
EP 0 476 579 B1 Description This invention relates to an iron
antimony-containing metal oxide catalyst composition comprising as
essential components iron, antimony, and at least one element selected from
the group consisting of 5  vanadium, molybdenum, and tungsten and to a
process for producing the same. The catalyst composition of the invention
has an activity suitable for use in the oxidation reaction of organic
compounds and also has physical properties suitable for use as an
industrial catalyst. The term "the oxidation reaction of organic compounds"
as used herein refers to all normal oxidation reaction as well as oxidation
reactions involving dehydrogenation (oxidative dehydrogenation) and
ammoxidation. 10     Catalysts containing iron, antimony, and at least one
element selected from the group consisting of vanadium, molybdenum, and
tungsten are known to be useful in production of aldehydes by oxidation of
organic compounds, production of dienes or alkenylbenzenes by oxidative
dehydrogenation of organic compounds, and production of nitriles by
ammoxidation of organic compounds. Reference can be made, e.g., in U.S.
Patents 3,445,521, 3,542,843, 3,546,138, and 3,591,620, JP-B-46-2806 (the
term "JP-B" as is used herein means an "examined published Japanese patent
application"), JP-B-46-2807, U.S Patents 3,668,147, 3,988,359, and
4,083,804, JP-B-54-39839, and JP-A-63-250357 (the term "JP-A" as used
herein means an "unexamined published Japanese patent application"). On the
other hand, production of antimony-containing oxide catalysts inclusive of
those useful in the above-mentioned reactions is associated with problems
such as poor reproducibility, poor operability, and 20 difficulty of
obtaining high strength catalysts. In view of these problems, there have
been proposed several improved processes for producing such catalysts as
disclosed, e.g., in U.S. Patents 3,341,471, 3,686,138 and 4,049,575,
JP-B-46-3456, JP-A-63-190646, and JP-A-3-26342 (corresponding to
EP-A-404529). However, conventionally proposed processes for producing an
antimony-containing oxide catalyst hardly attain good results when applied
as such to production of iron. antimony catalysts having high 25 contents
of vanadium, molybdenum and tungsten. For example, the processes disclosed
in U.S. Patents 3,657,155 and 3,686,138 and JP-A-3-26342 are excellent for
producing iron.antimony-based metal oxide catalysts suitable for fluidized
bed reactions. However, when the processes are applied to production of
catalysts containing relatively large quantities of vanadium, molybdenum,
and tungsten as purposed in the present invention, the resulting catalysts
hardly meet the demands for activity and physical properties as 30
demonstrated in Test Examples hereinafter described. Further, the process
disclosed in JP-A-63-190646 in which catalysts are produced by impregnation
requires complicated steps for obtaining catalysts containing large
quantities of vanadium, molybdenum, and tungsten, for example, repetition
of impregnation and drying using an impregnating solution having a low
concentration and is not therefore considered to be fully suitable for
practical use. 35     EP-A-0 340 909 discloses an iron-antimony oxide
catalyst for use in the production of hydrogen cyanide by the vapor phase
catalytic ammoxidation of methanol. The catalyst is represented by the
empirical formula: [err] 40 wherein Q is at least one element selected from
the group consisting of Mg, Zn, La, Ce, Al, Cr, Mn, Co, Ni, Bi, U and Sn; R
is at least one element selected from the group consisting of B and Te; S
is at least one element selected from the group consisting of Li, Na, K,
Rb, Cs, Ca and Ba; and a, b, c, d, e, f, g, h, i, j, k and m each
represents the atomic ratio of the elements in the formula for which they
are subscript wherein 45 for a=10, b=0.5-5, c=12-30, d=0-3, e=0-15, f=0-3,
g=1-30, h=0-6, i=0-5, j=0-3, k=the number of oxygen atoms as determined
corresponding to the oxide formed by combining the above-described
elements, and m = 25-200; and wherein c/g is more than 1.5 and iron
antimony oxide is present as a crystalline phase. Since the industrial
output of products obtained by the oxidation or ammoxidation of organic
com- 50 pounds is high, a slight increase in yield of the desired products
or a slight improvement in the physical properties of the catalyst or
catalyst strength gives great commercial and economic effects. 



SUMMARY OF THE INVENTION 55     An object of the present invention is to
provide a catalyst containing iron, antimony, and at least one element
selected from the group consisting of vanadium, molybdenum, and tungsten
which is excellent in both catalyst activity and physical properties and
suitable for oxidation (including normal oxidation reactions, oxidative
dehydrogenation or ammoxidation) of organic compounds, and particularly for
ammoxidation of 2    EP 0 476 579 B1 aromatic hydrocarbons or alcohols.
