
EP 0383 598 B1 Description FIELD OF THE INVENTION 5      This invention
relates to a process for producing a molybdenum-containing metal oxide
fluid-bed catalyst suitable for gaseous phase oxidation reactions of
organic compounds. More particularly, it relates to a process for producing
a molybdenum-containing metal oxide fluld-bed catalyst comprising, as
essential components, (i) at least one element selected from the group
consisting of Iron, bismuth and tellurium, (ii) molybdenum, and (iii)
silica. Oxidation reactions of organic compounds herein referred to include
an oxidation reaction, an oxi- 10  dative dehydrogenation reaction and an
ammoxidation reaction. BACKGROUND OF THE INVENTION A number of
molybdenum-based catalysts for oxidation reactions of organic compounds are
known. Ex- 15  amples of such catalysts include P-Mo-BI catalysts as
disclosed in JP-B-36-3563 (corresponding to U.S. Patent 2,941,007) and
JP-B-36-5870 (corresponding to U.S. Patent 2,904,580) (the term "JP-B" as
used herein means an examined published Japanese patent application");
P-Mo-Fe-Bi catalysts as disclosed in JP-B-38- 17967 (corresponding to U.S.
Patent 3,226,422) and JP-B-39-3670 (corresponding to U.S. Patent
3,171,859); Mo-Te catalysts as disclosed in JP-B-37-11008; Mo-Bi-Sb
catalysts as disclosed in JP-B-39-10111; Mo-Bi-Pb 20  catalysts as
disclosed in JP-B-42-7774; and Mo-Bi-Cr catalysts as disclosed in
JP-A-50-64191 (corresponding to U.S. Patent4,174,354) (the term "JP-A" as
used herein means an unexamined published Japanese patent application".
Further, several improvements have been proposedwith
respecttocatalystactivity as disclosed, e.g., in JP-B-47-27490
(corresponding to U.S. Patent 3,959,384), JP-B-54-22795 (corresponding to
U.S. Pa- tent 3,984,477), and JP-B-60-36812 (corresponding to U.S. Patents
4,600,541 and 4,377,534). 25      Many of these catalysts have
disadvantages such as low catalytic activity and strength when applied to a
fluidized bed reaction. Hence, various proposals have been made on a
process for producing the catalyst. For example, JP-B-37-8568
(corresponding to U.S. Patent 3,044,965) discloses a method of adding at
least 1% by weight of ammonium nitrate to a slurry containing catalyst
components; JP-B-57-49253 (corresponding to U.S. Patent 3,746,657)
discloses a method of adding a silica sol stepwise to a molybdenum aqueous
solution 30  at a temperature of not higher than 66[err]C; JP-A-56-44046
(corresponding to U.S. Patents 4,453,006 and 4,280,929) discloses a method
of using fumed silica; JP-B-54-12913 discloses a method of preparing a mo-
lybdenum-bismuth-iron-sodium-phosphorus catalyst within a limited narrow
range of composition; JP-A-57- 65329 (U.S. Patent 3,872,148) discloses a
method for preparing an attrition-resistant molybdenum-bismuth- antimony
fluid-bed catalyst which comprises spray drying a catalyst
component-oontaining slurry having a pH 35  of I or less and a temperature
of 60[err]C or lower, JP-A-53-10388 discloses a method comprising mixing a
mo- lybdic acid aqueous solution with a solid bismuth compound and
adjusting the pH of the slurry to 8 to 10; and JP-B-59-51848 (corresponding
to U.S. Patent 4,418,007) discloses a method comprising simultaneously add-
ing a bismuth salt aqueous solution and aqueous ammonia to a molybdic acid
aqueous solution having a pH of from 6 to 8. 40      However, the so far
proposed processes for producing a catalyst are not always satisfactory in
achieving 



both catalytic activity and strength. In particular, the conventional
processesfor producing a molybdenum-con- taining catalyst give rise to
various problems when applied to the production of molybdenum-based
catalysts as desired in the present invention. For example, the catalyst
prepared according to the process of JP-B-54- 22795 (corresponding to U.S.
Patent 3,984,477) failed to achieve satisfactory reaction results as
showing only 45  a low acrylonitrile yield and a higher ammonia combustion
as proved In Comparative Examples 5 and 6 here- Inafter described. Further,
where a mixture of catalyst raw materials Is merely adjusted to a pH
between 8 and 10, gelation of a silica sol proceeded to increase the
viscosity of the slurry so that the slurry cannot be suf- ficiently
spraydried as demonstrated in Comparative Examples 1 to 3 hereinafter
described. In this case, also, satisfactory results cannot be obtained with
respectto physical properties ofthe catalyst, particularly strength. 50
SUMMARY OF THE INVENTION An object of this invention is to provide a
process for producing a molybdenum-containing metal oxide fluid- bed
catalyst having satisfactory physical properties, such as strength, and
high activity such that a desired 55  oxidation product can be provided in
a high yield. As a result of extensive investigations, it has now been
found that the above object of this invention is accomplished by use of a
chelating agent having a function of inhibiting gelation of a silica sol in
combination with pH adjustment of a catalyst component-containing slurry. 2
EP 0 383 598 B1 The present Invention provides a process for producing a
molybdenum-containing metal oxide fluid-bed catalyst comprising, as
essential components, (I) at least one element selected from the group
consisting of iron, bismuth, and tellurium, (ii) molybdenum, and 5
(iii) silica, which comprises (a) adjusting to a pH of at least 6 an
aqueous slurry containing a raw material providing ele- ment (i), a
molybdenum compound, a silica sol, and 0.1 to 10 wt% (based on the weight
of the oxide catalyst) of a chelating agent capable of Inhibiting gelation,
or (b) adjusting to a pH of at least 6 an aqueous slurry con- taining a raw
material providing element (1), a molybdenum compound and 0.1 to 10 wt%
(based on the weight 10  of the oxide catalyst) of a chelating agent
capable of inhibiting gelation and mixing the slurry with a silica sol,
then spray drying the thus pH-adjusted aqueous slurry, and calcining the
resulting particles. DETAILED DESCRIPTION OF THE INVENTION 15
Depending on the kinds and amounts of optional components used in
combination with the above- described essential components, the catalyst
prepared by the process of this invention can be generally rep- resented by
empirical formula: 



