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Description

[0001] The present invention is directed to a process for the manufacture of a VSbOx based catalyst useful in the
ammoxidation of a C3-C5 paraffinic hydrocarbon to its corresponding α,β-unsaturated nitrile ammoxidation of propylene
with NH3 and oxygen to acrylonitrile, ammoxidation of methylpyridine with NH3 and oxygen to make cyanopyridine,
the ammoxidation of m-xylene with NH3 and oxygen to make isophthalonitrile and the oxidation of o-xylene to make
phthalic anhydride. In particular, the present invention is directed to a process for the manufacture of VSbOx based
catalyst (preferably promoted with other metals) useful in the ammoxidation of propane to acrylonitrile.
[0002] Great Britain Patent Nos. 1,336,135 and 1,336,136 disclose making catalyst from V2O5 and Sb2O5 slurries
that are mixed, dried and calcined. These catalysts are used to ammoxidize alkanes such as propane. U.S. Patent No.
3,860,534 has similar disclosures but uses calcined catalyst washed with water before use to remove soluble vanadium
compounds. The dried and calcined material in the above references are relatively weak and have low abrasion re-
sistance. More importantly, the material in the dried state is a fine talcum powder-like material not possible to spray
dry to obtain microspheroidal particles large enough for a fluid bed catalyst.
[0003] U.S. Patent Nos. 4,784,979; 4,879,264 and 5,094,989, assigned to the assignee of the instant application,
are directed to the specific procedure for the preparation of VSbOx based catalyst (promoted with other metals) useful
in the fluid bed reactors for the ammoxidation of propane to acrylonitrile. While the processes disclosed in these patents
produces good ammoxidation catalyst for use in the fluid bed process, they may be improved upon. The present in-
vention is directed to such an improvement.
[0004] It is the primary object of the present invention to provide an improved method for making a hard, attrition-
resistant catalyst containing V and Sb in the oxide form (VSbOx).
[0005] Another object of the present invention is to provide a process of making microspheroidal catalyst containing
V and Sb in oxide form.
[0006] In a still further object of the present invention the VSbOx catalyst is promoted with various metals.
[0007] Other objects as well as aspects, features and advantages of the present invention will become apparent
from a study of the accompanying disclosure and the appended claims.
[0008] In order to achieve the foregoing aspects, features and advantages of the present invention, there is provided
a method of making a catalyst having the following empirical formula:

where

A = Sn, Ti or mixtures thereof,
D = at least one element selected from Li, Mg, Na, Ca, Sr, Ba, Co, Fe, Cr, Ga, Ni, Zn, Ge, Nb, Mo, W, Cu, Ti, Ta,

Se, Bi, Ce, In, As, B, Al, and Mn, and

wherein

m = 0.5 to 10
a = 0 to 10
d = 0 to 10
x = number of oxygen atoms necessary to satisfy the valency requirements of the other elements,

comprising reacting a monoperoxovanadium ion, VO(O2)+, while in aqueous solution with a first portion of an Sb com-
pound which contains Sb, having a valence of 3+, thereby reducing the average valence of the V to less than 5+ and
oxidizing Sb to a valence state of 5+, removing the water from the solution to form a dried catalyst precursor, and
calcining the resulting dried precursor at a temperature in the range of 650° to 950°C to form the catalyst, wherein the
improvement comprises adding at least a second portion of an Sb compound after the first portion of Sb compound
has been added and has at least partially reacted with the monoperoxovanadium ion.
[0009] In a preferred embodiment of the process of the present invention the second portion of Sb compound is
added after the first portion of the Sb compound has completely reacted with the monoperoxovanadium ion.
[0010] In still another preferred embodiment of the process of the present invention the first and second portions of
the Sb compound added to the catalyst are selected to be the same Sb compound.
[0011] In a further preferred embodiment of the process of the present invention the first and second portions of the
Sb compound are selected from different compounds.
[0012] In a still further preferred embodiment of the present invention the second portion of Sb compound is added
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prior to removing the water to form the dried catalyst precursor.
[0013] In another preferred embodiment of the present invention the second portion of the Sb compound is added
subsequent to removing the water to form the dried catalyst precursor.
[0014] In still another preferred embodiment of the present invention the second portion of Sb compound is added
after the dried precursor has been calcined.
[0015] Other objects, advantages and novel features of the invention will be apparent to those of ordinary skill in the
art upon examination of the following detailed description of the preferred embodiments of the invention.
[0016] The process of the present invention comprises a method of making a VSbOx based catalyst suitable for the
ammoxidation of propane to acrylonitrile. In particular, the process of the present invention comprises preparing a
catalyst having the following formula:

where

A = Sn, Ti or mixtures thereof,
D = at least one element selected from Li, Mg, Na, Ca, Sr, Ba, Co, Fe, Cr, Ga, Ni, Zn, Ge, Nb, Mo, W, Cu, Ti, Ta,

Se, Bi, Ce, In, As, B, Al, and Mn, and

wherein

m = 0.5 to 10
a = 0 to 10
d = 0 to 10
x = number of oxygen atoms necessary to satisfy the valency.requirements of the other elements,