Another object of the present invention is to provide a process for
producing such a catalyst with satisfactory reproducibility and technical
advantages. The present invention relates to an iron.antimony-containing
metal oxide catalyst composition compris- 5  ing as essential components
iron, antimony, and at least one element selected from the group consisting
of vanadium, molybdenum, and tungsten which is represented by empirical
formula: [err] 10 wherein Q represents at least one element selected from
the group consisting of Li, Na, K, Rb, Cs, Be, Mg, Ca, Sr, Ba, Sc, Y, La,
Ce, Pr, Nd, Sm, Th, U, Ti, Zr, Hf, Nb, Ta, Cr, Mn, Re, Co, Ni, Ru, Rh, Pd,
Os, Ir, Pt, Cu, Ag, Au, Zn, Cd, Hg, Al, Ga, In, TI, Ge, Sn, and Pb,
preferably at least one element selected from the group consisting of K,
Mg, La, Ce, Ti, Zr, Nb, Cr, Mn, Co, Ni, Pd, Cu, Ag, Zn, and Sn; R
represents at least one element selected from the group consisting of B,
As, Bi, and Se; and a, b, c, d, e, f, g, h, and i each 15  represent an
atomic ratio of the respective element, wherein a is from 5 to 15, b is
from 5 to 100, preferably from 10 to 60, the sum of c, d, and e is from 3
to 15, preferably from 5 to 13, provided that (i) when the sum of c and e
is 0, d/a is more than 1, (ii) when the sum of c and e is not 0, (c + e)/a
is more than 0.3, 20     f is from 0 to 15, the sum of g and h is from 0 to
10, provided that when h is not 0, (c + d + e)/h is more than 1, and i is a
number of oxygen atom as determined corresponding to the oxides formed by
combining the above components, said catalyst composition containing a
crystalline iron antimonate. 25     The present invention further relates
to a process for producing the above-described iron.antimony- containing
metal oxide catalyst composition, which comprises preparing a slurry
essentially containing (i) crystalline iron antimonate and (ii) at least
one element selected from the group consisting of vanadium, molybdenum, and
tungsten or a slurry containing the essential components (i) and (ii), and
(iii) at least one element selected from the group consisting of the
catalyst components represented by Q, R and P 30  according to the above
empirical formula, drying the aqueous slurry, and calcining the dried
product. DETAILED DESCRIPTION OF THE INVENTION It is essential that the
catalyst composition of the present invention should contain Fe, Sb, and at
least 35  one of V, Mo, and W in specific ratios as specified by the above
empirical formula and contain iron antimonate in a crystal form. Catalyst
compositions containing not a crystalline iron antimonate are considerably
inferior in catalyst activity and physical properties. If the Fe content is
lower than the above- described lower limit, catalyst activity is reduced,
while if the Fe content is higher than the upper limit, the selectivity to
desired products is reduced. If the Sb content is lower than the
above-described lower limit, 40  the selectivity of the desired product is
reduced, while if the Sb content is higher than the upper limit, catalyst
activity is reduced and physical properties are deteriorated. If the V, Mo
or W content is lower than the above-described lower limit, a sufficient
reaction rate cannot be obtained, and the selectivity to desired products
is reduced. If the V, Mo or W content is larger than the upper limit, the
reaction rate increases, but the selectivity to desired products decreases,
and physical properties, such as bulk density and strength, 



46  are reduced. Several compounds are known as iron antimonate, including
FeSbO4, FeSb2O4, FeSb2O6, and [err], and FeSbO4 is generally known. The
invention includes any known iron antimonate, but the iron antimonate in
the catalyst of the present invention preferably includes FeSbO4. X-ray
diffractometrical data for [err] are reported, e.g., in J. Korinth, P.
Royen, Z. Anorg. Allg. Chem., 340,146-157 (1965). so     The presence of
crystalline iron antimonate in the catalyst system according to the present
invention can be confirmed by the X-ray diffractometry. The terminology
"crystalline iron antimonate" as used herein means not only pure iron
antimonate but also iron antimonate in the form of a solid solution
containing various elements dissolved therein. All the Fe and Sb components
do not always need to form crystalline iron antimonate. That is, a part of
the Fe and Sb components may be present in the free form or in the form 55
other compounds. While it has not yet been clarified in what form vanadium,
molybdenum, and tungsten are present in the catalyst of the present
invention, most of them appear to be in the form of solid solution
dissolved in the iron antimonate crystal. 3    EP 0 476 579 B1 Optional
components other than iron, antimony, vanadium, molybdenum, and tungsten
can be appro- priately selected so as to adjust the selectivity of the
desired product, the reaction rate, the physical properties of the
catalyst, and the like. For example, the addition of Q component
contributes to improvement of the physical properties of the catalyst,
adjustment of the reaction rate, and control of by- 5  products, and the
addition of R or P components to improvement of the selectivity of the
desired product. The catalyst of the present invention may be used without
a carrier, but is preferably used as being supported on an appropriate
carrier. A suitable carrier component is silica. In addition, alumina,
silica- alumina, titania, silica-titania, and zirconia are also useful. The
catalyst of the present invention can be produced by preparing a slurry,
preferably aqueous slurry, 10  containing crystalline iron antimonate, at
least one component selected from the group consisting of vanadium,
molybdenum and tungsten, and optionally at least one component selected
from the group consisting of the Q component, R component and P component,
drying the slurry and calcining the resulting dried material. Iron
antimonate can be prepared by reacting an iron compound and an antimony
compound with each 15  other as such or in an aqueous slurry. More
specifically, iron antimonate is obtained by a process comprising
sufficiently mixing an iron compound, e.g., iron oxide and iron nitrate,
and an antimony compound, e.g., antimony oxide and antimonic acid, and
calcining the mixture; or a process comprising mixing and heating iron
nitrate and antimony oxide or antimonic acid in an aqueous slurry and then
drying the slurry, if necessary, followed by calcination. 20     When the
iron antimonate is prepared in the slurry state, the aqueous slurry
containing an iron compound such as iron nitrate and an antimony compound
such as antimony trioxide is heat-treated. The heat-treatment is preferably
carried out with uniformly mixing the slurry while retaining the form of
the slurry. The heating temperature is in the range of from about 40 to
about 150 C, and preferably of from about 80 * to about 100 [err]C for from
about 10 minutes to 50 hours. It is preferred that the slurry be adjusted
25  to pH of about 7 or less, and preferably between about 1 and about 4,
prior to the heat treatment. When, in particular, a fluidized bed catalyst
is desired, it is preferable to use silica as a carrier and to add silica
sol as a silica source to the slurry before heating. The calcination in the
preparation of iron antimonate is suitably conducted at a temperature of
from 300 to 1200 C, and preferably from 500 to 1000 [err] C, for a period
of from 0.5 to 50 hours. 30     Examples of useful iron compounds include
oxides, e.g., ferrous oxide, ferric oxide, and tri-iron tetroxide; iron
salts of inorganic acid, e.g., ferrous chloride, ferric chloride, ferric
nitrate, and iron carbonate; 



and iron salts of organic acid, e.g., iron oxalate and iron citrate.
