
EP 0 475 351 B1 Description The present invention relates to an
iron-antimony-molybdenum-containing oxide catalyst composition hav- ing
physical properties as well as an activity suitable for use in carrying out
reactions such as the oxidation 5   reactions, ammoxidation reactions and
oxidative dehydrogenation reactions of organic compounds. It also re- lates
to a process for preparing the same. Many catalysts have been proposed as
catalysts for use in the oxidation reactions, ammoxidation reactions and
oxidative dehydrogenation reactions of organic compounds. For example,
catalysts containing molybde- num and bismuth are disclosed in JP-B-36-3563
(the term "JP-B" as used herein refers to an "examined Jap- 10  anese
patent publication") (corresponding to U.S. Patent 2,941,007), JP-B-36-5870
(U.S. Patent 2,904,580), JP-B-38-17967 (U.S. Patent 3,228,422),
JP-B-47-27490 (U.S. Patent 3,959,384), JP-B-48-43096 (U.S. Patent
3,766,092), JP-B-51-33888 (U.S. Patent 4,503,001), JP-B-53-23813 (U.S.
Patent 3,894,091), JP-A-55-13187 (the term "JP-A" as used herein refers to
a "published unexamined Japanese patent application") (correspond- ing to
U.S. Patent 4,212,760) and JP-B-60-36812 (U.S. Patents 4,377,534 and
4,600,541). Catalysts containing 15  molybdenum and tellurium are disclosed
in JP-B-37-11008 (U.S. Patent 3,164,626) and JP-B-39-8214 (British Patent
1,016,031). Catalysts containing antimony and tin are disclosed in
JP-B-37-14075 (U.S. Patent 3,269,957) and JP-B-47-40958. Catalysts
containing antimony and uranium are disclosed in JP-B-40-24367 (U.S. Patent
3,308,151) and JP-B-47-19764. JP-A-56-97550 (corresponding to European
Patent 32,618B) pro- poses catalysts containing a metal antimonate
component and a bismuth molybdate component 20      Further, catalysts
containing antimony and iron as essential elements are disclosed in
JP-B-38-19111. Many improvements on these catalysts have been made. For
example, JP-B-45-32685 (U.S. Patent 3,542,843), JP-B-46-2804 (U.S. Patent
3,668,147), JP-B-46-2805 (U.S. Patent 3,591,620), JP-B-46-2806, JP-
B-46-2807, JP-B-46-3564, JP-B-47-19765 (U.S. Patent 3,716,496),
JP-B-47-19766, JP-B-47-19767, JP-B- 53-18014 (U.S. Patents 3,988,359 and
4,083,804) and JP-B-57-26592 (U.S. Patent 4,370,279) propose cat- 25
alysts to improve prior arts. In addition, JP-A-57-114560, JP-A-60-90044,
JP-B-62-46538 (U.S. Patent 4,309,361) and JP-A-3-26342 (U.S.-A-5 094 990
and European Patent Publication 404,529, published on 27.12.90) propose
catalysts con- taining antimony and iron. On the other hand, processes for
preparing these catalysts are disclosed in, for example, JP-B-42-22476 30
(U.S. Patent 3,341,971), JP-B-47-18722 (U.S. Patent 3,657,155,
JP-B-47-18723 (U.S. Patent 3,686,138) and JP-B-52-42552 (U.S. Patent
4,049,575). Since the industrial output of products is high in the field of
the production of particularly acrylonitrile, ac- rolein and
methacrylonitrile to which the present invention belongs, a slight increase
by 1% in the yields of the desired products or a slight improvement In the
physical properties of the catalyst such as catalyst strength 35 gives
remarkable commercial and economic effects. Accordingly, it is an important
matter that an improvement In the performance of the catalysts to be used
for the above described reactions is made. Conventional catalysts have many
disadvantages In that the yields of the desired products are insufficient,
a change with time is great, reproducibility Is poor, and the catalysts do
not always satisfy both activity and physical properties. Among the above
described conventional catalysts, catalysts containing Iron and antimony 40
described in JP-B-53-18014 (U.S. Patents 3,988,359 and 4,083,804) and
JP-A-3-26342 (U.S. -A-5094990 and European Patent Publication 404,529A1)
are excellent ones and have many advantages. However, when these catalysts
contain a relatively large amount of a molybdenum component as in the
former, there is a problem that the yield of the desired product
acrylonitrile is lowered as described, for example, in the experimental ex-



amples (catalysts 17 and 18 and catalyst 22) of the former reference.
Further, when these catalysts contain 45  a relatively large amount of a
phosphorus component as in the latter, there is a problem that the yield of
the product obtained by the ammoxidation of olefinic hydrocarbons is
lowered as described, for example, in the experimental examples (Examples 7
and 8) of the latter reference. The present invention has been performed to
improve the activity and physical properties of an iron-
antimony-containing catalyst having a relatively high molybdenum content 50
SUMMARY OF THE INVENTION An object of the present invention is to provide
an iron-antimony-molybdenum-containing oxide catalyst composition suitable
for use in the vapor phase catalytic oxidation reactions (including normal
oxidation reac- 55 tions, oxidative dehydrogenation reactions and
ammoxidation reactions) of organic compounds, which is ex- cellent in
catalyst activity as well as In physical properties. Another object of the
present invention is to provide a method for making an
iron-antimony-molybdenum- containing oxide catalyst composition with easy
operation, which can be produced with good reproducibility. 2    EP 0 475
351 B1 It is conventionally considered that the presence of an alkali
component in the iron-antimony-molybdenum- containing catalystsystems Is
not preferred as described In JP-B-57-26592. However, It has now been found
that when the catalysts contain a relatively large amount of molybdenum
component, the presence of potas- 5   sium surprisingly gives a favorable
effect on catalyst performance rather than an unfavorable effect, the
yields of the desired products are improved and catalysts having good
activity as well as good physical properties can be obtained. The present
invention has been accomplished on the basis of this finding. That is, the
present invention provides in one aspect an
iron-antimony-molybdenum-containing oxide cat- alyst composition for
oxidation reactions, which is an oxide catalyst containing a crystalline
iron antimonate 10  having a crystallite size of 100 A or more, represented
by the following empirical formula: [err] wherein L is at least one element
selected from the group consisting of Bi and Te; M is at least one element
selected from the group consisting of Cu, Mg, Zn, La, Ce, Al, Cr, Mn, Co,
Ni and Sn (preferably at least one element selected from the group
consisting of Mg, Zn, Ce, Cr, Mn, Co and Ni); N is atleast one element
selected 15  from the group consisting of Be, Ca, Sr, Ba, Y, Pr, Nd, Th, U,
Ti, Zr, Hf, Nb, Ta, Re, Os, Rh, Ir, Pd, Pt, Ag, Au, Cd, Ga, In, Ge and Pb
(preferably at least one element selected from the group consisting of Ti,
Zr, Nb, Pd, Ag, Ge and Pb); Q is at least one element selected from the
group consisting of V and W; R is at least one element selected from the
group consisting of Li, Na, Rb, Cs and Tl (preferably at least one element
selected from the group consisting of Li, Na and Cs); T is at least one
element selected from the group consisting of B, 20  P, As and Se
(preferably B and/or P); a, b, c, d, e, m, n, q, r, t and x each is an
atomic ratio, wherein when a is 10, b is 5 to 60 (preferably 6 to 30, more
preferably 7 to 25), c is 5 to 30 (preferably 6 to 20, more preferably 8 to
10), d is 0.01 to 10 (preferably 0.1 to 8, more preferably d/c = not larger
than 0.5 with d = 0.3 to 3), e is 0.01 to 5 (preferably 0.02 to 2, more
preferably 0.05 to 1.5), m is 0 to 30 (preferably 0 to 20), n is 0 to 10
(preferably 0 to 5), q is 0 to 5 (preferably 0 to 4), r is 0 to 3
(preferably 0 to 2.5), t is 0 to 5 (preferably 0 to 4) and x is a 25
number of oxygen atoms as determined corresponding to the oxides formed by
combining the above men- 