MoaCODdEeFfOg(Sl02)h wherein 20   C represents at least one element
selected from the group consisting of Fe, Bi, and To; D represents at least
one element selected from the group consisting of Ni, Co, Mg, Cr, Mn, Cu,
Zn, Ga, Ge, Cd, In, Sn, Sb, V, W, Re, Pb, Ru, Rh, Pd, Os, Ir, Pt, Th, U,
La, Ce, Pr, Nd, Sm, Eu, Gd, Al, TI, Ta, Nb, and Zr, preferably Ni, Co, Mg,
Cr, Mn, Cu, Zn, Ga, Ge, In, Sn, Sb, V, W, Pd, Pt, U, La, Ce, Al, Ti, Ta, Nb
and Zr, E represents at least one element selected from the group
consisting of P and B; 25   F represents at least one element selected from
the group consisting of Li, Na, K, Rb, Cs, Ca, Sr, Ba, and Ti, preferably
Li, Na, K, Rb and Cs; 0 is oxygen; and a, b, c, d, e, f, g, and h each
represents an atomic ratio, wherein when a = 8 to 12, 30        c = 0.5 to
20 (preferably 0.5 to 15), d = 0 to 25 (preferably 0 to 23),
e=0to5(preferablyOto3), f = 0 to 5 (preferably 0 to 3), g Is a number
decided by a, b, c, d, e, and f so as to form an oxide of the corresponding
elements, and 35        h = 20 to 150 (preferably 30 to 120). The optional
components otherthan molybdenum, component C, and silica can appropriately
be selected so as to control the selectivity of the desired reaction
product, the reaction rate, catalyst physical properties, and the like. Raw
materials for the components forming the catalyst can be selected from
various compounds of the 40  respective elements involved, such as the
oxides, the hydroxides, the chlorides, and the nitrates. Examples of
suitable raw materials forthe molybdenum component include molybdenum
oxides, e.g., mo- lybdenum trioxide, molybdic acid, molybdic acid salts,
e.g., ammonium paramolybdate and ammonium meta- molybdate,
heteropoly-acids, e.g., phosphomolybdic acid and sillcomolybdic acid, and
heteropoly-acid salts. Raw materials for the Iron component Include ferrous
oxide, ferric oxide, ferrosoferric oxide, Iron nitrate, 45  Iron chloride,
and iron hydroxide. Metallic iron dissolved in heated nitric acid can also
be employed. Raw materials forthe bismuth component Include bismuth salts,
e.g., bismuth nitrate and bismuth sulfate, bismuth trioxide, and a metallic
bismuth oxidation product with nitric acid. Raw materials for the tellurium
component include telluric acid, tellurous acid, tellurium dioxide,
tellurium trioxide, and metallic tellurium dissolved In nitric acid. 50
Where optional elements represented by D, E, and F in the above empirical
formula are present in the catalyst, these elements can be used in the form
of the oxides, the hydroxides, the chlorides, the nitrates and the like.
The chelating agent which is used in the present invention possesses the
function of inhibiting gelation. Examples of suitable chelating agents
which can be used include amines, e.g., ethylenedliamine, trimethyle- 



66   nediamine, tetraethylenediamine, N,N'-dimethylethylenediamine,
triethandoamine, pyridine, and bipyridyl; aminopolycarboxylic acids, e.g.,
ethylenediaminediacetic acid, ethylenediaminetetraacetic acid, and
nitrilotria- cetic acid; polycarboxylic acids, e.g., oxalic acid, malonic
acid, succinic acid, glutaric acid, maleic acid, fumaric acid, citraconic
acid, itaconic acid, adiplc acid, diglycolic acid, tricarballylic acid, and
propane-1,1 ,2,3-tetracar- 3    EP 0 383 598 B1 boxylic acid; aromatic
carboxylic acids, e.g., phthalic acid, mandelic acid, sulfosalicylic acid,
and benzoic acid; hydroxycarboxylic acids and keto-carboxylic acids, e.g.,
glycolic acid, lactic acid, hydroxypropionic acid, malic acid, tartaric
acid, citric acid, isocitric acid, gluconic acid, ascorbic acid, pyruvic
acid, oxalacetic acid, and di- glycolic acid; thiols and sulfur compounds,
e.g., thioglycolic acid, thiodiglycolic acid, and mercaptopropanol; 5
amino acids, e.g., glydne, alanine, asparagine, glutamic acid, methionine,
and phenylalanine; diketones, e.g., acetylacetone, acetonylacetone, and
benzoylacetone; phosphonic acids, e.g., phosphonopropane-1,2,3-tricar-
boxylic acid and phosphonomethyliminodiacetic acid; and chelated compounds
formed by these chelating agents and a catalyst forming element, preferably
ethylenediamine, trimethylenediamine, triethanolamine, and pyridine;
ethylenedlaminediacetic acid, ethyienediaminetetraacetlc acid and
nitrilotriacetic acid; oxalic acid, 10  malonic acid, succinic acid,
glutaric acid, maleic acid, and fumaric acid; glycolic acid, lactic acid,
hydroxypro- pionic acid, malic acid, tartarc acid, citric acid, Isocitric
acid, gluconic acid, and ascorbic acid; thioglycolic acid and
thiodiglycolic acid; glycine, alanine, asparagine, and glutamic acid;
acetylacetone, and acetonylacetone; and
phosphonopropane-1,2,3-tricarboxyllc acid. These chelating agents may be
used either individually or as a combination of two or more thereof. The 15
chelating agent to be used Is preferably water soluble. According to the
present Invention, the catalyst Is obtained by adjusting an aqueous slurry
containing the raw material for the catalyst component (i), e.g., Iron, a
molybdenum compound, a silica sol, and a chelating agent capable of
inhibiting gelation to a pH of 6 or higher, or adjusting an aqueous slurry
containing the above- described components other than the silica sol to a
pH of 6 or higher and then mixing the slurry with a silica 2o sol; spray
drying the slurry; and then calcining the resulting fine particles. From
the viewpoint of ease of Industrial operation, the slurry Is usually
adjusted to a pH of from 6 to 11, and preferably from 6 to 10.5. As the
material for adjusting a pH of the slurry, amines, for example, ammonia,
methyl amine or their aqueous solution, etc. can be used. It is not clear
why the use of the chelating agent and the pH adjustment induce any
reaction in the slurry 25  to contribute to the performance properties of
the catalyst. However, if the pH of the slurry Is not adjusted to 6 or
higher, the catalyst ultimately obtained has deteriorated properties,
particularly yield of the desired reac- tion product as shown in
Comparative Examples 5 and 8 hereinafter described. And, when such a
catalyst is used in ammoxidatlon, the ammonia combustion is higher. 