by reacting a VO(O2)+ ion while in aqueous solution with a first portion of an Sb compound containing Sb in the valence
state of 3+, thereby reducing the average valence of the V ion to less than 5+ and oxidizing Sb to a valence state of
5+, removing the water from the solution to form a dried catalyst precursor, calcining the resulting dried precursor at a
maximum temperature in the range of 650° to 950°C wherein the improvement comprises adding at least a second
portion of an Sb compound after the first portion has at least partially reacted with the VO(O2)+ ion.
[0017] Preferably, the calcination of the catalyst precursor is done at a temperature of between 700° to 875°C, most
preferably in the range of 750° to 850°C.
[0018] In a further preferred embodiment, the water is removed by spray drying at a temperature of between 110°
to 190°C, especially preferred being 115° to 175°C, providing particles that are microspheroidal in shape in the range
of 10 to 200µ, especially preferred being 25 to 150µ.
[0019] The V compound reacted in the process of the present invention can be an inorganic or an organic compound
of V, but is usually an inorganic compound. A partial list of such compounds includes any oxide of V such as V2O5,
V7O13, VO, VO2, etc. For a more detailed list of typical compounds utilized in the practice of the present invention, see
U.S. Patents 4,784,979 and 4,879,264. The preferred V compound used in the reaction with the hydrogen peroxide is
one of the oxides, preferably because of cost, V2O5 is the compound of choice. Antimony compound reactants chosen
to react with the VO(O2)+ in making the catalyst of the present invention are also set forth in detail in U.S. Patents
4,784,979 and 4,879,264. A partial list of these compounds includes such Sb oxides such as Sb2O3 and Sb2O4 and
antimony halides such as SbBr3, and SbCl3. Other antimony compounds suitable for addition to the catalyst are the
reaction product of Sb2O3 refluxed with nitric acid, antimony oxide sol, antimony metal and the hydrolysis product of
the reaction of Sb2O3, SbCl3 and SbCl5 with water or mixtures thereof.
[0020] Optionally, the catalyst prepared by the present invention may be activated by contacting the catalyst with an
hydroxy compound in liquid form and thereafter drying the catalyst. The particular hydroxy compound selected is typ-
ically isobutanol, cyclohexanol, cyclopenthanol, etc. For specifics as to the activation procedure suitable for the process
of the present invention, see U.S. Patent 5,094,989 assigned to the assignee of the present invention.
[0021] The examples set forth below are for illustrative purposes only and provide a detailed description of the process
of the present invention.

COMPARATIVE EXAMPLE A

[0022] A catalyst having the composition VSb1.4Sn0.2Ti0.1Ox was prepared by mixing 27.28g of V2O5 powder with a
solution consisting of 100ml of 30% H2O2 in 900ml of water in a two liter beaker. After reaction of the V2O5 powder
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was complete, 61.22g of Sb2O3 was added followed by 2.40g of TiO2 powder (Degussa P-25). The beaker was covered
with a watch glass and the mixture was stirred and heated for about three hours. 99.25g of 9.11wt% SnO2 sol (Nalco
Chemical Co.) were added to the foregoing dispersion. The mixture was stirred in an uncovered beaker with heating
in order to reduce the volume by evaporation of water. When the mixture could no longer be stirred, it was dried in an
oven at 120°C. Thereafter, it was calcined for 8 hours at 650°C, cooled and then crushed and sieved and the 20-35
mesh particles collected. A portion of this was calcined for 3 hours at 810°C, then at 650°C for an additional 3 hours.
[0023] The calcined catalyst was then contacted with isobutanol using about 6.25ml of isobutanol per gram of catalyst
by placing the catalyst in a coarse glass frit funnel, pouring the isobutanol over the catalyst, stirring the catalyst in the
isobutanol in order to spread the catalyst evenly over the bottom of the funnel, then allowing the isobutanol to pass
through the funnel without suction. This washing was done a total of three times. After the last of the isobutanol was
passed through the funnel, the catalyst was heated in an oven at 120°C to remove the residual isobutanol on the
catalyst.
[0024] The catalyst was used to ammoxidize propane using a 3/8 inch O.D. titanium metal fixed bed reactor equipped
with a preheat leg and immersed in a temperature controlled molten salt bath at 480°C. The feed to the reactor consisted
of propane, ammonia, oxygen, nitrogen, and water in the ratio of 3/1.2/3/10/2. The results are shown in Table I, below.

COMPARATIVE EXAMPLE B

[0025] A catalyst having the composition VSb1.4Sn0.2Ti0.1Ox was prepared by mixing 27.28g of V2O5 powder with a
solution consisting of 100ml of 30% H2O2 in 900ml of water in a two liter beaker. After reaction of the V2O5 powder
was complete, 61.22g of Sb2O3 was added, followed by 2.40g of TiO2 powder (Degussa P-25). The beaker was covered
with a watch glass and the mixture was stirred and heated for about three hours. 99.25g of 9.11wt% SnO2 sol (Nalco
Chemical Co.) were added to the foregoing dispersion. The mixture was stirred in an uncovered beaker with heating
in order to reduce the volume by evaporation of water. When the mixture could no longer be stirred, it was dried in an
oven at 120°C. Thereafter, it was calcined for 8 hours at 650°C, cooled and then crushed and sieved and the 20-35
mesh particles collected. A portion of this was calcined for 3 hours at 810°C then at 650°C for an additional 3 hours.
[0026] The catalyst was washed with refluxing isobutanol using a Soxhlet extractor.
[0027] The catalyst was used to ammoxidize propane using a 3/8 inch O.D. titanium metal fixed bed reactor equipped
with a preheat leg and immersed in a temperature controlled molten salt bath at 480°C. The feed to the reactor consisted
of propane, ammonia, oxygen, nitrogen, and water in the ratio of 3/1.2/3/10/2. The results are shown in Table I below.