tioned components. The present invention provides in another aspect a
process for preparing an iron-antimony-molybdenum- containing oxide
catalyst composition for oxidation reactions, which comprises preparing an
aqueous slurry containing (i) iron antimonate, (ii) molybdenum, (iii) at
least one element selected from the group consisting of 30  bismuth and
tellurium, and (iv) potassium as principal components oran aqueous slurry
containing the principal components [(i), (ii), (iii) and (iv)] and (v) at
least one element selected from the gorup consisting of catalytic
components represented by M, N, Q, R and T in the above described empirical
formula; drying the aqueous slurry; and calcining the dried material. 35
DETAILED DESCRIPTION OF THE INVENTION An important aspect of the catalyst
composition of the present invention resides in that the catalyst com-
position contains the elements of Fe, Sb, Mo, L (namely, at leastone
elementof Bi and Te) and K as the principal components In the range defined
above and iron antimonate crystallite having a given size of 100 Aor more
40  must be present as a crystalline phase. When iron antimonate Is not
present as the crystalline phase in the catalyst composition, the yields of
the desired products are lowered and the physical properties of the
catalyst are deteriorated, even when each component is present in the range
defined above. When the ratio of the Sb component is lower than the lower
limit, the selectivity of the desired product is lowered, while when the
ratio Is higher than the upper limit, catalyst activity is lowered and
physical properties 45  become poor. A catalyst having a proper activity
cannot be obtained when the ratio of the Mo component is lower than the
lower limit or higher than the upper limit. The L component (Si or Te
component) increases the yield of the desired product. Unless the catalyst
composition contain this component, the formation of carbon dioxide gas is
increased. The Bi component and the To component can be simultaneously
used. When the ratio of the K component is lower than the lower limit, the
yield of the desired product is lowered, while when the 50  ratio is higher
than the upper limit, the reaction rate is remarkably lowered and the yield
of the desired product is reduced: This characteristic is unique to
potassium, but other alkali metal elements fail in this characteristic.
Other M, N, Q, R and T components can be optionally used by properly
choosing them to properly control re- action rate, the ratio of the
formation of by-products and the physical properties of the catalyst. When
P is employed as the T component, the atomic ratio of P/Fe is not higher
than 0.3, preferably not higher than 0.2 55  by atomic ratio. Further, it
is preferred that the atomic ratio of P/Sb is not higher than 0.15. Several
iron antimonates such as  [err]   and [err] are known, and FeSbO4 Is most
widely known. The invention Includes any known iron antimonate, but the
iron antimonate in the catalyst composition of the present invention
preferably includes FeSbO4. The structure of iron antimonate is known by
X-ray diffraction data as described, for example, In J. Korinth, P. Royen,
Z. Anorg. Allg. Chem., 340, 146- 3    EP 0 475 351 B1 157 (1965). The
presence of crystalline iron antimonate In the catalyst composition of the
present invention can be confirmed by X-ray diffraction. The term
"crystalline iron antimonate" as used herein refers to not only pure 5
iron antimonate, but also Iron antimonate In the form of a solid solution
containing various elements dissolved therein. Further, it is not necessary
that all of the Fe component and the Sb component form crystalline iron
antimonate. A part of the Fe component orthe Sb component may exist in the
free form or in the form of other 



compounds. The presence of crystalline iron antimonate can be confirmed by
X-ray diffraction as mentioned above. it 10  Is preferred that crystallite
has a size which is not smaller than a given size. The size of the
crystallite can be calculated from the results of X-ray diffraction by
Sherrer's method as described, for example, in Harold P.K. and Leroy E.A.,
X-Ray Diffraction Procedures, John Wiley & Son Inc., New York, page 511
(1954). The main peak 2[err] = [err] of iron antimonate is used to define
size [err]  of the crystallite. The crystallite size can be calculated from
the following formula. 15                                         [err]
wherein [err] Is the size [err] of the crystallite (the size of the
crystallite perpendicular to the (101) face); [err] is a wavelength [err]
of the measuring X-rays used ([err] ray being used); [err] Is the integral
line breadth (radian) of diffraction; and [err] is Bragg angle of
diffraction. 20     In this measurement, RINT 1100 manufactured by K.K.
Rigaku and Application Software "Crystallite Size and Lattice Strain
Analysis System" were used, and the measurementwas made underthefollowing
conditions. Target: Cu Excitation voltage: 40 KV Excitation current 40 mA
25        Monochromator: Used Receiving slit of monochromator: 0.80 mm
Divergent slit: 1 Scattering slit: 1 Receiving slit: 0.15 mm 30
Sampling interval: 0.020 Scanning speed: [err]/min Quartz sand having a
size of 350 to 500 mesh was used as the standard sample. The crystallite
size of iron antimonate Is not smaller than 100 [err], preferably not
smaller than 200 [err], more preferably 300 A to 1,000 A. When the
crystallite size of Iron antimonate is smaller than the above size, the 35
yield of the desired product Is generally lowered, and the formation of
carbon dioxide and carbon monoxide is increased. The catalyst composition
of the present invention can be used without a carrier, but it is preferred
that the catalyst composition is supported on an appropriate carrier.
Examples of the carrier include silica, alurnina, silica-alumina, titania,
silica-titania, zirconia and silicon carbide, preferably silica. 40      It
is preferred that the catalyst composition of the present invention is
prepared by previously preparing crystalline iron antimonate and then
mixing other components. The crystalline iron antimonate can be prepared by
mixing an iron compound with an antimony compound and heating the mixture
to react them. Concretely, examples of the preparation of the crystalline
iron antimon- ate include a method (1) wherein ferric oxide is mixed with
antimony trioxide and the mixture is calcined in air 45  as described, for
example, In Von J. Korinth and P. Royen, Z Anorg.Allg. Chem., Vol.340,
pp.146-157(1965); a method (2) wherein iron nitrate is mixed with
antimonytrioxide and the mixture is calcined in airas described, for
example, in I. Aso, S. Furukawa, N. Yamazoe and T. Selyama, J. Catal. Vol.
64, pp. 29-37 (1980); a method (3) wherein iron nitrate is mixed with
antimonic acid and the mixture is calcined as described, for example, in
U.S. Patent 3,686,138; and a method (4) wherein an aqueous slurry
containing a mixture of iron nitrate, anti- 50   mony trioxide and
optionally nitric acid is prepared and heated, or further dried and
calcined as described, for example, in U.S. Patent 3,657,155. However,
methods for preparing iron antimonate are not limited to the above 



mentioned methods. In the method (4), it is preferred that the aqueous
slurry is heat-treated while retaining the form of the slurry under uniform
stirring. The heating temperature is about 40 to about [err], preferably
about 80 to about 55   [err], for from about 10 minutes to 50 hours.
Preferably, the pH of the slurry is adjusted to not higher than about 7,
preferably about 1 to about 4 before heat treatment. In this method (4),
the calcination of the mixture of an iron compound and an antimony compound
is carried out at a temperature of 300 to [err], preferably 500 to [err]
for 0.5 to 50 hours. Among the above described preparation methods, the
method (4) is par- ticularly preferred. Small amounts of other components
than iron and antimony may be allowed to coexist dur- 4    EP 0 475 351 B1
ing the preparation of iron antimonate.   - Examples of the iron compound
which can be used as the starting material include iron oxides such as
ferrous oxide, ferric oxide and tri-iron tetroxide; iron salts of inorganic
acids such as ferrous chloride, ferric 5   chloride, ferric nitrate and
iron carbonate; iron salts of organic acids such as iron oxalate and iron
citrate; and iron dissolved in nitric acid. Examples of the antimony
compound include antimony trioxide, antimony tetroxide, antimony pentoxide,
antimonic acid, polyantimonic acid, sodium antimonate, potassium
antimonate, antimony trichloride and anti- mony pentachloride. 10     It
can easily be confirmed by X-ray diffraction whether the crystalline iron
antimonate is formed or not. An aqueous slurry containing the thus-obtained
crystalline iron antimonate, a raw material for the molyb- denum component,
a raw material forthe potassium component, at least one member selected
from the group consisting of raw materials for bismuth and tellurium
components and optionally at least one member selected from the group
consisting of raw materials for M, N, Q, R and T components is prepared.
Subsequently, the 15  slurry is dried and calcined to obtain a catalyst
composition. The calcination after drying is carried out at a temperature
of about 400 to about [err], preferably about 500 to about [err] for about
10 minutes to about 20 hours, preferably about 0.5 to about 10 hours.
Examples of the raw material for the molybdenum component include
molybdenum trioxide, molybdic acid, molybdates such as ammonium
paramolybdate and ammonium metamolybdate, phosphomolybdic acid and 20
salts thereof. Examples of the raw material forthe bismuth component
include elemental bismuth, bismuth trioxide, bis- muth nitrate, bismuth
sulfate, bismuth carbonate and bismuth hydroxide. Examples of the raw
material for the tellurium component Include elemental tellurium, tellurium
dioxide, tellurium trioxide, telluric acid and tellurium nitrate. 26
Examples of the raw material for the potassium component include potassium
oxide, potassium hydroxide, potassium nitrate and potassium carbonate. The
starting materials for the M, N. Q, R and T In the empirical formula are
used in the form of oxides, hydroxides, nitrates, carbonates or salts of
organic acids. Examples of the raw material for the carrier include silica
sol, silica hydrogel, fumed silica, alumina sol, 30  alumina powder,
titania sol and titania powder. Particularly preferred preparation methods
of the catalyst compositions of the present invention are the 