On the other hand, if the catalyst Is prepared by a pH adjustment to 6 or
more without using the chelating 30  agent, the viscosity of the slurry
Increases over 2,000 centipoises, which make It difficult to stir and spray
the slurry in the spray drying, and the thus prepared catalyst has reduced
strength, thus giving lower attrition re- sistance as shown in Comparative
Examples I and 2. To the contrary, where the chelating agent is present in
the slurry, the slurry has a relatively low viscosity even at a pH of 6 or
higher and exhibits stable properties. Thus, a high strength catalyst as
demonstrated in Examples hereinafter described, is obtained. 35      The
amount of the chelating agent to be added ranges from 0.1 to 10% by weight,
more preferably from 0.5 to 8% by weight, based on the weight of the oxide
catalyst ultimately obtained. If the amount is less than 0.1% by weight,
the effect of improving catalyst strength is small, and if the amount
exceeds 10% by weight, the resulting catalyst sometimes cracks. As stated
above, while the mechanism of the effects produced by addition of the
chelating agent is not 40  clear, what is Important is that gelation of the
slurry is inhibited. While not desiring to be found, it may well be that
the chelating agent serves as a metallic ion masking agent to inhibit
metallic ions from neutralizing the charges of the silica sol particles. To
stabilize the slurry properties and to further improve performance
properties of the catalyst ultimately obtained, It is desirable, though
notessential, tosubjectthe slurryafter pH adjustment and before spray
drying 45  to a heat treatment at a temperature of from 50 to 120[err]C
while maintaining the catalyst in a slurry form. In this case, the heat
treatment is suitably carried out at the above recited temperature for at
least 10 minutes. When the slurry having a pH of less than 6 is heat
treated and further processed without pH adjustment to 6 or more, the
resulting catalyst has reduced yield of the desired reaction product as
shown in Comparative Example 6 hereinafter described, particularly
accompanied with the high ammonia combustion in ammoxidation reaction. 50
Where a catalyst slurry having a pH of 6 or higher is heat treated under
the above-described conditions prior to spray drying, the slurry after the
heat treatment may have a pH of 6 or less. The thus prepared slurry Is then
spray dried to obtain fine spherical particles. Spray drying can be carried
out in a usual manner using a pressure nozzle type spray drier, a rotary
disc type spray drier, etc. as shown In Chemical Engineer's Handbook, 5th
Edit., pp. 20-58, Perry, R.H. and Chilton, C. McGraw-Hill (1973). The slur-
55 ry to be spray dried preferably has a concentration of from 10 to 40% by
weight, calculated as the oxides of constituent elements. The slurry
concentration and spray drying conditions are appropriately selected so as
to obtain particles having a desired particle size distribution. If
desired, the fine particles obtained by spray drying may be subjected to a
further drying treatment. Fl- 4    EP 0 383 598 B1 nally, the particles are
calcined at a temperature of from 500[err]C to 750[err]C for a period of
from 1 to 50 hours to thereby provide the catalyst with the desired
activity and physical properties. Calcining may be effected at a 



