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The Present inJEntio‘ relates to a process for

FERATED
producing nitriles. '

Nitriles such as acrylonltrlle and
methacrylonltrlle have Heen 1ndustr1ally produced as
1mportant intermediates for the preparation of, for example,
fibers, synthetic resins and synthetic rubbers. The most
popular method for producing such nitriles is to subject an
olefin such as propylene or isobutene to a reaction with
ammonia and oxygen in the presence of a catalyst in a
gaseous phase at a high temperature. _

For example, there have been described a Mo-Bi-P-0
catalyst (JP-A-16887/1973), a V-Sb-O cataylst (JP-A-
33783/1972, JP-B-23016/1975 and JP-A-268668/1989), a
Sb~U~V-Ni-O catalyst (JP-B-14371/1972), a Sb-Sn-0 catalyst
(JP-B-28940/1975), a V-Sb-W-P-O catalyst (JP-A-95439/1990)
and a.catalyst obtalned by mechanlcally mixing a

 V-Sb-W-0 oxide'-and a" *Bi-Ce-Mo-W-0 oxide (JP-A-38051/1989).
Furthermore we have: descrlbed 2 Mo-V-Te-Nb-O catalyst
(JP—A—257/1990 and Us= A-5 049 692)

On the other hand, in view of the price difference
between propane and propylene or between isobutane and
isobutene, attention has been_dra&h to developing a method
for producing acrylonitrilefer methacrylonitrile by a so-
called ammooxidation reaction method wherein a lower alkane,
such as propane or isobutane, is used as starting material.
This lower alkane is catalytically reacted with ammonia and ]
oxygen in a gaseous phase in the presence of a catalyst.

However, none of these methods provides a fully
satisfactory yield of the nitriles. In order to improve the
yield it has'been proposed to add a small amount of an
organic halide, an inorganic halide or a sulphur compound, .
or to add water to the reaction system. However, the former
three methods have a problem of possible corrosion of the
reaction apparatus, while the latter water-adding.method has
a problem of formation of by-products by side reactions or a
problem of their treatment. Thus, each method has a
practical problem in industrial appllcatlon.

Methods using conventional catalysts other than the
Mo-V-Te-~-Nb-0O catalyst usually requlre a very hlgh feactlon
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temperature of at least 500°C. Therefore, such methods are
disadvantageous, for example in terms of the reactor '
material and production cost.

We have surprisingly found it possible to produce a
desired nitrile in a remarkably better yield than
conventional methods at a relatively low temperature of from
400 to 450°C without adding a halide or water to the
reaction system, by subjecting-the alkane and ammonia in the
gaseous state to catalytic oxidation in the presence of a
catalyst comprising molybdenum (Mo), vanadium (V), tellurium
(Te) and certain other metals and having a certain specific
crystal structure.

The present invention provides a catalyst which is
suitable for the production of a nitrile from an alkane,
wherein:

C) the catalyst has the empirical formula:

MoV,Te X0, wherein:

X is at least one of Nb, Ta, W, Ti, Al, Zr, Cr, Mn,
Fe, Ru, Co, Rh, Ni, pd, Pt, Sb, Bi, B and Ce;

b is from 0.01 to 1.0;

c is from 0.01 to 1.0;

x is from 0.01 to 1.0; and

n is a number such that the total valency of the
metal elements is satisfied; and

C) the catalyst has X-ray diffraction peaks at the
following angles at 20 in its X-ray diffraction pattern:

Diffraction '

angles at 20 (°)

22.1+0.3

28.2%0.3

36.2+%0.3

45.2%0.3

50.0%0.3.

The present invention also provides a process for
producing a catalyst as defined above which comprises drying
an aqueous solution containing compounds of molybdenum,
vanadium, tellurium, and at least
one of niobium, tantalum, tungsten, tltanlum, aluminium,
zirconium, chromium, manganese, iron, ruthenlum, cobalt,
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rhodium, nickel, palladium, platinum, antimony, bismuth,
boron and cerium,'and calcining the dried product in the
absence of oxygen.

The present inventions additionally provides a
process for producing a catalyst as defined above which
comprises drying an aqueous solution containing compounds of
molybdenum, vanadium, tellurium and at least one of niobium,
tantalum, tungsten, titanium, aluminium, zirconium,
chromium, manganese, iron, ruthenium, cobalt, rhodium,.
nickel, palladium, platinum, antimony, bismuth, boron and
cerium, calcininé the dried product in the absence of oxygen
to obtain a complex oxide, adding to the complex oxide an
oxide containing at least one of antimony, bismuth, cerium
and boron, and calcining the mixture. |

The present invention further provides a process
for producing a catalyst as defined above which comprises
drying an aqueous solution containing compounds of
molybdenum, vanadium, tellurium and at least one of niobium,
tantalum, tungsten, titanium, aluminium, zirconium,
chromium, manganese, iron, ruthenium, cobalt, rhodium,
nickel, palladium, platinum, antimony, bismuth, boron and
cerium, calcining the dried producf in the absence of oxygen
to obtain a complex oxide, adding to the complex oxide an
organic compound containing at least one of antimony,
bismuth, cerium and boron, and calcining the mixture.

The present invention also provides a process for
producing a nitrile, which comprises subjecting an alkane
and ammonia in the gaseous state to catalytic oxidation in
the presence of a catalyst defined above.

The present invention additionally provides a
process for producing a nitrile, which comprises subjecting
an alkane and ammonia in the gaseous state to catalytic
oxidation in the presence of a catalyst which is obtainable
by drying an aqueous solution containing compounds of
molybdenum, vanadium, tellurium and at least one of niobium,
tantalum, tungsten, titanium, aluminium, zirconium,
chromium, manganese,'iron, ruthenium, cobalt, rhodium,
nickel, palladium, platinum, antimony, bismuth, boron and
cerium, and calcining the dried product in the absence of
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@ the catalyst has the empirical formula:

MoV, TeX,0, wherein:

X is at least one of Nb, Ta, W, Ti, Al, 2r, Cr, Mn,
Fe, Ru, Co, Rh, Ni,.Pd, Pt, Sb, Bi, B and Ce;

b is from 0.01 to 1.0;

c is from 0.01 to 1.0;

x is from 0.01 to 1.0; and

_ n is a number such that the total valency of the
metal elements is satisfied.

The present invention yet further provides a
process for producing a nitrile, which comprises subjecting
an alkane and ammonia in the gaseous state to catalytic
oxidation in the presence of a catalyst which is obtainable
by drying an agueous solution containing compounds of
molybdenum, vanadium, tellurium and at least one of niobium,
tantalum, tungsten, titanium, aluminium, zirconium,
chromium, manganese, iron, ruthenium, cobalt, rhodium,
nickel, palladium, platinum, antimony, bismuth, boron and
cerium, calcining the dried product in the absence of oxygen
to obtain a complex oxide, adding to the complex oxide an
oxide containing at least one of antimony, bismuth, cerium
and boron, and calcining the mixture, wherein:

@ the catalyst has the empirical formula:

MoV,TeX,0, wherein:

X is at least one of Nb, Ta, W, Ti, Al, Zr, Cr, Mn,
Fe, Ru, Co, Rh, Ni, Pd, Pt, Sb, Bi, B and Ce;

b is from 0.01 to 1.0;

¢ is from 0.01 to 1.0;

X is from 0.01 to 1.0; and

n is a number such that the total valency of the
metal elements is satisfied.

The present invention additionally provides a
process for producing a nitrile, which comprises subjecting
an alkane and ammonia in the gaseous state to catalytic
oxidation in the presence of a catalyst which is obtainable
by drying an aqueous solution containing compounds of
molybdenun, vanadium, tellurium and at least one of niobium,
tantalum, tungsten, titanium, aluminium, zirconium,
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chromium, manganese, iron, ruthenium, cobélt, rhodium,
nickel, palladium, platinum, antimony,'bismuth, boron and
cerium, calcining the dried product in the absence of oxygen
to obtain a complex oxide, adding to the complex oxide an
organic compound containing at least one of antimony,
bismuth, cerium and boron, and calcining the mixture,
wherein:

(D  the catalyst has the empirical formula:

MoV, Te X0, wherein:

X is at least one of Nb, Ta, W, Ti, Al, Z2r, Cr, Mn,
Fe, Ru, Co, Rh, Ni, P4, Pt, Sb, Bi, B and Ce;

b is from 0.01 to 1.0;

¢ is from 0.01 to 1.0;

X is from 0.01 to 1.0; and

n is a number such that the total valency of the
metal elements is satisfied. |

In the accompanying drawings:

Figure 1 shows the powder X-ray diffraction pattern
of the complex oxide obtained in Example 1.

Figure 2 shows the powder X-ray diffraction pattern
of the complex oxide obtained in Comparative Example 2.
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Now, the present inventién will be described in
detail with reference to the preferred embodiments.

'?he catalyst useful for the process of the present
invention for producing a nitrile by reacting an alkane
with ammonia by a gas phase catalytic oxidation reaction,
has the above mentioned chracteristics ® and @.

The complex oxide having such a specific crystal
structure can be prepared by the following method.

