
EP0404529B1 Description This invention relates to a method of making a
metal oxide catalyst containing iron, antimony and phosphorus as essential
elements. More particularly, it relates to a method of making an
iron-antimony- 5  phosphorus containing metal oxide catalyst for oxidation,
which 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 reactions, as well as
oxidation reactions involving dehydrogenation (oxidative dehydrogenation)
and ammoxidation. 10     Metal oxide catalysts containing iron, antimony
and phosphorus are known to be useful in production of aldehydes by
oxidation of organic compounds, production of dienes, alkenylbenzenes,
unsaturated al- dehydes or unsaturated acids by oxidative dehydrogenation
of organic compounds, and production of nitriles by ammoxidation of organic
compounds. For example, ammoxidation of propylene is described in
JP-B-38-19111 (the term "JP-B" as used herein refers to an "examined
Japanese patent publication"), and 15  U.S. Patents 3,542,843, 3,591,620
and 3,988,359; and ammoxidation of methanol is described in JP-B-54- 39839,
JP-A-1-143643 (corresponding to European Patent Publication No 319,192A1)
(the term "JP-A" as used herein refers to an "unexamined published Japanese
patent application"), and U.S. Patents 4,511,548 and 4,461,572. The
antimony-containing oxide catalysts which can be used in the reactions
stated above involve 20  problems, such as poor reproducibility and
operability in the preparation thereof and difficulty in assuring high
strength. As a result, some improvements have been made on a process for
preparing the catalyst as described in JP-B-46-3456 and JP-B-46-3457, and
U.S. Patents 3,341,471, 3,657,155 and 3,686,138. These conventionally
proposed processes, however, do not always satisfy both activity and
physical properties of the catalyst, and the problem of reproducibility of
preparation still remains unsolved. In 25  particular, in the preparation
of catalysts having a high phosphorus content as in the catalyst of the
present invention, direct application of conventional processes proposed
for preparing antimony-containing catalysts fails to attain satisfactory
results. For instance, the processes disclosed in U.S. Patents 3,657,155
and 3,686,138 are excellent techniques for preparing
iron-antimony-containing catalysts suitable for a fluidized bed process.
However, it is difficult using these processes to produce catalysts
containing a relatively large 30  amount of phosphorus while retaining
activity and physical properties for use in a fluidized bed process. This
is assumed to be because the presence of a large amount of a phosphorus
component not only inhibits oxidation of the antimony but greatly changes
the properties of the slurry reducing its stability. The present inventors
had previously found that the activity and physical properties of the
catalyst can be improved by adjusting the pH of a slurry during the
preparation of the catalyst to not higher than 3 35  before spray drying
when a relatively large amount of phosphorus component is used as a part of
raw materials for the catalyst. An improved process described in
JP-A-1-171640 (corresponding to European Patent Publication No. 323,129A1)
was proposed. However, it has been found that the proposed process has
disadvantages in that a specific component, particularly antimony oxide in
the slurry settles out readily, the properties of the slurry are easily
changed 40  with the passage of time, the slurry is deposited on the wall
of a chamber during spray drying and it is 



difficult to remove the deposit Further, the operability during the
preparation of the catalyst is poor, for example, the catalyst readily
adheres to the vessel during the calcination of the catalyst. In addition,
the reproducibility of the catalyst remains unsatisfactory. Particularly,
the margin of manufacturing conditions capable of producing a catalyst
having physical properties suitable for a fluidized bed reaction is
relatively 45  narrow, and the physical properties of the catalyst are
greatly varied by a slight change in the preparation conditions of the
slurry or in the spray drying conditions of the slurry. Accordingly, the
above-described process is not considered to be fully suitable for
practical use. Since the industrial output of products obtained by the
oxidation or ammoxidation of organic com- pounds is high, a slight increase
in the yields of the desired products or a slight improvement in the 50
physical properties of the catalyst or catalyst strength gives remarkable
commercial and economic effects. This invention has been performed to
improve the activity and physical properties of a catalyst containing iron,
antimony and a large amount of phosphorus. SUMMARY OF THE INVENTION 55 An
object of the present invention is to provide a method of making an
iron-antimony-phosphorus- containing catalyst for oxidation (including
normal oxidation reactions, oxidative dehydrogenation and ammoxidation),
which is excellent in catalytic activity as well as in catalyst strength. 2
EP 0404529 B1 Another object of the present invention is to provide a
method of making an iron-antimony-phosphorus- containing catalyst for
oxidation, which can be produced with good reproducibility. Still another
object of the present invention is to provide a method of making an
iron-antimony- phosphorus-containing catalyst for oxidation, which is
suitable for use in the production of acrylonitrile, 5  methacrylonitrile
and hydrogen cyanide. It has now been found that these and other objects of
the invention are attained by a method of making an
iron-antimony-phosphorus-containing metal oxide catalyst for oxidation,
comprising a crystalline iron antimonate, said catalyst being represented
by the following empirical formula: 10 [err] wherein X represent at least
one element selected from the group consisting of V, Mo and W; 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, 15
Al, Ga, In, Tl, Ge, Sn and Pb; R represent at least one element selected
from the group consisting of B, As, Bi Se and Te; a, b, c, d, e, f, g and h
each is an atomic ratio as follows: a= 5 to 15 b= 5 to 100 c = 1 to 30 20
d = 0 to 10 