Further, elemental iron can be also used as a raw material for the iron
component Examples of useful antimony compounds include antimony trioxide,
antimony tetroxide, antimony 35  pentoxide, antimonic acid, polyantimonic
acid, sodium antimonate, potassium antimonate, antimony trichlo- ride, and
antimony pentachloride. It can be easily confirmed by way of X-ray
diffractometry whether the crystalline iron antimonate is formed or not.
The thus obtained crystalline iron antimonate is mixed with raw materials
for V, Mo, and W components 40  and, if desired, raw materials for Q, R, P,
and carrier components. Examples of useful raw materials for the vanadium
component are ammonium metavanadate, vanadyl sulfate, vanadyl oxalate,
vanadium pentoxide, and a peroxyvanadium ion. Examples of useful raw
materials for the molybdenum component are molybdenum trioxide; molybdic
acid; molybdates, e.g., ammonium paramolybdate and ammonium metamolybdate;
and heteropoly-acids or 45  salts thereof, e.g., phosphomolybdic acid.
Examples of useful raw materials for the tungsten component include
tungsten trioxide; tungstic acid; tungstates, e.g., ammonium paratungstate
and ammonium metatungstate; and heteropoly-acids or salts thereof, e.g.,
phosphotungstic acid. Examples of useful raw materials for 0, R, and P
components include oxides, hydroxides, nitrates, so  carbonates, organic
acid salts, etc. of the respective element. Where silica is employed as a
carrier, silica sol is advantageously used as a raw material. A part or the
whole of silica sol may be replaced with white carbon, fumed silica, silica
hydrogel, etc. The raw materials for Q, R, P, and carrier components may be
added to the reaction system for preparing crystalline iron antimonate as
long as such addition may not interfere with the reaction between 55  an
iron compound and an antimony compound for production of iron antimonate.
In any case, the aqueous slurry before drying must contain crystalline iron
antimonate and a compound of at least one element selected from vanadium,
molybdenum, and tungsten. Otherwise, the resulting catalyst has reduced
activity and physical properties. 4    EP 0  476 579 B1 Subsequently, the
thus prepared slurry is dried and then calcined to obtain the catalyst of
the present invention. The calcination is usually performed In air at a
temperature of from 200[err] to 950 C, and preferably from 400 * to 900 *
C. The calcination time is subject to variation, depending on the
temperature selected. It is generally within 24 hours. The calcination
temperature being properly set, a period of from 5  0.5 to 10 hours would
be sufficient. The catalyst according to the present invention can be used
either in a fixed bed or in a fluidized bed, preferably in a fluidized bed.
A fixed bed catalyst is produced by drying the above-described aqueous
slurry containing the crystalline iron antimonate, the raw materials for V,
Mo, and W components, and, if desired, the raw l0 materials for Q, R, P,
and carrier components, or drying the slurry followed by calcination, and
molding the dried material or calcined material by means of pelletizing or
extrusion. A fluidized bed catalyst is preferably produced by spray drying
the above-described aqueous slurry to obtain fine spherical particles. The
spray drying can be effected by means of any conventional spray drier,
e.g., a rotary disk type, a high-pressure nozzle type, or a two-fluid
nozzle type drier. For calcining, a 15 fluidized bed calcining furnace can
be used. The catalyst production process according to the present invention
is particularly suitable for use in the production of the fluidized bed
catalysts, and a catalyst having excellent activity and high strength can
be obtained with satisfactory reproducibility. 



The catalysts produced by the process of the present invention are useful
for conventional reactions 20 such as the oxidation, oxidative
dehydrogenation and ammoxidation of organic compounds as stated above.
Usage of the catalysts is in accordance with any known methods. For
example, a mixed gas comprising a starting organic compound, oxygen, and
optionally ammonia in a molar ratio of organic compound : oxygen : ammonia
= 1: 0.5 to 10: 0 to 5 is passed through a reactor packed with the catalyst
at a temperature ranging from 200 to 600 [err] C. 25     The reactions may
be carried out in the fixed-bed or fluidized bed, but the fluidized bed
reaction is preferable. The catalyst according to the present invention
exhibits excellent performance particularly in oxidation, oxidative
dehydrogenation or ammoxidation of organic compounds such as alkyl aromatic
hydrocarbons, alkyl heteroaromatic hydrocarbons, saturated or unsaturated
aliphatic hydrocarbons, alcohols, and carbonyl 30 compounds. Particularly,
the catalyst of the present invention is suitable for use in the oxidation
or ammoxidation of alkyl aromatic hydrocarbons, alkyl heteroaromatic
hydrocarbons, and alcohols. Suitable alkyl aromatic hydrocarbons include
toluene, xylene, mesitylene, methylnaphthalene, ethylben- zene, halogenated
toluene, methoxytoluene, and cumene. Suitable alkyl heteroaromatic
hydrocarbons include picoline, lutidine, collidine, methylpyrazine, and
ethylpyridine. Suitable saturated aliphatic hydrocar- 35 bons include
n-butane and isobutane. Suitable unsaturated aliphatic hydrocarbons include
propylene, n- butylene, isobutylene, butadiene, and isoprene. Suitable
alcohols include methanol, ethanol, isopropanol, and ethylene glycol.