For example, in the case of Mo,V,Te,Nb O , added

' sequentially to an aqueous solution containing a

predetermined amount of ammonium metavanadate, are an
aqueous solution of telluric acid, an aqueous solution of

ammonium niobium oxalate and an agueous solution of

- ammonium paramolybdate in such amounts that the atomic

ratios of the respective metal elements would fall in the
specified ranges. Then, the mixture.is dried by
evaporation to dryness, a spray drying method or a vacuum
drying method, and finally, the dried product is calcined
to obtain the desired oxide. To efficiently conduct the
calcination, the above dried product may be decomposed
under heéﬁing at a temperature of from 150 to 350°C in
air or in an inert gas atmosphere such as nitrogen or
argon, prior to the final calcination.

In the process for preparing the specific'complex
oxide to be used as the catalyst of the present ‘

invention, the calcination conditions are particularly

important. For calcination treatment to prepare an
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ordinally oxide, it is most common to employ a method
wherein calcinatipn is conducted in an oxygen atmosphere.
However, in the present invention, calcination is
preferably conducted in an atmosphere substantially free
from oxygen, for example, in an inert gas atmosphere such
as nitrogen, argon or helium. Further, such a gas may
contain a reducing gas such as hydrogen or a hydrocarbon,
or steam. Otherwise, the caicination méy be conducted
under vacuum usually at a temperature of from 350 to
700°C, preferably from 400 to 650°C,, usually for from 0.5
to 35 hours, preférably from 1 to 10 hours. At a
temperature lower than this temperature range, formation
of the above crystal strﬁcture presenting the high
catalytic activities tends to be inadequate. On the
other hand, if it exceeds the above temperature range, a
part of the crystal structure is likely to be thermally
decomposed, such being undesirable.

When the content of oxygen in the complex oxide thus
obtained, is examined, fdr example, in the case of
MoaVbTechxOn, the value of n is smaller than (3a + 2.5b
+ 3c + 2.5x) which represents the value corresponding to
the most highly oxidized state of Mo, V., Te and Nb, and
it is at a 1eve1 of frdm 80 to 97% thereof. Namely, the
complex oxide having the specific structure to be ﬁsed as
the catalyst of the present invention corfesponds to a
complex oxide obtainable by calcining a dried product of

the same starting materials under a usual oxidizing

" This Sheet Has Been Replaced
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atmosphere except that the oxygen content is slightly
smaller. |

The catalyst of the present invention is a complex
oxide of the above formula (1), wherein X is at least one
element selected from the group as defined above.
However, X is preferably Nb, Ta, W or Ti, particularly
preferably Nb. Further, with respect to the coefficients
in the formula (1), it is particularly preferred that '
when a =1, b = 0.1 to 0.6, ¢ = 0.05 to 0.4, and x = 0.01
to 0.6. . |

However, the complex oxide is not adequate as a
catalyst for the reaction of the present invention if it
merely satisfies the composition represented by the
formula (1), and it is imporﬁant that the complex oxide
has a certain specific crystal structure.

An index showing that the éomplex oxide to be used as
a catalyst of the present invention has the specific
crystal structure, is the powder X-ray diffraction
pattern. The X-ray diffraction pattern of the complex
oxide is characterized in that it shows the following
five main diffraction peaks at the specific diffraction
angles of 28 (as measured by using Cq—Ka-rays as the X-

ray source):
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Diffraction Center values of X-ray Relative
angles of 28 (°) lattice spacing (A) intensity
22.140.3 4.02 100

28.2+40.3 3.16 20 to 150
36.2i0.3l 2.48 5 to 60
45.2+0.3 2.00 2 to 40
50.0+0.3 1.82 2 to 40

The intensities of X-ray diffraction peaks may differ

depending upon the measuring conditions for each crystal.

‘However, the relative intensities based on the peak

intensity at 26 = 22.1° being 100, are usually within the
above identified ranges. In general, the peak
intensities at 26 = 22.1° and 28.2° are higher than
others. However, so long as the above identified five
diffraction peaks are observed, there will be no change
in the basic crystal structure even if there are some
peaks observed in addition to the above five diffraction
peaks, and such a complex oxide can be suitably used for
the present invention. | |

Thus, it is totally unexpected and surprising that
the complex oxide not only has the specific crystal
structure but also provides remarkably high catalytic
activities as compared with the conventional catalyst in
the reaction to obtain a nitrile from an alkane as

starting material.

Sheet Has Been Replaced

TR




10

15

20

25

THIS SHEET | HAS BEEN
REPA

- 9 -

Further, the materials for the above complex oxide
are not limited to the ones described above. For
example, V,05, V,0;, VOCl; or VCl, may be used instead of
ammonium metavanadate, and TeO, may be used instead of
telluric acid. Likewise, NbClg, Nb,05 or nibbic acid may
be used instead of ammonium niobium oxalate, and MoO, or
MoCl.; may be used instead of ammonium pafamolybdate.

The complex oxide of the formula (1) prepared in the
manner as described above, has adequate catalytic
activities by itself. However, in order to further
improve the selectivity and yield of the nitrile, it is
particularly preferred to use a catalyst having a certain

specific oxide in corporated to the complex oxide. As

.such a specific oxide, it is possible to employ an oxide

containing at least one member selected f£rom the group
consisting of antimony, bismuth, cerium and boron. An
antimony oxide is particularly preferred.

The antimony oxide to be incorporated may, for
example, be an antimony oxide such as Sb,05, Sb,0, or
Sb,05 and it may otherwise be an oxide having a
composition of e.g. SbO,-(Sb,0,). These oxides may be
used alone or in combination as a mixture of a plurality
of them. Otherwise, it may be used in the form of a
hydfate. Further, in some cases, it is possible to
employ as a solid catalyst a substance prepared by
incorporating an organic compound containing antimony,

such as ammonium antimony tartarate or antimony oxalate
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to the complex oxide of the formula (1), followed by
calcination. 1In this case, the organic compound
containing antimony will be converted to antimony oxide
by the calcination.

The bismuth oxide to be incorporated may, for
example, be a bismuth oxide such as Bi,0; or Bi,O0,, and
it may also be a hydrate such as Bi,0,*2H,0. These
oxides may be used alone or in combination as a mixture
of a plurality qf them. In some cases, a salt of an
organic or inorganic acid or a hydroxide containing
bismuth, such as bismuth hydroxide, bismuth nitrate,
bismuth nitrate oxide or bismuth acetate may be added to
the complex oxide of the formula (1), followed by
calcination, and the substance thereby obtained can be
used as a solid cataiyst. In this case, the salt or the
hydroxide containing bismuth will be converted to.bismuth
oxide by the calcination.

The cerium oxide may, for example, be a cerium oxide
such as Ce,0, or CeO,. These oxides may be used alone or
in combination as a mixture of a plurality of them. 1In
some cases, a salt of an organic or inorganic acid, or a
hydroxide containing cerium, such as cerium nitrate,
cerium hydroxide, cerium oxalate or cerium acetate, may
be added to the complex oxide of the formula (i),
followed by calcination, and the préduct of the
calcination can be used as a solid catalyst. In this

case, the salt or the hydroxide containing cerium will be
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converted to cerium oxide by the calcination. The boron

oxide is usually B,03;. However, a boric acid or a boric

acid ester, such as orthoboric acid, metaboric acid, ethy

borate or propyl borate, may be added to the complex

oxide of the formula (1), followed by calcination, and

‘the calcined product can be used as a solid catalyst. 1In

such a case, the boric acid or the boric acid ester is

believed to be converted to boron oxide by the
calcination.

As a method for incorporating the above mentioned
specific oxide to the complex oxide, it is advisable to -
pulverize and mi# both materials so that the cbntact of
the specific oxide with the complex oxide éan be
effectively done. The amount of the specific oxide to -
the complex oxide is usually from 0.0001 to 0.2,
preferably from 0.001 to 0.05 by the weight ratio to the
complex oxide. After the addition, the mixture may be
used as it is for the reaction to produce a nitrile from
an alkane. However, in order to effectively obtain the
effects of the addition of the specific oxide, it is
preferred to calcine the mixture again at a temperature
of from 300 to 650°C, preferably from 350 to 600°C,
usually for from 0.5 to 30 hours, preferably from 1 to 10
hours. The atmosphere for calcination is not
particularly limited, but it is usually preferred to
employ an inert gas atmosphere such as nitrogen, argon or

helium, and the inert gas may further contain a reducing
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Otherwise, the calcination may be conducted under vacuum.

Even if the specific oxide is added to the complex
oxide, followed by mixing and calcination, the X-ray
diffraction pattern of the obtained product is
substantiaily the same as that of the complex oxide
before the addition of the specific oxide, and there is
no substantial change observed in the crystal structure.

The above catalyst.may be used alone. However, it
may be used together with a conventional carrier such as
silica, alumina, titania, aluminosilicate or diatomaceous
earth. Further, depending upon the scale or system of
the reaction, it may be molded into a proper shape and
particle size.

According to the present invention, a nitrile can be
produced efficiently by subjecting an alkane to a gas
phase catalytic oxidation reaction with ammonia in the
presence of the above catalyst.

In the present invention, the alkane as the starting
material is not particularly limited and may, for
example, be methane, ethane, propane, butane, isobutane,
pentane, hexane, heptane or cyclohexane. However, in
view of the industrial application of nitriles to be

produced, it is particularly preferred to employ a lower

25_ alkane having from 1 to 4 carbon atoms, particularly

propane or isobutane.

The detailed mechanism of the oxidation reaction of
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the present invention is not clearly understood. However,
the oxidation reaction is conducted by the oxygen atoms
present in the above complex oxide or by the molecular
oxygen present in the feed gas. When molecular oxygen is
incorporated in the feed gas, the oxygen may be pure
oxygen gas. However, since the purity is not required,
it islusually economical to use an oxygen—containing gas
such as air.

