaiz; O c1gipe PGS der the

granul es use coollxe}eomz i qgurse of

13. A multimetal oxide as claimed in any of claims 1 to 12,
5 wherein x is from 30 to 40.

14. A multimetal oxide as claimed in any of claims 1 to 7 and 10
to 13, wherein ¢ is 0 and M! is exclusively W, and at least
25% of the vanadium contained are present as Vé+,
10
15. A process for the catalytic gas-phase oxidation of organic
compounds, wherein the catalyst used is one whose active ma-
terial is a multimetal oxide as claimed in any of claims 1 to
14.
15
16. A process as claimed in claim 15, which is the process for
the catalytic gas-phase oxidation of acrolein to acrylic
acid.

20 17. A catalyst whose active material consists of a multimetal
oxide as claimed in any of claims 1 to 14.

18. Use of a multimetal oxide as claimed in any of claims 1 to 14
as the starting compound for the preparation of multimetal
25 oxide materials containing Mo, V and at least one of the
elements W, Nb, Ti, 2r, Hf, Ta, Cr, Si and Ge.

1S5. A process for the preparation of a multimetal oxide material
containing Mo, V and at least one of the elements W, Nb, Ti,
30 2r, Hf, Ta, Cr, Si and Ge, wherein at least one multimetal
oxide as claimed in any of claims 1 to 14 is used as the
starting compound.

20. A finely divided mixture containing a finely divided multime-
35 tal oxide I as claimed in any of claims 1 to 14 and a finely
divided multimetal oxide of the formula II

3
Mi2 Cug He Oy (I1),
40
where
M3 is Mo, W, V, Nb or Ta,
45

d is from 4 to 30 _ :
! This is the replacement sheet
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during the in on steps, gas m xtures which have t he
fol |l ow ng cowamg!ﬂ ﬂﬂ%ﬂ d tenperature and pressure conditions
(S.T.P.) 1 atm= nr | ow t hrough the 15 interior of the rotary
kiln, parallel to the axis of rota- _48- tion: 1st step, 2nd step
and 3rd step: 3T (S T.P.)/h of air, 1.5 1

(S.T.P.)/h of NiRBFpfrom 0 to 20 and™ ", 44 9 1 (S.T.P.)/h of N2 (total
gas flow 50 1 (S.T.P.)/h); 4th step, 5th step
and cool i ng phase:is a number which is detgemnine@dSh¥. fhe /Malehcyi andnd 44.9 |
(S.T.P.)/h of 25 frequency of thd\2lehmehtd [T If baher 4thdn bxfySed. P. )/ h).
5. AmJItgmetaI oxide as claimed in any of claims 1 to 4, where- in

ais fromo. % \%}ﬁhugtlmggaf ox1%egwa\£é1gféflh€%hg gslea r{%g IIDQaS &y and of

claine 1 to

ormula III
10 [Alp [Blg (II1),
wherein
15
A = (MO12-a-p-c Va M%’ Mf’ Ox) x '1—21_—2;_"5'_"'5' (active phase),
20 B = Mfz Cug He Oy (promoter phase),
Ml ig W or Nb,
25_ M2 is Ti, Zr, Hf, Ta, Cr, Si or Ge,
a is from 0.1 to 6,
b is from 0 to 6,
30
¢ is from 0 to 6,
with the proviso that a + b + ¢ is from 0.1 to 6,
35 X is a number which is determined by the valency and fre-
quency of the elements in A other than oxygen,
M3 is Mo, W, V, Nb or Ta,
40 d is from 4 to 30,
e is from 0 to 20,
Yy is a number which is determined by the valency and
45 frequency of the elements in B other than oxygen,

This is the replacement sheet
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7. A nulti imed in any of clainms 1 to 6, V\/_nere- in
bis from Onglﬂ“‘mmm“mlmﬁ A multinmetal oxide as clainmed in any of
claimse 1 to 7' wher'e- 5 *incis from0.1 to 6. 9. A nultinetal

oxide as clained in any of clainms 1 to &g-where- 40 incis from0.5 to
of_clains 1 to 9, where-

d |
o e b o rs Al Bt GiRei e f Crehd iRk, 8 76 b ke

any of clainms 1 to 14p0:1 l:ftherein x is from 15 to 50.