e= 0 to 15 f= 0to10 h= 0 to 300 g is the number of oxygen atoms as
determined corresponding to the oxides formed by combining the 25
above-mentioned components; the atomic ratio of P/Fe is at least 0.3; the
atomic ratio of P/Sb is at least 0.1; and the atomic ratio of P/X is at
least 1 when d>0; but with the proviso that a catalyst of the formula [err]
is excluded; said method comprising the steps of: (a) preparing a slurry
comprising a crystalline iron antimonate, a phosphorus component and any
component contained in said catalyst selected from the group consisting of
X, Q, R and [err], said so    phosphorus component being added to the
slurry after formation of the iron antimonate; (b) drying said slurry to
provide a dry material; and (c) calcining said dried material to provide
said metal oxide catalyst. DETAILED DESCRIPTION OF THE INVENTION 35 In the
catalyst made by the method of the present invention, each component of Fe,
Sb and P must be blended in the range defined above and iron antimonate
must be present in a crystalline form. In the above formula, Q is
preferably at least one element selected from the group consisting of Li,
Na, K, Rb, Cs, Mg, Ca, La, Ce, Ti, Zr, Nb, Ta, Cr, Mn, Re, Co, Ni, Cu, Ag,
Zn, Al, Sn and Pb; R is preferably at least one 40 element selected from
the group consisting of B, Bi, and Te; b is preferably 10 to 60, and c is
preferably 3 to 20. When the ratio of the Fe component is lower than the
above-described lower limit, catalyst activity is lowered, while when the
ratio is higher than the upper limit, the selectivity of the desired
product is lowered. When the ratio of the Sb component is lower than the
above-described lower limit, the selectivity of the desired product is
lowered, while when the ratio is higher than the upper limit, catalyst
activity is lowered 45 and physical properties become poor. When the ratio
of the P component is lower than the above-described 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 a
deterioration in physical properties due to the formation of antimony
phosphate is found. Also, various problems occur on the production of
catalysts. For example, the catalyst adheres during the calcination of the
catalyst to cause a caking. Further, when crystalline iron antimonate is 50
not found in the catalyst, the yield of the desired product is low and the
physical properties of the catalyst become poor, for example, catalyst
strength is lowered even when the ratios of Fe, Sb and P components are in
the range defined above. Several iron antimonates such as   [err] and [err]
are known, and [err] is generally known. The invention includes any known
iron antimonate, but the iron antimonate in the 65 catalyst of the present
invention preferably includes [err]. 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, 146-157 (1965). 3    



EP0404529B1 The presence of crystalline iron antimonate in the catalyst
made by the method of the present invention can be confirmed by X-ray
diffraction. The term "crystalline iron antimonate" as used herein refers
to not only pure 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 5  form
crystalline iron antimonate. A part of the Fe component or the Sb component
may exist in the free form or in the form of other compounds. The catalyst
made by the method of the present invention contains iron, antimony and
phosphorus as essential elements and crystalline iron antimonate in such a
proportion that P/Fe is at least 0.3, preferably 0.3 to 3 by atomic ratio
and P/Sb is at least 0.1, preferably 0.15 to 3, more preferably 0.2 to 2 by
atomic 10 ratio. Optional components other than iron, antimony and
phosphorus can be used by properly choosing them according to the
selectivity of the desired product, reaction rate, the physical properties
of the catalyst, etc. For example, the X component is used in such a
proportion that P/X is at least 1, preferably 1 to 100, more preferably 1
to 40 by atomic ratio, whereby the reaction rate can be increased. The Q 15
component has the effect of improving physical properties and controlling
the formation of by-products, and the R component has an effect of
improving selectivity. The catalyst made by the method of the present
invention can be used without a carrier, but it is preferred that the
catalyst is supported on an appropriate carrier. Examples of the carrier
include silica, alumina, silica-alumina, titania, silica-titania, and
zirconia. Silica is particularly preferred. 20     The slurry prepared in
step(a) of the method of the present invention is preferably an aqueous
slurry. The iron antimonate can be prepared by various methods. When the
iron antimonate is prepared in the slurry state, an aqueous slurry
containing an iron compound such as iron nitrate and an antimony compound
such as antimony trioxide is heat-treated. It is preferred that the heat
treatment is carried out while retaining the form of the slurry with
uniform stirring. 25  The heating temperature is about 40 to about [err],
preferably about 80 to about [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. When the iron
antimonate is prepared by calcination, 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 30  0.5 to 50 hours. 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 chloride,
iron nitrate and iron carbonate; and iron salts of organic acids such as
iron oxalate and iron citrate. Examples of the antimony compound include
antimony trioxide, antimony tetroxide, antimony pentox- 35  ide, antimonic
acid, polyantimonic acid, sodium antimonate, potassium antimonate, antimony
trichloride and antimony pentachloride. It can easily be confirmed by X-ray
diffraction whether the crystalline iron antimonate is formed or not. The
raw materials for X, Q, R and Si components may be mixed with an aqueous
slurry containing an iron compound and an antimony compound in the
preparation of the iron antimonate. The calcination is 