'As the feed gas, it is common to use a gas mixture
comprising an alkane, ammonia and an oxygen-containing
gas. However, a gas mixture comprising an alkane and
ammonia, and an oxygen—containing gas may be supplied
alternately.

When the gas phase catalytic reaction is conducted
using an alkane and ammonia substantially free from
molecular oxygen, as the feed gas, it is advisable to
employ a method wherein a paft of the catalyst is
properly withdrawn ana sent to an oxidation regenerator
for regeneration, and the regenerated catalyst is
returned to the reaction zone. As a method for
regenerating the catalyst, a method may be mentioned
wherein an oxidizing gas such as oxygen, air or nitrogen
monoxide is permitted to flow through the catalyst in the
regenefator usually at a temperature of from 300 to
600°C.

The present invention will be described in further

detail with respect to a case where propane is used as
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the alkane and air is used as the oxygen source. The
proportion of.air to be supplied for the reaétion is
important with respect to the selectivity for the
resulting acrylonitrile. 'Namelj, high selectivity for
acrylonitrile is obtained when air is supplied within a
range of at most 25 mols, particularly from 1 to 15 mols,
pef mol of propane. The proportion of ammonia to be
supplied for the reaction is preferably within a range of
from 0.2 to 5 mols, particularly from 0.5 to 3 mols, per
mol of propane. This reaction may usually be conducted
under atméspheric pressure, but may be conducted under a
slightly increased pressure or a slightly reduced
pressure. With respect to other alkanes, the composition
of the feed gas can be selected in apcordance with the
conditions for propane.

The process of the present invention can be conducted
at a temperature of e.g. from 340 to 480°C, which is
lower than the temperature for conventional ammooxidation
of alkanes. More preferably, the temperature is from 400
to 450°C. The gas space velocity SV in the gas phase
reaction is usually within a range of froﬁ 100 to 1,000
hr~1, preferably from 300 to 2,000 hr™l. As a diluent
gas for adjusting the space velocity and the oxygen
paftial pressure, an inert gas such as nitrogen, argon or
helium can be employed. When ammodxidation of propane is
conducted by the method.of the present inVention, in

addition to acrylonitrile, carbon monooxide, carbon
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dioxide, acetonitrile, hydrocyanic acid, acrolein, eté.
will form as by-products, but their amounts are very
small.

Now, the present invention will be described in
further detail with reference to Examples and Comparative
Examples. However, it should be understood that the
present invention is by no means restricted to such
specific Examples. |

In the following Examples and Comparative Examples,

the conversion (%), the selectivity (%) and the yield (%)

"are shown by the following formulas, respectively:

mols of consumed alkane

Conversion of alkane (%) = x 100
. : mols of supplied alkane
mols of objective
nitrile obtained
Selectivity of objective = x 100
nitrile (%) mols of consumed
alkane
mols of supplied
alkane
Yield of objective nitrile (%) = x 100

mols of objective
nitrile obtained

EXAMPLE 1

A complex oxide having an empirical formula
Mo,V, ,Teq ,Nby 0, was prepared as follows.

In 117 m¢ of warm water, 4.21 g of ammoniqﬁ
metavanadate was dissolved, and 4.13 g of telluric acid
and 15.89 g of ammonium paramolybdate were sequentially

added thereto to obtain a uniform agueous solution.
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Further, 3.99 g of ammonium niobium oxalate was dissolved
in 17.9 m¢ of water and added thereto to obtain a slurry.
The obtained slurry was evaporated to dryness at about
150°C to obtain a dried product.

This dried product was molded into a tablet of 5 mm

in diameter and 3 mm in length by a tabletting machine,

followed by pulverization and sieving to obtain a powder
of from 16 to 28 mesh. The powder was calcined in a
nitrogen stream at a temperature of 620°C for two hoﬁfs.
Figurg 1 shows a chart of the peaks of the powder X-ray
diffraction pattern of the complex oxide thus obtained,
and Table 1 shows the relative intensities of the main X-
ray diffraction peaks. '
'Further, the oxygen content in the complex oxide was
measured by an oxygen analyzer and was found to be 31.0%
by weight. From this measured value, the coefficient n
for O (oxygen) was calculated to be 4.25. The value n =
4.25 corresponds to 87.6% of n = 4.85 which is the most

highly oxidized state of the constituting elements of the

complex oxide where Mo is hexavalent, V is pentavalent,'

Te is hexavalent and Nb is pentavalent.

0.5 m¢ of the catalyst thus obtained, was charged
into a reactor. Then, a gas phase catalytic reaction was
conducted at a reaction temperature of 440°C and at a
space velocity SV of 1,000 hr~! by supplying.a feed gas
in a molar ratio of propane:ammonia:air = 1:1.2;10. The

results are shown in Table 2.
I
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EXAMPLES 2 AND 3

Complex oxides having an empiricai formula
Mo,Vy 4Teq oNbg 0, were prepared in the same manner as in
Example 1 except that the temperature for calcination in
Example 1 was changed to 500°C and 600°C

The results of the powder X-ray diffraction of the
complex oxides are shown in Table 1. Further, the
results of the gas phase catalytic reactions are shown in

Table 2.

- COMPARATIVE EXAMPLE 1

'A complex oxide having an empirical formula
Mo,V, 4Teq ,0, was prepared in the same manner as in
Example 2 except that the niobium component in Example 2
was not used.

The X-ray diffraction battern of the complex oxide
was totally different from that of Example 1. The
results of the gas phase catalytic reaction are shown in
Table 2. |
COMPARATIVE EXAMPLE 2

A complex oxide having an empirical formula
MoV, ,Te, ,Nbg ,0, was prepared in the same xt;anner as in
Example 1 except that calcination in Example 1 was
conducted under an air stream at 350°C for two hours.
The powder X-ray diffraction pattern of the complex oxide
thus obtained, is shown in Figure 2. The pattern is
entirely different from the pattern in Figure 1

representing Example 1.
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Further, Ehe results of the gas phase catalytic
reaction are shown in Table 2.

COMPARATIVE EXAMPLES 3 AND 4

Using the complex oxide of Comparative Example 2, the
gas phase catalytic reaction was conducted under the
reaction conditions as identified in Table 2. The
results are shown in Table 2.

EXAMPLE 4

A complex oxide having an empirical formula

Mo,V, 4Teg ,5by 10, was prepared as follows.

| In 117 m¢ of warm water, 4.21 g of ammonium
metavanadate was dissolved, and 4.13 g of telluric acid
ahd 15.9 g of ammonium paramolybdate were sequentially
added thereto to obtain a uniform aqueous solution.
Further, 1.56 g of antimony chloride oxide was dissolved
in 17.9 m¢ of water and mixed thereto. The obtained
agueous solution was evaporated to dryness to obtain a
dried product.

This dried product was molded into a tablet of 5 mm
in diameter and 3 mm in length by a tabletting machine,
followed by pulverization and sieving_to obtain a powder
of from 16 to 28 mesh. The powder was calcined in a
nitrogen stream at 500°C for two hours. The results of
the powder X-ray diffraction of the complex oxide thus
obtained are shown in Table 1.

With respect to the complex oxide thus obtained, the

gas phase catalytic reaction was conducted, and the
-
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results are shown in Table 2.
COMPARATIVE EXAMPLE 4

A complex oxide having an empirical_formula
Mo,V ,Tey ,5bg 10, was prepared in the same manner as in
Examplé 4 except that the calcination in Example 4 was
conducted under an air stream at 350°C for two hours.
The X-ray diffraction pattern of the complex oxide thus
obtained, was entirely different from that of Example 4.
Further, using the complex oxide thus obtained, a gas
phase catalytic reaction was conducted, and the results
are shown in Table 2.
EXAMPLE 5

A complex oxide was prepared in the same manner as in
Example 4 except that 3.38 g of alumihum nitrate
nonahydrate was used instead of antimbny chloride ogide
in Exaﬁple 4. The empirical formula of the complex oxide
thus obtained, was Mo,V, ,Tey ,Al; ;0,. The results of the
powder X-ray diffraction of the complex oxide thus
obtained are shown in Table 1. Further, using the oxide
thus obtained, a gas phase catalytic reaction was
conducted, and the results are shown in Table 2.
COMPARATIVE EXAMPLE 5

A complex oxide having an empirical formula
Mo,V4 4Teg 2Aly.10, was prepared in the same manner as in
Example 5 except that the calcination in Example 5 was
conducted under an air stream at 350°C for two hours.

The X-ray diffraction pattern of the complex oxide thus
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obtained, was entirely different from that of Example 5.
Further, using the complex oxide thus obtained, a gas
phase catalytié reaction was conducted, and the results
are shown in Table 2.
EXAMPLE 6

A complex oxide was prepared in the same manner as in
Example 4 except that 0.415 g of palladium nitrate was
used instead of antimony chloride oxide in Example 4 and
the tempefature for calcination was changed to 600°C.
The empirical formula of the complex oxide thus obtained,
was Mo,V, ,Te, ,Nby Pdy 50, The results of the powder
X-ray diffraction of the complex oxide thus obtained, are
shown in Table 1. Further, using the complex ogide thus
obtained, a gas phase catalytic reaction was conducted,
and the results are shown in Table 2.
EXAMPLES 7 to 23

Complex oxides having the respective empirical
formulas as idgntified in Table 1, were prepared in the
same manner as in Example 1 except that the proportions
of the starting material compounds were chaﬁged and the
temperature for calcination was 600°C in each case. The
results of the powder X-ray diffraction of the respective
complex oxides are shown in Table 1. Further, using the
respective complex oxides, gas phase catalytic reactions
were conducted, and the results are shown in Table 3.
EXAMPLES 24 TO 32

Using the complex oxide prepared in Example 3

- This Sheet Has Been Reﬂlaced
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(empirical formula Mo,V, ,Teq ,Nby ;0;), gas phase
catalytic oxidation reactions were conducted under

various conditions, and the results are shown in Table 4.