which contains the moiety {Alp in the form of three-dimen-
5 sional regions A which are delimited from their local envi-

ronment owing to their chemical composition differing from

their local environment and are of the chemical composition

10 1 2
A Moi12-a-b-c¢ Va Mp M Ox

and the moiety [Blg in the form of three dimensional regions
B which are delimited from their local environment owing to

15 their chemical composition differing from their local envi-
ronment and are of the chemical composition

3
20

where the regions A and B are distributed relative to one
another as in a mixture of finely divided A and finely di-
vided B and, with the use of CuKa radiation (A = 1.54178 A),

25 the three~dimensional atomic arrangement of the regions A
gives an X-ray powder diffraction spectrum (the intensity of
the diffracted X-rays plotted as a function of twice the dif-
fraction angle (2©)) which, in the 2© range from 5 to 50°,
contains at least the following characteristic diffraction

30 lines Al, a3, A5, A° and Al® but not more than the following
diffraction lines Al to AlO;

Diffraction line 20 [9]
35 Al 8.3 + 0.7
A2 14.4 + 0.7
a3 22.3 + 0.2
a4 23.5 + 0.7
5
20 X 27.2 + 0.4
A6 32.0 + 0.8
A7 34.8 + 0.6
Al 38.7 + 0.5
a9 45.4 + 0.4
45
Al0 48.8 + 0.4

This is the replacement sheet
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-47- lﬁ"m“mwuﬁu e as clained in any of clains 1 to 11,
wherein x |s mm 13. Anmultinmetal oxide as clained in any of
claims 1 to 12] Y M"whérein x is from30 to 40. 14. A mul ti et al

oxi de as clalned |n any of clainms 1 to 7.and 10 to 13, wherein c is

0 and M is gxcl ashwelinebb1a8Ri @ ff2%5al having ¥ QEaEE‘eth@'iﬁﬂ's'é@ and of
contained are prgsend..as ¥ ¢rgl- 10 15. A process for the'catalytic

gas- phase oxi dation of organic conmpounds, wherein the catal yst used
I s one whose active ma- terial is a nultinetal oxide as clained in
any of clains 1 to 14. 15 16. A process as clained in claim15,
which is the process for [Alp [Blhe catal ytic gastliiTase oxi dation of
acrolein to acrylic acid. 20 17. A catal yst whose active nateri al

consists of a nmugidrmtal

10 A {M A" M:L M2 @) 12
= (MO12-a-b-c Va Mp Mc Ox) ETIT (active phase),
3
B = Mj; Cug He Oy (promoter phase),
15
M! is W or Nb,
M2 is Ti, Zr, Hf, Ta, Cr, Si or Ge,
20 '
a is from 0.1 to 6,
b is from 0 to 6,
25 ¢ is from 0 to 6,
with the provisc that a + b + ¢ is from 0.1 to 6,
X is a number which is determined by the valency and
30 frequency of the elements in A other than oxygen,
M3 is Mo, W, V, Nb or Ta,
d is from 4 to 30,
35
e is from 0 to 20,
Y is a number which is determined by the valency and fre-
quency of the elements in B other than oxygen,
40
p and g are numbers other than zero, whose ratio p/q is from
160:1 to 1:1,
45

This is the replacement sheet
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for the prepar oxi de materials containing M, V
and at |east oné el errents-sW Nb Ti, Zr, H, Ta, C, Si and
Ce. 19. A pr9ﬁ§§1§ éd?{tatlhg Qﬁgﬂ@élgtwrm h rE‘I'xl {J%‘% q.)ﬁt%% g%tngél al

cont ai ni ng M, st

t
Ta, C, Si and CE JJ11‘31\/\%? regl%nts Feas Chor?geng n"'[eaq
in any of clai rrsr‘imf‘ec‘)‘“izi’m?gu%%dﬂé%’- I‘Fé‘emlcal compasiithgn cdhifrpiag from2q.
finely divided nEkeiw dasgdt ghvineprent salyade dfiddenghenieal 3®mpositabn

oxi de as clalrredlna m 1 to 14. 18. Use of a nultinetal
oxi de as cl al “é—:\ ‘m “\ms 1to 14 as the starting conpound
of the

oxide | asSclainmed in any of clains 1 to 14 and a finely di vi ded
mul ti metal oxide of the fornula II Merr] Cu[err] He Jerr]
(rr), 40 wher e 1 2