40  generally carried out at a temperature of 200 to [err] , preferably 550
to 900 * C in air. The calcination time is generally 0.5 to 50 hours. It is
preferred that the phosphorus compound is mixed with the crystalline iron
antimonate prepared in the manner described above. When the phosphorus
compound is present from the start of the reaction of the iron compound
with the antimony compound in an aqueous slurry to prepare the iron
antimonate, the iron antimonate is not formed, even when the reaction
mixture is treated under 45  predetermined conditions (pH, temperature,
etc.). This is because the phosphorus compound prevents the reaction for
the formation of the iron antimonate from proceeding. When a slurry
containing no iron antimonate is used as mentioned above, the slurry is
liable to form precipitates, and operability is poor. For example, large
amounts of deposits are formed in the chamber during spray drying, and
there is a difficulty in preparing a catalyst excellent in activity and
strength with good reproducibility, as shown in Comparative 50  Examples 1
and 7 described hereinafter. Accordingly in the method of the present
invention, the iron antimonate must be present in the slurry containing
catalyst components. Examples of a material for the phosphorus component
include orthophosphoric acid, condensed phosphoric acid, phosphorus
pentoxide, diammonium hydrogenphosphate, ammonium dihydrogen- phosphate and
ammonium phosphate. 55     Silica sol can be advantageously used as the raw
material for silica carrier. However, white carbon, fumed silica or silica
hydrogel can be used as a part or all of the raw material. When elements
represented by X, Q and R in the empirical formula are introduced as
optional components into the catalyst, the starting materials of these
elements are used in the form of nitrates, 4    EP 0 404 529 B1 carbonates,
sulfates, hydroxides, oxides or other compounds. The catalyst made by the
method of the present invention can be used for fixed bed and fluidized bed
reactors. When a catalyst for use in the fixed bed is to be produced, an
aqueous slurry containing the crystalline 5  iron antimonate, the
phosphorus compound and other materials for other catalyst components is
dried or dried and calcined, and the resulting material is molded by means
of pelletizing, or extrusion. When a catalyst for use in the fluidized bed
is to be produced, it is preferred that the aqueous solution or slurry is
spray-dried to form fine spherical particles. The spray drying of the
slurry can be carried out by using any conventional spray drier such as a
rotary disc type, high-pressure nozzle type or two-fluid nozzle 10 type
drier. Fluidized bed calciners can be used for calcination. The
above-described method of making the catalyst is suitable for use in the
production of a catalyst for the fluidized bed in particular, and a
catalyst excellent in activity as well as in strength can be obtained with
good reproducibility. The catalyst made by the method of the present
invention is suitable for use in conventional reactions is such as the
oxidation, oxidative dehydrogenation and ammoxidation of organic compounds.
A mixed gas of a starting organic compound, oxygen and optionally ammonia
in a molar ratio of organic com- 



pound:oxygen:ammonia = 1:0.3 to 15: 0.5 to 7 is passed through a reactor
packed with the catalyst at a temperature of 200 to [err]. Contact time is
preferably 0.05 to 20 seconds, and reaction pressure is preferably
atmospheric pressure to 2 kg/[err] G. 20     The reaction may be carried
out in the fixed bed or fluidized bed, but the fluidized bed is preferable.
The catalyst made by the method of the present invention displays excellent
performance when used in the oxidation, oxidative dehydrogenation or
ammoxidation of organic compounds such as olefinic hydrocar- bons,
alcohols, aldehydes and alkyl-substituted aromatic hydrocarbons.
Particularly, the catalyst made by the method of the present invention is
suitable for use in the production of hydrogen cyanide by the 25
ammoxidation of methanol. Reaction conditions are such that the molar ratio
of oxygen/methanol in the feed gas is 0.5 to 15, preferably 1 to 10, the
molar ratio of ammonia/methanol is 0.5 to 3, preferably 0.7 to 2.5,
reaction temperature is 350 to [err], contact time is 0.1 to 20 seconds and
reaction pressure is atmospheric pressure to 2 kg/[err] G. It is difficult
to obtain a catalyst having satisfactory good strength with good
reproducibility by a 30 conventional method for producing a catalyst,
wherein the phosphoric component and the antimony component are present
from the start of mixing and calcined as described in JP-A-1-1 71640
(corresponding to European Patent Publication No. 323,129A1). In
conventional process, the properties of the catalyst slurry are liable to
be changed with the passage of time, the activity and physical properties
of the catalyst are relatively greatly varied. Hence the process has a
serious problem with regard to reproducibility and 35 disadvantages in that
various problems occur on an industrial production scale, for example,
large amounts of deposits are formed on the wall of the spray drier and
operability is poor. On the other hand, a catalyst excellent in activity as
well as in physical properties can be obtained with good reproducibility
according to the present invention. Further, operability is good during the
production of the catalyst. 40     The present invention is now illustrated
in greater detail with reference to the following examples which, however,
are not to be construed as limiting the invention in any way. Unless
otherwise indicated, all parts, percent and ratios are by weight. Test for
Activity of Catalyst 45 Activity test was carried out in the following
manner. The starting organic compound, air and ammonia were passed through
the catalyst bed of a fluidized bed reactor (the inner diameter of the
fluidized zone of the catalyst being 2.5 cm and the height thereof being 40
cm). Reaction pressure was atmospheric pressure. 50     The conversion of
the starting organic compound and the yield and selectivity of the desired
product in the examples and comparative examples were determined by the
following definitions. Weight (g) of carbon in starting 55     Conversion
(%)          compound consumed by  reaction
--------------------------------- x 100 Weight (g) of carbon in starting
compound fed 5 