following methods. (1) A method wherein a crystalline iron antimonate is
previously prepared, and an aqueous slurry having a pH of not higher than 5
and containing a mixture of the thus-prepared crystalline iron antimonate
with 35      a molybdenum compound, at least one compound selected from the
group consisting of a bismuth com- pound and a tellurium compound, a
potassium compound and optionally a raw material for the carrier is
prepared, dried and calcined. (2) A method wherein a crystalline Iron
antimonate is previously prepared, and an aqueous slurry having a pH of not
lower than 7 and containing a mixture of the thus-prepared crystalline iron
antimonate with a 40      molybdenum compound, atleastone compound
selectedfrom the group consisting of a bismuth compound and a tellurium
compound, a potassium compound and optionally a raw material for the
carrier is prepared, dried and calcined. (3) A method wherein a crystalline
iron antimonate is previously prepared, and an aqueous slurry having a pH
of not lower than 6 and containing the thus-prepared crystalline iron
antimonate, a molybdenum com- 45      pound, at least one compound selected
from the group consisting of a bismuth compound and a tellurium compound, a
potassium compound, a chelating agent and optionally a raw material for the
carrier is pre- pared, dried and calcined. (4) A method wherein a
crystalline iron antimonate is previously prepared; an aqueous slurry
having a pH of not lower than 6 and containing the thus-prepared
crystalline iron antimonate, a molybdenum com- 50      pound, a chelating
agent and optionally a raw material for the carrier is prepared; at least
one compound selected from the group consisting of a bismuth compound and a
tellurium compound is added to said aqu- eous slurry; and the resulting
aqueous slurry containing the above described components and a potas- sium
compound is dried and calcined, said potassium compound being added at any
one of the above sta- ges. 55     (5) A method wherein a crystalline iron
antimonate is previously prepared; an iron compound, a chelating agent and
optionally at least one compound selected from the group consisting of a
bismuth compound and a tellurium compound are added to an aqueous slurry
having a pH of not lower than 6 and containing the thus-prepared
crystalline Iron antimonate, a molybdenum compound, at least one compound
selected from the group consisting of a bismuth compound and a tellurium
compound, and optionally a raw material 5    EP 0 475 351 B1 for the
carrier; and the resulting aqueous slurry containing the above described
components and a po- tassium compound is dried and calcined, said potassium
compound being added at any one of the above stages. 5      When a silica
sol is used as a carrier material, the preparation method (1), (3), (4) or
(5) is preferably used. When the slurry also contains a chelating agent as
In the preparation methods (3), (4) and (5), the gelation of the slurry is
inhibited and thus the slurry is maintained at low viscosity and the
properties of the slurry are stabilized. As a result, the catalyst obtained
has large strength. As stated above, while the mechanism of the effects
produced by addition of the chelating agent is not 10  clear, what is
important is that gelation of the slurry Is inhibited. While not desiring
to be bound, It may well be that the chelating agent when present serves as
a metallic ion making agent to Inhibit metallic ions from neu- 



tralizing the charges of the silica sol particles. Examples of suitable
chelating agents which can be used include amines, e.g., ethylenediamine,
trime- thylenediamine, triethanolamine, and pyridine; aminopolycarboxylic
acids, e.g., ethylenediaminediacetic acid, 15 ethylenediaminetetraacetic
acid, and nitrilotriacetic acid; polycarboxylic acids, e.g., oxalic acid,
succinic acid, maleic acid, fumaric acid, and diglycolic acid;
hydroxycarboxylic acids, e.g., lactic acid, malic acid, tartaric acid,
citric acid, and gluconic acid; sulfur compounds, e.g., thioglycolic acid,
thiodiglycolic acid, and mercaptopro- panol; amino acids, e.g., glycine and
alanine; ketones, e.g., acetylacetone and acetonylacetone; phosphonic
acids, e.g., phosphonopropane-1,2,3-tricarboxylic acid. 20      The amount
of the chelating agentto be added preferably ranges from 0.1 to 10% by
weight based on the weight of the oxide catalyst ultimately obtained. The
catalyst of the present Invention may be used either in a fixed bed or in a
fluidized bed. When a catalyst for use in thefixed bed is to be produced,
an aqueous slurry prepared in the manner men- tioned above is dried, or
dried and calcined, and the resulting material is molded by means of
pelletizing or 25  extrusion. When a catalyst for use in the fluidized bed
is to be produced, it Is preferred that an aqueous slurry, par- ticularly
an aqueous slurry containing a silica carrier material, prepared in the
manner mentioned above is spray-dried to form fine spherical particles. In
this case, an aqueous slurry prepared by the above method (1) or (3) or a
combination of the method (3) with the method (4) or (5) is preferred. The
spray drying of the 30  slurry can be carried out by using any conventional
spray driersuch as a rotary disc type, high pressure nozzle type or
two-fluid nozzle type drier. Fluidized bed calciners can be used for
calcination. The size of the catalyst particle can be suitably chosen
according to purpose. Catalyst particles for use in the fixed bed have
generally a particle size of 2 to 10 mm and are In a cylindrical or
spherical form. Catalyst particles for use in the fluidized bed have
generally a particle size of 10 to 150 [err]. 35      The catalyst of the
present invention is suitable for use in the oxidation reactions of organic
compounds, that is, oxidation reactions, ammoxidation reactions and
oxidative dehydrogenation reactions, and particularly ammoxidation
reactions of olefinic hydrocarbons or alcohols. Examples of the organic
compounds which can be subjected to these reactions include propylene,
isobu- tene, methanol, methylal, dimethyl ether, tertiary butanol, methyl
tert-butyl ether, butene, acrolein, methacro- 40  lein, formaldehyde and
acetaldehyde. The corresponding aldehydes, nitriles and dienes can be
obtained In high yields. For example, acrolein can be obtained by the
oxidation of propylene. Methacrolein can be obtained by the oxidation of
isobutene ortert-butanol. Prussic acid can be obtained by the ammoxidation
of methanol. Acetonitrile can be obtained by the ammoxidation of ethanol.
Acrylonitrile can be obtained bythe ammoxidation of acrolein.
Methacrylonitrile can be obtained by the ammoxidation of methacrolein.
Acrylonitrile can be ob- 45  tained by the ammoxidation of propylene.
Methacrylonitrile can be obtained by the ammoxidation of isobutene or
tert-butanol. The ammoxidation of methyl tert-butyl ether gives
methacrylonitrile and prussic acid. Buta- diene can be produced by the
oxidative dehydrogenation reaction of butene. Further, acrylonitrile and
prussic acid can be simultaneously produced by the coammoxidation of propy-
lene and methanol. Methacrylonitrile and prussic acid can be simultaneously
produced bythe coammoxidation 50  of isobutene and methanol. These
reactions can be carried out under conventional conditions. A mixed gas
comprising 1 to 50% by volume of a starting organic compound and 1 to 50%
by volume of oxygen is reacted at a temperature of 250 to [err] under a
pressure of from atmospheric pressure to 5 atm. When the ammoxidation
reaction is carried out, the starting mixed gas contains further 1 to 50%
by volume of ammonia in addition to the starting organic 



55  compound and oxygen. Contact time is 0.1 to 20 seconds. The reaction
can be carried out either In the fixed bed or in the fluidized bed. When
conventional iron-antimony-containing oxide catalysts for use in the
oxidation, ammoxidation and oxidative dehydrogenation reactions of the
organic compounds contain a large amount of the molybdenum component,
catalyst activity is lowered, while according to the present Invention, the
iron-antimony-containing 6    EP 0 475 351 B1 catalyst composition
containing a relatively large amount of the molybdenum component and having
good ac- tivity as well as good physical properties can be provided, and
the catalyst composition can be produced with good reproducibility. 5
The catalyst composition of the present invention gives the desired
products at high selectivity and high reaction rate even when the molar
ratio of oxygen the starting organic compound in the feed gas is low, that
is, the concentration of the starting organic compound is increased.
Accordingly, the catalyst composition of the present invention exhibits
high productivity in the industrial practical use. The present invention is
now illustrated in greater detail with reference to the following examples
which, 10  however, are not to be construed as limiting the invention in
any way. EXAMPLE 1 A catalyst having the empirical formula [err]    was
prepared in 15  the following manner (Catalyst 1). Preparation of Slurry
(A) 930.5 g of nitric acid (specific gravity: 1.38) was mixed with 843 ml
of water, the mixture was heated and 20 104.7 g of electrolytic iron powder
was added portionwise thereto to dissolve it. 324.4 g of antimony trioxide
powder was weighed and added to the nitric solution of iron prepared above.
The resulting slurry was heated at [err] for 2 hours while stirring well.
The solid in the slurry was examined by X-ray diffractometry and it was
found that crystalline Iron antimonate was formed. Asolution of 10.2 g of
boric acid in 194 ml of waterwas added to the slurry with stirring, and 8.9
g of an 85 wt% aqueous solution of phosphoric acid was then added 25
thereto. The thus-obtained slurry was spray-dried by using a rotary disc
type spray drier (inlet temperature and outlet temperature were controlled
to 320C and [err], respectively). The resulting particles were heat-
treated at [err] and calcined at [err] for 3 hours. 400 g of the calcined
particles was added to 600 ml of water and crushed in a bell mill for 16
hours to prepare an aqueous slurry (40 wt%). The resulting crystalline iron
antimonate-containing slurry is referred to as slurry (A). 30 Preparation
of Slurry (B) 3.3 g of an 85wt% aqueous solution of phosphoric acid was
added to 1,915 g of 20 wt% silica sol.Asolution of 212.5 g of ammonium
paramolybdate dissolved in 640 ml of water was added to the above solution
with 35  stirring. Subsequently, a solution of 210.1 g of nickel nitrate in
210 ml of water, a solution of 87.6 g of iron nitrate in 88 ml of water, a
solution of 2.9 g of potassium nitrate in 14.5 ml of water and a solution
of 105.2 g of bismuth nitrate in 105 ml of 10 wt% nitric acid in order were
added thereto. The pH of the resulting slurry was 0.9. The slurry was
heat-treated under reflux at  [err] for 1 hour. The resulting slurry is
referred to as slurry (B). 831.1 g of the crystalline iron
antimonate-containing slurry (A) was added to the above slurry (B) with 