Examples of suitable carbonyl compounds include acetone, methyl ethyl
ketone, formaldehyde, acetaldehyde, isobutylaldehyde, acrolein, and
methacrolein. In cases where conventional processes are followed for
preparation of iron antimony-containing metal 40  oxide catalysts having a
high vanadium, molybdenum or tungsten content, as mentioned hereinbefore,
it is generally difficult to obtain catalysts of sufficient strength and,
in particular, the production reproducibility is so poor that changes of
calcining temperature cause considerable variations of activity and
physical properties of the resulting catalyst. To the contrary, the process
according to the present invention provides catalysts satisfying both
activity and physical properties with good reproducibility. 45     The
present invention is now illustrated in greater detail with reference to
Examples, but it should be understood that the present invention is not
construed as being limited thereto. All the percents are by weight unless
otherwise indicated. EXAMPLE 1 50 A catalyst having an empirical formula:
[err] 55 was prepared as follows. (I) 239.3 g of antimony trioxide powder
was weighed. (II) 390 ml of nitric acid (specific gravity: 1.38) and 490 ml
of water were mixed and heated at 40 * C. To the mixture was added 50.3 g
of electrolytic iron powder portionwise to dissolve it. 5    EP 0 476 579
B1 (111) 1229 g of silica sol (SiO2: 20 wt%) was weighed. Components (III)
and (I) were added in this order to component (II) while stirring well, and
the pH of the slurry was adjusted to 2 with 15% aqueous ammonia. The
resulting slurry was heat treated at 100 [err] C for 3 hours with stirring.
5      X-ray diffractometry of the solids content of the slurry revealed
formation of crystalline iron antimonate. (IV) 14.5 g of ammonium
paramolybdate was weighed and dissolved in 60 ml of pure water. (V) 80.1 g
of ammonium metavanadate was added to 480 ml of pure water, followed by
heating at 40 [err] C, 



and 160 g of oxalic acid was portionewise added thereto to dissolve it. 10
(VI) 19.0 g of an ammonium metatungstate aqueous solution (WO[err]: 50 wt%)
was weighed. Components (IV), (V), and (VI) were added to the
above-prepared aqueous slurry containing crystalline iron antimonate,
followed by thoroughly stirring. The resulting aqueous slurry was spray
dried by means of a rotary disk type spray drier. The resulting fine
spherical particles were calcined at 200 [err] C for 2 hours, then at 400 *
C for 3 hours, and finally at 500 * C 15  for 1 hour. EXAMPLE 2 A catalyst
having an empirical formula: 20 [err] was prepared in the same manner as in
Example 1, except that addition of antimony trioxide was followed by
addition of a solution of nickel nitrate in pure water as a nickel raw
material and the final calcination was 25  conducted at 600 [err] C for 2
hours. EXAMPLE 3 A catalyst having an empirical formula: 30 [err] was
prepared in the same manner as in Example 1, except that addition of
antimony trioxide was followed by addition of a suspension of bismuth
nitrate in pure water as a bismuth raw material and the final 35
calcination was conducted at 800 * C for 3 hours. EXAMPLE 4 A catalyst
having an empirical formula: 40 [err] was prepared in the same manner as in
Example 1, except that addition of antimony trioxide was followed by
addition of a solution of magnesium nitrate in pure water as a magnesium
raw material and the final 45 calcination was conducted at 700 * C for 3
hours. EXAMPLE 5 A catalyst having an empirical formula: 50 [err] was
prepared in the same manner as in Example 1, except that addition of
antimony trioxide was followed by addition of a copper nitrate solution in
pure water, a zinc nitrate solution in pure water, and a boric acid 55
solution in pure water as Cu, Zn, and B raw materials, respectively, and
the final calcination was conducted at 600[err]C for 3 hours. 6    EP 0 476
79 B1 EXAMPLE 6 A catalyst having an empirical formula: 5 [err] was
prepared in the same manner as in Example 1, except that the final
calcination was conducted at 800 [err] C for 3 hours. 10 EXAMPLE 7 A
catalyst having an empirical formula: [err] was prepared in the same manner
as in Example 1, except that the final calcination was conducted at 



820 [err] C for 2 hours. COMPARATIVE EXAMPLE 1 20 A catalyst having the
same empirical formula as in Example 1 was prepared as follows. (1) 239.3 g
of antimony trioxide powder was weighed. (II) 390 ml of nitric acid
(specific gravity: 1.38) and 490 ml of water were mixed and heated at 40 *
C. To the mixture was added 50.3 g of electrolytic iron powder portionwise
to dissolve it. 25   (111) 1229.3 g of silica sol [err] was weighed. (IV)
14.5 g of ammonium paramolybdate was weighed and dissolved in 60 ml of pure
water. (V) 80.1 g of ammonium metavanadate was added to 480 ml of pure
water, followed by heating at 40 C, and 160 g of oxalic acid was
portionwise added thereto to dissolve it. (VI) 19.0 g of an ammonium
metatungstate aqueous solution [err] was weighed. 30     Components (III),
(IV), (V), (VI), and (I) were added in this order to component (II),
followed by thoroughly stirring. The resulting slurry was heat treated at
100 [err] C for 3 hours with stirring. X-ray diffractometry of the solids
content of the slurry revealed no formation of crystalline iron antimonate.