fixed temperature or an elevated temperature to conduct a pre-calcination
followed by final calcination. The pre-calcination Is preferably carried
out at a temperature of from 200[err]C to 500[err]C for a period of from I
to 50 5   hours. The calcining is preferably performed in a non-reductive
atmosphere and, more preferably from the eco- nomical standpoint, In an air
stream. Many types of calcining devices, e.g., a tunnel furnace, a rotary
kiln, a fluidized-bed calciner, etc., can be used. The catalyst according
to the present Invention Is useful for oxidation reactions of organic
compounds, in- ciuding oxidation, oxidative dehydrogenation, and
ammoxidation. 10      Organic compounds which can be subjected to oxidation
reactions using the catalyst of the invention in- clude propylene,
Isobutene, methanol, ethanol, t-butanol, methyl t-butyi ether, etc., and
the corresponding al- dehydes, nitriles, conjugated dienes, etc. in high
yields are obtained from these organic compounds. Particu- larly
satisfactory results can be obtained when the catalyst is applied to an
oxidation reaction of propylene, isobutene, or t-butanol. 15      The
catalyst prepared by the process of this invention produces particularly
noticeable effects when ap- plied to oxidation reactions, and especially
ammoxidation of organic compounds to achieve high yields of the desired
products while inhibiting the combustion of ammonia. According to the
present Invention, a molybdenum-containing metal oxide fluid-bed catalyst
for oxidation which exhibits high activity with reduced attrition loss can
be obtained through simple and easy operation of 20  the addition of a
chelating agent and pH adjustment. Moreover, since the catalyst prepared
causes ammonia combustion to a lesser extent it is markedly effective as a
catalyst for ammoxidation to attain a high product yield and to be able to
decrease ratio of ammonia to organic compound. The present Invention Is now
Illustrated In greater detail by reference to the following Examples, but
it should be understood that the present Invention is not deemed to be
limited thereto. All the percents are given 26  on a weight basis unless
otherwise specified. In the Examples and Comparative Examples, the strength
and activity of the catalyst were evaluated In accordance with the
following test methods. Attrition Testing: so      Atfrition testing
carried out according to the method described in Test Method For Synthetic
Cracking Cat- alysts [err] American Cyanamid Co., which is known as a test
method for catalysts for fluid catalytic cracking process. Attrition loss
(%) was calculated from the following relationship: Attrition Loss (%): R =
B x 100/ (C - A) wherein A is the weight loss of the catalyston attrition
within the first 5 hours; B is the weight loss of the catalyst 35  after 5
hours of attrition up to 25 hours of attrition; and C is the weight of a
catalyst being tested [C = 50 (g) in this test]. The higher the attrition
resistance of the catalyst the smaller the attrition loss (R value).
Activity Testing: 40 The activity of the fluid-bed catalyst was tested
using ammoxidation of propylene as a representative re- action as follows. 



The catalyst tested was charged in a fluidized bed reactor having an
innerdiameter of 25 mm and a height of 40 cm so as to have a prescribed
contact time and maintained at a reaction temperature of 410[err]C. A mixed
45  gas of propylene, ammonia, and oxygen at a molar ratio of 1:1.2:1.95
and air was fed to the reactor at a feed rate of 6.5 [err] per hour (NTP
conversion). The reaction pressure was atmospheric pressure. The yield of
ammoxidation product (acrylonitrile), the conversion of starting organic
compound (propy- lene), and the ammonia combustion were calculated using
the relationships shown below. Acrylonitrile Yeld (%) = 50
Weight of Carbon in AcrylonitrileProduced x 100 Weight of Carbon in
Propylene Fed Propylene Conversion (%) = Weight of Carbon in Propylene
Consumed x 100 Weight of Carbon In Propylene Fed 55      Ammonia Combussion
(%) =    EP 0 383 598 B1 (Weight of Nitrogen in Ammonia Fed) - (Weight of
Nitrogen in Unreacted Ammonia) - (Weight of Nitrogen in Collected
Nitrogen-Containing Organic Compound)    X 100 Weight or Nitrogen in
Ammonia Fed EXAMPLE 1 10     A catalyst having the empirical formula [err]
was prepared as fol- Iows. In 20 ml of water was dissolved 3.92 g of
potassium nitrate, and the solution was added to 1745 g of a 20% silica
sol. A solution of 171.0 g of ammonium paramolybdate in 510 ml of water was
added to the above mixture with stirring. Subsequently, a solution of 225.6
g of antimony tetroxide powder and 188.8 g of nickel 15  nitrate in 190
m[err] of water, a solution of 79.8 g of Iron nitrate In 80 ml of water, a
solution of 47.9 g of bismuth nitrate in 48 m[err] of 10% nitric acid, and
2.23 g of a 85% phosphoric acid aqueous solution were successively added
thereto to prepare a slurry. The resulting slurry had a pH of 1 or less. To
the slurry was added 40 g of ethylenediamine, which amount corresponded to
5% of the oxide catalyst, and dissolved therein. A 15% am- monia aqueous
solution was added to the slurry with stirring to adjust the slurry to a pH
of 8. 20     The slurry was spray dried In a rotary disc type spray
drierwith the inlet temperature and the outlet tem- perature being
controlled at 320[err]C and 160[err]C, respectively. The resulting fine
particles were heated at 250[err]C, then calcined at 400[err]C for 2.5
hours, and finally calcined at 6200C for 3 hours. Thethus prepared
catalystwas charged In afluidized bed reactorso asto havea contacttime of4
seconds, and ammoxidation of propylene was performed at a reaction
temperature of 410[err]C. The acrylonitrile yield was 