EP 0 404 529 B1 Weight (g) of carbon in desired product formed Yield  (%)
=                                                      x 100 Weight (g) of
carbon in 6                                starting compound fed Weight (g)
of carbon in desired product formed 10     Selectivity  (%)   =
x 100 Weight (g) of carbon in starting compound consumed by reaction 15
Activity test conditions were as follows: (1) Ammoxidation of methanol
[err] (fed as air)/methanol = 4.3 (mol/mol) [err]/methanol = 1.1 (mol/mol)
(2) Ammoxidation of propylene 20    [err] (fed as air)/propylene = 2.15
(mol/mol) [err]/propylene = 1.1 (mol/mol) (3) Ammoxidation of isobutene
[err] (fed as air)/isobutene = 2.3 (mol/mol) [err]/isobutene = 1.2
(mol/mol) 25 Test for Strength of Catalyst Attrition resistance test 30
The test was carried out according to the method described in Test Methods
for Synthetic Catalytic Cracking Catalyst, American Cyanamid Co. Ltd.
6/31-4 m-1/57, a well-known test method for fluid catalytic cracking
catalysts. Attrition loss (%) R was determined by the following formula. 35
Attrition  loss  (%)  R  = [err]  x 100 40  wherein A =    Weight (g) of
catalyst lost by attrition during a period of the first 5 hours. B =
Weight (g) of catalyst lost by attrition during a period of 20 hours after
the lapse of the first 5 hours. C =    Weight (g) of catalyst fed to test.
45     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 smaller the value of attrition loss (%) R. 



EXAMPLE 1 50     A catalyst having the empirical formula [err] was prepared
in the following manner. 55    (I) 273.5 g of antimony trioxide powder was
weighed. (II) 420 ml of nitric acid (specific gravity: 1.38) was mixed with
530 ml of water, the mixture was heated and 54.5 g of electrolytic iron
powder was added portionwise thereto to dissolve it. (III) 1354 g of silica
sol (20 wt% [err]) was weighed. 6    EP 0 404 529 B1 (111) and (I) in this
order were added to (II) while stirring well. The pH of the mixture was
adjusted to 2 by adding 15% ammonia water. The resulting slurry was heated
at [err]  with stirring for 3 hours. The solid in the slurry was examined
by X-ray diffractometry and it was found that crystalline iron 5
antimonate was formed. (IV) 52.0 g of phosphoric acid (85 wt%) was weighed.
Phosphoric acid (IV) was added to the aqueous slurry containing the above
crystalline iron antimonate and the mixture was thoroughly stirred for 1
hour. The thus-obtained aqueous slurry containing the crystalline iron
antimonate, the phosphorus compound and the silica carrier material was
spray-dried by 10  using a rotary disc type spray drier. The resulting fine
spherical particles (average particle diameter: about 50 [err]) were
calcined at [err]  for 2 hours, at [err]  for 3 hours and then at [err]
for 3 hours. EXAMPLE 2 15     A catalyst having the same empirical formula
as that of the catalyst of Example 1 was prepared in the following manner.
(I) 273.5 g of antimony trioxide powder was weighed. (II) 394.4 g of ferric
nitrate was weighed. (I) was thoroughly mixed with (II) and the mixture was
calcined at [err] for one hour and at [err] 20   for 2 hours. 381 g of
water was added thereto and the mixture was crushed in a ball mill in a wet
process for 15 hours. The solid in the slurry was examined by X-ray
diffractometry and it was found that crystalline iron antimonate was
formed. (III) 1354 g of silica sol (20 wt% [err]) was weighed. 25   (IV)
52.0 g of phosphoric acid (85 wt%) was weighed. The aqueous slurry
containing the above crystalline iron antimonate was mixed with silica sol
(III). Phosphoric acid (IV) was added thereto and the mixture was
thoroughly stirred for 1 hour. The thus- obtained aqueous slurry containing
the crystalline iron antimonate, the phosphorus compound and the silica
carrier material was spray-dried by using a rotary disc type spray drier.
The resulting fine spherical 



30 particles (average particle diameter: about 50 [err]) were calcined at
[err]  for 2 hours, at [err]  for 3 hours and then at [err]  for 3 hours.
EXAMPLE 3 35     A catalyst having the empirical formula [err] was prepared
in the same manner as in Example 1 except that each of ammonium
metavanadate as the 40  raw material for V and copper nitrate as the raw
material for Cu was dissolved in pure water and added after the addition of
antimony trioxide. EXAMPLE 4 45     A catalyst having the empirical formula
[err] was prepared in the same manner as in Example 1 except that each of
ammonium paramolybdate as the 50  raw material for Mo, ammonium
metavanadate as the raw material for V, magnesium nitrate as the raw
material for Mg and copper nitrate as the raw material for Cu was dissolved
in pure water and added after the addition of antimony trioxide. EXAMPLE 5
55 A catalyst having the empirical formula [ERR] 7    EP 0 404 529 B1 was
prepared in the same manner as in Example 1 except that each of ammonium
paramolybdate as the raw material for Mo, ammonium paratungstate as the raw
material for W, manganese nitrate as the raw material for Mn and cobalt
nitrate as the raw material for Co was dissolved in pure water and added
after 5  the addition of antimony trioxide. EXAMPLE 6 A catalyst having the
empirical formula 10 [ERR] was prepared in the same manner as in Example 1
except that each of ammonium paramolybdate as the raw material for Mo, the
product obtained by oxidizing metallic tin powder with nitric acid as the
raw 15  material for Sn, silver nitrate as the raw material for Ag,
chromium nitrate as the raw material for Cr and ammonium cerium nitrate as
the raw material for Ce was dissolved or suspended in pure water and added
after the addition of antimony trioxide. EXAMPLE 7 20 A catalyst having the
empirical formula 