40  stirring. The mixture was spray-dried by using a rotary disc type spray
drier (inlet temperature and outlet tem- perature were controlled to [err]
and [err], respectively). The resulting particles were heat-treated at
250C, calcined at [err] for 2 hours and finally calcined at [err] for 3
hours. The crystallite size of iron antimonate in the catalyst was 581 A.
45  EXAMPLE 2 Acatalyst having the same composition as that of the catalyst
1 was prepared in the same manner as In Example 1 except that aqueous
ammonia (15wt%) was added to the slurry (B) before heat treatment to adjust
the pH thereof to 9.5 (Catalyst 2). 50 EXAMPLE 3 Acatalyst having the
empirical formula   [err]  was prepared in the following manner (Catalyst
3). 55      An aqueous slurry (40 wt%) containing crystalline iron
antimonate and phosphorus was prepared in the same manner as in the
preparation of the slurry (A) of Example 1 except that the calcination of
the particles was carried out at [err] for 3 hours. A slurry containing the
molybdenum, phosphorus, bismuth, potassium, nickel, iron and magnesium
components and silica sol was prepared In the same manner as in the
preparation of the slurry (B) of Example 2. The slurry was mixed with the
above crystalline iron antimonate-containing 7    EP 0 475 351 B1 slurry.
The desired catalyst was prepared according to the method of the
preparation of Example 1. EXAMPLE 4 5 A catalyst having the empirical
formula [err]  was prepared in the following manner (Catalyst 4).
Preparation of Slurry (A) 10 A mixture of 838.1 g of nitric acid (specific
gravity: 1.38) with 759 ml of water, a solution of 94.3 g of elec- trolytic
iron powder, 730.1 g of antimonytrioxide powder and 12.3 g of boricacid in
234 ml of water and a solution obtained by dissolving 76 g of elemental
tellurium powder in 259 ml of 35 wt% hydrogen peroxide solution with
heating were prepared. An aqueous slurry (40 wt%) containing crystalline
Iron antimonate was prepared in the 15  same manner as in the preparation
of the slurry (A) of Example 1 except that the calcination of the particles
was carried out at [err] for 3 hours. Preparation of Slurry (B) 20
Asolution of 150.5 g of ammonium paramolybdate in 452 ml of waterwas added
to 1,356 g of 20 wt% silica sol with stirring. Subsequently, a solution of
13.1 g of ammonium paratungstate In 262 ml of water, a solution of 163.7 g
of nickel nitrate in 164 ml of water, a solution of 62.0 g of iron nitrate
in 62 ml of water, a solution of 2.0 g of potassium nitrate in 10 ml of
water and a solution of 74.5 g of bismuth nitrate in 74.5 ml of 10 wt%
nitric acid in order were added thereto. 24 g of citric acid was dissolved
In the resulting solution, and aqueous 25  ammonia (15 wt%) was added
thereto to adjust the pH of the slurry to 9.0. The slurry was heat-treated
under reflux at [err] for 1 hour. 



To the slurry (B) was added 1,313.1 g of the above crystalline iron
antimonate-containing slurry (A) with stirring, and the resulting slurrywas
dried and calcined according to the method of the preparation of Example 1.
30 EXAMPLE 5 A catalyst having the empirical formula [err]  was pre- pared
in the following manner (Catalyst 5). 35      An aqueous slurry (40 wt%)
containing crystalline iron antimonate was prepared In the same manner as
in the preparation of the slurry (A) of Example 1. A slurry containing the
molybdenum, cobalt, manganese, chromium, iron, potassium, cesium and
bismuth components, silica sol and citric acid was prepared in the same
manner as in the preparation of the slurry (B) of Example 4. The slurry was
mixed with the above crystalline iron antimonate-containing slurry, and the
desired catalyst was prepared according to the method of Example 40  1.
EXAMPLE 6 A catalyst having the empirical formula [err] was prepared 45  in
the following manner (Catalyst 6). An aqueous slurry (40 wt%) containing
crystalline iron antimonate, lithium and a small amount of molyb- denum was
prepared in the same manner as in the preparation of the slurry (A) of
Example 1 except that the calcination of the particles was carried out at
[err] for 3 hours. A slurry containing the molybdenum, vana- dium, nickel,
lanthanum, iron, potassium and bismuth components, silica sol and citric
acid was prepared in 50  the same manner as in the preparation of the
slurry (B) of Example 4. The slurry was mixed with the above crystalline
iron antimonate-containing slurry, and the desired catalyst was prepared
according to the method of Example 1. EXAMPLE 7 55 A catalyst having the
empirical formula [err] was prepared in the following manner (Catalyst 7).
An aqueous slurry (40 wt%) containing crystalline iron antimonate and
cobalt was prepared in the same manner as in Example 1. A slurry containing
the molybdenum, nickel, iron, potassium, palladium and bismuth 8    EP 0
475 351 B1 components and silica sol was prepared in the same manner as in
the preparation of the slurry (B) of Example 4 except that the pH of the
slurry was 8.5 before heat treatment. The slurry was mixed with the above
crys- talline iron antimonate-containing slurry, and the desired catalyst
was prepared according to the method of 5   Example 1. EXAMPLE 8 A catalyst
having the empirical formula [err] was prepared In 10  the following manner
(Catalyst 8). Preparation of Slurry (A) 1,168.3 9 of nitric acid (specific
gravity: 1.38) was mixed with 1,058 ml of water, the mixture was heated 



15 and 131.5 g of electrolytic iron powderwas added portionwise thereto to
dissolve it. 692.4g of antimonytrioxide powder was weighed and added to the
above nitric acid solution of iron. The mixture was heated at [err] for 2
hours while stirring well. To the resulting slurry were added a solution of
52.0 g of ammonium paramolybdate In 156 ml of water, a solution obtained by
dissolving 58.3 g of elemental tellurium powder in 193 ml of 35 wt%
hydrogen peroxide solution with heating, and a solution of 218.5 g of
bismuth nitrate in 219 ml of 10 wt% nitric 20  acid in order. The resulting
slurrywas dried, calcined and crushed according to the method of Example I
except that the calcination was carried out at [err] for 3 hours. There was
obtained an aqueous slurry (40 wt%) con- taining crystalline iron
antimonate. Preparation of Slurry (B) 25 A solution of 190.9 g of ammonium
paramolybdate dissolved In 573 ml of water was added to 769.5 g of 20 wt%
silica sol. Subsequently, a solution of 202.7 g of nickel nitrate in 205 ml
of water, a solution of 17.3 9 of zinc nitrate in 18 ml of water, a
solution of 6.9 g of potassium nitrate in 35 ml of water and a solution of
84.5 g of bismuth nitrate in 85 ml of 10 wt% nitric acid in order were
added thereto. 16.5 g of tartaric acid was dis- 30  solved in the resulting
slurry, and ammonia water was added thereto to adjust pH to 8.5. The slurry
was heat- treated under reflux at [err] for 1 hour. To the slurry were
added a solution of 11 g of citric acid and 46.9 g of iron nitrate in 58 ml
of water, and 769.5 g of 20 wt% silica sol. To the resulting slurry (B) was
added 1,149.5 g of the above crystalline iron antimonate-containing slurry
(A) with stirring. The resulting slurry was dried and calcined in the same
manner as in Example 1. 35 EXAMPLE 9 Acatalyst having the empirical formula
[err] prepared In the following manner (Catalyst 9). 40      An aqueous
slurry (40 wt%) containing crystalline iron antimonate, titanium and
phosphorus was prepared in the same manner as in the preparation of the
slurry (A) of Example 1 except that the calcination of the par- tides was
carried out in a nitrogen atmosphere at 850C for 3 hours. Aslurry
containing the molybdenum, nick- el, zirconium, Iron, potassium and bismuth
components, silica sol and gluconic acid was prepared in the same manner as
in the preparation of the slurry (B) of Example 8. The slurry was mixed
with the above crystalline 45  iron antimonate-containing slurry. The
desired catalyst was prepared according to the method of Example 1. EXAMPLE
10 A catalyst having the empirical formula [err]  was pre- 50  pared in the
following manner (Catalyst 10). An aqueous slurry (40 wt%) containing
crystalline iron antimonate, potassium and copper was prepared in the same
manner as in the preparation of the slurry (A) of Example 1 except that the
calcination of the par- ticles was carried out in a steam atmosphere at
[err] for 3 hours. Aslurry containing the molybdenum, nickel, iron,
potassium, sodium, bismuth and niobium components, gluconic acid and silica
sol was prepared in the 55  same manneras in the preparation of the slurry
(B) of Example 8. The slurry was mixed with the above crys- talline iron
antimonate-containing slurry, and the desired catalyst was prepared
according to the method of Example 1. 9    