This Sheet Has Been Re’i

IR




Table 1

oy usad seH 194§ SIUL

WL

Relative intensities of X-ray
o, diffraction peaks at diffraction
Example Complex oxlqes angles of 26 (+0.3°)

Nos. (atomic ratios)

22.1° | 28.2° | 36.2° | 45.2° | 50.0°

1 |Mo,V, ,Tey.,Nbg 10, 100 | 79.5 | 21.0 | 0.9 | 12.3

2 |Mo,V, ,Teq oMby 10, | 200 | 92.8 | 18.7 | 11.5 | 13.2

3 |Mo,V, ,Teg. ,Nby 10, 100 | 93.0 | 24.9 | 12.9 | 14.4

4 |mMo,v, ,Tey. 2Sbg. 10, 100 |122.5 | 36.1 | 12.2 | 23.0

5  |Mo,Vy 4Teq.2Alq.10, 100 | 97.4 | 27.6 | 13.7 | 20.0

6 |Mo,V, ,Te, sNbg 1Pdg o0, | 100 | 80.9 | 21.8 | 11.1 | 12.6

7 |Mo,Vg. 3Teq. ,Nbg 150, 100 | 63.6 | 17.4 | 12.4 | 11.0

8  |Mo,Vy 375T€q.sNDg 1750 100 | 87.6 |[.25.1 | 15.6 | 16.9

9  |Mo,V, 35T€g oMby 150, 100 | 46.5 | 12.6 | 15.0 7.9

10 |MoVy 34Ty sNbg.1670, | 100 | 63.8 | 17.6 | 13.1 | 1o0.9

11 |Mo,Vg ,5T€q.2Nbg 150, 100 | s1.7 | 13.6 | 12.8 8.8
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Table 1 (continued)

Complex oxides

Relative intensities of X-ray
diffraction peaks at diffraction

paoejdoy usag seH 199y

Example C angles of 20 (+0.3°)
Nos. (atomic ratios)
22.1° | 28.2° | 36.2° | 45.2° | 50.0°
12 |Mo,Vy. 35Teq.2NPg. 1305 100 | 67.5 | 20.2 | 13.9 | 12.3
13 |Mo Vg 34Teg. 2Nbg 120, 100 | 78.9 | 22.2 | 13.8 | 15.5
14 Mo, Vg, ,Teq oNbg 140, 100 54.7 14.9 13.6 9.3
15 MoV, ssTeq. NPy 140, 100 |107.7 | 27.5 | 13.7 | 211
16  |Mo,Vy. 4sT€g.2NPg. 050 100 [113.9 | 24.7 | 11.4 | 16.5
17 |Mo,V, sTeqy sNbg 50, 100 | 37.0 9.7 | 10.7 5.7
18  |Mo,Vy ,Teq. oMby 50p 100 | 69.9 | 18.2 | 10.3 | 11.2
19 |Mo,V,y 4Teq.oNby 10, 100 | 89.9 | 26.2 | 14.7 | 16.8
20 |Mo,V, .gT€q.2Nbg. 120, 100 |104.7 | 26.2 | 13.3 | 16.1
21 |Mo,V, ,5Teq.2Nbg 140, 100 51.5 | 14.8 | 12.2 8.8
22 |Mo,V, ey ;Nby 10, 100 | 67.5 | 18.0 | 18.0 | 11.5
23 |Mo,V, .Teq.3NPg. 10n 100 |109.3 | 29.2 | 13.2 | 17.9
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Table 2
g
g Calcination Reaction |Space Feed gas Conversion |Selectiv- |Yield of
- conditions t . i iti it lo~-
Complex oxides imp velgfxty composition jof propane |1lty for a?ry.o
. . (°C) (hr™*) (mols) (%) acrylo~ nitrile
(atomic ratios) Ce s
Temp. Gas propane/ nitrile (%)
(°c) stream ammonia/air (%)
Example 1 M°1Vo.4Teo.2Nbo.1°n 620 N, 420 1,000 1/1.2/15 79.4 63.5 50.4
Example 2 Mo,V 4Teq, NPy 10, 500 N, 400 500 1/2.2/10 54.4 39.4 21.4
Example 3 Mo,V Teqg oNPg 10, 600 ' N, 420 1,000 1/1.2/15 78.3 61.2 48.0
Comparative |Mo,V, ,Tey 20, 500 N, 440 1,000 1/1.2/15 43.4 36.7 15.9
Example 1 '
Comparative M°1Vo.4Teo.2Nbo.1°n 350 air 400 500 1/1.2/10 42.9 34.4 14.8
Example 2
Comparative M°1Vo.4Teo.2Nbo.1on 350 air 420 500 1/1.2/10 43.2 27.1 11.7
Example 3
Coﬁparatlve MoV,  Teg, oNbg 104 350 air 440 1,000 1/1.2/10 48.8 34.2 l6.7
Example 4 -
Exaﬁple 4 Mo,Vy  Teq, 2Sbg 10, 500 N, 420 500 1/1.2/10 ° 47.7 45.5 . 21.7
Comparative |Mo,V, ,Teg ,Sbg 10, 350 air 400 500 1/1.2/10 43.0 36.6 15.7
Example 5
Example 5 Mo,V, . (Teg.2A1g.10, 500 N, 440 500 1/1.2/10 60.3 39.1 23.5
Comparative |Mo,V, ,Teg ,Alg 10, 350 air 420 500 1/1.2/10 52.7 33.3 17.5
Example 6 L,
Esample 6 Mo,Vq (Teg oNbg 1Py 020, 600 N, 420 1,000 1/1.2/15% 79.4 63.5 50.4 )
0
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Table 3

Reaction |Space Feed gas Conversion |Selectiv- |Yield of
Example Complex oxides t?mp. vel?f;ty composition |of propane |ity for a?ry}o-
. L, (°C) (hr=*) (molsg) (%) acrylo- nitrile
Nos. (atomic ratios) s
propane/ nitrile (%)
ammonia/air (%)
7 |Mo,Vy. 3Teq. sNbg 150, 420 1,000 1/1.2/15 89.1 60.0 53.5
8  |Mo,Vy 375Teq.2Nbg. 1750, 420 1,000 1/1.2/15 88.4 52.8 46.7
9 |Mo,Vg, 35Teq.2NPg, 150, 410 1,000 1/1.2/15 86.0 55.3 47.6
10 Mo,V 334T€g.28P0. 16700 430 1,000 1/1.2/15 90.4 55.9 50.9
11 |Mo,V, ;sTeq.2Nby 150, 400 1,000 1/1.2/15 75.3 60.2 45.3
12 |Mo,Vg. 32Teq.2NPg.130, 420 1,000 1/1.2/15 92.7 57.5 53.3
13 |Mo,V,.39T€q.2Nbg, 120, 420 1,000 1/1.2/15 91.0 54.5 49.6
14  |Mo,V, ,Teq, aNbg 140, 400 1,000 1/1.2/15 60.5 64.0 38.7
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Table 3 (continued)

paoe]

Reaction Spade Feed gas Conversion |Selectiv- |Yield of
Example Complex oxides temp. vel?flty comp051t}on of propane |ity for a?ry%o—
. . (°C) (hr™*) (mol%) (%) acrylo- nitrile
Nos. (atomic ratios) c L s
propane/ nitrile (%)
ammonia/air (%)
15  |Mo,V,. s56T€0.2Nbg.14% 430 1,000 1/1.2/15 50.6 62.3 31.5
16  |Mo,Vg 4sTeq. oNby. 050, 430 1,000 1/1.2/15 52.4 56.3 29.5
17 |Mo,V, sTeq.,Nby 20, 440 1,000 1/1.2/15 77.2 56, 2 43.4
18  |Mo,V,. ,Teq.aNbg. 20, 430 1,000 1/1.2/15 79.6 61.7 49.1
20 Mo;Vg.43T€g.2MPg, 120 430 1,000 1/1.2/15 75.4 59.3 44.7
21 |Mo,Vg.,sT€g.2NP0.14%n 410 1,000 - 1/1.2/15 82.8 63.3 52.4
22 |Mo,V, ,Teq 1Nbg 10, 430 500 1/1.2/10 67.7 56.1 38.0
23 |Mo,V, ,Teq. 3Nby 10, 420 1,000 1/1.2/15 44.6 48.6 21.7
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Table 4

Example |Temp. |Space Feed gas Conversion |Selectiv- |Yield of
Nos. (°C) velocity |composition |of propane ity for acrylo-
(hr~1) (molg) (%) acrylo- nitrile
propane/ nitrile (%)
ammonia/air (%)
24 420 1,000 1/0.7/15 82.5 53.1 43.8
25 420 1,000 1/0.9/15 82.8 57.5 47.6
26 420 1,000 1/1.5/15 8l1.4 60.9 49,6
27 420 1,000 1/1.2/10 62,9 63.8 40.1
28 420 1,000 1/1.2/17 82.6 57.6 47.5
29 420 500 1/1.2/10 63.0 56.6 35.7
30 420 800 1/1.2/15 84.9 57.9 49.2
31 420 1,200 1/1.2/15 77.8 61.7 48.0
32 410 1,000 1/0.7/15 76.2 59.1 45.0
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EXAMPLE 33

A complex oxide having an empirical formula
Mo,V, 3;Teg ,3Nby 1,0, was prepared as follows.