A Moj2-a-b-¢ Va Mp Mc Oy

10 and the moiety [Blg in the form of three dimensional regions
B which are delimited from their local environment owing to
their chemical composition differing from their local envi-
ronment and are of the chemical composition

15 3
B Mlz CUd He Oy

where the regions A and B are distributed relative to one

20 another as in a mixture of finely divided A and finely di-
vided B and a three-dimensional atomic arrangement of the re-
gions A is that of the multimetal oxide as claimed in claim
4.

25 23, a multimetal oxide material as claimed in claim 21 or 22,
whose region B has the structure type of at least one of the
copper molybdates listed in Table 1 below (the expression in
brackets indicates the source of the associated X-ray dif-

fraction fingerprint):
30

35

40

45
This is the replacement sheet
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qgﬂv Nb or Ta, 45 dis from4 to 30,

MB is

- 48- 4mgm l' r”ﬂl' and "y is a nunber which is

determ ned by v n frequency of the elenments in ||
5

ot her than oxygen. 21. A nul timetsgg2-oxide material having at | east
two phases and 0&zpje 3. the formula I

Cuj (MoOy4) 2 (OH) 5 (Lindgrenite, index card 36-405 of the
5 JCPDS-ICDD index (1991)),
CugMo0g0s2p (A. Moini et al., Inorg. Chem. 25(21)
(1986) page 3782 to 3785),
CugMog017 (Index card 39-181 of the JCPDS-ICDD
_ index (1991)),
CugMos0s1g (Index card 40-865 of the JCPDS-ICDD
10 index (1991)),
CugMoy40s5 (Index card 35-17 of the JCPDS-ICDD
index (1991)),
CuMoQ4 (Index card 22-242 of the JCPDS-ICDD
index (1991)),
15 CuMoOQy (Russian Journal of Inorganic Chemistry
36(7) (19891), 927-928, Table 1,
CuMoO4—-III with distorted wolframite
structure (CuWO4, index card 21-307 of
the JCPDS-ICDD index (1994)),
20 |CuMoO,4 {Index card 26-546 of the JCPDS-ICDD
index (1991)),
HT-Cu molybdate (DE-A 19 528 646},
Cug-xM03012 where x is from 0 to 0.25 (index
cards 24-56 and 26-547 of the
25 JCPDS-ICDD index (1991)),
Cu3Mo20g (Index cards 24-55 and 34-637 of the
JCPDS-ICDD index (1991)) and
CuyMoOg (Index cards 22-607 of the JCPDS-ICDD
index (1991)).
30

24. A multimetal oxide material as claimed in any of claims 21 to
23, whose regions A and B have maximum diameters of from > 0

to 300 pm.

35 25. A multimetal oxide material as claimed in any of claims 21 to
23, whose regions A and B have maximum diameters of from 1 to

30 pm.

26. A process for the preparation of a catalyst containing
40 multimetal oxide materials as claimed in any of claims 21 to
23 as active material, wherein at least one finely divided
multimetal oxide I as claimed in any of claims 1 to 14 and at
least one finely divided multimetal oxide of the formula II

45
This is the renlacemant shest
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10 (rrerey, wher ei n
A:(I\/blZ-a-b-c\ “\ﬂ“ l H\“‘ Jerr]) x [err] (active phase),
B=Merr] Cu[e (pronoter phase),
IS Wor * -53-
3
M;2 Cug He Oy (11),
5 where
M3 is Mo, W, V, Nb or Ta,
d is from 4 to 30,

10
e is from 0 to 20 and
v is a number which is determined by the valency and

frequency of the elements in II other than oxygen,

15
are each separately preformed, the separately preformed
finely divided multimetal oxides I and II are mixed to give a
thorough dry mixture and the latter is molded.

20 27. A process for the catalytic gas-phase oxidation of organic
compounds, wherein the catalyst used is one whose active ma-
terial is a multimetal oxide material as claimed in any of
claims 21 to 25.

25 28. A process as claimed in claim 27, which is a process for the
catalytic gas—-phase oxidation of acrolein to acrylic acid.