EP 0 475 351 B1 EXAMPLE 11 Acatalyst having the empirical formula [err] was
prepared in the follow- 5   ing manner (Catalyst 11). An aqueous slurry (40
wt%) containing crystalline iron antimonate was prepared in the same manner
as in the preparation of the slurry (A) of Example 1 except that the
calcination of the particles was carried out at 1,000C for 3 hours. Aslurry
containing the molybdenum, nickel, potassium and iron components, citric
acid, gluconic acid and silica sol was prepared in the same manner as in
the preparation of the slurry (B) of Example 10  4 except that the bismuth
component was added to the slurry after heat treatment. The slurry was
mixed with the above crystalline iron antimonate-containing slurry, and the
desired catalyst was prepared according to the method of Example 1. EXAMPLE
12 15 Acatalyst having the empirical formula [err] was prepared in the
following manner (Catalyst 12). Preparation of Slurry (A) 20 104.1 g of
iron trioxide and 380.1 g of antimony trioxide were weighed and thoroughly
mixed in a mixer. The mixture was calcined at [err] in a muffle furnace for
2 hours. The calcined product was crushed and an aqueous slurry (40 wt%)
containing crystalline iron antimonate was prepared in the same manner as
in Ex- ample 1. 25 Preparation of Slurry (B) A solution of 202.5 g of
ammonium paramolybdate in 608 ml of water was added to 861.4 g of 20%
silica sol with stirring. Subsequently, a solution of 208 g of nickel
nitrate in 208 ml of water and a solution of 0.94 g 30  of rubidium nitrate
and 8.4 g of potassium nitrate in 37 ml of water in order were added
thereto. 24.8 g of citric add was dissolved in the resulting slurry, and
aqueous ammonia (15 wt%) was added thereto to adjust the pH of the slurry
to 9.5. The slurry was heat-treated underrefluxat [err] for 1 hour. To the
solution were added a solution of 131.3 g of iron nitrate and 28 g of
citric acid In 260 ml of 15% aqueous ammonia (15 wt%), a solution of 63.1 g
of bismuth nitrate in 63 ml of 10% nitric acid and 861.4 g of 20% silica
sol. 35      To the slurry (B) was added 963.7 g of the above crystalline
Iron antimonate-containing slurry (A) with stirring, and the slurry was
dried and calcined according to the method of Example 1. EXAMPLE 13 40
A catalyst having the empirical formula [err]  was prepared in the
following manner (Catalyst 13). An aqueous slurry (40 wt%) containing
crystalline iron antimonate, phosphorus and boron was prepared in the same
manner as in the preparation of the slurry (A) of Example 1. Aslurry
containing the molybdenum, tungsten, nickel, potassium, iron and bismuth
components, citric acid and silica sol was prepared in the same 45  manner
as in the preparation of the slurry (B) of Example 12 except that the pH of
the slurry was 9.0 before heat treatment The slurry was mixed with the
above crystalline Iron antimonate-containing slurry, and the desired
catalyst was prepared according to the method of Example 1. EXAMPLE 14 50 



A catalyst having the empirical formula [err]   was prepared in the fol-
lowing manner (Catalyst 14). An aqueous slurry (40 wt%) containing
crystalline iron antimonate and phosphorus was prepared in the same manner
as In the preparation of the slurry (A) of Example 1. Aslurry containing
the molybdenum, tung- 55  sten, phosphorus, iron, potassium and bismuth
components, citric acid and silica sol was prepared in the same manner as
in the preparation of the slurry (B) of Example 8 except that the pH of the
slurry was 9.0 before heat treatment, and the bismuth component was added
to the slurry afterheattreatment. The slurry was mixed with the above
crystalline iron antimonate-containing slurry, and the desired catalyst was
prepared according to the method of Example 1. 10    EP 0 475 351 B1
COMPARATIVE EXAMPLE 1 A catalyst having the same composition as that of the
catalyst 1 was prepared In the following manner 5   (Comparative Catalyst
1-1). To 1,915 g of 20 wt% silica sol were added 9.0 g of an 85 wt% aqueous
solution of phosphoric acid and a solution of 6.6 g of boric acid in 125 ml
of water. A solution of 212.5 g of ammonium paramolybdate in 640 ml of
water was added to the resulting solution with stirring. Subsequently, a
solution of 210.1 g of nickel nitrate in 210 ml of water, a solution of
583.9 g of iron nitrate In 584 ml of water, a solution of 2.9 g of
potassium nitrate 10  in 14.5 ml of water and a solution of 105.2 g of
bismuth nitrate in 105 ml of 10 wt% nitric acid in order were added
thereto. Finally, 208.5 g of antimony trioxide was weighed and added
thereto while stirring well. The slurry was dried and calcined according to
the method of the preparation of the catalyst 1. The catalyst was examined
by X-ray diffractometry, and it was found that crystalline iron antimonate
was not formed. A catalyst having the same composition as that of the
catalyst 1 was prepared in the same manner as in 15  the preparation of the
catalyst 1 except that the calcination of the particles In the preparation
of the slurry (A) was carried out at [err] (Comparative Catalyst 1-2).
COMPARATIVE EXAMPLE 2 20      Acatalyst having the empirical formula [err]
was prepared in the same manner as In Example 1 except that the amount of
the raw material used for the antimony component was 112.5 of that used in
the preparation of the catalyst 1 (Comparative Catalyst 2). COMPARATIVE
EXAMPLE 3 25 A catalyst having the empirical formula [err] was prepared in
the same manner as in Example 4 except that the amount of the raw material
used for the antimony com- ponent was 2.8 times that used in the
preparation of the catalyst 4 (Comparative Catalyst 3). 30  COMPARATIVE
EXAMPLE 4 A catalyst having the empirical formula [err] was pre- pared in
the same manneras in Example 5 exceptthatthe amountof the raw material used
forthe molybdenum component was 1/2 of that used in the preparation of the
catalyst 5 (Comparative Catalyst 4). 35 COMPARATIVE EXAMPLE 5 



Acatalyst having the empirical formula [err] prepared in the same manner as
in Example 6 except that the amount of the raw material used for the
molybdenum 40  componentwas 3.08 times that used in the preparation of the
slurry (B) of the catalyst 6 (Comparative Catalyst 5). COMPARATIVE EXAMPLE
6 45      A catalyst having the empirical formula [err] was prepared in the
same manner as in Example 7 except that the bismuth component was omitted
(Comparative Catalyst 6). COMPARATIVE EXAMPLE 7 50      A catalyst having
the empirical formula [err] was prepared in the same manner as in Example 8
except that the raw materials for the bismuth component and the tellurium
component were used In the amounts of 3 times and 4 times those used in the
preparation of catalyst 8, re- spectively, (Comparative Catalyst 7). 55
COMPARATIVE EXAMPLE 8 A catalyst having the empirical formula [err]    was
prepared in the same manner as in Example 9 except that the potassium
component was not used (Comparative Catalyst 8).    EP 0 475 351 B1
COMPARATIVE EXAMPLE 9 A catalyst having the empirical formula [err]  was
prepared in the 5   same manner as in Example 2 except that sodium was used
in place of potassium (Comparative Catalyst 9). COMPARATIVE EXAMPLE 10 A
catalyst having the empirical formula [err] was prepared in the 10  same
manner as in Example 10 except that sodium was used In place of potassium
(Comparative Catalyst 10). COMPARATIVE EXAMPLE 11 A catalyst having the
empirical formula [err] was pre- 15  pared in the same manneras in Example
10 exceptthat the amount of the raw material used for the potassium
component was 4 times that used in the preparation of the catalyst 10
(Comparative Catalyst 11). COMPARATIVE EXAMPLE 12 20      A catalyst
composed of a catalytic component represented by the empirical formula
[err] and a carrier component of 45 wt% [err] was prepared as a fluidized
bed catalyst according to the method described in Example 9 of
JP-A-56-97550 (corresponding to Example 12 of European Patent 32,618B)
(Com- parative Catalyst 12). 25   COMPARATIVE EXAMPLE 13 A catalyst having
the empirical formula [err]  was prepared as a fluidized bed catalyst
according to the method described in Example 8 of JP-A-57-114560
(Comparative Catalyst 13). 30   COMPARATIVE EXAMPLE 14 A catalyst having
the empirical formula [err] was prepared according to the method of the
preparation of the catalyst 12 described in JP-B-53-18014 (corresponding to
catalyst 12 of U.S. Patents 3,988,359 and 4,083,804) (Comparative Catalyst
14). 35      The activity of the above described catalysts together with
catalyst compositions, final calcination condi- 