In 325 m¢ of warm water, 15.7 g of ammonium
metavanadate was dissolved; and 23.6 g of telluric acid
and 78.9 g of ammonium paramolybdate were sequentially
added thereto to obtain a-uniform agqueous solution.
Further, 117.5 g of an aqueous_ammonium niobium oxalate
solution having a niobium concentration of 0.456 mol/kg
was added thereto to obtain a slurry. This slurry was
evaporated to dryness to obtain a solid. This solid was
molded into a tablet of 5 mm in diameter and 3 mm in
length by a tabletting machiﬁe, followed by pulverization
and sieving to obtain a powder of from 16 to 28 mesh.

The powder was calcined in a nitrogen stream at 600°C for
two hours.

The powder X-ray diffraction of the complex oxide
thus obtained was measured (using Cu-Ka-rays), whereby
main diffraction peaks were 6bserved at diffraction
angles of 24 (°) of 22.1 (100), 28.2 (90.0), 36.2 (25.7),
45.1 (15.2) and 50.0 (16.3) (the numerical values in the
blackets indicate the relative peak intensities based on
the peak at 22.1° being 100).

Then, 30 g of the complex oxide was pulverized in a
mortar, and 0.3 g of tetravalent antimony oxide (Sb,0,)
was added and hixed thereto. This mixture was molded

into a tablet of 5 mm in diameter and 3 mm in length by a

- This Sheet Has Been Reﬂlaced
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tabletting machine, followed by pulverizétion and sieving
to obtain a powder of from 16 to 28 mesh. The powder was
then calcined in a nitrogen stream at 500°C for two
hours.

0.5 m¢ of the solid catalyst thus obtained, was
charged into a reactor, and the gas phase catalytic
reaction was conducted at a reaction temperature of 410°C
and at a space velocity SV of 1,000 hr~! by supplying a
feed gas in a molar ratio of propane:ammonia:air =
1:1.2:15. The results are shown in Table 5.

EXAMPLE 34

A solid catalyst was prepared in thé same manner as
in Example 33 except that the amount of the tetravalent
antimony oxide (Sb,0,) in Example 33 was changed to 0.15
g, and the reaction was conducted under the same
conditions as in Example 33. The results are shown in
Table 5. |
EXAMPLE 35

A solid catalyst was brepared in the same manner as
in Example 34 except that the calcination after the
addition of the Eetravalent antimony oxide in Example 34
was conducted under a nitrogen stream at 550°C for two
hours, and the reaction was conducted under the same
conditions as in Example 33. The results are shown in
Table 5.

EXAMPLE 36

30 g of the same complex oxide as in Example 33 was

aﬂH&B&mRehuﬂ
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pulverized in an agate mortar, and 3 g of an aqueous
ammonium antimony tartarate solution (corresponding to
10% by weight of Sb,0,;) was added and mixed thereto. The
solid of this mixture was molded into a tablet of 5 mm in
diameter and 3 mm in length by a tabletting machine,
followed by pulverization and sieving to obtain a powder

of from 16 to 28 mesh. The powder was calcined in an air

stream at 300°C for one hour and further in a nitrogen

stream at 500°C for two hours. Using the solid cétalyst
thus obtained, the reaction was conducted under the same
conditions as in Example 33. The results are shown in
Table 5.
EXAMPLE 37

Using a complex oxide comprising Mo, V, Te and Nb
prepared in the same manner as in Example 33 except that
antimony oxide was not added, the reaction was conducted
under the same conditions as in Example 33. The results
are shown in Table 5.
EXAMPLE 38

A complex oxide having the same catalyst composition
as in Example 33 was prepared under a condition where
tetravalent antimony oxide (Sb,0,) was present from the
initiai stage, as opposed to'adding tetravalent antimony
oxide (Sb,0,) after preparing a complex oxide having an
empirical formula Mo, Vg 3Teg 238bg 120,

Namely, 15.7 g of ammonium metavanadate was dissolved

in 325 m¢ of warm water, and 23.6 g of telluric acid and
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78.9 g of ammonium paramolybdate were sequentially added
to obtain a uniform aqueous solution. Further, 117.5 g
of an aqueous ammonium niobium oxalate solution having a
niobium concentration of 0.456 mol/kg was mixed thereto
to obtain a slurry. To this siurry, 0.98 g of
tetravalent antiﬁony oxide (Sb,0,) was further added and
mixed. This slurry was evaporated to dryness to obtain a
solid. This solid was molded into a tablet of 5 mm in
diameter and 3 mm in length by a tabletting machine,
followed by pulverization and sieving to obtain a powder
of from 16 to 28 mesh. The powder was calcined in a
nitrogen stream at 600°C for two hours.

Using the solid catalyst thus obtained, the reaction
was conducted undér the same conditions as in Example 33.
The results are shown in Table 5.
EXAMPLE 39

A complex oxide was prepared in the same manner'as in
Example 38 except that the calcination in a nitrogen
stream in Example 38 was conducted at 500°C for two
hours, and the reaction was conducted under the same
conditions as in Example 33. The results are shown in

Table 5.
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Table 5
Conversion Selectivity Yield of
of propane for acrylonitrile
acrylonitril
(%) ' (%)
e
(%)
Example 33 91.5 63.7 58.3
Example 34 89.3 63.4 56.7
Example 35 86.5 65.6 56.7
Example 36 88.1 63.8 56.2
Example 37 86.7 63.5 - 55.1
Example 38 67.2 49.4 - 33.2
Example 39 45.9 48.3 22.2

EXAMPLES 40 TO 68

Using the 'solid catalyst prepared in Example 33,
reactions were conducted under various conditions, and
the results are shown in Table 6.
EXAMPLES 69 TO 102

Using the solid catalyst prepared in Example 34,
reactions were conducted under various conditions, and
the results are shown in Table 7.
EXAMPLES 103 TO 109

Using the solid catalyst prepared in Example 33,
reactions were conducted under various conditions, and
the results are shown in Table 8.

When the Examples in Table 8 are compared with the
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Examples in Tables 6 and 7, it is evident that under the
sahe reaction conditions, the selectivity and yield are
higher in a case where antimony oxide was added later

than in a case where antimony oxide was not added later.
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Table 6

Example |Space Reaction |[Feed gas Conversion |Selectiv- |Yield of
Nos. velocity |temp. composition |of propane |ity for acrylo-
(hr-1) (°C) (mol%) (%) acrylo- nitrile
propane/ nitrile (%)
ammonia/air (%)
40 1,000 410 1/0.6/15 90.0 53.4 48.1
41 1,000 410 1/0.75/15 89.9 58.3 52.4
42 1,000 410 1/0.9/15 89.6 61.9 55.5
43 1,000 410 1/1.05/15 90.4 63.0 57.0
44 1,000 410 1/1.35/15 91.6 64.3 58.9
45 1,000 410 1/1.5/15 90.9 64.9 59.0
46 1,000 410 1/1.65/15 90.4 65.0 58.8
47 1,000 410 1/1.8/15 89.4 65.2 58.2
48 1,200 410 1/0.75/10 75.7 66.8 50.6
49 1,200 410 1/0.9/10 75.0 68.6 51.5
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Table 6 (continued)

| Example |Space Reaction [Feed gas Conversion |Selectiv- |Yield of
Nos. velocity |temp. composition |of propane ity for acrylo-
(hr1) (°C) (mol%) (%) acrylo- nitrile
propane/ nitrile (%)
ammonia/air (%)
50 1,200 410 1/0.75/12 83.7 62.6 52,3
51 1,200 410 1/0.9/12 83.6 66.9 56.0
52 1,200 410 1/1.2/12 83.1 68.8 57.2
53 1,200 410 1/0.75/15 86.3 61.7 53.2
54 1,200 410 1/0.9/15 87.1 63.8 55.5
55 1,200 410 1/1.2/15 86.3 66.3 57.2
56 1,200 410 1/1.5/15 86.2 66.9 57.7
57 1,500 410 1/0.75/10 73.7 66.5 49.0
58 1,500 410 1/0.9/10 74.3 68.2 50.7
59 1,500 410 1/1.2/10 68.9 68.7 47.3
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Table 6 (continued)

Yield of

Example |Space Reaction |Feed gas Conversion |Selectiv-
Nos. velocity |temp. composition |of propane }jity for acrylo-
(hr~1) (°C) (mols) (%) acrylo- |nitrile
propane/ nitrile (%)
ammonia/air (%)
60 1,500 410 1/0.75/12 79.5 66.1 52,6
61 1,500 410 1/0.9/12 80.4 69.0 55.4
62 1,500 410 1/1.2/12 79.5 70.4 55.9
63 1,500 410 1/0.75/15 8l.5 64.9 52.9
64 1,500 410 1/0.9/15 82.0 66.9 54.8
65 1,500 410 1/1.2/15 82.1 67.3 55.3
66 1,500 410 1/1.5/15 81.9 68.9 56.4
67 1,500 400 1/1.2/15 77.1 68.6 52.9
68 1,500 420 1/1.2/15 88.3 63.7 56.2
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Table 7