25  86.1%; the propylene conversion was 98.7%, the ammonia combustion was
16%, and the R value was 1.2. EXAMPLES 2 AND 3 A catalyst having the same
composition as in Example 1 was prepared in the same manner as in Example
30  1, except that 40 g of triethanolamine or ethylenediaminetetraacetic
acid was dissolved in the slurry in place of ethylenediamine as used In
Example 1, which amount corresponded to 5% of the oxide catalyst, and the
pH of the slurry was adjusted to a pH of 6 or 10, respectively. EXAMPLE 4
35 A catalyst having the empirical formula [err]was prepared as follows. In
20 m[err] of waterwas dissolved 2.14 9 of potassium nitrate, and the
solution was added to 1910 g of a 20% silica sol. To the mixture was added
a solution of 187.1 9 of ammonium paramolybdate in 560 ml of water with
stirring. Subsequently, a solution of 164.8 9 of antimony tetroxide powder
and 188.7 9 of nickel nitrate in 40  190 ml of water, a solution of 87.4 9
of iron nitrate In 88 m[err] of water, and a solution of 78.7 9 of bismuth
nitrate in 80 m[err] of 10% nitric acid were successively added thereto to
prepare a slurry. In the slurry was dissolved 40 9 (corresponding to 5% of
the oxide catalyst) of tartaric acid. A 15% ammonia aqueous solution was
then added to the slurry with stirring to adjust the slurry to a pH of 8.
The slurry was subjected to a heat treatment at 100[err]C for 2 hours under
refluxing. The slurry was then spray dried and calcined In the same manner
as in 45  Example 1. EXAMPLE 5 A catalyst having the same composition as in
Example 4 was prepared in the same manner as in Example 50  4, except that
955 g out of the 20% silica sol was added at the time of mixing the
catalyst raw materials, the amount of tartaric acid added to the slurry was
changed to 20 9 which corresponded to 2.5% of the oxide cat- alyst, and the
rest of the silica sol (i.e., 955 9) was added after the heat treatment.
EXAMPLE 6 55 Acatalyst having the same composition as In Example 5 was
prepared in the same manneras in Example 5, except for changing the amount
of tartaric acid added to the slurry to 8 g which corresponded to 1% of the
oxide catalyst and adding the total amount of the 20% silica sol after the
heat treatment 6    EP O 383 598 B1 EXAMPLES 7 TO 9 Acatalyst having the
same composition as In Example 4 was prepared In the same manneras in
Example 4, except that 40 g (corresponding to 5% of the oxide catalyst) of
gluconic acid, citric acid, or nitrilotriacetic 5   acid was dissolved In
the slurry in place of tartaric acid and the pH of the slurry was adjusted
to a pH of 6, 



9.5, or 11, respectively. EXAMPLE 10 10     A catalyst having the empirical
formula [err] was prepared as follows. In 23 mf of water was dissolved 2.32
g of potassium nitrate, and the solution was added to 2087 g of a 20%
silica sol. To the mixture was added a solution of 202.5 g of ammonium
paramolybdate In 610 m[err] of water with stirring. Subsequently, a
solution of 89.1 9 of antimony tetroxide powder and 187.2 g of nickel
nitrate in 190 m[err] of water, a solution of 94.6 9 of iron nitrate In 95
m[err] of water, and a solution of 141.9 g of bismuth nitrate 15  in 140
m[err] of 10% nitric acid were successively added to the mixture to prepare
a slurry. To the slurry was added 40 g (corresponding to 5% of the oxide
catalyst) of malic acid and dissolved therein. The resulting slurry had a
pH of I or less. Then, the slurry was subjected to a heat treatment at 1
00[err]C for 1 hour under refluxing and then the pH of the slurry was
adjusted to a pH of 10 with 15% aqueous ammonia and 28% aqueous am- monia.
The slurry was spray dried and calcined In the same manner as in Example 1.
20 EXAMPLES 11 AND 12 Acatalyst having thesame composition as In Example
10was prepared inthesame manneras In Example 10, except for replacing malic
acid with 409 (corresponding to 5% of the oxide catalyst) of oxalic acid or
thio- 25  glycolic acid and adjusting the pH of the slurry after the heat
treatment to a pH of 8.5 or 7.5, respectively. EXAMPLE 13 Acatalyst having
the empirical formula [err]and weighing 800 9 was pre- 30  pared as
follows. In 25 m[err] of water was dissolved 2.68 9 of potassium nitrate,
and the solution was added to 2387 g of a 20% silica sol. To the mixture
was added a solution of 233.8 9 of ammonium paramolybdate in 700 m[err] of
water with stirring. Then, a solution of 235.7 g of nickel nitrate In 235
m[err] of water, a solution of 81.9 9 of iron nitrate In 80 m[err] of
water, a solution of 98.3 9 of bismuth nitrate In 100 m[err] of 10% nitric
acid, and 15.3 9 of a 85% 35  phosphoric acid aqueous solution were
successively added to the mixture to prepare a slurry. To the slurry was
added 40 9 (corresponding to 5% of the oxide catalyst) of glycine was added
and dissolved therein. To the slurry were added 15% aqueous ammonia and 28%
aqueous ammonia while stirring to adjust the pH of the slurry to a pH of
10. The slurry was heat treated at  100[err]C for 2 hours under refluxing
and then adjusted to a pH of 1 with 10% nitric acid. The slurry was spray
dried and calcined In the same manner as in Example 40   1 EXAMPLES 14 AND
15 A catalyst having the same composition as In Example 13 was prepared in
the same manner as in Example 45  13, except for replacing glycine with 40
9 (corresponding to 5% of the oxide catalyst) of acetylacetone or phos-
phonopropane-1,2,3-tricarboxylic acid, adjusting the pH of the slurry
before the heat treatment to a pH of 8 or 9.5, respectively, and adjusting
the slurry after the heat treatment to a pH of 4 or 2, respectively.
EXAMPLES 16 TO 18 50 



Acatalyst having the composition shown in Table I belowwas prepared in
thesame manneras in Example 1. In the preparation, lead nitrate or telluric
acid was used as a raw material for the lead component or the tellurium
component, respectively, and it was added in the form of an aqueous
solution subsequent to the ad- dition of ammonium paramolybdate. 55
EXAMPLES I9 AND 20 Acatalyst having the composition shown In Table I
belowwas prepared in the same manneras in Example 7    EP O 383 598 B1 8.
In the preparation, chromium nitrate orcobalt nitratewas used asa
rawmaterialforthe chromium component or the cobalt component, respectively,
and it was added in the form of an aqueous solution subsequent to the
addition of ammonium paramolybdate. 5   EXAMPLES 21 AND 22 Acatalyst having
the composition shown in Table 1 belowwas prepared in the same manner as in
Example 11. In the preparation, cerium nitrate or ammonium paratungstate
was used as a raw material for the cerium component orthe tungsten
component, respectively, and it was added in the form of an aqueous
solution sub- 10  sequent to the addition of ammonium paramolybdate.
EXAMPLES 23 TO 25 A catalyst having the composition shown in Table 1
belowwas prepared In the same manner as In Example 15  15. In the
preparation, rubidium nitrate, cesium nitrate or orthoboric acid was used
as a raw material for the rubidium component, the cesium component or the
boron component, respectively. These components were each added in the form
of an aqueous solution subsequently to the addition of ammonium
paramolybdate. Each of the catalysts prepared in Examples I to 25 was
tested for catalytic activity and attrition resistance, and the results
obtained are shown In Table I below. 20 25 30 35 40 45 50 55 8  