29, A multiphase multimetal oxide material which contains phases
comprising multimetal oxides I as claimed in any of claims 1

30 to 14 in finely divided homogeneous distribution having maxi-
mum diameters of from > 0 to 300 um.

35

40

This is the replacemant shest
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25 M is Ti, Zr, H, Ta, C, Si or GCe, ais from0.1

to 6, bis fromO to 6, 30 cis fromO to 6, W th
the proviso that a + b + ¢c is from0.1 to 6, 35 X 1's a nunber which
i s determned by the valency and fre- o, quency of the elenents in
A ot her than oxygen, MB is —— M, W V, No or Ta, 40 d

is from4 t‘i’du?IQimetal oxided is fromO to 20,

Abstract
5

Multimetal oxides containing Mo, V and at least one of the el-
ements W, Nb, Ti, Zr, Hf, Ta, Cr, Si and Ge and having a special
three-dimensional atomic arrangement are used in catalysts for
the catalytic gas-phase oxidation of organic compounds.

10

15

20

25

30

35

40

Ting is the replacement shest
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y is a nunber which is determ ned by the val ency and 45 frequency
of the elenents in B other than oxygen,

-49- p and g are nunbers other than zero, "whose ratio p/gis from
160:1 to 1:1, whi ch contains the noiety [Alp in the form of
three-dinen- 5 ~sional regions A which are delimted fromtheir |ocal
envi - ronnent owng to their chem cal conposition differing from
their local environnent and are of the chem cal conposition

-1~

FIG. 1
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10 A Mbl2-a-b-c Va Merr] Merr] Jerr] and the

noiety [B]q in the formof three dinensional regions B which are
delimted fromtheir |oeal environnent owing to 15 their chem cal
conposition differing fromtheir |ocal envi- ronnment and are of the
chem cal conposition B Merr] Cu[err] He Qerr] 20

where the regions A and B are distributed relative to one anot her
as in a mxture of finely divided A and finely di- vi ded B and,
with the use of CuK[err] radiation ([err] = 1.54178 A), 25 t he

t hr ee-di nensi onal atom c arrangenent of _j3.he regions A gi ves an
X-ray powder diffraction spectrum (the 1Tnténsity of the diffracted
X-rays plotted as a function of twice the dif- fraction angle

(2[err])) which, inthe 2[err] range from5 to 50[err],

FIG. 2
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contai ns at

lines Al to AlO0: Diffraction |ine

Al 8.3 [err] 0.7
14.4 [err] A3

0.7
23.5 [err] 0.7 40 A5
A6
34.8 [err] O
45 A9
48.8 [err] O

32.0 [err] 0.8

6 A8
45.4 [err] 0.4
.4 -3

———

| east the follow ng characteristic diffraction 30
A3, A5, A9 and Al0 but not nore than the follomﬁng

i nes A1,
diffraction
2[err] [[err]] 35
22.3 [err] 0.2 Al
27.2 [err] 0.4
A7
38.7 [err] 0.5
A10
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- 50- 22. A multinetal oxide material having at |east two phases and of

the fornmula I11 5 [Alp [Blg (ren),
wherein 10 A = (Mbl12-a-b-c Va Merr] Merr] err]) . [err]
(active phase), B=Merr] Cu[err] He Jerr]

(pronoter phase),

-4

FIG. 4

258.62

Intensitat [Cps]

0.00

This is the replacement shasl
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15 ML is Wor Nb, M is Ti, Zr, H, Ta, C, Si or Ge, 20

ais from0.1to 6, bis fromOto 6, 25 cis fromO to 6,
with the proviso that a + b +c is from0.1 to 6, X i's a number
which is determ ned by the val ency and 30 frequency of the elenents

in A other than oxygen,

FIG. §
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MBis M, W V, Nb or Ta, dis from4 to 30, 35 eis fromoO

to 20, y is a nunber which is determ ned by the valency and fre-
quency of the elenments in B other than oxygen, 40 p and g are nunbers
ot her than zero, whose ratio p/q is from 160:1 to 1:1, 45

-6—

FIG. 6
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-51- whi ch contains the noiety [Alp in the formof three-dinen-

sional regions A which are delimted fromtheir local envi- ronnent
owng to their chem cal conposition differing from their | ocal
environment and are of the chemical conposition 5