[ERR] 25  was prepared in the same manner as in Example 1 except that each
of ammonium paramolybdate as the raw material for Mo, bismuth nitrate as
the raw material for Bi and lead nitrate as the raw material for Pb was
dissolved or suspended in pure water and added after the addition of
antimony trioxide. EXAMPLE 8 30 A catalyst having the empirical formula
[ERR] 35  was prepared in the same manner as in Example 1 except that each
of ammonium metavanadate as the raw material for V, ammonium paramolybdate
as the raw material for Mo, zinc nitrate as the raw material for Zn, boric
anhydride as the raw material for B, sodium nitrate as the raw material for
Na and lithium nitrate as the raw material for Li was dissolved in pure
water and added after the addition of antimony trioxide. 40  EXAMPLE 9 A
catalyst having the empirical formula [ERR] 45 was prepared in the same
manner as in Example 1 except that each of ammonium paramolybdate as the
raw material for Mo, ammonium metavanadate as the raw material for V,
aluminum nitrate as the raw material for Al, potassium nitrate as the raw
material for K and bismuth nitrate as the raw material for Bi was dissolved
or suspended in pure water and added after the addition of antimony
trioxide. 50 EXAMPLE 10 A catalyst having the empirical formula [ERR] was
prepared in the same manner as in Example 1 except that each of titanium
dioxide as the raw material for Ti, and lathanum nitrate as the raw
material for La was dissolved or suspended in pure water and added    EP 0
404 529 B1 after the addition of antimony trioxide. EXAMPLE 11 5     A
catalyst having the empirical formula [ERR] was prepared in the same manner
as in Example 1 except that each of ammonium paramolybdate as the io  raw
material for Mo, zirconium oxynitrate as the raw material for Zr, and
rhenium oxide as the raw material for Re, boric acid as the raw material
for B, bismuth nitrate as the raw material for Bi was dissolved or
suspended in pure water and added after the addition of antimony trioxide.
EXAMPLE 12 15 



A catalyst having the empirical formula [ERR] 20 was prepared in the the
following manner. (I) 286.7 g of antimony trioxide was weighed. (II) 15.0 g
of electrolytic copper was added to 40 ml of nitric acid (specific gravity:
1.38) and completely dissolved therein. The resulting copper nitrate
solution was diluted with 530 ml of pure water. 57.1 g of electrolytic iron
powder was added thereto to dissolve it in said solution. 25   (III) 1418.3
g of silica sol (20 wt% SiO2) was weighed. (IV) 1.39 g of ammonium
paramolybdate was weighed and dissolved in 50 ml of pure water. (V) 4.6 g
of ammonium metavanadate was weighed and dissolved in 15 ml of 35% hydrogen
peroxide solution and 50 ml of pure water. (VI) 90.7 g of phosphoric acid
(85 wt%) was weighed. 30     Silica sol (III) was added to the iron nitrate
- copper nitrate solution (II). Subsequently, (I), (IV) and (V) in that
order were added thereto and the mixture was thoroughly stirred for 0.5
hour. Aqueous ammonia (15 wt%) was added thereto with stirring to adjust
the pH of the mixture to 2, and the mixture was heated at [err] for 4
hours. It was found that crystalline iron antimonate was formed in the
heat-treated slurry. Phosphoric acid (VI) 35 was added thereto and the
slurry was thoroughly stirred for 1 hour and spray-dried by using a rotary
disc type spray drier. The resulting fine spherical particles (average
particle diameter: about 50 [err]) were calcined at [err]  for 2 hours and
at [err]  for 2 hours. COMPARATIVE EXAMPLE 1 40 A catalyst having the same
empirical formula as that of the catalyst of Example 1 was prepared in the
following manner. (I) 273.5 g of antimony trioxide was weighed. (II) 420 ml
of nitric acid (specific gravity: 1.38) was mixed with 530 ml of pure water
and the mixture was 45    heated to [err] . 54.5 g of electrolytic iron
powder was added portionwise thereto and dissolved therein. (III) 1354 g of
silica sol (20 wt% [err]) was weighed. (IV) 52.0 g of phosphoric acid (85
wt%) was weighed. (III), (IV) and (I) in this order were added to (II). The
mixture was thoroughly stirred and heat-treated at [err]  for one hour.
Solids in the slurry were examined by X-ray diffractometry and it was found
that iron 50  antimonate was not formed. Further, when the slurry was left
to stand, antimony trioxide powder was immediately precipitated. While
stirring the slurry, it was spray-dried by using a rotary disc type spray
drier. A large amount of the slurry was deposited on the wall of the spray
drier in comparison with Example 1. The deposit adhered firmly to the wall
so that there was a difficulty in removing the deposit. The resulting fine
spherical particles (average particle diameter: about 50 [err]) were
calcined at [err] for 2 hours, at 55  [err]  for 3 hours and then at [err]
for 3 hours. It was found that crystalline iron antimonate was present in
the calcined catalyst. However, the catalyst strength was low and the yield
of the desired product (hydrogen cyanide) was also low in comparison with
the catalyst of Example 1 wherein the iron antimonate was formed in the
slurry before spray drying. 