Example |Space Reaction |Feed gas Conversion |Selectiv- |Yield of
Nos. velocity |temp. composition lof propane |ity for acrylo-
: (hr-1) (°C) (mols) (%) acrylo- nitrile
propane/ nitrile (%)
ammonia/air (%) o
69 1,000 400 1/0.6/15 89.5 56.9 51.0
70 1,000 400 1/0.75/15 89.8 60.9 54.7
71 1,000 400 1/0.9/15 89.8 63.2 56.8
72 1,000 400 1/1.5/15 88.2 61.9 54.6
73 1,000 400 1/0.75/15 77.5 64.2 49.8
74 1,000 400 1/0.75/12 87.3 63.7 55.6
75 1,000 400 1/0.9/12 87.0 64.9 56.5
76 1,000 400 1/1.2/12 83.4 63.5 52,9
77 1,200 400 1/0.75/10 77.8 67.1 52.1
78 1,200 400 1/0.9/10 76.7 67.7 51.9
79 1,200 400 1/0.75/12 66.2 55.5
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Table 7 (continued)

Example |Space Reaction |Feed gas Conversion |Selectiv- |Yield of
Nos. velocity |temp. composition |of propane |[ity for acrylo-
(hr~1) (°C) (mol%) (%) acrylo- nitrile
propane/ nitrile (%)
ammonia/air (%)
80 1,200 400 1/0.9/12 " 83.4 67.6 56.4
81 1,200 400 1/1.2/12 82.0 66.7 54.8
82 1,200 410 1/0.9/12 87.5 63.3 55.4
83 1,200 400 1/0.75/15 85.4 64.5 55.1
84 1,200 410 1/0.75/15 90.9 59.6 54,2
85 1,200 400 1/0.9/15 85.5 66.8 57.2
86 1,200 410 1/0.9/15 90.3 62.6 56.5
87 1,200 400 1/1.2/15 . 86.2 64.5 55.6
88 1,200 410 1/1.2/15 91.2 63.5 57.9
89 1,200 400 1/1.5/15 84.8 64.1 54.3
90 1,200 410 1/1.5/15 91.0 65.5 59.7
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Table 7 (continued)

Example |Space Reaction |Feed gas Conversion |Selectiv- |Yield of
Nos. velocity |temp. composition |of propane |ity for acrylo-
(hr=1) (°C) (mols) (%) acrylo- nitrile
propane/ nitrile (%)
ammonia/air (%)
91 1,200 400 1/1.8/15 89.3 65.0 58.1
92 1,500 400 1/0.6/10 75.3 67.5 50.8
93 1,500 400 1/0.75/10 75.6 69.0 52.2
94 1,500 400 1/0.9/10 73.9 69.4 51.3
95 1,500 400 . 1/0.75/12 78.9 68.3 53.9
96 1,500 400 1/0.75/12 78.5 68.9 54.1
97 1,500 410 1/0.9/12 83.3 67.5 56.2
98 1,500 400 1/1.2/12 77.3 67.3 52,0
99 1,500 410 1/0.9/15 86.4 64.8 55.9
100 1,500 410 1/1.2/15 87.1 66.6. 58.1
101 1,500 410 1/1.5/15 86.2 67.1 57.8
102 1,500 410 1/1.8/15 85.4 66.8 57.1
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Table 8

Example |Space Reaction Feed'gas Conversion |Selectiv- |Yield of
Nos. velocity |temp. composition |of propane ity for acrylo-
(hr~1) (°C) (mol%) (%) acrylo- nitrile
propane/ nitrile (%)
ammonia/air (%)
103- 1,000 410 - 1/0.6/15 83.0 56.8 47.1
104 1,000 410 1/0.75/15 82,3 61.4 50.5
105 1,000 410 1/0.9/15 82.8 64.2 53.1
106 1,000 410 1/1.5/15 82.8 - 66.2 54.8
107 1,000 410 1/1.8/15 80.6 63.6 51.3
108 1,200 410 1/0.75/10 73.8 65.3 48.2
109 1,500 410 1/0.75/10 73.8 65.3 48.2
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EXAMPLES 110 TO 114
A complex oxide having an empirical formula
Mo,V ,Te, ,Nb, ,0, was prepared as follows.
In 117 m¢ of warm water, 4.21 g of ammonium

metavanadate was dissolved, and 4.13 g of telluric acid

. and 15.9 g of ammonium paramolybdate were sequentially

added thereto to obtain a uniform aqueous solution.
Further, 21.9 g of an aqueous ammonium niobium oxalate
solution'having a niobium concentration of 0.41 mol/kg
was mixed thereto to obtain a slurry. This slurry was
evaporated to dryness to obtain a solid. This solid was
molded into a tablet of 5 mm in diameter and 3 mm in
length by a tabletting machine, followed by pulverization
and sieving to obtain a powder of from 16 to 28 mesh.
The powder was calcined in a nitrogen séream at 600°C for
two hours. |

The powder X-ray diffraction of the complex oxide
thus obtained was measured (using Cu-Kae-rays), whereby
main diffraction peaks at diffraction angles of 28 (°) of
22.1 (100), 28.2 (79.5), 36.2 (21.0), 45.2 (10.9) and
50.0 (12.3) were obserQed (the numerical values in the
brackets represent relative peak intensities based on the
peak at 22.1° being 100).

Then, 10 g of the complex oxide was pulverized in a
mortar, and 0.1 of trivalent antimony oxide (Sb,0;) was
further added and mixed thereto. This mixture was molded

jinto a tablet of 5 mm in diameter and 3 mm in length by a
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tabletting machine, followed by pulverization and sieving

 to obtain a powder of from 16 to 28 mesh. The powder was

calcined in a nitrogen stream at 600°C for two hours.

0.5 m¢ of the solid catalyst thus obtained was
charged into a reactor, and reactions were conducted
under various conditions. The results are shown in Table
9.

COMPARATIVE EXAMPLES 115 TO 118

Using a complex oxide comprising Mo, V, Te and Nb
prepared in the same manner as in Example 110 except that
antimony oxide was not incorporated, reactions were
conducted under various gonditions, and the results are
shown in Table 9.

Even when the reaction temperature was raised to be
higher by 10°C than-Example 115 to increase the
conversion of propane, the yield and selectivity are
higher when antimony oxide was added, as is evident from
the comparison of Examples having the same feed gas

composition.
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Table 9

Example |Space Reaction |Feed gas Conversion |Selectiv- |Yield of
Nos. velocity |temp. composition |of propane ity for acrylo-
(hr-1) (°C) (mols) (%) acrylo- nitrile
: propane/ nitrile (%)
ammonia/air (%)
110 1,000 420 1/1.2/15 89.3 60.1 53.7:
111 1,000 420 1/0.6/15 90.1 50.7 45.7
112 1,000 420 1/0.75/15 90.4 55.7 50.4
113 1,000 420 1/0.9/15 90.4 58.2 52.7
114 1,000 420 1/1.5/15 87.9 59.8 52.6
115 1,000 430 1/0.6/15 88.2 47.0 41.5
116 1,000 430 1/0.9/15 88.5 56.0 49.5
117 1,000 430 1/1.2/15 88.2 58.5 51.6
118 1,000 430 - 1/1.5/15 - 86.5 59.0 51.0
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EXAMPLES 119 to 122

A catalyst was prepared in the same manner as in
Example 110 eicept that tetravalent antimony oxide
(Sb,0,) was used for the addition of antimony oxide to
the complex oxide comprising Mo, V, Te and Nb in Example
110, and reactions were conducted under various
conditions. The results are shown in Table 10.

EXAMPLE 123

A complex oxide having the same catalyst composition
as in Example 110 was prepared under such a condition
that tetravalent antimony oxide (Sb204) was present from
the initial stage as opposed to adding tetravalent
antimony oxide (Sb,0,) after the preparation of the
complex oxide having an empirical formula
Mo, Vg, 4Teg,2NPg, 105 -

Namely, in 117 m¢ of warm water, 4.21 g of ammonium
metavanadate was dissolved, and 4.13 g of telluric acid
and 15.9 g of ammonium paramolybdate were sequentially
added thereto to obtain a uniform aqueous solution.
Further, 21.9 g of an aqueous ammonium niobium oxalate
solution having a niobium concentration of 0.41 mol/kg
was added thereto to obtain a slurry. Further, to this
slurry, 0.2 g of tetravalent antimohy oxide (Sb,0,) was
added and mixed. This slurry was evaporated to dryness
to to obtain a solid. This solid was molded into a
tablet of 5 mm in diameter and 3 mm in length by a

tabletting machine, followed by pulverization and sieving
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to obtain a powder of from 16 to 28 mesh. The powder was
calcined in a nitrogen stream at 600°C for two houré.