EXAMPLE 1

[0028] A catalyst having the composition VSb1.4Sn0.2Ti0.1Ox was prepared by mixing 27.28g of V2O5 powder with a
solution consisting of 100ml of 30% H2O2 in 900ml of water in a two liter beaker. After reaction of the V2O5 powder
was complete, 61.22g of Sb2O3 was added followed by 2.40g of TiO2 powder (Degussa P-25). The beaker was covered
with a watch glass and the mixture was stirred and heated for about three hours. 99.25g of 9.11wt% SnO2 sol (Nalco
Chemical Co.) were added to the foregoing dispersion. 4.37g of Sb2O3 were refluxed in 250ml of concentrated nitric
acid for about three hours. The mixture was filtered and the residue washed with water to remove the remaining acid.
The resulting washed solid was then added to the foregoing catalyst dispersion. The mixture was stirred in an uncovered
beaker with heating in order to reduce the volume by evaporation of water. When the mixture could no longer be stirred,
it was dried in an oven at 120°C. Thereafter, it was calcined for 8 hours at 650°C, cooled and then crushed and sieved
and the 20-35 mesh particles collected. A portion of this was calcined for 3 hours at 810°C then at 650°C for an
additional 3 hours.
[0029] The calcined catalyst was then contacted with isobutanol using about 6.25ml of isobutanol per gram of catalyst
by placing the catalyst in a coarse glass frit funnel, pouring the isobutanol over the catalyst, stirring the catalyst in the
isobutanol in order to spread the catalyst evenly over the bottom of the funnel, then allowing the isobutanol to pass
through the funnel without suction. This washing was done a total of three times. After the last of the isobutanol was
passed through the funnel, the catalyst was heated in an oven at 120°C to remove the residual isobutanol on the
catalyst.
[0030] The catalyst was used to ammoxidize propane using a 3/8 inch O.D. titanium metal fixed bed reactor equipped
with a preheat leg and immersed in a temperature controlled molten salt bath at 480°C. The feed to the reactor consisted
of propane, ammonia, oxygen, nitrogen, and water in the ratio of 3/1.2/3/10/2. The results are shown in Table I below.

EXAMPLE 2

[0031] A catalyst having the composition VSb1.4Sn0.2Ti0.1Ox was prepared by mixing 27.28g of V2O5 powder with a
solution consisting of 100ml of 30% H2O2 in 900ml of water in a two liter beaker. After reaction of the V2O5 powder
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was complete, 61.22g of Sb2O3 was added followed by 2.40g of TiO2 powder (Degussa P-25). The beaker was covered
with a watch glass and the mixture was stirred and heated for about three hours. 99.25g of 9.11wt% SnO2 sol (Nalco
Chemical Co.) were added to the foregoing dispersion followed by 4.37g of Sb2O3. The mixture was stirred in an
uncovered beaker with heating in order to reduce the volume by evaporation of water. When the mixture could no
longer be stirred, it was dried in an oven at 120°C. Thereafter, it was calcined for 8 hours at 650°C, cooled and then
crushed and sieved and the 20-35 mesh particles collected. A portion of this was calcined for 3 hours at 810°C then
at 650°C for an additional 3 hours.
[0032] The calcined catalyst was then contacted with isobutanol using about 6.25ml of isobutanol per gram of catalyst
by placing the catalyst in a coarse glass frit funnel, pouring the isobutanol over the catalyst, stirring the catalyst in the
isobutanol in order to spread the catalyst evenly over the bottom of the funnel, then allowing the isobutanol to pass
through the funnel without suction. This washing was done a total of three times. After the last of the isobutanol was
passed through the funnel, the catalyst was heated in an oven at 120°C to remove the residual isobutanol on the
catalyst.
[0033] The catalyst was used to ammoxidize propane using a 3/8 inch O.D. titanium metal fixed bed reactor equipped
with a preheat leg and immersed in a temperature controlled molten salt bath at 480°C. The feed to the reactor consisted
of propane, ammonia, oxygen, nitrogen, and water in the ratio of 3/1.2/3/10/2. The results are shown in Table I below.

EXAMPLE 3

[0034] A catalyst having the composition VSb1.4Sn0.2Ti0.1Ox was prepared by mixing 27.28g of V2O5 powder with a
solution consisting of 100ml of 30% H2O2 in 900ml of water in a two liter beaker. After reaction of the V2O5 powder
was complete, 61.22g of Sb2O3 was added followed by 2.40g of TiO2 powder (Degussa P-25). The beaker was covered
with a watch glass and the mixture was stirred and heated for about three hours. 99.25g of 9.11wt% SnO2 sol (Nalco
Chemical Co.) were added to the foregoing dispersion followed by 8.75g of Sb2O3. The mixture was stirred in an
uncovered beaker with heating in order to reduce the volume by evaporation of water. When the mixture could no
longer be stirred, it was dried in an oven at 120°C. Thereafter, it was calcined for 8 hours at 650°C, cooled and then
crushed and sieved and the 20-35 mesh particles collected. A portion of this was calcined for 3 hours at 810°C then
at 650°C for an additional 3 hours.
[0035] The calcined catalyst was then contacted with isobutanol using about 6.25ml of isobutanol per gram of catalyst
by placing the catalyst in a coarse glass frit funnel, pouring the isobutanol over the catalyst, stirring the catalyst in the
isobutanol in order to spread the catalyst evenly over the bottom of the funnel, then allowing the isobutanol to pass
through the funnel without suction. This washing was done a total of three times. After the last of the isobutanol was
passed through the funnel, the catalyst was heated in an oven at 120°C to remove the residual isobutanol on the
catalyst.
[0036] The catalyst was used to ammoxidize propane using a 3/8 inch O.D. titanium metal fixed bed reactor equipped
with a preheat leg and immersed in a temperature controlled molten salt bath at 480°C. The feed to the reactor consisted
of propane, ammonia, oxygen, nitrogen, and water in the ratio of 3/1.2/3/10/2. The results are shown in Table I below.