tions, the crystallite size of iron antimonate and activity test conditions
Is shown in Tables 1 to 3. The activity tests of the catalysts obtained in
Examples 1 to 14 and Comparative Examples 1 to 14 were carried out in the
following manner. 40  Test for Activity of Catalyst A fluidized bed reactor
(the inner diameter of the fluidized zone of the catalyst being 2.5 cm
[err] and the height thereof being 40 cm) was packed with a catalyst.
Propylene, methanol or tert-butanol was used as the starting compound, and
the oxidation orammoxidation reaction of the starting compound was carried
out under 45  predetermined conditions. The activity of each catalyst was
evaluated from the yield of the desired product, the conversion of the
starting compound and the selectivity of the desired product determined by
the following definitions. Yield (%) of desired product = Weight (g) of
carbon in desired product formed Weight (g) of carbon in starting compound
fed 50    Conversion (%) of starting compound = Weight (g) of carbon in
starting compound consumed by reaction Weight (g) of carbon in starting
compoundfed Selectivity (%) of desired product =  Weight (g) of carbon in
desired productformed Weight (g) of carbon in starting compound consumed by
reaction Reaction conditions were as follows, reaction pressure was
atmospheric pressure, and linear velocity of 55 the gas mixture of the
starting materials was 3 cm/sec under the reaction condition. (1)
Ammoxidation of Propylene Oxygen (fed as air)/propylene = 1.95 (by mol)
Ammonia/propylene = 1.20 (by mol) (2) Oxidation of Propylene 12    EP 0 475
351 B1 Oxygen (fed as air)/propylene = 1.53 (by mol) Water/propylene = 1.7
(by mol) (3) Ammoxidation of Methanol 5           Oxygen (fed as
air)/methanol = 1.6 (by mol) Ammonialmethanol = 1.1 (by mol) (4) Oxidation
of Methanol Oxygen (fed as air)/methanol = 1.6 (by mol) (5) Ammoxidation of
tert-Butanol 10           Oxygen (fed as air)/tert-butanol = 2.3 (by mol)
Ammonia/tert-butanol = 1.2 (by mol) Water/tert-butanol = 0.5 (by mol) (6)
Oxidation of tert-Butanol Oxygen (fed as air)/tert-butanol = 2.0 (by mol)
15           Water/tert-butanol = 0.5 (by mol) 20 26 



30 35 40 45 50 55 13    EP 0 475 351 B1 [ERR]    EP 0 475 351 B1 [ERR] 20
26    EP 0 475 351 B1 [ERR]    EP 0 475 351 B1 [ERR] 20    EP 0 475 351 B1
[ERR]    EP 0 475 351 B1 Comparative catalysts 1-1 and 1-2 had the same
composition as that of the catalyst of the present Inven- tion, but these
catalysts are outside the scope of the present invention, because either
the presence of crys- talline iron antimonate is notfound, or the size of
iron antimonate is smallerthan that of the present invention. 5
Comparative catalysts 2 to 7 and 11 show the embodiments wherein the ratio
of the Sb component, the 



Mo component or the L component is outside the scope of the present
invention. The yields are reduced when these catalysts are used.
Comparative catalysts 8 to 10  show the embodiments wherein the K component
is omitted or the Na com- ponent Is used In place of the K component. The
yields are reduced by about 4 or 5% when these catalysts 10  are used.
Comparative catalyst 12 (catalyst of Example 9 of JP-A-56-97550),
comparative catalysts 13 (catalyst of Example 8 of JP-A-57-114560) and
comparative catalyst 14 (catalyst 12 of JP-B-53-18014) show the embodi-
ments wherein the K component is omitted, and these catalysts are prepared
for the purpose of comparison with the catalysts of the present invention.
15      Further, it is apparent that the catalysts of the present invention
give good results in the oxidation of pro- pylene, in the oxidation
orammoxidation of methanol and in the oxidation orammoxidation of
tert-butanol (see, Table 3) In addition to the ammoxidation of propylene.
20  Claims 1. An iron-antimony-molybdenum-containing oxide catalyst
composition for oxidation reactions, comprising a crystalline iron
antimonate having a crystallite size of 100 A or more, said catalyst being
represented by the following empirical formula: 25
[err] wherein L represents at least one element selected from the group
consisting of Bi and Te; M represents at least one element selected from
the group consisting of Cu, Mg, Zn, La, Ce, Al, Cr, Mn, Co, Ni and Sn; N
represents at least one element selected from the group consisting of Be,
Ca, Sr, Ba, Y, Pr, Nd, Th, U, Ti, Zr, Hf, Nb, Ta, Re, Ru, Os, Rh, Ir, Pd,
Pt, Ag, Au, Cd, Al, Ga, In, Ge and Pb; Q represents at least one 30
element selected from the group consisting of V and W; R represents at
least one element selected from the group consisting of Li, Na, Rb, Cs and
Tl; T represents at least one element selected from the group consisting of
B, P, As and Se; a, b, c, d, e, m, n, q, r, t and x each Is an atomic
ratio, wherein when a Is 10, b is 5 to 60, c is5 to 30, d is 0.01 to 10, e
is 0.01 to 5, m is 0 to 30, n is 0 to 10, q is 0 to 5, r is 0 to 3, t is 0
to 5, and x is a number of oxygen atoms as determined corresponding to the
oxides formed by com- 35      bining the above mentioned components. 2.
The catalyst composition as claimed in claim 1, wherein the crystallite
size of iron antimonate In the cat- alyst is not smaller than 200 A. 40  3.
The catalyst composition as claimed in claim 1, wherein M represents at
least one element selected from the group consisting of Mg, Zn, Ce, Cr, Mn,
Co and Ni; N represents at least one element selected from the group
consisting of Ti, Zr, Nb, Pd, Ag, Ge and Pb; R represents at least one
element selected from the group consisting of Li, Na and Cs; and T
represents B and/or P. 45   4. The catalyst composition as claimed in claim
1, wherein the ratio of the components In the catalyst com- position is
such that when a is 10, b Is 6 to 30, c is 6 to 20, d is 0.1 to 8, e is
0.02 to 2, m is 0 to 20, n is 0 to 5, q is 0 to 4, r Is 0 to 2.5 and t is 0
to 4. 5. The catalyst composition as claimed in claim 1, wherein the atomic
ratio of P/Fe is not higher than 0.3 when P is employed as T component 6.
The catalyst composition as claimed in claim 1, wherein said oxide catalyst
is supported on a carrier. 7. A process for preparing an
iron-antimony-molybdenum-containing oxide catalyst composition foroxidation
reactions, comprising a crystalline iron antimonate having a crystallite
size of 100 A or more, said catalyst 55       being represented by the
following empirical formula: [err] 



wherein L represents at least one element selected from the group
consisting of Bi and Te; M represents at least one element selected from
the group consisting of Cu, Mg, Zn, La, Ce, Al, Cr, Mn, Co, Ni and Sn; N
represents at least one element selected from the group consisting of Be,
Ca, Sr, Ba, Y, Pr, Nd, Th, U, 19    EP 0 475 351 B1 Comparative catalysts
1-1 and 1-2 had the same composition as that of the catalyst of the present
inven- tion, but these catalysts are outside the scope of the present
invention, because either the presence of crys- talline iron antimonate is
not found, or the size of Iron antimonate is smaller than that of the
present invention. 5      Comparative catalysts 2 to 7 and 11 show the
embodiments wherein the ratio of the Sb component, the Mo component or the
L component is outside the scope of the present invention. The yields are
reduced when these catalysts are used. Comparative catalysts 8 to 10 show
the embodiments wherein the K component is omitted or the Na com- ponent is
used in place of the K component. The yields are reduced by about 4 or 5%
when these catalysts 10  are used. Comparative catalyst 12 (catalyst of
Example 9 of JP-A-56-97550), comparative catalysts 13 (catalyst of Example
8 of JP-A-57-114560) and comparative catalyst 14 (catalyst 12 of
JP-B-53-18014) show the embodi- ments wherein the K component is omitted,
and these catalysts are prepared for the purpose of comparison with the
catalysts of the present invention. 15      Further, it is apparent that
the catalysts of the present invention give good results in the oxidation
of pro- pylene, in the oxidation or ammoxidation of methanol and in the
oxidation or ammoxidation of tert-butanol (see, Table 3) in addition to the
ammoxidation of propylene. 20   Claims 1. An
iron-antimony-molybdenum-containing oxide catalyst composition for
oxidation reactions, comprising a crystalline iron antimonate having a
crystallite size of 100 A or more, said catalyst being represented by the
following empirical formula: 25                                    [err]
wherein L represents at least one element selected from the group
consisting of Bi and Te; M represents at least one element selected from
the group consisting of Cu, Mg, Zn, La, Ce, Al, Cr, Mn, Co, Ni and Sn; N
represents at least one element selected from the group consisting of Be,
Ca, Sr, Ba, Y, Pr, Nd, Th, U, Ti, Zr, Hf, Nb, Ta, Re, Ru, Os, Rh, Ir, Pd,
Pt, Ag, Au, Cd, Al, Ga, In, Ge and Pb; Q represents at least one 30
element selected from the group consisting of V and W; R represents at
least one element selected from the group consisting of Li, Na, Rb, Cs and
Tl; T represents at least one element selected from the group consisting of
B, P. As and Se; a, b, c, d, e, m, n, q, r, t and x each is an atomic
ratio, wherein when a is 10, b is 5 to 60, c is 5 to 30, d is 0.01 to 10, e
is 0.01 to 5, m is 0 to 30, n is 0 to 10, q is 0 to 5, r is 0 to 3, t is 0
to 5, and x is a number of oxygen atoms as determined corresponding to the
oxides formed by com- 35       bining the above mentioned components. 2.
The catalyst composition as claimed in claim 1, wherein the crystallite
size of iron antimonate in the cat- alyst is not smaller than 200 A. 40  3.
The catalyst composition as claimed In claim 1, wherein M represents at
least one element selected from the group consisting of Mg, Zn, Ce, Cr, Mn,
Co and Ni; N represents at least one element selected from 