Using the catalyst thus obtained, the reaction was '
conducted under the conditions as identified in Table 10.
the results are shown in the same Table.
EXAMPLE 124

A complex oxide was prepared in the same manner as in
Example 123 except that the calcination in a nitrogen
stream in Example 123 was conducted at 500°C for two
hours, and the reaction was conducted under the

conditions as identified in Table 10. The results are

" also shown in the same Table.
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- Table 10

Example |Space Reaction |[Feed gas Conversion |Selectiv- |Yield of
Nos. velocity |temp. composition |of propane }ity for acrylo-
' (hr~l)y  |(°C) (mols) (%) acrylo- nitrile
propane/ nitrile (%)
ammonia/air 1(%)
119 1,000 420 1/0.6/15 89.8 51.3 46.1
120 1,000 420 1/0.75/15 90,2 57.0 51.5
121 1,000 420 1/0.9/15 90.0 59.2 53.3
122 1,000 420 1/1.2/15 89.4 59.1 52.8
123 1,000 430 1/1.2/15 74.3 59.5 44,2
124 1,000 410 1/1.2/15 41.6 39.6 16.5
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EXAMPLE 125

30 g of the complex oxide having an empirical formula
Mo,V, 3Tey 53Nbg 4,0, prepared as described in Example 33, —
was pulverized,.and 0.3 g of orthoboric acid (H;BO;) was
added and mixed thereto. This mixture was molded into a
tablet of 5 mm in diameter and 3 mm in length by a
tabletting machine, followed by pulverization and sieving
to obtain a powder of from 16 to 28 mesh. The powder was
calcined in a nitrogen stream at 600°C for two hours.

0.5 m¢ of the solid catalyst thus obtained was
charged into a reactor, and a gas phase catalytic
reaction was conducted at a reaction temperature of 410°C
and a space velocity SV of 1,000 hr~! by supplying a feed
gas in a molar ratio of propane:ammonia:air = 1:1.2:15.
The results are shown in Table 11l.

EXAMPLE 126

30 g of the complex oxide having an empirical formula
Mo,V ,Teq 23Nby ;34 prepared as described in Example 33,
was pulverized, and 0.6 g of orthobdtic acid (H;BO;) was
added and mixed thereto. This mixture_was molded into a
tablet of 5 mm in diameter and 3 mm in length by a
tabletting machine, followed by pulverization and sieving
to obtain a powder of from 16 to 28 mesh. The powder was
calcined in a nitrogen stream at 550°C for two hours.

0.5 m¢ of the solid catalyst thus obtainea was
charged into a reactor, and a gas phase catalytic

oxidation reaction of propane was conducted under the
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same reaction conditions as in Example 125. The results
are shown in Table 1ll.

EXAMPLE 127

30 g of the complex oxide having an empirical formula
Mo;_vo_3':['e0.23Nb0.l2 prepared as described in Example 33,
was pulverized, and 0.9 g of orthoboric acid (H3BOj3) was
added and mixed thereto. This mixture was molded into a
tablet of 5 mm in diameter and 3 mm in length by a
tabletting machine, followed by pulverization and sieving
to obtain a powder of from 16 to 28 mesh. The powder was
calcined in a nitrogen stream at 550°C for two hours.

0.5 m¢ of the solid catalyst thus obtained was
charged into a reactor, and a gas phase catalytic
oxidation reaction of propane was conducted under the
same reaction conditions as in Example 125. The results

are shown in Table 1l1l.

Table 11
Conversion |Selectiv— |Yield of
of propane |ity for acrylo-
(%) acrylo- nitrile
nitrile (%)
(%)
Example 125 89.0 63.2 56.2
Example 126 . 91.6 63.3 58.0
Example 127 87.9 65.5 57.6

EXAMPLE 128

30 g of the complex oxide having an empirical formula
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Mo,V, ,Tey ,3Nby ;, prepared as described in Example 33,
was pulverized, and 0.3 g of bismuth oxide (Bi,0,) was
added and mixed thereto. This mixture was molded into a
tablet of 5 mm in diameter and 3 mm in length by a
tabletting machine, followed by pulverization and sieving
to obtain a powder of from 16 to 28 mesh. The poﬁder was
calcined in a nitrogen stream at 550°C for two hours.

0.5 m¢ of the solid catalyst thus obtained was
charged into a reactor, and a gas phase catalytic
reaction was conducted at a reaction temperature of 410°C
and a space velocity SV of 1,000 hr-! by supplying a feed
gas in a molar ratio of propane:ammoniaiair = 1:1.2:15.
The results are shoﬁn in Table 12.

EXAMPLE 129

30 g of the complex oxide having an empirical formula
Mo, Vg 3Tey ,3Nbg ;, prepared as described in Example 33,
was pulverized, and 0.6 g of bismuth oxide (Bi,O0;3) was
added and mixed thereto. This mixture was molded into a
tablet of 5 mm in diameter and 3 mm in length by a
tabletting machine, followed by pulverization and sieving
to obtain a powder of from 16 to 28 mesh. The powder was
calcined in a nitrogen stream at 550°C for two hours.

0.5 m¢ of the solid catalyst thus obtained was
charged into a reactor, and a gas phase oxidation
reaction of propane was conducted under the same reaction
conditions as in Example 128. The results are shown in

Table 12.
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EXAMPLE 130

A solid catalyst was prepared in the same manner as
in Example 129 except that the temperature for
calcination in a nitrogen stream after the addition of
bismuth oxide in Example 129 was changed to 800°C, and a
gas phase catalytic oxidation reaction of propane was
conducted in the same manner as in Example 129. the
results are shown in Table '12.

EXAMPLE 131

30 g of the complex oxide having an.empirical formula
Mo,V 3Teq ,3Nbg 1, prepared as described in Example 33,
was pulverized, and 0.9 g of bismuth oxide (Bi,O;) was
added and mixed thereto. This mixture was molded into a
tablet of 5 mm in diameter and 3 mm in length by a
tabletting machine, followed by pulverization and sieving
to obtain a powder of from 16 to 28 mesh. The powder was
calcined in a nitrogen stream at 550°C for two hours.

0.5 m¢ of the solid catalyst thus obtained was
charged into a reactor, and a gas phase catalytic
oxidation reaction of propane was conducted under the
same reaction conditions as in Example 128. The results
are shown in Table 12.

EXAMPLE 132

0.5 m¢ of the solid catalyst p;epared as described in.

Example 128 was charged into a reactor, and a gas phase

catalytic reaction was conducted at a reaction

temperature of 400°C and at a space velocity SV of 1,000
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hr~!, by supplying a feed gés in a molar ratio of
propane:ammonria:air = 1:0.75:15. The results are shown
in Table 12.
EXAMPLES 133 TO 140

Using the solid catalyst prepared by the method as
described in Example 129, gas phase catalytic oxidation
reactions of propane were conducted under various

reaction conditions. The results are shown in Table 12,
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Table 12

Example |Space Reaction |Feed gas Conversion |Selectiv- |Yield of
Nos. velocity |temp. composition |of propane |ity for acrylo-
(hr-1) (°c) (mols) (%) acrylo- nitrile
propane/ nitrile (%)
ammonia/air (%)
128 1,000 410 1/1.2/15 96.4 58.5 56.4
129 1,000 410 1/1.2/15 93.5 60.3 56.3
130 .1,000 410 1/1.2/15 83.2 67.5 56.2
131 1,000 410 1/1.2/15 90.0 63.6 57.3
132 1,000 400 1/0.75/15 96.5 55,2 53.3
133 1,500 410 1/0.75/12 83.9 66.9 56.2
134 1,500 420 1/0.75/12 -87.8 64.9 57.0
135 1,500 410 .1/0.9/12 84.0 66.8 56.1
136 1,500 420 1/0.9/12 88.2 66.0 58.2
137 1,500 410 1/0.75/15 85.8 65.8 56.5
138 1,500 420 1/0.75/15 90.4 62.7 58.7
139 1,500 410 1/0.9/15 85.1 66.8 56.9
140 1,500 420 1/0.9/15 90.4 63.6 57.5
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EXAMPLE 141

30 g of the composite oxide having an empirical
formula Mo;V, ;Te, ,3Nb; ;, prepared as described in
Example 33, was pulverized, and 0.3 g of cerium oxide
(Ce0,) was added and mixed thereto. This mixture was
molded into a tablet of 5 mm in diameter and 3 mm in
length by a tabletting machine, followed by pulverization
and sieving to obtain a powder of from 16 to 28 mesh.

The powder was calcined in a nitrogen stream at 600°C for
two hours.

0.5 m¢ of the solid catalyst thus obtained was
charged into a reactor, and a gas phase catalytic
reaction was conducted at a reaction temperature of 142°C
and at a space velocity SV of 1,000 hr~! by supplying a
feed gas in a molar ratio of propane:ammonia:air =
1:1.2:15. The results are shown in Table 13.

EXAMPLE 142 |

0.5 m¢ of the solid catalyst prepared as described in
Example 141 was charged into a reactor, and a gas phasé
catalytic reaction was conducted at a reaction
temperature of 430°C and at a space velocity SV of 1,500
hr~l by supplying a feed gas in a molar ratio of
propane:ammonia:air = 1:1.2:15. The results are shown in
Table 13.