EXAMPLE 4

[0037] A catalyst having the composition VSb1.4Sn0.2Ti0.1Ox was prepared by mixing 27.28g of V2O5 powder with a
solution consisting of 100ml of 30% H2O2 in 900ml of water in a two liter beaker. After reaction of the V2O5 powder
was complete, 61.22g of Sb2O3 was added followed by 2.40g of TiO2 powder (Degussa P-25). The beaker was covered
with a watch glass and the mixture was stirred and heated for about three hours. 99.25g of 9.11wt% SnO2 sol (Nalco
Chemical Co.) were added to the foregoing dispersion followed by 13.12g of Sb2O3. The mixture was stirred in an
uncovered beaker with heating in order to reduce the volume by evaporation of water. When the mixture could no
longer be stirred, it was dried in an oven at 120°C. Thereafter, it was calcined for 8 hours at 650°C, cooled and then
crushed and sieved and the 20-35 mesh particles collected. A portion of this was calcined for 3 hours at 810°C then
at 650°C for an additional 3 hours.
[0038] The calcined catalyst was then contacted with isobutanol using about 6.25ml of isobutanol per gram of catalyst
by placing the catalyst in a coarse glass frit funnel, pouring the isobutanol over the catalyst, stirring the catalyst in the
isobutanol in order to spread the catalyst evenly over the bottom of the funnel, then allowing the isobutanol to pass
through the funnel without suction. This washing was done a total of three times. After the last of the isobutanol was
passed through the funnel, the catalyst was heated in an oven at 120°C to remove the residual isobutanol on the
catalyst.
[0039] The catalyst was used to ammoxidize propane using a 3/8 inch O.D. titanium metal fixed bed reactor equipped
with a preheat leg and immersed in a temperature controlled molten salt bath at 480°C. The feed to the reactor consisted
of propane, ammonia, oxygen, nitrogen, and water in the ratio of 3/1.2/3/10/2. The results are shown in Table I below.
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EXAMPLE 5

[0040] A catalyst having the composition VSb1.3Sn0.2Ti0.1Ox was prepared by mixing 27.28g of V2O5 powder with a
solution consisting of 100ml of 30% H2O2 in 900ml of water in a two liter beaker. After reaction of the V2O5 powder
was complete, 56.85g of Sb2O3 was added followed by 2.40g of TiO2 powder (Degussa P-25). The beaker was covered
with a watch glass and the mixture was stirred and heated for about three hours. 99.25g of 9.11wt% SnO2 sol (Nalco
Chemical Co.) were added to the foregoing dispersion. 4.37g of Sb2O3 were refluxed in 250ml of concentrated nitric
acid for about three hours. The mixture was filtered and the residue washed with water to remove the remaining acid.
The resulting washed solid was then added to the foregoing catalyst dispersion. The mixture was stirred in an uncovered
beaker with heating in order to reduce the volume by evaporation of water. When the mixture could no longer be stirred,
it was dried in an oven at 120°C. Thereafter, it was calcined for 8 hours at 650°C, cooled and then crushed and sieved
and the 20-35 mesh particles collected. A portion of this was calcined for 3 hours at 810°C then at 650°C for an
additional 3 hours.
[0041] The calcined catalyst was then contacted with isobutanol using about 6.25ml of isobutanol per gram of catalyst
by placing the catalyst in a coarse glass frit funnel, pouring the isobutanol over the catalyst, stirring the catalyst in the
isobutanol in order to spread the catalyst evenly over the bottom of the funnel, then allowing the isobutanol to pass
through the funnel without suction. This washing was done a total of three times. After the last of the isobutanol was
passed through the funnel, the catalyst was heated in an oven at 120°C to remove the residual isobutanol on the
catalyst.
[0042] The catalyst was used to ammoxidize propane using a 3/8 inch O.D. titanium metal fixed bed reactor equipped
with a preheat leg and immersed in a temperature controlled molten salt bath at 480°C. The feed to the reactor consisted
of propane, ammonia, oxygen, nitrogen, and water in the ratio of 3/1.2/3/10/2. The results are shown in Table I below.

EXAMPLE 6

[0043] A catalyst having the composition VSb1.3Sn0.2Ti0.1Ox was prepared by mixing 27.28g of V2O5 powder with a
solution consisting of 100ml of 30% H2O2 in 900ml of water in a two liter beaker. After reaction of the V2O5 powder
was complete, 56.85g of Sb2O3 was added followed by 2.40g of TiO2 powder (Degussa P-25). The beaker was covered
with a watch glass and the mixture was stirred and heated for about three hours. 99.25g of 9.11wt% SnO2 sol (Nalco
Chemical Co.) were added to the foregoing dispersion followed by 4.37g of Sb2O3. The mixture was stirred in an
uncovered beaker with heating in order to reduce the volume by evaporation of water. When the mixture could no
longer be stirred, it was dried in an oven at 120°C. Thereafter, it was calcined for 8 hours at 650°C, cooled and then
crushed and sieved and the 20-35 mesh particles collected. A portion of this was calcined for 3 hours at 810°C then
at 600°C for an additional 3 hours.
[0044] The calcined catalyst was then contacted with isobutanol using about 6.25ml of isobutanol per gram of catalyst
by placing the catalyst in a coarse glass frit funnel, pouring the isobutanol over the catalyst, stirring the catalyst in the
isobutanol in order to spread the catalyst evenly over the bottom of the funnel, then allowing the isobutanol to pass
through the funnel without suction. This washing was done a total of three times. After the last of the isobutanol was
passed through the funnel, the catalyst was heated in an oven at 120°C to remove the residual isobutanol on the
catalyst.
[0045] The catalyst was used to ammoxidize propane using a 3/8 inch O.D. titanium metal fixed bed reactor equipped
with a preheat leg and immersed in a temperature controlled molten salt bath at 480°C. The feed to the reactor consisted
of propane, ammonia, oxygen, nitrogen, and water in the ratio of 3/1.2/3/10/2. The results are shown in Table I below.