9    EP 0 404 529 B1 COMPARATIVE EXAMPLE 2 A catalyst having the same
composition as that of the catalyst of Example 1 was prepared in the
following manner. 5    (I) 273.5 g of antimony trioxide was weighed. (II)
77.9 g of iron trioxide was weighed. (III) 1354 g of silica sol (20 wt%
[err]) was weighed. (IV) 52.0 g of phosphoric acid (85 wt%) was weighed.
(I), (II) and (IV) in order were added to (III) and the mixture was
thoroughly stirred. 10    It was found that iron antimonate was not formed
in the resulting slurry. The slurry was spray-dried by using a rotary disc
type spray drier. The resulting fine spherical particles (average particle
diameter: about 50 [err]) were calcined at [err]  for 2 hours, at [err]
for 3 hours and then at [err] for 3 hours. The resulting catalyst was
examined by X-ray diffractometry and it was found that iron antimonate was
not formed. 15 COMPARATIVE EXAMPLE 3 A catalyst having the empirical
formula 20  [ERR] was prepared in the same way as in Example 5 except that
the Sb component was omitted. COMPARATIVE EXAMPLE 4 25 A catalyst having
the empirical formula [ERR] 30  was prepared in the same way as in Example
5 except that the Fe component was omitted. COMPARATIVE EXAMPLE 5 A
catalyst having the empirical formula 35 [ERR] was prepared in the same way
as in Example 5 except that the P component was omitted. 40 COMPARATIVE
EXAMPLE 6 A catalyst (having the same composition as that of the catalyst
of Example 12) having the empirical formula 45   [ERR] was prepared in the
following manner. (I) 286.7 g of antimony trioxide was weighed. (II) 15 g
of electrolytic copper was added to 420 ml of nitric acid (specific
gravity: 1.38) and completely 



60    dissolved therein. The resulting copper nitrate solution was diluted
with 530 ml of pure water. 57.1 g of electrolytic iron powder was added
thereto and dissolved therein. (III) 1418.3 g of silica sol (20 wt% SiO2)
was weighed. (IV) 1.39 g of ammonium paramolybdate was dissolved in 50 ml
of pure water. (V) 4.6 g of ammonium metavanadate was dissolved in a mixed
solution of 15 ml of 35% hydrogen 55    peroxide solution and 50 ml of
water. (VI) 90.7 g of phosphoric acid (85 wt%) was weighed. Silica sol
(III) was added to the iron nitrate - copper nitrate solution (II).
Subsequently, (I), (IV), (V) and (VI) in that order were added thereto and
the mixture was thoroughly stirred and heated at [err] for one 10    EP 0
404 529 B1 hour. It was found that iron antimonate was not formed in the
resulting slurry. The slurry was spray-dried in a conventional manner by
using a rotary disc type spray drier. The resulting fine particles (average
particle diameter: about 50 [err]) were calcined at 200 * C for 2 hours and
at [err]  for 2 hours in the same manner as in Example 12. 5     The
resulting catalyst had the same composition as that of the catalyst of
Example 12. Further, the calcination conditions of this Example were the
same as those of Example 12. However, X-ray diffraction indicated that iron
antimonate was not formed. Furthermore, the yield of the desired product
(hydrogen cyanide) was very low in comparison with the catalyst of Example
1 wherein the catalyst was prepared by previously forming the iron
antimonate. 10     Accordingly, it will be understood that the presence of
the iron antimonate in the catalyst is an important factor. The activity
tests of the catalysts obtained in Examples 1 to 12 and Comparative
Examples 1 to 6 were carried out. 15 20 25 30 35 40 45 50 55    EP 0 404
529 B1 



The results are shown in Table 1. [ERR] 65~~~~~~~~~    EP 0 404 529 B1
10~~~~~~~~1                                      [ERR]    EP0404529B1 [ERR]
EP 0 404 529 B1 A catalyst slurry in an amount of 4 times the amount of the
slurry of Example 12 was prepared and divided into four portions. One
portion thereof was left to stand for 20 minutes and then spray-dried.
Another portion was left to stand for one hour and then spray-dried. Still
another portion was left to stand for 3 hours and then spray-dried. The
remaining portion was left to stand for 5 hours and then spray-dried. The 5
resulting fine spherical particles (average particle diameter: 50 [err])
were calcined at [err]  for 2 hours, at 500  C for 2 hours and then at
[err] for 3 hours. It was found that iron antimonate was formed in all of
the slurries before spray drying. COMPARATIVE EXAMPLE 7 10 A catalyst
having the same composition as that of the catalyst of Example 13 was
prepared in the following manner. (I) 1146.8 g of antimony trioxide powder
was weighed. (II) 60.0 g of electrolytic copper was added to 1680 ml of
nitric acid (specific gravity: 1.38) and 15    completely dissolved
therein. The resulting copper nitrate solution was diluted with 2120 ml of
pure water. 228.4 g of electrolytic iron powder was added thereto and
dissolved therein. (III) 5673.2 g of silica sol (20 wt% [err]) was weighed.
(IV) 5.56 g of ammonium paramolybdate was dissolved in 200 ml of pure
water. (V) 18.4 g of ammonium metavandate was dissolved in a mixed solution
of 60 ml of 35% hydrogen 20    peroxide solution and 200 ml of water. (VI)
362.8 g of phosphoric acid (85 wt%) was weighed. Silica sol (III) was added
to the iron nitrate-copper nitrate solution (II). Subsequently, (I), (IV),
(V) and (VI) in that order were added thereto. Aqueous ammonia (15 wt%) was
added thereto with stirring to adjust the pH of the mixture to 0.5 and
heated at [err] for one hour. The resulting slurry was divided into four 