The aqueous slurry was spray dried by means of a rotary disk type spray
drier. The resulting fine 35 spherical particles were calcined at 200 * C
for 2 hours, then at 400 [err] C for 3 hours, and finally at 500 * C for 1
hour. COMPARATIVE EXAMPLE 2 40     A catalyst having the same composition
as in Example 1 was prepared in the same manner as in Example 1, except for
using iron trioxide as an Fe raw material. COMPARATIVE EXAMPLE 3 45     A
catalyst having an empirical formula: [err] (having higher V, Mo and W
contents than in the catalyst of Example 3) was prepared in the same manner
50 as in Example 3. COMPARATIVE EXAMPLE 4 A catalyst having an empirical
formula: 55 [err] (having lower V, Mo and W contents than in the catalyst
of Example 3) was prepared in the same manner 7    EP 0 476 579 B1 as in
Example 3. Activity and physical properties of each of the catalysts
prepared in the foregoing Examples and Comparative Examples are shown in
Table 1 below together with the empirical formula, conditions for activity
test, etc. 5      Tests for activity and attrition resistance of the
catalysts were performed in accordance with the following methods. 1)
Activity Test: 70     The sample catalyst was packed into a fluidized bed
reactor having a fluidized zone of 2.5 cm in inner diameter and 40 cm in
height. Ammoxidation of toluene or methanol was carried out in the reactor
under conditions described below. Catalyst activity was evaluated from the
reaction yield, conversion, and selectivity obtained from equations shown
below. (i) Ammoxidation of Toluene: 15        Pressure: normal pressure 



Temperature and contact time: see Table 1 Oxygen (supplied as air)/toluene
molar ratio: 5.0 Ammonia/toluene molar ratio: 3.0 (ii) Ammoxidation of
Methanol: 20        Pressure: normal pressure Temperature and contact time:
see Table 1 Oxygen (supplied as air)/methanol molar ratio: 4.3
Ammonia/methanol molar ratio: 1.1 25 Weight (g) of carbon in starting
Conversion (%)   compound consumed by reaction
100 Weight (g) of carbon in starting  x compound fed Weight (g) of carbon
in 35    Yield (%)    desired Product formed   x 100 Weight  (g) of  carbon
in X 1000 starting compound fed 40 Weight (g) of carbon in [err] 2)
Attrition Test: 50 The test was carried out according to the method
described in "Test Methods for Synthetic Cracking Catalysts", American
Cyanamid Co., Ltd., 6/31-4m-1/57, a well known test methods for fluid
catalytic cracking catalysts. An attrition loss (%) R was determined by the
following equation: 55 Attrition loss (%) R =  [err] 8    EP 0 476 579 B1
wherein A is a weight (g) of a catalyst lost by attirition during a period
of the first 5 hours; B is a weight (g) of a catalyst lost by attrition for
5 to 25 hours; and C is a weight (g) of a catalyst fed to test. The test
was conducted with C = 50 g. The higher the attrition resistance of the
catalyst, that is, the higher the strength of the catalyst, the 5  smaller
the value of attrition loss (%) R. [err] [err] [err]    EP 0 476 579 B1
Note:        1):   Toluene 2): Benzonitrile 3): Methanol 4): Hydrogen
cyanide 10 It is apparent from the results in Table 1 that the catalysts
according to the present invention (Examples 



1 to 7) exhibit superior performance over those of Comparative Examples 1
to 4. The catalysts of Comparative Examples 1 and 2, though having a
composition falling within the range of the present invention, do not
contain crystalline iron antimonate and are not therefore in accordance
with 15  the present invention. The catalysts of Comparative Examples 3 and
4 are examples in which the V, Mo, and W contents are out of the respective
ranges specified in the present invention. The results of Table 1 prove
that the catalysts of the present invention achieve satisfactory reaction
results in ammoxidation of not only toluene but also methanol. 20  Claims
1. An iron.antimony-containing metal oxide catalyst composition comprising
as essential components iron, antimony, and at least one element selected
from the group consisting of vanadium, molybdenum, and tungsten which is
represented by empirical formula: 25 [err] wherein Q represents at least
one element selected from the group consisting of Li, Na, K, Rb, Cs, Be,
Mg, Ca, Sr, Ba, Sc, Y, La, Ce, Pr, Nd, Sm, Th, U, Ti, Zr, Hf, Nb, Ta, Cr,
Mn, Re, Co, Ni, Ru, Rh, Pd, Os, 30     Ir, Pt, Cu, Ag, Au, Zn, Cd, Hg, Al,
Ga, In, TI, Ge, Sn, and Pb; R represents at least one element selected from
the group consisting of B, As, Bi, and Se; and a, b, c, d, e, f, g, h, and
i each represent an atomic ratio of the respective element, wherein a is
from 5 to 15, b is from 5 to 100, 35        the sum of c, d, and e is from
3 to 15, provided that (i) when the sum of c and e is 0, d/a is more than
1, (ii) when the sum of c and e is not 0, (c + e)/a is more than 0.3, f is
from 0 to 15, the sum of g and h is from 0 to 10, provided that when h is
not 0, (c + d + e)/h is more than 1, and 40         i is a number of oxygen
atom as determined corresponding to the oxides formed by combining the
above components, said catalyst composition containing a crystalline iron
antimonate. 2. A catalyst composition as claimed in Claim 1, wherein
component Q is at least one element selected 45     from the group
consisting of K, Mg, La, Ce, Ti, Zr, Nb, Cr, Mn, Co, Ni, Pd, Cu, Ag, Zn,
and Sn. 3. A catalyst composition as claimed in Claim 1, wherein a is from
5 to 15, b is from 10 to 60; the sum of c, d, and e is from 5 to 13. so  4.
A catalyst composition as claimed in Claim 1, wherein said catalyst
composition is supported on a carrier. 5. A process for producing an
iron.antimony-containing metal oxide catalyst composition comprising as
essential components iron, antimony, and at least one element selected from
the group consisting of 55     vanadium, molybdenum, and tungsten which is
represented by empirical formula: [err] 10    E 0476 579 B1 Note:
1):   Toluene 2): Benzonitrile 5 3):   Methanol 4): Hydrogen cyanide 10 It
is apparent from the results in Table 1 that the catalysts according to the
present invention (Examples 



1 to 7) exhibit superior performance over those of Comparative Examples 1
to 4. The catalysts of Comparative Examples 1 and 2, though having a
composition falling within the range of the present invention, do not
contain crystalline iron antimonate and are not therefore in accordance
with 15 the present invention. The catalysts of Comparative Examples 3 and
4 are examples in which the V, Mo, and W contents are out of the respective
ranges specified in the present invention. The results of Table 1 prove
that the catalysts of the present invention achieve satisfactory reaction
results in ammoxidation of not only toluene but also methanol. 20 Claims 1.