EXAMPLE 7

[0046] A catalyst having the composition VSb1.3Sn0.2Ti0.1Ox was prepared by mixing 27.28g of V2O5 powder with a
solution consisting of 100ml of 30% H2O2 in 900ml of water in a two liter beaker. After reaction of the V2O5 powder
was complete, 56.85g of Sb2O3 was added followed by 2.40g of TiO2 powder (Degussa P-25). The beaker was covered
with a watch glass and the mixture was stirred and heated for about three hours. 99.25g of 9.11wt% SnO2 sol (Nalco
Chemical Co.) were added to the foregoing dispersion followed by 4.37g of Sb2O3. The mixture was stirred in an
uncovered beaker with heating in order to reduce the volume by evaporation of water. When the mixture could no
longer be stirred, it was dried in an oven at 120°C. Thereafter, it was calcined for 8 hours at 650°C, cooled and then
crushed and sieved and the 20-35 mesh particles collected. A portion of this was calcined for 3 hours at 810°C then
at 650°C for an additional 3 hours.
[0047] The calcined catalyst was then contacted with isobutanol using about 6.25ml of isobutanol per gram of catalyst
by placing the catalyst in a coarse glass frit funnel, pouring the isobutanol over the catalyst, stirring the catalyst in the
isobutanol in order to spread the catalyst evenly over the bottom of the funnel, then allowing the isobutanol to pass
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through the funnel without suction. This washing was done a total of three times. After the last of the isobutanol was
passed through the funnel, the catalyst was heated in an oven at 120°C to remove the residual isobutanol on the
catalyst.
[0048] The catalyst was used to ammoxidize propane using a 3/8 inch O.D. titanium metal fixed bed reactor equipped
with a preheat leg and immersed in a temperature controlled molten salt bath at 480°C. The feed to the reactor consisted
of propane, ammonia, oxygen, nitrogen, and water in the ratio of 3/1.2/3/10/2. The results are shown in Table I below.

EXAMPLE 8

[0049] A catalyst having the composition VSb1.3Sn0.2Ti0.1Ox was prepared by mixing 27.28g of V2O5 powder with a
solution consisting of 100ml of 30% H2O2 in 900ml of water in a two liter beaker. After reaction of the V2O5 powder
was complete, 56.85g of Sb2O3 was added followed by 2.40g of TiO2 powder (Degussa P-25). The beaker was covered
with a watch glass and the mixture was stirred and heated for about three hours. 99.25g of 9.11wt% SnO2 sol (Nalco
Chemical Co.) were added to the foregoing dispersion followed by 8.75g of Sb2O3. The mixture was stirred in an
uncovered beaker with heating in order to reduce the volume by evaporation of water. When the mixture could no
longer be stirred, it was dried in an oven at 120°C. Thereafter, it was calcined for 8 hours at 650°C, cooled and then
crushed and sieved and the 20-35 mesh particles collected. A portion of this was calcined for 3 hours at 810°C then
at 650°C for an additional 3 hours.
[0050] The calcined catalyst was then contacted with isobutanol using about 6.25ml of isobutanol per gram of catalyst
by placing the catalyst in a coarse glass frit funnel, pouring the isobutanol over the catalyst, stirring the catalyst in the
isobutanol in order to spread the catalyst evenly over the bottom of the funnel, then allowing the isobutanol to pass
through the funnel without suction. This washing was done a total of three times. After the last of the isobutanol was
passed through the funnel, the catalyst was heated in an oven at 120°C to remove the residual isobutanol on the
catalyst.
[0051] The catalyst was used to ammoxidize propane using a 3/8 inch O.D. titanium metal fixed bed reactor equipped
with a preheat leg and immersed in a temperature controlled molten salt bath at 480°C. The feed to the reactor consisted
of propane, ammonia, oxygen, nitrogen, and water in the ratio of 3/1.2/3/10/2. The results are shown in Table I below.

EXAMPLE 9

[0052] A catalyst having the composition VSb1.3Sn0.2Ti0.1Ox was prepared by mixing 27.28g of V2O5 powder with a
solution consisting of 100ml of 30% H2O2 in 900ml of water in a two liter beaker. After reaction of the V2O5 powder
was complete, 56.85g of Sb2O3 was added followed by 2.40g of TiO2 powder (Degussa P-25). The beaker was covered
with a watch glass and the mixture was stirred and heated for about three hours. 99.25g of 9.11wt% SnO2 sol (Nalco
Chemical Co.) were added to the foregoing dispersion followed by 13.12g of Sb2O3. The mixture was stirred in an
uncovered beaker with heating in order to reduce the volume by evaporation of water. When the mixture could no
longer be stirred, it was dried in an oven at 120°C. Thereafter, it was calcined for 8 hours at 650°C, cooled and then
crushed and sieved and the 20-35 mesh particles collected. A portion of this was calcined for 3 hours at 810°C then
at 650°C for an additional 3 hours.
[0053] The calcined catalyst was then contacted with isobutanol using about 6.25ml of isobutanol per gram of catalyst
by placing the catalyst in a coarse glass frit funnel, pouring the isobutanol over the catalyst, stirring the catalyst in the
isobutanol in order to spread the catalyst evenly over the bottom of the funnel, then allowing the isobutanol to pass
through the funnel without suction. This washing was done a total of three times. After the last of the isobutanol was
passed through the funnel, the catalyst was heated in an oven at 120°C to remove the residual isobutanol on the
catalyst.
[0054] The catalyst was used to ammoxidize propane using a 3/8 inch O.D. titanium metal fixed bed reactor equipped
with a preheat leg and immersed in a temperature controlled molten salt bath at 480°C. The feed to the reactor consisted
of propane, ammonia, oxygen, nitrogen, and water in the ratio of 3/1.2/3/10/2. The results are shown in Table I below.