the group consisting of Ti, Zr, Nb, Pd, Ag, Ge and Pb; R represents at
least one element selected from the group consisting of Li, Na and Cs; and
T represents B and/or P. 45  4. The catalyst composition as claimed in
claim 1, wherein the ratio of the components in the catalyst com- position
is such that when a is 10, b is 6 to 30, c is 6 to 20, d is 0.1 to 8, e is
0.02 to 2, m is 0 to 20, n is 0 to 5, q is 0 to 4, r is 0 to 2.5 and t Is 0
to 4. 5.  The catalyst composition as claimed in claim 1, wherein the
atomic ratio of P/Fe Is not higher than 0.3 when P Is employed as T
component. 50 6. The catalyst composition as claimed in claim 1, wherein
said oxide catalyst is supported on a carrier. 7. A process for preparing
an iron-antimony-molybdenum-containing oxide catalyst composition for
oxidation reactions, comprising a crystalline iron antimonate having a
crystallite size of 100 [err] or more, said catalyst 55       being
represented by the following empirical formula: [err] wherein L represents
at least one element selected from the group consisting of Bi and Te; M
represents at least one element selected from the group consisting of Cu,
Mg, Zn, La, Ce, Al, Cr, Mn, Co, Ni and Sn; N represents at least one
element selected from the group consisting of Be, Ca, Sr, Ba, Y, Pr, Nd,
Th, U, 19    EP 0 475 351 B1 Ti, Zr, Hf, Nb, Ta, Re, Ru, Os, Rh, Ir, Pd,
Pt, Ag, Au, Cd, Al, Ga, In, Ge and Pb; Q represents at least one element
selected from the group consisting of V and W; R represents at least one
element selected from the group consisting of Li, Na, Rb, Cs and Tl; T
represents at least one element selected from the group 5       consisting
of B, P, As and Se; a, b, c, d, e, m, n, q, r, t and x each is an atomic
ratio, wherein when a is 10,b is 5 to 60,cis 5 to 30,dis 0.01 to 10, e is
0.01 to 5, m is 0 to 30,n is 0 to 10,q is 0 to 5,r is 0 to 3, t is 0 to 5,
and x is a number of oxygen atoms as determined corresponding to the oxides
formed by com- bining the above mentioned components, which comprises
preparing an aqueous slurry containing (i) iron antimonate, (ii)
molybdenum, (iii) at least one element selected from the group consisting
of bismuth and 10     tellurium, and (iv) potassium as principal components
or an aqueous slurry containing said principal com- ponents [(i), (ii),
(iii) and (iv)] and (v) at least one element selected from the gorup
consisting of catalytic components represented by M, N, Q, R and T in the
above described empirical formula; drying said aqu- eous slurry; and
calcining the dried product. 15  8. The process as claimed in claim 7,
wherein said aqueous slurry contains a raw material for the carrier
component. 9. The process as claimed in claim 7, wherein the pH of said
aqueous slurry Is adjusted to not higher than S. 20  10. The process as
claimed in claim 7, wherein the pH of said aqueous slurry is adjusted to
not lower than 7. 11. The process as claimed in claim 7, wherein the pH of
said aqueous slurry is adjusted to not lower than 6 and said aqueous slurry
contains a chelating agent. 25 12. The process as claimed in claim 7,
wherein the pH of said aqueous slurry is adjusted to not lower than 



6 and said aqueous slurry contains a chelating agent and an iron compound.
30  Patentansprflche 1. Eisen-Antimon-MolybdAn-haltige
Oxidicataiysatorzusammensetzung fOr Oxidationsreaidionen, die eln
krlstallilnes Eisenantimonat mit ener Kristallitgrsae von 100 A oder mehr
enthalt, wobel der Katalysator durch die nachsathende Summenformel
wiedergegeben wird: 36
FeaSbbMocd."MmNnQqRrTtOx worin L mindestens ein Element bedeutet, das aus
der Gruppe Bi und Te ausgewihlt Ist M mindestens eln Element bedeutet, das
aus der Gruppe Cu, Mg, Zn, La, Ce, Al, Cr, Mn, Co, Ni und Sn ausgewAhit lst
N mindestens ein Element bedeutet, das aus der Gruppe Be, Ca, Sr, Ba, Y,
Pr, Nd, Th, U, TI, Zr, Hf, Nb, Ta, Re, Ru, Os, Rh, Ir, Pd, Pt, Ag, Au, Cd,
Al, Ga, In, Ge und Pb ausgewahit bst Q mindestens eln Element 40
bedeutet, das aus der Gruppe V und W ausgewahIt ist; R mindestens ein
Element bedeutet, das aus der K>           Gruppe Li, Na, Rb, Cs und Ti
ausgawihit ist; T mindestens ain Element bedeutet, das aus der Gruppe B, P.
As und Se ausgewahit ist; a, b, c, d, e, m, n, q, r, t und xjeweils aln
Atomverhaltnis bedeuten, wobei, wenn a den Wert 10 hat, b elnen Wert von 5
bis 60 hat, c eanen Wert von 5 bis 30 hat, d einen Wert von 0,01 bis 10
hat, a enen Wert von 0,01 bis 5 hat, m eanen Wert von 0 bbs 30 hat, n einen
Wert von 0 bWs 45     110 hat, q aonen Wert von 0 bis 5 hat, r elnen Wert
von 0 bis 3 hat, t eanen Wert von 0 bis 5 hat und x die Anzahl der
Sauerstoffatome bt, die entsprechend den Oxiden, die durch Kombination
dervorstehend ge- nannten Komponenten gebildet warden, bestimmt wird. 2.
Katalysatorzusammensetzung nach Anspruch 1, worin die Kristallitgrdle des
Eisenantimonats im Kate- 50      Iysator nicht Idelner als 200 A ist. 3.
Katalysatorzusammensetzung nach Anspruch 1, worin M mindestens aim Element
badeutat das aus der Gruppe Mg, Zn, Ce, Cr, Mn, Co und Ni ausgewahit ist; N
mindestens ah Element bedeutbt, das aus der Gruppe Ti, Zr, Nb, Pd, Ag, Ge
und Pb ausgewihIt ist; R mindestens ain Element bedeutet, das aus der 55
Gruppe Li, Na und Cs ausgewahit lst; und T die Bedeutung B undloder P hat.
4. Katalysatorzusammensetzung nach Anspruch 1, worin das Verhaltnis der
Komponenten in der Katalysa- torzusammensetzung so gewihlt ist, daB, wenn a
den Wert 10 hat, b elnen Wert von 6 bis 30 hat, c ahen Wertvon 6 bis 20
hat, d eaen Wartvon 0,1 bis 8 hat, a eanen Wert von 0,02 bW 2 hat, m alnen
Wert von 20    EP 0 475 351 Bi              I II 111111 liii  liii A !II ;
*C   L  M   S* 0 bis 20 hat, n aeen Wart von 0 bli 5 hat, q einen Wert von
0 bis 4 hat, r einen Wert von 0 bis 2,5 hat und t einen Wert von 0 bis 4
hat. 6   S.  Katalysatorzusammensetzung nach Anspruch 1, worin des
Atomverhaltnis P/Fe nicht hoher als 0,3 Ist, wenn P ala T-Komponente
eingesetzt wird. 6. Katalysatorzusammensetzung nach Anspruch 1, worh sich
der Oxidikatalysator auf elnem TrAger befin- det '  7. Verfahren zur
Herstellung einer Eisen-Antimon-Molybdanhaltigen
Oxldcatalysatorzusammensetzung ifir Oxidationsreadtionen, die ain
kristallines Elsenantimonat mitelner Kristallitgrofe von 100 Aoder mehr
ant- hailt, wobsi der Katalysator durch die nachetehende Summenformel
wiedergegeben wird: FeaSbbMocLdK.MmNnQqRrTtOx 