An iron. antimony-containing metal oxide catalyst composition comprising as
essential components iron, antimony, and at least one element selected from
the group consisting of vanadium, molybdenum, and tungsten which is
represented by empirical formula: 25 [err] wherein Q represents at least
one element selected from the group consisting of Li, Na, K, Rb, Cs, Be,
Mg, Ca, Sr, Ba, Sc, Y, La, Ce, Pr, Nd, Sm, Th, U, Ti, Zr, Hf, Nb, Ta, Cr,
Mn, Re, Co, Ni, Ru, Rh, Pd, Os, 30     Ir, Pt, Cu, Ag, Au, Zn, Cd, Hg, Al,
Ga, In, TI, Ge, Sn, and Pb; R represents at least one element selected from
the group consisting of B, As, Bi, and Se; and a, b, c, d, e, f, g, h, and
i each represent an atomic ratio of the respective element, wherein a is
from 5 to 15, b is from 5 to 100, 35        the sum of c, d, and e is from
3 to 15, provided that (i) when the sum of c and e is 0, d/a is more than
1, (ii) when the sum of c and e is not 0, (c + e)/a is more than 0.3, f is
from 0 to 15, the sum of g and h is from 0 to 10, provided that when h is
not 0, (c + d + e)/h is more than 1, and 40         i is a number of oxygen
atom as determined corresponding to the oxides formed by combining the
above components, said catalyst composition containing a crystalline iron
antimonate. 2. A catalyst composition as claimed in Claim 1, wherein
component Q is at least one element selected 45     from the group
consisting of K, Mg, La, Ce, Ti, Zr, Nb, Cr, Mn, Co, Ni, Pd, Cu, Ag, Zn,
and Sn. 3. A catalyst composition as claimed in Claim 1, wherein a is from
5 to 15, b is from 10 to 60; the sum of c, d, and e is from 5 to 13. so  4.
A catalyst composition as claimed in Claim 1, wherein said catalyst
composition is supported on a carrier. 5. A process for producing an
iron.antimony-containing metal oxide catalyst composition comprising as
essential components iron, antimony, and at least one element selected from
the group consisting of 55     vanadium, molybdenum, and tungsten which is
represented by empirical formula: [err] 10    wherein Q represents at least
one element selected from the group consisting of Li, Na, K, Rb, Cs, Be,
Mg, Ca, Sr, Ba, Sc, Y, La, Ce, Pr, Nd, Sm, Th, U, Ti, Zr, Hf, Nb, Ta, Cr,
Mn, Re, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu, Ag, Au, Zn, Cd, Hg, Al, Ga, In,
TI, Ge, Sn, and Pb; R represents at least one element selected from the
group consisting of B, As, Bi, and Se; and a, b, c, d, e, f, g, h, and i
each represent 5      an atomic ratio of the respective element, wherein a
is from 5 to 15, b is from 5 to 100, the sum of c, d, and e is from 3 to
15, provided that (i) when the sum of c and e is 0, d/a is more 



than 1, (ii) when the sum of c and e is not 0, (c + e)/a is more than 0.3,
10        f is from 0 to 15, the sum of g and h is from 0 to 10, provided
that when h is not 0, (c + d + e)/h is more than 1, and i is a number of
oxgen atom as determined corresponding to the oxides formed by combining
the above components, 15     said catalyst composition containing a
crystalline iron antimonate, which comprises the steps of: (a) preparing a
slurry essentially containing (i) crystalline iron antimonate and (ii) at
least one element selected from the group consisting of vanadium,
molybdenum, and tungsten or a slurry containing essential components (i)
and (ii), and (iii) at least one element selected from the group consisting
of the catalyst components represented by Q, R and P; 20       (b) drying
said aqueous slurry; and (c) calcining said dried material to provide said
metal oxide catalyst. 6. A process as claimed in Claim 5, wherein said iron
antimonate is iron atimonate prepared by calcining a mixture of an iron
compound and an antimony compound in air. 25 7. A process as claimed in
Claim 5, wherein said iron antimonate is iron antimonate prepared by
heating an aqueous slurry containing an iron compound and an antimony
compound while retaining the form of the slurry. 30  8.  A process as
claimed in Claim 5, wherein said drying of the aqueous slurry is carried
out by spray drying. 9. A process as claimed in Claim 5, wherein said
calcining of the dried material is carried out at a temperature of from 200
[err] to 950 [err] C. 35 10. A catalyst according to claim 1 for use in the
oxidation or ammoxidation of alkyl aromatic hydrocarbons, alkyl