EXAMPLE 10

[0055] A catalyst having the composition VSb1.3Sn0.2Ti0.1Ox was prepared by mixing 27.28g of V2O5 powder with a
solution consisting of 100ml of 30% H2O2 in 900ml of water in a two liter beaker. After reaction of the V2O5 powder
was complete, 56.85g of Sb2O3 was added followed by 2.40g of TiO2 powder (Degussa P-25). The beaker was covered
with a watch glass and the mixture was stirred and heated for about three hours. 99.25g of 9.11wt% SnO2 sol (Nalco
Chemical Co.) were added to the foregoing dispersion followed by 4.37g of Sb2O3. The mixture was stirred in an
uncovered beaker with heating in order to reduce the volume by evaporation of water. When the mixture could no
longer be stirred, it was dried in an oven at 120°C. Thereafter, it was calcined for 8 hours at 650°C, cooled and then
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crushed and sieved and the 20-35 mesh particles collected. A portion of this was calcined for 3 hours at 810°C then
at 700°C for an additional 3 hours.
[0056] The calcined catalyst was then contacted with isobutanol using about 6.25ml of isobutanol per gram of catalyst
by placing the catalyst in a coarse glass frit funnel, pouring the isobutanol over the catalyst, stirring the catalyst in the
isobutanol in order to spread the catalyst evenly over the bottom of the funnel, then allowing the isobutanol to pass
through the funnel without suction. This washing was done a total of three times. After the last of the isobutanol was
passed through the funnel, the catalyst was heated in an oven at 120°C to remove the residual isobutanol on the
catalyst.
[0057] The catalyst was used to ammoxidize propane using a 3/8 inch O.D. titanium metal fixed bed reactor equipped
with a preheat leg and immersed in a temperature controlled molten salt bath at 480°C. The feed to the reactor consisted
of propane, ammonia, oxygen, nitrogen, and water in the ratio of 3/1.2/3/10/2. The results are shown in Table I below.

EXAMPLE 11

[0058] A catalyst having the composition VSb1.3Sn0.2Ti0.1Ox was prepared by mixing 27.28g of V2O5 powder with a
solution consisting of 100ml of 30% H2O2 in 900ml of water in a two liter beaker. After reaction of the V2O5 powder
was complete, 56.85g of Sb2O3 was added followed by 2.40g of TiO2 powder (Degussa P-25). The beaker was covered
with a watch glass and the mixture was stirred and heated for about three hours. 99.25g of 9.11wt% SnO2 sol (Nalco
Chemical Co.) were added to the foregoing dispersion followed by 4.61g of Sb2O4. The mixture was stirred in an
uncovered beaker with heating in order to reduce the volume by evaporation of water. When the mixture could no
longer be stirred, it was dried in an oven at 120°C. Thereafter, it was calcined for 8 hours at 650°C, cooled and then
crushed and sieved and the 20-35 mesh particles collected. A portion of this was calcined for 3 hours at 810°C then
at 650°C for an additional 3 hours.
[0059] The calcined catalyst was then contacted with isobutanol using about 6.25ml of isobutanol per gram of catalyst
by placing the catalyst in a coarse glass frit funnel, pouring the isobutanol over the catalyst, stirring the catalyst in the
isobutanol in order to spread the catalyst evenly over the bottom of the funnel, then allowing the isobutanol to pass
through the funnel without suction. This washing was done a total of three times. After the last of the isobutanol was
passed through the funnel, the catalyst was heated in an oven at 120°C to remove the residual isobutanol on the
catalyst.
[0060] The catalyst was used to ammoxidize propane using a 3/8 inch O.D. titanium metal fixed bed reactor equipped
with a preheat leg and immersed in a temperature controlled molten salt bath at 480°C. The feed to the reactor consisted
of propane, ammonia, oxygen, nitrogen, and water in the ratio of 3/1.2/3/10/2. The results are shown in Table I below.

EXAMPLE 12

[0061] A catalyst having the composition VSb1.3Sn0.2Ti0.1Ox was prepared by mixing 27.28g of V2O5 powder with a
solution consisting of 100ml of 30% H2O2 in 900ml of water in a two liter beaker. After reaction of the V2O5 powder
was complete, 56.85g of Sb2O3 was added followed by 2.40g of TiO2 powder (Degussa P-25). The beaker was covered
with a watch glass and the mixture was stirred and heated for about three hours. 99.25g of 9.11wt% SnO2 sol (Nalco
Chemical Co.) were added to the foregoing dispersion. 4.37g of Sb2O3 were heated in a hydrogen peroxide solution,
dried, then added to the foregoing catalyst dispersion. The mixture was stirred in an uncovered beaker with heating in
order to reduce the volume by evaporation of water. When the mixture could no longer be stirred, it was dried in an
oven at 120°C. Thereafter, it was calcined for 8 hours at 650°C, cooled and then crushed and sieved and the 20-35
mesh particles collected. A portion of this was calcined for 3 hours at 810°C then at 650°C for an additional 3 hours.
[0062] The calcined catalyst was then contacted with isobutanol using about 6.25ml of isobutanol per gram of catalyst
by placing the catalyst in a coarse glass frit funnel, pouring the isobutanol over the catalyst, stirring the catalyst in the
isobutanol in order to spread the catalyst evenly over the bottom of the funnel, then allowing the isobutanol to pass
through the funnel without suction. This washing was done a total of three times. After the last of the isobutanol was
passed through the funnel, the catalyst was heated in an oven at 120°C to remove the residual isobutanol on the
catalyst.
[0063] The catalyst was used to ammoxidize propane using a 3/8 inch O.D. titanium metal fixed bed reactor equipped
with a preheat leg and immersed in a temperature controlled molten salt bath at 480°C. The feed to the reactor consisted
of propane, ammonia, oxygen, nitrogen, and water in the ratio of 3/1.2/3/10/2. The results are shown in Table I below.