EP 0 383 598 B1 [err]    EP 0 383 598 B1 [err] [err]    EP0383598B1 [err]
EP 0 383 598 B1 [err]    EP 0 383 598 B1 COMPARATIVE EXAMPLES I TO 4 A
catalyst having a composition corresponding to Examples 1, 8, 10, and 13
was prepared in accordance with the respective preparation method, except
for using no chelating agent. 5      Each of the resulting catalysts was
tested for catalytic activity and attrition resistance, and the results ob-
tained are shown In Table 2 below. As is apparent from the results of Table
2, these comparative catalysts con- taining no chelating agent give lower
attrition resistance. COMPARATIVE EXAMPLE 5 10 A catalyst having the same
composition as in Example I was prepared in the same manner as in Example
1, except for adjusting the pH of the slurry to a pH of 5 with 15% aqueous
ammonia. COMPARATIVE EXAMPLE 6 15 Acatalyst having the same composition as
in Example 4 was prepared In the same manneras in Example 



4, except for adjusting the pH of the slurry before and after the heat
treatment to a pH of 0.2 with 10% nitric acid. Each of the comparative
catalysts prepared in Comparative Examples 5 and 6 was tested for catalytic
ac- 20  tivty and attrition resistance, and the results obtained are shown
in Table 2 below. COMPARATIVE EXAMPLES 7 TO 9 Acatalystcorresponding tothe
catalystof Example 16,17 and 1 8was prepared according tothe respective 25
process, except that ethylenedlamine was not added. COMPARATIVE EXAMPLE 10
A catalyst having the same composition as in Example 20 was prepared in the
same manneras in Example 30  20, except that no citric acid was used. Each
of the comparative catalysts prepared in Comparative Examples 7 to 10 was
tested for catalytic ac- tivity and attrition resistance, and the results
obtained are shown In Table 2 below. 35 40 45 50 55 13    EP O 383 598 B1
[err] 5 [err]    EP 0 383 598 B1 [err]    EP 0 383 598 B1 It can be seen
from the results of Table 2 that the comparative catalysts prepared at a
low pH achieve only a low acrylonitrile yield and a high ammonia
combustion. 5   ClaIms 



1. A process for producing a molybdenum-containing metal oxide fluid-bed
catalyst comprising, as essential components, (i) at least one element
selected from the group consisting of Iron, bismuth, and tellurium, 10
(ii) molybdenum, and (iii) silica, which comprises (a) adjusting to a pH of
at least 6 an aqueous slurry containing a raw material providing element
(i), a molybdenum compound, a silica sol, and 0.1 to 10 wt% (based on the
weight of the oxide catalyst) of a chelating agent capable of inhibiting
gelation of the slurry, or (b) adjusting to a 15      pH of at least 6 an
aqueous slurry containing a raw material providing element (i), a
molybdenum com- pound and 0.1 to 10 wt% (based on the weight of the oxide
catalyst) of a chelating agent capable of in- hibiting gelation and mixing
the slurry with a silica sol, then spray drying the thus pH-adjusted
aqueous slurry, and calcining the resulting particles. 20 2. Aprocess as
claimed in Claim 1, wherein said process comprises subjecting the aqueous
slurry containing silica to a heat treatment at a temperature of from 50 to
120[err]C for at least 10 minutes while maintaining the form of a slurry
prior to the spray drying. 26  3. A process as daimed in Claims I or 2,
wherein the resulting catalyst is represented by the empirical for- mula:
[err] wherein C represents at least one element selected from the group
consisting of Fe, Bi, and Te; 30      D represents at least one element
selected from the group consisting of Ni, Co, Mg, Cr, Mn, Cu, Zn, Ga, Ge,
Cd, In, Sn, Sb, V, W, Re, Pb, Ru, Rh, Pd, Os, Ir, Pt, Th, U, La, Ce, Pr,
Nd, Sm, Eu, Gd, Al, Ti, Ta, Nb, and Zr, E represents at least one element
selected from the group consisting of P and B; F represents at least one
element selected from the group consisting of Li, Na, K, Rb, Cs, Ca, Sr,
Ba, and 35      Ti; 0 is oxygen; and a, b, c, d, e, f, g, and h each
represents the atomic ratio of elements for which they are subscripts and,
wherein when a = 8 to 12, c=0.5 to 20, 40            d=0to25, e=0 to 5, f
=Oto5, g is a number determined bya, b, c, d, e, and fso as toform an oxide
of the corresponding elements, and 