25  portions. One portion was immediately spray-dried. One of another two
portions was left to stand for 2 hours and then spray-dried, and the other
was left to stand for 3 hours and then spray-dried. The remaining another
portion was continuously heat-treated for 4 hours and then spray-dried. The
resulting fine spherical particles obtained by spray-drying each of these
portions (average particle diameter: 50 [err]) were calcined at [err]  for
2 hours, at [err]  for 2 hours and then at [err] for 3 hours. It was found
that iron antimonate 30  was not formed in any of these slurry portions
before spray drying. The results of activity tests of the catalysts
obtained in Example 13 and Comparative Example 7, are shown in Table 2. It
is apparent from Table 2 that the activity and physical properties of the
catalyst of Example 13 were not significantly varied even when the standing
time of the slurry before spray drying was changed. It will 35  be
understood that according to the present invention, excellent catalysts can
be industrially produced with good reproducibility. On the other hand, the
catalyst of Comparative Example 7 was greatly affected by the standing time
of the slurry or the heat treating time in comparison with the catalyst of
Example 13. In Comparative Example 7, the yield of the desired product was
lowered, and particularly, physical properties such as bulk density 40  and
catalyst strength were deteriorated by a change in the standing time or the
heat treatment time. Accordingly, it was difficult to produce excellent
catalysts industrially with good reproducibility. Further, it was found
that the process of Comparative Example 7 has disadvantages in that
operability was poor. For example, the slurry readily caused the formation
of precipitates and large amounts of deposits were formed on the wall of
the spray drier during spray drying. Further, there were practical
problems, since consider- 45  able amounts of catalyst particles adhered to
one another during calcination, caking was liable to be caused in static
calcination and a stable fluidized bed could not be formed in fluidized bed
calcination due to caking. 50 55 15    EP 0 404 529 B1 [ERR]    EP 0 404
529 B1 5                                      [ERR]    formula: 



[err] 5      wherein X represents at least one element selected from the
group consisting of V, Mo and W; 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, Tl, Ge, Sn and Pb; R
represents at least one element selected from the group consisting of B,
As, Bi, Se and Te; a, b, c, d, e, f, g and h each is an atomic ratio as
follows: 10        a= 5to15 b = 5 to 100 c= 1 to 30 d = 0 to 10 e= 0to15 15
f=Oto10 h= 0 to 300 g is the number of oxygen atoms as determined
corresponding to the oxides formed by combining the above-mentioned
components; the atomic ratio of P/Fe is at least 0.3; the atomic ratio of
P/Sb is at least 0.1; and the atomic ratio of P/X is at least 1 when d>0;
but with the proviso that a catalyst of the 20     formula [err] is
excluded; said method comprising the steps of: (a) preparing a slurry
comprising a crystalline iron antimonate, a phosphorus component and any
component contained in said catalyst selected from the group consisting of
X, Q, R and [err], said phosphorus component being added to the slurry
after formation of the iron antimonate; 25       (b) drying said slurry to
provide a dry material; and (c) calcining said dried material to provide
said metal oxide catalyst. 2. The method as claimed in claim 1, wherein in
step (c) said dried material is calcined in air at a temperature of from
[err]  to [err] for from 0.5 to 10 hours. 30 3.  The method as claimed in
claim 1 or 2, wherein said crystalline iron antimonate is prepared in a
slurry in the absence of said phosphorus component. 4. The method as
claimed in claim 3, wherein said iron antimonate is formed in said slurry
by heat- 35     treating an iron compound and an antimony compound at a
temperature of 40 to 150 C, wherein said slurry has a pH of at most 7 prior
to said heat treatment. 5. The method as claimed in claim 1 or 2, wherein
said crystalline iron antimonate is prepared in the absence of said
phosphorus component by the steps of mixing an iron compound and an
antimony 40     compound and calcining the mixture obtained. 6. The method
as claimed in claim 1, wherein in step (b) said slurry is spray-dried to
form fine spherical particles, and said calcined dry material from step (c)
is a fluidized bed catalyst. 46 PatentansprUche 1. Ein Verfahren zur
Herstellung eines Eisen, Antimon und Phosphor enthaltenden
Metalloxid-Katalysators fUr katalytische Oxidationen, der kristallines
Eisenantimonat enthalt, wobei der genannte Katalysator durch die folgende
Summenformel dargestellt wird: 



50 FeaSbbPdAjQeRfOg(SiO2)h worin X zumindest ein Element, ausgewihlt aus
der Gruppe, die aus V, Mo und W besteht; Q zumindest ein Element,
ausgewlhlt aus der Gruppe, die aus U, Na, K, Rb, Cs, Be, Mg, Ca, Sr, Ba,
Sc, 66     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 besteht; R zumindest ein Element, ausgewihit aus der Gruppe, die
aus B, As, Bi, Se und Te besteht; a, b, c, d, e, f, g und h jeweils eines
der folgenden Atomverhiltnisse 17    EP0404 529 B11                ~II
111111 11 11111il 11 1111: a= 5 bis 15,                 E b= 5bis 100, c =
1 bis 30, d= Obis 10, 5        e= Obis15, f= Obis10, h = O bis 300, und g
die Anzahl der Sauerstoffatome, wie sie entsprechend den Oxiden, die durch
Kombination der oben genannten Komponenten gebildet werden, bestimmt wird,
bedeuten; wobel das Atomverhaltnis 10     von P/Fe mindestens 0,3 betragt,
das Atomverhdltnis von Pb/Sb mindestens 0,1 betrigt und das Atomverhaltnis
P/X mindestens 1 betrigt, falls d>O ist; jedoch mit der Ma~gabe, daB ein
Katalysator der Formel Fei oSb2oPl oVo,sMOO,2Cu2Ni2TeOl0es,u(Si20)ro
ausgeschlossen !st; und das genannte Verfahren folgende Stufen umfaBt: (a)
Herstellung einer Aufschlammung, die ein kristallines Elsenantimonat, eine
Phosphorkomponente 15       und jede Komponente, die in dern genannten
Katalysator enthalten ist, ausgewdhlt aus der Gruppe, welche aus X, Q, R
und SiO2 besteht, umfaft, wobei die Phosphorkomponente zu der Aufschlarn-
mung nach Bildung des Elsenantimonats zugegeben wird; (b) Trocknung der
genannten Aufschlammung, um ein getrocknetes Material zur VerfOgung zu
stellen; und 20       (C) Kalzinierung des genannten getrockneten
Materials, um den genannten Metalloxid-Katalysator zur VerfUgung zu
stellen. 2. Das Verfahren gernAB Anspruch 1, worin in der Stufe (c) das
genannte getrocknete Material an der Luft bei einer Temperatur von 200 O C
bis 9500 C 0,5 bis 10 Stunden kalziniert wird. 25 3. Das Verfahren gemaB
den AnsprUchen 1 oder 2, worin das genannte kristalline Eisenantimonat in
der Aufschlammung in Abwesenheit der genannten Phosphorkomponente
hergestellt wird. 