worin L mindestens sin Element bedeutat, dis aus der Gruppe BI und To
ausgewahit ist; M mindestens sin Element bedeutet, des sue der Gruppe Cu,
Mg, Zn, La, Ce, Al, Cr, Mn, Co, Ni und Sn ausgewAhit ist, N mindestens ain
Element bedeutet, das aus der Gruppe Be, Ca, Sr, Ba, Y, Pr, Nd, Th, U, TI,
Zr, Hf, Nb, Ta, Re, Ru, Os, Rh, Ir, Pd, Pt, Ag, Au, Cd, Al, Ga, In, Ge und
Pb ausgewAhit Ist Q mindestens sin Element bedeutet, das aus der Gruppe V
und W ausgswahlt let; R mindesetns sin Element bedeutet, das aus der Gruppe
Li, Na, Rb, Cs und Ti ausgewihit let; T mindestens sin Element bedeutet,
das aue der Gruppe B. P, As und Se ausgewAhit ist, a, b, a, d, o, m, n, q,
r, t und xjewells sin Atonverhaltnis bedeuten, wobei, wenn a den Wart 10
hat, b elnen Wart von 5 bis 60 hat, c elnen Wart von 5 bMe 30 hat, d oinen
Wert von 0,01 bis 10 hat, a minen Wart von 0,01 bis 5 hat, m elnen Wert von
0 bis 30 hat, n einen Wert von 0 bis 10 hat, q eanen Wert von 0 bis 5 hat,
r a nen Wert von 0 bis 3 hat, t eanen Wert von 0 bis 5 hat und x die 26
Anzahl der Sauerstoffatome let, die entaprechend den Oxiden, die durch
Kombination dervorstehend ge- nannten Komponenten gebildet warden, bestimmt
wird, wobel das Verfahren die Herstellung eaner wA& rigen Aufschlammung,
die (I) Eisenantimonat, (ii) Molybdin, (1il) mindestens sin Element, das
sus der Gruppe Bismut und Tellur ausgewihIt let, und (Iv) Kalium als
Hauptbestandtefle enthilt, odor einer wi- rigen Aufschlimmung, die die
Hauptbestandtelle [Q), (ii3, (iii) und (iv)j und (v) mindestens sin
Element, so      die sue derGruppe derkatalytischen Komponenten, die durch
M, N, Q, R und T In dervorstehanden Sum- menformel wiedergegeben warden,
ausgewailt ist, enthilt; des Trocknen derwairigen Aufschlammung; und des
Cslcinieren des getrockneten Produkte umffelt 8. Verfahren nach Anspruch 7,
worin die wSrige Aufschlammung sin Rohmaterlal fRrdie Tragerkomponente
anthilt. 35 9. Verfahren nach Anspruch 7, worin der pH-Wert der wBrigen
Aufschlammung auf eonen Wert von nicht hoher als 5 eingestellt wird. 10.
Verfahren nach Anspruch 7, worin der pH-Wert der wAirigen AufachlAmmung auf
einen Wert von nicht 40      niedriger als 7 elngestellt wird. 11.
Verfahren nach Anspruch 7, worin der pH-Wert derwiSrigen Aufechlammung auf
elnen Wert nicht nied- riger als 6 singestellt wird und die wiBrige
AufachlAmmung sin chelatbildendes Mittel enthilt. 45  12. Verfahren nach
Anspruch 7, worin der pH-Wert der wilrlgen Aufschlammung auf einen Wert
nicht nied- riger als 6 elngestellt wird und die walrige Aufschlammung sin
chelatbildendes Mittel und eine Elsenver- bindung enthilt. 5D
Revendlcations 1. Une composition catalytique A base d'oxyde contenant du
ferandlmolne-molyhdine pour lea reactions d'oxydation, comprenant un
antimonbats de for cristallin ayant une taille de cristallite de 100 A ou
plus, ledit catalyseur etant represento par la formule empirique suivante
55                                    Fe.SbbMoAdK.MmNAQQRrTtOx dans
laquelle L repr6esente au mains un element chois dans le groups constitue
de Ba et Ta; M represente au mains un el6ment choisi dins Is groups
constftu6 de Cu, Mg, Zn, La,Ce, Al, Cr, Mn, Co, Ni et Sn ; N represente au
mons un o61ment cholbi dans Is groups constltue de Be, Ca, Sr, Ba, Y, Pr,
Nd, Th, U, Ti, Zr, Hf, Nb, Ta, Re, Ru, Os, Rh, Ir, Pd, Pt, Ag, Au, Cd, Al,
Ga, In, Ge at Pb; Q represente au mains un olement 21    
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groupe constitu6 de V et W; R repr6sentb au molns un M6ment choisi dans Is
groups cons- titue de Li, Na, Rb, Cs et Ti ; T repr6sente au mons un
6l6ment choisi dans Is groups constitu6 de B,. P As et Se; a, b, c, d, 9,
m, n, q, r, t et x sont chacun un rapport atomique, selon loquol, lorsque a
sat 6gal 5       A 10, b est 6gal A 5 A 60, c est 6gal A 5 A 30, d eat 6gal
a 0,01 A 10, e est 6gal a 0,01 a 5, m est 6gal a O A 30, n est6gal A  AO a
, q esst6gal a OA 5, rest 6gal A O a3, test6gal a Oa 5 etx estun nombre
d'atomes d'oxygens comma determine correspondant aux oxydes form6s par
combinalson des composants men- tionn6s precedemment. 10  2. La composition
catalytique salon la revendication 1, salon laquello la talfle de
cristallite de l'antimoniate de for dans ie catalyseur n'est pas Inferieure
A 200 A. 3.  La composition catalytique salon la revendication 1, salon
laqusle M reprisente au moins un 616ment chol- si dans le groups constitu6
de Mg, Zn, Ce, Cr, Mn, Co et Ni ; N repr6sente au moins un 616ment choisi
16      dans le groups constitu6 de Ti, Zr, Nb, Pd, Ag, Ge et Pb; R
reprbsente au moins un 6l6ment cholsi dans le groups constltu6 de U. Na et
Cs ; et T reprbsento B etlou P. 4.  La composition catalytique selon la
revendlcation 1, selon laqualle Is rapport des composants dans la
composition catalytique ost tolle quo, lorsque a est 6gal A 10, b est 6gal
a B A 30, c est 6gal a 8 A 20, d est 6gal A 0,1 A 8, a est 6gal A 0,02 A 2,
m ast 6gal A 0 A 20, n est 6gal A 0 A 5, q esat 6gal A 0 A 4, r eat 20
6galAOA2,5ettest6galA0A4. 5. La composition catalytique salon la
revendication 1, salon laquoile ie rapport atornique P/Fe n'est pas su-
perieur a 0,3 lorsque P est employe commo composant T. 25  6. La
composition catalytIque solon Ia revendication 1, solon laquollo ledit
catalyseur A base d'oxyde est sup- porte sur un support. 7. Un proc6de de
preparation d'une composition catalytique A base d'oxyde contenant du
for-antimolne-mo- lybdene pour lea r6actionsd'oxydation, comprenantun
antimoniatb defercristallin ayantune taille de cris- so      tallite de 100
A ou plus, ledit catalyseur 6tant repr6sente par la formulo empirique
suivant: FeaSbbM.LdK.MmNnQqRfTtOX dans laquelle L reprasente au molns un
616ment cholsi dans lo groups constitu6 de Bi et To; M repr6sente au moins
un el6ment choisl dans le groups constitu6 de Cu. Mg, Zn, La, C., Al, Cr,
Mn, Co, Ni et Sn; N repr6sents au molns un 616ment chois dans le groups
constitu6 de Be, Ca, Sr, Ba, Y, Pr, Nd, Th, U, Ti, 3s      Zr, Hf, Nb, Ta,
Re, Ru, Os, Rh, Ir, Pd. Pt, Ag, Au, Cd, Al, Go, In, Goet Pb; Q represente
au moins un 616ment chobis dans le groups constitu6 de V et W; R represente
au moins un el6ment choisi dans le groups cons- titu6 de Li, Na, Rb, Cs et
T ; T repr6sento au moins un 6i6ment choisi dans Is groups constltu6 de B,
P, As et Se ; a, b, c, d, a, m, n, q, r, t et x sont chacun un rapport
atomlque, solon lequel, loraque a est egal a 10, b est 6gal A 5 A 60, c est
egal a 5 A 30, d esat egal A 0,01 A 10, e est 6gal A 0,01 A 5, m est 6gal A
0 40      A 30, n ast 6gal A 0 a 10, q esat gal A 0 A 5, rest 6gal A 0 A 3,
t est 6gal a 0 A 5 etx est un nombre d'atomes d'oxygbne comme d6termin6
correspondant aux oxydes form6s par combinaison des composants men- tionnes
prcodeomment, qul comprend la preparation d'une boullie aqueuse contonant
(i) I'antimoniate de for, (11) le molybdene, (illQ au moins un 616ment
cholsi dans le groups constitu6 de bismuth et de toilure at (Iv) le
potassium comma composants principaux ou une boullie aqueuse contenant
lesdits composants 45      principaux [(i), (ii), (IN) et (iv3 et (v) au
molns un 6l6ment choisl dans le groups constitue de composants catalytiques
repr6sentes par M, N, Q, R et T dans la formulo empirique d6crite
pr6cedemment; le s6chage de ladite bouliloe aqueuse ; et la calcination du
produit s6che. 8. Le proc6 solon la revendicathon 7, solon laquelle ladito
bouihlie aquouse contbont une matlere premiere 



50      pour Is composant support. 9. Le procede solon Ia revendication 7,
solon laquolle le pH de Iadite boulille aquouse astajustee A une valeur non
superieure A 5. 10. Le proc6d6 solon Ia revendication 7, salon laquelle le
pH de ladite boullile aqueuse est ajuste a une valour non inf6noure A 7.
11. Le proc6de solon la revendication 7, solon laquolle le pH de ladite
bouille aqususe oet ajust6 a une valeur non inf6rloure A 6 et ladIte
bouliile aquewse contiont un agent ch6latant. 22    EP 0 475 351 B1
I B ll M        111111111111111 C   L   M4  S * 12. Lo proc6ft selon la
revondleation 7, solon laquollo Ia pH de la bouilhie aqueuso est ajust6 a
une valeur non Inffrieure a 6 et ladite bouglii aqueuse contient un agent
chilatant ot un compos6 du fer. 5 10 15 20 25 30 35 40 45 55 23    