EXAMPLE 13

[0064] A catalyst having the composition VSb1.3Sn0.2Ti0.1Ox was prepared by mixing 27.28g of V2O5 powder with a
solution consisting of 100ml of 30% H2O2 in 900ml of water in a two liter beaker. After reaction of the V2O5 powder
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was complete, 56.85g of Sb2O3 was added followed by 2.40g of TiO2 powder (Degussa P-25). The beaker was covered
with a watch glass and the mixture was stirred and heated for about three hours. 99.25g of 9.11wt% SnO2 sol (Nalco
Chemical Co.) were added to the foregoing dispersion. 4.37g of Sb2O3 were added to 100ml of water and heated. A
solution of 50% hydrogen peroxide solution was added until a colloidal suspension resulted which had no evidence of
particle settling when mixing was stopped. This colloidal suspension was then added to the foregoing catalyst disper-
sion. The mixture was stirred in an uncovered beaker with heating in order to reduce the volume by evaporation of
water. When the mixture could no longer be stirred, it was dried in an oven at 120°C. Thereafter, it was calcined for 8
hours at 650°C, cooled and then crushed and sieved and the 20-35 mesh particles collected. A portion of this was
calcined for 3 hours at 810°C then at 650°C for an additional 3 hours.
[0065] The calcined catalyst was then contacted with isobutanol using about 6.25ml of isobutanol per gram of catalyst
by placing the catalyst in a coarse glass frit funnel, pouring the isobutanol over the catalyst, stirring the catalyst in the
isobutanol in order to spread the catalyst evenly over the bottom of the funnel, then allowing the isobutanol to pass
through the funnel without suction. This washing was done a total of three times. After the last of the isobutanol was
passed through the funnel, the catalyst was heated in an oven at 120°C to remove the residual isobutanol on the
catalyst.
[0066] The catalyst was used to ammoxidize propane using a 3/8 inch O.D. titanium metal fixed bed reactor equipped
with a preheat leg and immersed in a temperature controlled molten salt bath at 480°C. The feed to the reactor consisted
of propane, ammonia, oxygen, nitrogen, and water in the ratio of 3/1.2/3/10/2. The results are shown in Table I below.

EXAMPLE 14

[0067] A catalyst having the composition VSb1.3Sn0.2Ti0.1Ox was prepared by mixing 27.28g of V2O5 powder with a
solution consisting of 100ml of 30% H2O2 in 900ml of water in a two liter beaker. After reaction of the V2O5 powder
was complete, 56.85g of Sb2O3 was added followed by 2.40g of TiO2 powder (Degussa P-25). The beaker was covered
with a watch glass and the mixture was stirred and heated for about three hours. 99.25g of 9.11wt% SnO2 sol (Nalco
Chemical Co.) were added to the foregoing dispersion followed by 4.61g of Sb2O4. The mixture was stirred in an
uncovered beaker with heating in order to reduce the volume by evaporation of water. When the mixture could no
longer be stirred, it was dried in an oven at 120°C. Thereafter, it was calcined for 8 hours at 650°C, cooled and then
crushed and sieved and the 20-35 mesh particles collected. A portion of this was calcined for 3 hours at 810°C.
[0068] The calcined catalyst was then contacted with isobutanol using about 6.25ml of isobutanol per gram of catalyst
by placing the catalyst in a coarse glass frit funnel, pouring the isobutanol over the catalyst, stirring the catalyst in the
isobutanol in order to spread the catalyst evenly over the bottom of the funnel, then allowing the isobutanol to pass
through the funnel without suction. This washing was done a total of three times. After the last of the isobutanol was
passed through the funnel, the catalyst was heated in an oven at 120°C to remove the residual isobutanol on the
catalyst.
[0069] 7g of the foregoing washed catalyst were physically mixed with 0.3027g of Sb2O3 powder in a 50ml flask until
the catalyst particles appeared uniformly coated by the Sb2O3 powder. The coated catalyst particles were then calcined
for 3 hours at 650°C.
[0070] The calcined catalyst was then contacted with isobutanol using about 6.25ml of isobutanol per gram of catalyst
by placing the catalyst in a coarse glass frit funnel, pouring the isobutanol over the catalyst, stirring the catalyst in the
isobutanol in order to spread the catalyst evenly over the bottom of the funnel, then allowing the isobutanol to pass
through the funnel without suction. This washing was done a total of three times. After the last of the isobutanol was
passed through the funnel, the catalyst was heated in an oven at 120°C to remove the residual isobutanol on the
catalyst.
[0071] The catalyst was used to ammoxidize propane using a 3/8 inch O.D. titanium metal fixed bed reactor equipped
with a preheat leg and immersed in a temperature controlled molten salt bath at 480°C. The feed to the reactor consisted
of propane, ammonia, oxygen, nitrogen, and water in the ratio of 3/1.2/3/10/2. The results are shown in Table I below.
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Claims

1. A method of making a catalyst having the following empirical formula:

VSbmAaDdOx
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where

A = Sn, Ti or mixtures thereof,
D = at least one element selected from Li, Mg, Na, Ca, Sr, Ba, Co, Fe, Cr, Ga, Ni, Zn, Ge, Nb, Mo, W, Cu, Ti,

Ta, Se, Bi, Ce, In, As, B, Al, and Mn, and

wherein

m = 0.5 to 10
a = 0 to 10
d = 0 to 10
x = number of oxygen atoms necessary to satisfy the valency requirements of the other elements,

comprising reacting a monoperoxovanadium ion, VO(O2)+, while in aqueous solution with a first portion of an Sb
compound which contains Sb, having a valence of 3+, thereby reducing the average valence of the V to less than
5+ and oxidizing Sb to a valence state of 5+, removing the water from the solution to form a dried catalyst precursor,
and calcining the resulting dried precursor at a temperature in the range of 650° to 950°C to form the catalyst,
wherein the improvement comprises adding at least a second portion of an Sb compound after the first portion of
Sb compound has been added and has at least partially reacted with the monoperoxovanadium ion.

2. The process of claim 1 wherein the second portion of the Sb compound is added after the first portion of the Sb
compound has completely reacted with the monoperoxovanadium ion.

3. The process of either claim 1 or claim 2 wherein the first and second portions of the Sb compound added to the
catalyst are selected to be the same Sb compound.

4. The process of either claim 1 or claim 2 wherein the first and second portions of the Sb compound are selected
from different compounds.

5. The process of any one of the preceding claims wherein the second portion of the Sb compound is added prior to
removing the water to form the dried catalyst precursor.

6. The process of any one of claims 1 to 4 wherein the second portion of the Sb compound is added subsequent to
removing the water to form the dried catalyst precursor.

7. The process of any one of claims 1 to 4 wherein the second portion of Sb compound is added after the dried
precursor has been calcined.

8. The process of any one of the preceding claims wherein the water is removed by spray drying at a temperature
of between about 110°C to 190°C.