heteroaromatic hydrocarbons and alcohols. 11. The use of a catalyst
prepared in accordance with claim 5 for the oxidation or ammoxidation of
alkyl 40     aromatic hydrocarbons, alkyl heteroaromatic hydrocarbons and
alcohols. PatentansprUche 1. Eine Eisen und Antimon enthaltende
Metalloxid-Katalysatorzusammensetzung, die als wesentliche 45
Komponenten Eisen, Antimon und wenigstens ein Element aus der Gruppe
bestehend aus Vanadin, Molybdan und Wolfram umfaBt, mit der empirischen
Formel: FeaSbbVoModWeQfRgPhOi 50     wobei Q wenigstens ein Element aus der
Gruppe bestehend aus U, Na, K, Rb, Cs, Be, Mg, Ca, Sr, Ba, Sc, Y, La, Ce,
Pr, Nd, Sm, Th, U, Ti, Zr, Hf, Nb, Ta, Cr, Mn, Re, Co, Ni, Ru, Rh, Pd. Os,
Ir, Pt, Cu, Ag, Au, Zn, Cd, Hg, Al, Ga, In, TI, Ge, Sn und Pb, R weingstens
ein Element aus der Gruppe bestehend aus B. As, Bi und Se ist und a, b, c,
d, e, f, g, h und i jeweils das atomare Verhaltnis des entsprechenden
Elements bedeuten, wobei 55     a gleich 5 bis 15, b gleich 5 bis 100, die
Summe aus c, d und e gleich 3 bis 15 ist, vorausgesetzt, daB (i) falls die
Summe aus c und e gleich 0 ist, d/a gr6Ber als 1 ist, (ii) falls die Summe
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I!II * C   L   M   S* aus c und e nicht 0 ist, (c + e)/a grofer als 0,3
ist, f gleich 0 bis 15, 



die Summe aus g und h gleich 0 bis 10 ist, vorausgesetzt, daB falls h nicht
gleich 0 ist, (c+d+e)lh griler als 1 ist, und I die durch die Kombination
der obigen Komponenten bestimmte Anzahl der zur 6      Oxidbildung
notwendigen Sauerstoffatome ist und die Katalysatorzusammensetzung ein
kristallines Eisonantimonat enthalt. 2. Katalysatorzusammensetzung gemaB
Anspruch 1, in der die Komponente Q wenigstens ein Element aus der Gruppe
bestehend aus K, Mg, La, Ce, Ti, Zr, Nb, Cr, Mn, Co, Ni, Pd, Cu, Ag, Zn und
Sn ist 10 3. Katalysatorzusammensetzung gemaB Anspruch 1, in der a gleich 5
bis 15, b gleich 10 bis 60 und die Summe aus c, d und a gleich 5 bis 13
ist. 4. Katalysatorzusammensetzung gemaiB Anspruch 1, die auf emn
Tragermaterial aufgebracht ist. 16 5. Verfahren zur Herstellung einer Eisen
und Antimon enthaltenden Metalloxid-Katalysatorzusammenset- zung, die als
wesentliche Komponenten Eisen, Antimon und wenigstens ein Element aus der
Gruppe bestehend aus Vanadin, Molybdan und Wolfram umfalit, mit der
empirischen Formel: 20     FeASbbVcModW.QfNPjhO, wobei 0 wenigstens ein
Element aus der Gruppe bestehend aus Li, Na, K, Rb, Cs, Be, Mg, Ca, Sr, Ba,
Sc, Y, La, Ce, Pr, Nd, Sm. Th, U, Ti, Zr, Hf, Nb, Ta, Cr, Mn, Re, Co, Ni,
Ru, Rh, Pd, Os, Ir, Pt, Cu, Ag, Au, Zn, Cd, Hg, Al, Ga, In, TI, Ge, Sn und
Pb, R weingstens ein Element aus der Gruppe bestehend 25     aus B, As, Bi
und Se ist und a, b, c, d, e, f, g, h und i jeweils das atomare Verhaltnis
des entsprechenden Elements bedeuten, wobei a gleich 5 bis 15, b gleich 5
bis 100, die Summe aus c, d und e gleich 3 bis 15 ist, 30
vorausgesetzt, daB (i) falls die Summe aus c und e gloich 0 ist, d/a groBer
als 1 ist, (ii) falls die Summe aus c und e nicht 0 let, (c + e)/a groBer
als 0,3 ist, f gleich 0 bis 15, die Summe aus g und h gleich 0 bis 10 ist,
vorausgesetzt, daB falls h nicht gleich 0 ist, (c + d + e)/h groler als 1
ist, und i die durch die Kombination der obigen Komponenten bestimmte
Anzahl der zur 36     Oxidbildung notwendigen Sauerstoffatome ist und die
Katalysatorzusammensetzung ein kristallines Elsenantimonat enthalt;
umfassend die Schritte: (a) Herstellen einer Aufschilimmung, die im
wesentlichen (i) kristallines Eisenantimonat und (0) wenigstens ein Element
aus der Gruppe bestehend aus Vanadin, MolybdAn und Wolfram, odor aus einer
Aufschlflmmung, die als wesentliche Komponenten (I) und (ii) enthalt und
(iii) wenigstens ein 40        Element aus der Gruppe bestehend aus den
Katalysatorkomponenten Q, R und P; (b) Trocknen der wl~rigen Aufschilmmung
und (c) Kalzinieren des getrockneten Materials um den
Metalloxid-Katalysator herzustellen. 6. Verfahren gemiB Anspruch 5, in dem
das Eisenantimonat durch Kalzinieren einer Mischung aus einer 45
Eisenverbindung und einer Antimonverbindung an der Luff hergestellt wird.
7. Verfahren gemalB Anspruch 5, in dem das Eisenantimonat durch Erwarmen
einer walrigen eine Eisen- und elne Antimonverbindung enthaltenden
Aufschlammung hergestellt wird, wobel die Aufschlimmung beibehalten wird.