12 A Mbl2-a-b-c Va Merr] Merr] Jerr] 10 and the
noiety [B]q in the formof three dinensional regions B which are
delimted fromtheir |ocal environnent owing to their chem cal
conposition differing fromtheir |ocal=&nvi- ronnment and are of the

chem cal conposition

FIG. 7
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15 B Merr] Cu[err] He Jerr] where the regions A

and B are distributed relative to one 20 andther as in a mxture of
finely divided A and finely di- vided B and a three-di nensi ona
atom c arrangenent of the re- gions Ais that of the nultineta
oxide as clainmed in claim 4. 25 23. A nultinmetal oxide material
as clainmed in claim?21 or 22, whose region B has the structure type
of at |east one of the copper nnﬂ&bdates listed in Table 1 bel ow
(the expression in brackets indicates the source of the associ ated
X-ray dif- fraction fingerprint): 30

FIG. 8
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-52- Tabl e 1: Cu3( M) 2(OH) 2 (Li ndgrenite, index card
36-405 of the JCPDS-1 CDD i ndex (1991)),

Cu4Mb 6020 (A. Moini et al., Inorg. Chem "25(21)

(1986) page 3782 to 3785), Cu4Mo5017 (I'ndex card 39-181 of the
JCPDS- | CDD i ndex (1991)), Cu6Md5018

(I'ndex card 40-865 of the JCPDS-ICDD 10 I ndex (1991)),

Cub6Mb4015 (I'ndex card 35-17 of the JCPDS-I1CDD

i ndex (1991)), CuMbO4 (logex card 22-242 of the JCPDS-I1CDD
I ndex (1991)), 15 CuMbO™A4 (RUSsian Journal of Inorganic

Chem stry 36(7) (1991), 927-928, Table 1,

FIG. 10
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CuMoXA-111 with distorted wolframte ‘ structure
(CuWA4, index card 21-307 of ' the JCPDS-1 CDD i ndex
(1994)), 20 CuM™4 (I'ndex card 26-546 of the JCPDS-1CDD

i ndex (1991)), HT- Cu nol ybdat e (DE-A 19 528 646), Cu4- xMb3012
where x is fromO to 0.25 (index cards 24-56 and
26-547 of the 25 JCPDS- 1 CDD i ndex (1991)), Cu3M2™
(I'ndex cards 24-55 and 34-637 of the JCPDS- | CDD

i ndex (1991)) and Cu2M 6 ~1lr| ndex cards 22-607 of the

JCPDS- | CDD : i ndex (1991)). 30 24. A multinetal
oxide material as clained in any of clains 21 to 23, whose regions A
and B have maxi mum di aneters of from> 0 to 300 [errm 35 25. A
mul tinmetal oxide material as clained in any of clains 21 to 23,
whose regions_A and B have maxi num di aneters of from1 to 30 [err]m

226.64 *22.66
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26. A process for the preparation of a catalyst containing 40

multinmetal oxide materials as clainmed in any of clains 21 to 23 as
active material, wherein at |east one finely divided mul ti net al
oxide | as clained in any of clains 1 to 14 and at | east one finely
di vided nmultinetal oxide of the formula II 45
-53- Merr] Culerr] He dJerr] (rry,

-12-

FIG. 12
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5 wher e MBis M, W V, Nb or Ta, dis from4 to 30,
10 eis from0O to 20 and y is a nunber which is determ ned
by the val ency and frequency of the elenents in Il other than
oxygen, 15 are each separately prefornmed, the separately preforned
finely divided nultinmetal oxides | and Il are mxed to give a

t horough dry m xture and the latter is nolded. 20 27. A process for the
catal yti c gas-phase oxi dati on of organid3-_ conmpounds, wherein the
catal yst used is one whose active na- terial is a multinetal oxide
material as clained in any of

FIG. 13
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clainms 21 to 25. 25 28. A process as clained in claim27, which is a
process for the catal yti c gas-phase oxidation.of acrolein to acrylic
aci d. 29. A nultiphase multinetal oxide material Which contains phases
conprising multinmetal oxides |I as clained in any of clains 1 30 to 14
in finely divided honogeneous distribution having maxi - mum
di ameters of from> 0 to 300 [err]m 35 40
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