Patentansprüche

1. Verfahren zur Herstellung eines Katalysators mit der nachstehenden empirischen Formel:

worin

A = Sn, Ti oder Gemische davon,
D = mindestens ein Element ausgewählt aus Li, Mg, Na, Ca, Sr, Ba, Co, Fe, Cr, Ga, Ni, Zn, Ge, Nb, Mo, W,
Cu, Ti, Ta, Se, Bi, Ce, In, As, B, Al und Mn und

worin

m = 0,5 bis 10

VSbmAaDdOx
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a = 0 bis 10
d = 0 bis 10
x = Anzahl an Sauerstoffatomen, die notwendig ist, den Wertigkeitserfordernissen der anderen Elemente zu
genügen,

umfassend Umsetzen eines Monoperoxovanadiumions VO(O2)+ in wässriger Lösung mit einem ersten Teil
einer Sb-Verbindung, die Sb mit einer Wertigkeit von 3+ enthält, wodurch die mittlere Wertigkeit von V auf weniger
als 5+ reduziert wird und Sb zu einem Wertigkeitszustand von 5+ oxidiert wird, Entfernen des Wassers aus der
Lösung unter Bildung einer getrockneten Katalysatorvorstufe und Calcinieren der erhaltenen getrockneten Vor-
stufe bei einer Temperatur im Bereich von 650° bis 950°C unter Bildung des Katalysators, wobei die Verbesserung
Zugeben von mindestens einem zweiten Teil einer Sb-Verbindung, nachdem der erste Teil der Sb-Verbindung
zugegeben wurde und mindestens teilweise mit dem Monoperoxovanadiumion umgesetzt wurde, umfasst.

2. Verfahren nach Anspruch 1, wobei der zweite Teil der Sb-Verbindung zugegeben wird, nachdem der erste Teil der
Sb-Verbindung sich vollständig mit dem Monoperoxovanadiumion umgesetzt hat.

3. Verfahren nach Anspruch 1 oder Anspruch 2, wobei die ersten und zweiten Teile der Sb-Verbindung, die zu dem
Katalysator gegeben werden, so ausgewählt wurden, dass sie die gleiche Sb-Verbindung sind.

4. Verfahren nach Anspruch 1 oder Anspruch 2, wobei die ersten und zweiten Teile der Sb-Verbindung aus verschie-
denen Verbindungen ausgewählt sind.

5. Verfahren nach einem der vorangehenden Ansprüche, wobei der zweite Teil der Sb-Verbindung vor dem Entfernen
des Wassers unter Bildung der getrockneten Katalysatorvorstufe zugegeben wird.

6. Verfahren nach einem der Ansprüche 1 bis 4, wobei der zweite Teil der Sb-Verbindung anschließend zum Entfernen
des Wassers unter Bildung der getrockneten Katalysatorvorstufe zugegeben wird.

7. Verfahren nach einem der Ansprüche 1 bis 4, wobei der zweite Teil der Sb-Verbindung zugegeben wird, nachdem
die getrocknete Vorstufe calciniert wurde.

8. Verfahren nach einem der vorangehenden Ansprüche, wobei das Wasser durch Sprühtrocknen bein einer Tem-
peratur zwischen etwa 110°C bis 190°C entfernt wird.

Revendications

1. Procédé de fabrication d'un catalyseur ayant la formule empirique suivante :

où

A = Sn, Ti ou leurs mélanges,
D = au moins un élément choisi parmi Li,
Mg, Na, Ca, Sr, Ba, Co, Fe, Cr, Ga, Ni,
Zn, Ge, Nb, Mo, W, Cu, Ti, Ta, Se, Bi,
Ce, In, As, B, Al et Mn et

dans laquelle

m = 0,5 à 10
a = 0 à 10
d = 0 à 10
x = le nombre d'atomes d'oxygène nécessaire pour satisfaire aux exigences de valence des autres éléments,

comprenant la mise en réaction d'un ion monoperoxovanadium, VO(O2)+, tandis qu'il se trouve en solution aqueu-

VSbmAaDdOx
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se, avec une première fraction d'un composé Sb qui contient Sb, ayant une valence de 3+, réduisant ainsi la
valence moyenne du V à moins de 5+ et oxydant Sb à un état de valence de 5+, l'élimination de l'eau de la solution
pour former un précurseur de catalyseur séché et la calcination du précurseur séché résultant à une température
dans la plage de 650° à 950°C pour former le catalyseur, dans lequel l'amélioration comprend l'addition d'au moins
une seconde fraction d'un composé Sb, après que la première fraction du composé Sb a été ajoutée et a au moins
partiellement réagi avec l'ion monoperoxovanadium.

2. Procédé selon la revendication 1, dans lequel la seconde fraction du composé Sb est ajoutée après que la première
fraction du composé Sb a entièrement réagi avec l'ion monoperoxovanadium.

3. Procédé selon la revendication 1 ou la revendication 2, dans lequel les première et seconde fractions du composé
Sb ajoutées au catalyseur sont choisies pour être le même composé Sb.

4. Procédé selon la revendication 1 ou la revendication 2, dans lequel les première et seconde fractions du composé
Sb sont choisies parmi des composés différents.

5. Procédé selon l'une quelconque des revendications précédentes, dans lequel la seconde fraction du composé Sb
est ajoutée avant l'élimination de l'eau pour former le précurseur de catalyseur séché.

6. Procédé selon l'une quelconque des revendications 1 à 4, dans lequel la seconde fraction du composé Sb est
ajoutée après l'élimination de l'eau pour former le précurseur de catalyseur séché.

7. Procédé selon l'une quelconque des revendications 1 à 4, dans lequel la seconde fraction du composé Sb est
ajoutée après que le précurseur séché a été calciné.

8. Procédé selon l'une quelconque des revendications précédentes, dans lequel l'eau est éliminée par séchage par
pulvérisation à une température entre environ 110°C à 190°C.
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