45           h = 20 to 150. 4. A process as claimed in Claims I or 2,
wherein said chelating agent is at least one compound selected from the
group consisting of an amine, an aminopolycarboxylic acid, a polycarboxylic
acid, an aromatic carboxylic acid, a hydroxycarboxylic acid, a
keto-carboxylic acid, a thiol, a sulfur compound, an amino acid, 50      a
diketone, and a phosphonic acid. 5. A process as claimed in Claim 1,
wherein said process comprises adjusting the pH of the aqueous slurry to a
pH of from 6 to 11. 6. A process as claimed in Claim 1, wherein said
catalyst is a catalyst for ammoxidation. 55 16    It can be seen from the
results of Table 2 that the comparative catalysts prepared at a low pH
achieve only a low acrylonitrile yield and a high ammonia combustion. 5
Claims 1. A process for producing a molybdenum-containing metal oxide
fluid-bed catalyst comprising, as essential components, (i) at least one
element selected from the group consisting of Iron, bismuth, and tellurium,
10        (ii) molybdenum, and (iii) silica, which comprises (a) adjusting
to a pH of at least 6 an aqueous slurry containing a raw material providing
element (i), a molybdenum compound, a silica sol, and 0.1 to 10 wt% (based
on the weight of the oxide catalyst) of a chelating agent capable of
inhibiting gelation of the slurry, or (b) adjusting to a 15      pH of at
least 6 an aqueous slurry containing a raw material providing element (i),
a molybdenum com- pound and 0.1 to 10 wt% (based on the weight of the oxide
catalyst) of a chelating agent capable of in- hibiting gelation and mixing
the slurry with a silica sol, then spray drying the thus pH-adjusted
aqueous slurry, and calcining the resulting particles. 20 2.. Aprocess as
caimed In Claim 1, wherein said process comprises subjecting the aqueous
slurry containing silica to a heat treatment at a temperature of from 50 to
120[err]C for at least 10 minutes while maintaining the form of a slurry
prior to the spray drying. 25   3. A process as claimed in Claims I or 2,
wherein the resulting catalyst Is represented by the empirical for- mula:
[err] wherein 



C represents at least one element selected from the group consisting of Fe,
Bi, and Te; 30      D represents at least one element selected from the
group consisting of Ni, Co, Mg, Cr, Mn, Cu, Zn, Ga, Ge, Cd, In, Sn, Sb, V.
W. Re, Pb, Ru, Rh, Pd. Os, Ir, Pt, Th, U. La, Ce, Pr, Nd, Sm, Eu, Gd, Al,
Ti, Ta, Nb, and Zr; E represents at least one element selected from the
group consisting of P and B; F represents at least one element selected
from the group consisting of Li, Na, K, Rb, Cs, Ca, Sr, Ba, and 35      TI;
0 is oxygen; and a, b, c, d, e, f, g, and h each represents the atomic
ratio of elements for which they are subscripts and, wherein when a = 8 to
12, c=0.5 to 20, 40            d =0 to 25, e= 0 to 5, f =0 to 5, g isa
numberdetermined bya, b, c, d, e, andfso as toform an oxide ofthe
corresponding elements, and 45           h = 20 to 150. 4. A process as
claimed In Claims 1 or 2, wherein said chelating agent is at least one
compound selected from the group consisting of an amine, an
aminopolycarboxylic acid, a polycarboxylic acid, an aromatic carboxylic
acid, a hydroxycarboxylic acid, a keto-carboxylicacid, a thiol, a sulfur
compound, an amino add, 50      a diketone, and a phosphonic acid. 5  A
process as claimed in Claim 1, wherein said process comprises adjusting the
pH of the aqueous slurry to a pH of from 6 to 11. 6. A process as claimed
In Claim 1, wherein said catalyst is a catalyst for ammoxidation. 55 16
EPR O 383 W8 B131llllligIIgIIli ll * C   L  M   S* PatentansprOche 1.
Verfahren zur Herstellung eines molybdanhaltigen
Metalloxid-Fllelbettkatalysatore, umfassend ale we- sentliche Komponenten 5
(i) zumindest ein Element, ausgewahit aus der Gruppe, bestehend aus Eisen,
Wismut und Tellur, (Ii Molybdan und (iii) Siliziumoxid, 



umfassend (a) das Einstellen elnerwassrigen Aufschlammung, die ein Element
(i), das ein Ausgangsma- terial zur Verffgung stlot, eine
MolybdAnverbindung, ein Silliasol und 0,1 ble 10 Gew.% (bezogen auf 10
das Gewicht des Oxidkatalysators) elnes Chelatislerungemittels enthalt, das
In der Lage let, die Gellerung derAufschlimmung zu inhibieren, aufeinen pH
von wengetens 6 oder (b) das Einstellen einerwassrigen Aufschliammung, die
ein Element (I), das ein Ausgangsmaterial zur VerfOgung stelit, eine
Molybdanver- bindung und 0,1 ble 10 Gew.%  (bezogen auf das Gewicht des
Oxidkatalysators) eines Chelatisieruangemidtels enthilt, das In der Lag.
ist, die Gellerung zu inhibbren, auf einen pH von wenig- 15      stens 6,
und Mischen derAufschlammung mit elnem Silicasol, anschlielendes
Sprfhtrocknen der somit pH-eingestellbtn wassrigen Aufschliammung, und
Kalzinieren der resultierenden Teilchen. 2. Verfahren nach Anspruch 1, 20
dadurch gekennzelchnet, dal das Verfahren das Durchf~hren einer
Warmebehandlung mit der wassri- gen Aufschlammung, die Siliziumoxid
enthalt, be! einer Temperatur von 50 bis 1200C fOr wenigstene 10 Minuten
unter Beibehaltung der Form einer Aufschlammung vor dem Spr~htrocknen
umfalt. 3. Verfahren nach Anspruch I oder 2, 25      cldedurch
gekennzelchnet, dalderresultierende Katalysatordurch die empirische Formel
dargestelltwird: MONCODdE.FfOg(SIO2t)h worin bedeuten: C   zumindest ein
Element, ausgewAhIt aus der Gruppe, bestehend aus Fe, Bi und Te; D
zumindest ein Element, ausgewihIt aus derGruppe, bestehend aus Ni, Co, Mg,
Cr, Mn, Cu, Zn, Ga, 30           Ge, Cd, In, Sn, Sb, V, W, Re, Pb, Ru, Rh,
Pd. Os, Ir, Pt, Th, U, La, Ce, Pr, Nd, Sm, Eu, Gd, Al, Ti, Ta, Nb, und Zr;
E   zumindest ein Element, ausgewahIt aus der Gruppe, bestshend aus P und
B, F   zumindest ein Eement, ausgewahIt aus der Gruppe, bestehend aus Li,
Na, K, Rb, Ce, Ca, Sr, Be und TI; 35      0   Sauerstoff; und a, b, c, d,
e, f, g und h jewells das Atomverhaitnis, und worin bedeuten, wenn a = 8
bis 12 c = 0,5 bis 20, d = O bi 25; e =0 bis 5, 40      f =0f=Obie5, g Ist
eine Zahl, die durch a, b, c, d, e und f bestimmt wird, zur Bildung eines
Oxides der entsprechenden Elemente, und h = 20 bis 150. 45  4. Verfahren
nach Anspruch I oder 2, dadurch gekennzelchnet, dal das
Chelatislerungsmittel zumindest eine Verbindung let, ausgewahlt aus der
Gruppe, bestshend aus ei- 