4. Das Verfahren gemaB Anspruch 3, worin das genannte Elsenantimonat in der
genannten Aufschlam- 30     mung durch Warmebehandlung einer
Elsenverbindung und einer Antimonverbindung bei einer Tempe- ratur von 40
bis 150 * C gebildet wird, wobei die genannte Aufschlrmmung vor der
Warmebehandlung einen pH-Wert von h6chstens 7 aufweist. 5. Das Verfahren
gemaB den AnsprUchen 1 oder 2, worin das genannte kristalline
Elsenantimonat in 35     Abwesenheit der genannten Phosphorkomponente durch
die Stufen des Mischens einer Elsenverbin- dung und einer Antimonverbindung
und des Kalzinierens der erhaltenen Mischung hergestelit wird. 6. Das
Verfahren gemanB Anspruch 1, worin in der Stufe (b) die genannte
Aufschlammung sprUhgetrocknet wird, um feine spharische Teilchen zu bilden,
und das genannte kalzinierte trockene Material von der 40     Stufe (c) ein
FlieBbettkatalysator ist. Revendicatlons 1. Procedd de preparation d'un
catalyseur d'oxyde mrtallique contenant du for, de l'antimoine, du 45
phosphore pour une oxydation catalytique, comprenant un antimoniate de fer
cristallin, ledit catalyseur etant represente par la formule empirique
suivante: FeaSbbPAdlQeRfOg(SiO2)h 50     dans laquelle X represente au
moins un 6lment choisi parmi Y, Mo et W; Q repr~sente au moins un 6lment
choisi parmi 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 reprdsente au moins
un 6lment choisi parmi B, As, Bi, Se et Te; a, b, c, d, e, f, g et h 6tant
chacun un rapport atornique ddfini comme suit: 55       a= 5 & 15 b = 5 A
100 c= 1 a 30 d = Oh10 18    EP 0 404 629 Bi                  l!IIIiM
111111I I 1111 II P1 e= Oa 15 f= 0 & 10 h= 0&300 g est le nombre d'atomes
d'oxygbne correspondant aux oxydes formes par combinai son des consti- 5
tuants citts ci-dessus; le rapport atomique P/Fe est d'au moins 0,3; le
rapport atomique P/Sb est d'au _,'         moins 0,1; et le rapport
atomique P/X est d'au moins 1 lorsque d > 0 ; mais a la condition qu'un
catalyseur de formule: Fe1 oSb2o Pi oVo,3MO0,2Cu2 Ni2Too,l085,uB(5i02)so 10
solt exclu ; ledit proctdt comprenant les etapes: (a) de preparation d'une
suspension comprenant un antimoniate de fer cristallin, un constituant 



phosphore et tout constituant contenu dans ledit catalyseur choisi parmi X,
0, R ot SiO2, ledit constituant phosphore etant ajoutt a la suspension
apres la formation de l'antimoniate de for; t5       (b) de sechage de
ladite suspension pour fournir un mattriau sec; et (c) de calcination dudit
materiau soc pour fournir ledit catalyseur d'oxyde metallique. 2. Proctdt
solon la revendication 1, dans loquel on calcine ledit materiau sec dans
I'etape (c) dans l'air a une temperature comprise entre 200 * C et 950 * C
pendant 0,5 a lOh. 20 3. Procddt solon la revendication 1 ou 2, dans lequel
on prtpare ledit antimoniate de fer cristallin dans une suspension en
l'absence dudit constituant phosphore. 4. Prooddt selon la revendication 3,
dans loquel on forme ledit antimoniate de for dans ladite solution en 25
traitant par chauffage un compost de for et un compost d'antimoine a une
temptrature comprise entre 40 et 150 ' C, dans loquel ladite suspension a
un pH qui est au plus egal & 7 avant ledit traitement par chauffage. 5.
Procddt solon la revendication 1 ou 2, dans loquel on prepare ledit
antimoniate de for cristallin on 30     I'absence dudit constituant
phosphore par les dtapes de melange d'un compost de for et d'un compost
d'antimoine et de calcination du mtlange obtenu. 6. Procede solon la
revendication 1, dans loquel on s9che par pulverisation ladite suspension
dans l'etape (b) pour former de fines particules spheriques, et ledit
mattriau sec calcint de l'etape (c) est un 35     catalyseur & lit
fluidis6. 40 45 50 55    