60 &  Verfahren gemao  Anspruch 5, in dem das Trocknen der waBrigen
Aufschlammung durch SprUhtrock- nen erfolgt. 9. Verfahren gemaB Anspruch 5,
in dem das Kalzinieren des getrockneten Materials bei einer Temperatur 66
von 200 - bis 950 * C erfolgt. 10. Katalysator gemaiB Anspruch 1 zur
Verwendung bei der Oxidation odor Ammonoxidation von alkylaro- matischen
Kohlenwasserstoffen, alkylheteroaromatischen Kohlenwasserstoffen und
Alkoholen. 12  
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Verwendung des gemit Anspruch 5 hergestollten Katalysators zur Oxidation
oder Ammonoxidation von alkylaromatischen Kohlonwasserstoffen,
alkylheteroaromatischen Kohlenwasserstoffen und Alkoholen. Revendlcatlons
.5 1. Composition de catalyseur d'oxyde metallique contenant du for et de
l'antimoine, compronant comme composants essentiols du for, de l'antimoine
et au moins un element choisi dans le groupe forme du vanadium, du
molybdbne et du tungstbne, represente par la formulo empirique: 10
FeoSbbVOModWeQfRQPhOI dans laquolle Q represente au moins un didment choisi
dans le groupe forme de Li, Na, K, Rb, Cs, Be, Mg, Ca, Sr, Ba, Sc, Y, La,
Ce, Pr, Nd, Sm, Th, U, Ti, Zr, Hf, Nb, Ta, Cr, Mn, Re, Co, Ni, Ru, Rh, Pd,
Os, Ir, Pt, Cu, Ag, Au, Zn, Cd, Hg, Al, Ga, In, TI, Ge, Sn, et Pb; R
represente au moins un element choisi 15     dans le groupe formd de B, As,
Bi, et So; et a, b, c, d, e, f, g, h, at i representent chacun un rapport
atomique de l'tlement correspondent, oO avautde5a 15, b vaut de 5 & 100, la
somme de c, d, et o vaut de 3 & 15, avec la condition quo (i) lorsque la
somme de c et de o 20     vaut 0, dla est superieur a 1, (ii) lorsque la
somme de c et de  a est differente de 0, (c + e)/a est supnrieur a 0,3, f
vaut de 0 A 15, la somme de g et h vaut de 0 a 10, avec la condition quo,
lorsque h est diff6rent de 0, (c + d + e)/h est supdriour a 1, ot 25
i est un nombre d'atomes d'oxygbne d6termind en fonction des oxydes formes
en combinant les composants ci-dessus, ladite composition de catalyseur
contenant un antimoniate de for cristallin. 2. Composition de catalyseur
selon la revendication 1, dans laquelle le composant 0 est au moins un 30
el6ment choisi dans le groupe forme de K, Mg, La, Ce, Ti, Zr, Nb, Cr, Mn,
Co, Ni, Pd, Cu, Ag, Zn, et Sn. 3. Composition de catalyseur selon la
revendication 1, dans laquelle a vaut de 5 & 15, b vaut de 10 & 60; la
somme de c, d et o vaut de 5 & 13. 35 4. Composition de catalyseur selon la
revendication 1, dans laquelle la composition de catalyseur est supportee.
5. Proced6 de production d'une composition de catalyseur d'oxyde metallique
contenant du fer et de 40     I'antimoine, compronant comme composants
essentiols du for, de I'antimoine et au moins un 6l6ment choisi dans le
groupe forme du vanadium, du molybdene et du tungstene, reprdsent4 par la
formulo empirique: FeaSbbVcModWeQfRgphoi 45 dans laquelle Q represente au
moins un element choisi dans le groupe forme de Li, Na, K, Rb, Cs, Be, Mg,
Ca, Sr, Ba, Sc, Y, La, Ce, Pr, Nd, Sm, Th, U, Ti, Zr, Hf, Nb, Ta, Cr, Mn,
Re, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu, Ag, Au, Zn, Cd, Hg, Al, Ga, In, TI,
Go, Sn, et Pb; R represente au moins un didment choisi dans le groupe forme
de B, As, Bi, et Se; et a, b, c, d, o, f, g, h, et i representent chacun un
rapport 50     atomique de l'6ldment correspondent, oO a vaut de 5 & 15, b
vaut de 5 a 100, la somme de c, d, et o vaut de 3 & 15, avec la condition
quo (i) lorsque la somme de c et de o vaut 0, dla est superieur & 1, (ii)
lorsque la somme de c et de o est diff6rente de 0, (c + 0ya est 



55    superieur & 0,3, fvautde0 a15, la somme de g et h vaut de 0 a 10,
avec la condition quo, lorsque h est different de 0, (c + d + ey)h est
superieur a 1, et 13    EP 0 476 579 Bi                                C
lii11 III) 11   J i est un nombre d'atomes d'oxygbne determine en fonction
des oxydes formes en combinant les composants ci-dessus, ladite composition
de catalyseur contenant un antimoniate de for cristallin, qui consiste a:
(a) preparer une pate contenant essentiellement (i) de l'antimoniate de far
cristallin et (i) au moins i        un 6itment choisi dans l groupe forme
du vanadium, du molybdbne at du tungstene, ou une pate contenant comme
composants essentials (i) et (ii), at (iii) au moins un eiement choisi dans
le groupe forme des composants de catalyseur representes par 0, R et P; (b)
stcher ladite pfte aqueuse; et (c) calciner la matibre sechte pour foumir
ledit catalyseur d'oxyde mttallique. 10 6. Proctdt salon la revendication
5, dans lequel l'antimoniate de far est de I'antimoniate prtpar6 en
calcinant dans I'air un melange d'un compost de far et d'un compost
d'antimoine. 7. Proctdt salon la revendication 5, dans lequel l'antimoniate
de far est de l'antimoniate de far prtpar6 an is     chauffant une pate
aqueuse contenant un compost de for et un compost d'antimoine, tout en
conservant la forme patause. a  Procedt salon la revendication 5, dans
lequel le sechage de la pate aqueuse est effectut par sechage par
pulverisation. 20 9. Procdde salon la revendication 5, dans lequal la
calcination de la matibre stchde est effectude a une temperature de 200 * a
950 * C. 10. Catalyseur selon la revendication 1, A utiliser dans
I'oxydation ou l'ammoxydation d'hydrocarbures 25     aromatiques
alkyliques, d'hydrocarbures heteroaromatiques alkyliques et d'alcools. 11.
Utilisation d'un catalyseur prepare salon la revendication 5, pour
l'oxydation ou I ammoxydation d'hydrocarbures aromatiques alkyliques,
d'hydrocarbures hettroaromatiques alkyliques et d'alcools. 30 35 40 45 50
55 14    