nem Amin, einerAminopolycarbonseure, einer Polycarbonseure, elner
aromatischen Carbonseure, einer Hydroxycarbonsaure, einer Ketocarbonsaure,
elnem Thbol, einer Schwefelverbindung, einerAminosaure, 50      einem
Diketon und einer Phosphonsaure. 5. Verfahren nach Anspruch 1, dadurch
gekennzelchnet, dal das Verfahren das Einstellen des pHs der waserigen
Aufschlammung auf einen pH von 6 bis 11 umfalt. 5   6. Verfahren nach
Anspruch 1, dadurch gekennzelchnet, dael der Katalysator ein Katalysator
fUr die Ammoxidation Ist. 17    EP 0 383 598 B1              I I!III 1 1111
HE111 1i 1 1 *C  L  M  S* Rovendlcatlons 1. Un procede de production d'un
catalyseur oxydo metallique contenant du molybdbne en lit fluidiso
comprenant A titre de composants essentials: 5         (i) au moins un
element cholsl dane le groups conatitue par Io for, le bismuth et le
tellure, (ii) du molybd~ne et (iiJ) de la sillce qui comprend (a)
I'ajustement A un pH d'au moins 6 d'une bous aquouse contenant un
elementfournissant une matibre premlbre (i), un compose de molybdene, un
sol de silice et de 0.1 A 10 % en poids (sur la 1o      base du poids du
catalyseur oxyde) d'un agent de chelation capable d'inhlber la gelation de
la boue ou (b) I'ajustement a un pH d'au moins 6 d'une boue aqueuse
contenant un el6mentfournissant uno matiere premrib. (i), un compose de
molybdbneetde 0.1 A 10 % on polds d'un agentds chelation capable d'inhiber
la gelation et le melange de la boue avec un sol de silica ensuibt, Is
sochage par pulvedsation de la boue aqueuse dont le pH a ainsi ete ajuste
16           et la calcination des particules resultantes. 2. Un procdW tel
quo revendlqu6 dana la Revendication 1, dane lequel le dit procedo comprend
la soumis- slon de la boue aqueuse contenant la silice A un traltement
thermique A une temperature comprise entre 20      50 et 120C pendant au
moins 10 minutes tout en maintenant la forms d'une boue avant Is sechage
par pulvorisation. 3. Un procedA tel quo revendique dans la Revendication I
ou ia Revendication 2, dans lequel le catalyseur rosultant eat represente
par la formule empirique 25
MoaCGDdEeFfOg(SIO02h 



dans laquello C reprosente au moins un el6ment cholbi dane Is groups
constitu6 de Fe, Bi et Te; D represente au moins un eiement choisl dons le
groups constltu6 de Ni, Co, Mg, Cr, Mn, Cu, Zn, Ga, Ge, Cd, In, Sn, Sb, V,
W, Re, Pb, Ru, Rh, Pd, Os, Ir, Pt, Th, U, La, Cs, Pr, Nd, Sm, Eu, Gd, Al,
T,, Ta, 30      Nb et Zr; E repr~sente au moins un element cholsi parml Is
groups constitu6 de P et B; F reprosente au moins un element chobis parml
le groups constitue de U, Na, K, Rb, Cs, Ca, Sr, Ba at TI; 0 est de
l'oxygene et 36           a, b, c, d, a, f, g et h representent chacun le
rapport atomique des elements pour lesquels is sont indiques en indice et
ob, lorsque a=86 12 c = 0.5 A 20 d=0A25 40            a Ae=Oa5 f=Oa5 g
estun nombre d~torminA para, b, c, d, e etf de maniere a formerun oxyde des
olements corres- pondants et h=20A 150. 4. Un procd tel quo revendiqu6 dans
la Revendicatlon I ou la Revendication 2, dane lequel ledit agent do
chelatlon eat au molns un compose choisi dana l groups constitu6 d'une
amine, d'un acids amino- polycarboxylique, d'un acids polycarboxylique,
d'un acido carboxylique aromatique, d'un acido hydroxy- carboxylique, d'un
acids cto-carboxyllque, d'un thiol, d'un compose sulfur6, d'un acido amine,
d'une di- co      cetono ot d'un acido phosphonique. 5. Un proced tel qus
revondique dana la Revendication 1, dane loquel ledit procedo comprend
I'ajustement du pH de la bous aquouse A un pH compris entre 8 et 11. 6.  Un
proced6 tel que revendiqu6 dane Ia Revendlcation 1, dana lequel ledit
catalyseur est un catalyseur 55      pour une ammoxydation.    