EXAMPLE 143
A solid catalyst was prepared in the same manner as

in Example 141 except that the amount of bismuth oxide in

This Sheet Has Been Re[ilaced

AR




THIS SHEET HAS BIEN

REFLACED

Syeraranay sy

- 54 —

Example 141 was changed to 0.6 g. 0.5 mZ of the solid
catalyst thus prepared was charged into a reactor, and a
gas phase catalytic reaction was conducted at a reéction
temperature of 430°C and at a space velocity SV of 1,000
hr-l by supplying a feed gas in a molar ratio of
propane:ammonia:air = 1:1.2:15. The results are shown in
Table 13.
EXAMPLE 144

0.5 m¢ of the solid catalyst prepared as described in
Example 143 was charged into a reactor, and a gas phase
reaction was conducted at a reaction temperature of 440°C
and at a space velocity SV of 1,500 hr-! by supplying a
feed gas in a molar ratio of propane:ammoniaair =
1:1.2:15. The results are shown in Table 13.
COMPARATIVE EXAMPLES 145 to 147

Using a complex oxide comprising Mo, V, Te and Nb
prepared in the same mannér as in Examples 141 to 143
except that cerium oxide was not added, a gas phase
catalytic oxidation reaction of propane was cbnducted
under the same conditions as in Examples 141 to 143. The

results are shown in Table 13.
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Table 13

Example |Space Reaction |Conversion |Selectiv- |Yield of
Nos. velocity |temp. of propane |ity for acrylo-
' (hr-1) (°C) d(s) acrylo- nitrile
' nitrile (%)
(%)
141 1,000 420 93.2 58.4 54,7
142 1,500 430 87.5 64.9 56.8
143 1,000 430 91.8 57.1 52.4
144 1,500 440 88.9 61.2 54.4
145 1,000 420 94.2 56.7 53.4
146 1,500 430 94,2 57.2 53.8
147 1,000 430 91.3 53.8 49.2
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EXAMPLE 148

30 g of the complex oxide having an empirical formula
MoV, 3Teq ,3Nbg 35 prepared as described in Example 33,
was pulverized, and 0.225 g of tetravalent antimony oxide
(sb,0,) and 0.6 g of bismuth oxide (Bi,0,) were added and
mixed thereto. This mixture was molded into a tablet of
5 mm in diameter and 3 mm in length by a tabletting
machine, followed by pulverization and sieving to obtain
a powder of from.ls to 28 mesh. The powder was calcined
in a nitrogen stream at 550°C for two hours.

0.5 m¢ of the solid catalyst thus obtained, was
charged into a reactor, and a gas phase reaction was
conducted at a reaction temperature of 410°C and a space
velocity SV of 1,000 hr-! by supplying a feed gas in a |
molar ratio of propane:ammonia:air = i:l.2=15. The
results are shown in Table 14.

EXAMPLE 149

30 g of the complex oxide having an empirical formula
M01V°.3Te0.é3Nbo_12 prepa-red as described in Example 33,
was pulverized, and 0.1125 g of tetravalent antimony
oxide (Sb,0,) and 0.3 g of bismuth oxide (Bi,0;) were
added and mixed thereto. This mixture was molded into a
tablet of 5 mm in diameter and 3 mm in length by a
tabletting machine, followed by pulverization and sieving
to obtain a powder of from 16 to 28 mesh. The powder was
calcined in a nitrogen stream at 550°C for two hours.

0.5 m¢ of the solid catalyst thus obtained, was
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charged into a reactor, and a gas phase reaction was
conducted at a reaction temperature of 400°C and a space
velocity SV of 1,000 hr™! by supplying a feed gas in a
molar ratio of propane:ammonia:air = 1:1.2:15. The
results are shown in Table 14.

EXAMPLE 150

0.5 m¢ of the solid catalyst prepared as described in
Example 149 was.charged into a reactor, and a gas phase
catalytic reaction was conducted at a reaction
temperature of 410°C and at a space velocity SV of 1,500
hr_'1 by supplying a feed gas in a molar ratio of
propane:ammonia:air = 1:1.2:15; The results are shown in
Table 14.

EXAMPLE 151

To 5 mZ of water, 0.277 g of bismuth nitrate
pentahydrate (Bi(NO;)3-5H,0) wés added, and 0.167 g of
tetravalentlantimony oxide (Sb,0,) was further added.

The mixture was evaporated to drjness. The solid thus
obtained was calcined in an air stream at 600°C for two
hours.

To' the solid thus obtained, 30 g of the composite
oxide having an empirical formula Mo,Vy 3Teq, 23Nbg 120,
prepared as described in Example 33, was added and mixed.
This mixture was molded into a_tablet of 5 mm in diameter
and 3 mm in length by a tabletfing m;chine, f&llowed by
pulverization and sieving to obtain a powder of from 16

to 28 mesh. The powder was calcined in a nitrogen stream
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at 550°C for two hours. Here, the atomic ratio of Sb:Bi
was 2:1.

0.5 m¢ of a solid catalyst thus obtained, was charged

into a reactor, and a gas phase catalytic reaction was

" conducted at a reaction temperature of 410°C and a space

velocity SV of 1,000 hr~! by supplying a feed gas in a
molar ratio of propane:ammonié:air = 1:1.2:15. The
results are shown in Table 1l4.
EXAMPLE 152

0.5 m¢ of a solid catalyst prepared as described in
Example 150, was charged into a reactor, and a gas phase
catalytic reaction was conducted at a reaction
temperature of 410°C_and at a space velocity SV of 1,500
hr~! by supplying a feed gas in a molar ratio of
propane:ammonia:air = 1:1.2:15. The results are shown in

Table 14.
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Table 14
Example Space. Reaction |Conversion |Selectiv- |Yield of
Nos. velocity |[temp. of propane |ity for acrylo-
(hr1) (°C) (%) acrylo- nitrile
: nitrile (%)
(%)
150 1,000 410 90.1 64.0 57.6
151 .1,000 400 94.5 59.0 55.8
152 1,500 410 90.5 63.7 57.7
153 1,000 410 94.8 6l.1 57.9
- 154 1,500 410 89.0 64.7 57.6
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EXAMPLE 155

30 g of the composite oxide having an empirical
formula Mo,V; ;Te; ,3Nbg 50, prepared as described in
Examplé 33, was pulverized, and 0.225 g of tetravalent
antimony oxide (Sb,0,) was added and mixed thereto. This
mixture was molded into a tablet of 5 mm in diameter and
3 mm in length by a tabletting machine, followed by
pulverization and sieving to obtain a product of from 16
to 28 mesh. The powder was calcined in a nitrogen stream
at 550°C for two hours. 0.5 mZ of a solid catalyst thus
obtained was charged into a reactor, and a gas phase
catalytic reaction was conducted at a reaction
temperature of 420°C and at a space velbcity SV of 1,000
hr-! by supplying a feed gas in a molar ratio of
isobutane:ammonia:air = 1:1.2:15.

As a result, the conversion of isobutane was 61.4%,
the selectivity for methacrylonitrile was 33.0, and the
yield of methacrylonitrile was 20.3%.

EXAMPLE 156 '

Using a complex oxide comprising Mo, V, Te and Nb
prepared in the same manner as in Example 155 except that
antimony oxide was not added, a gas phase catalytic
oxidaﬁion reaction of isobutane was conducted under the
same conditions as in Example 155.

As a result, the conversion of isobutane was 64.1%,
the selectivity for methacrylonitrile was 29.7%, and the

yield of methacrylonitrile was 18.1%.
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EXAMPLE 157

A material having silica incorporated in an amount of
10% by weight, based on the total amount, to a complex
oxide having an empirical formula Mo,V 3Teg 23Nbg 12041
was prepared as follows.

In.117 mé¢ of warm water, 3.79 g of ammonium
metavanadate was dissolved, and 3.72 g of telluric acid
and 14.30 g of ammonium paramolybdate were sequentially
added thereto to obtain a uniform aqueous solution.
Further, 3.59 g of ammonium niobium pxalate dissolved in
17.9 mZ of water and 10.24 g of silica sol (silica
content: 20% by weight) were added thereto to obtain a

slurry. This slurry was evaporated to dryness at 150°C

' to obtain a dried product.

This dried product was molded inté a tablet of 5 mm
in diameter and 3 mm in length by a tabletting machine,
followed by pulverization and sieving to obtain a powder
of from 16 to 28 mesh. The powder was calcined in a
nitrogen stream at a temperaturé of 600°C for 4 hours.

The powder X-ray diffraction of the complex oxide
thus obtained, was measured, whereby main d;ffraction
peaks were observed at diffraction angles of 28 (°) of
22.1 (100), 28.2 (41.7), 36.2 (10.0), 45.2 (13.1) and
50.1 (7.1) (the numerical values in the brackets indicate.
the relative peak intensities based on peak at 22.1°
being 100). |

0.5 m¢ of the material thus obtained was charged into
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a reactor, and a gas phase catalytic oxidation reaction
was conducted at a reaction temperature of 420°C and a

space velocity SV of 1,000 hr~! by supplying a feed gas

in a molar ratio of propane:ammonia:air = 1:1.2:15. As a

result, the conversion of propane was 88.9%, the

selectivity for acrylonitrile was 60.5%, and the yield of
acrylonitrile was 53.8%.
EXAMPLE 158

A gas phase catalytic oxidation reaction of isobutane
was conducted in the same menner as in Example 157 except
that the complex oxide of Example 3 was used.

As a result, the conversion of isobutane was 52.1%,
the selectivity for methacrylonitrile was 31.0%, and the
yield of methacrylonitrile was 16.2%.

COMPARATIVE EXAMPLE 7

A gas phase catalytic oxidation reaction of isobutane
was conducted in the same manner as in Example 157 except
that the complex oxide of Comparative Example 2 was used.

As a result, the conversion of isobutane was 11.0s%,
the selectivity for methacrylonit}ile was 42.7%, and the
yield of methacrylonitrile was 4.7%.

According to the process of the present invention, it
is posssible to produce a desired nitrile at a relatively
low temperature a; a level.of from 400 to 450°C in good |
yield without neéessity of the presence of a halide or
water in the reaction system, by ueing a novel complex

oxide catalyst and an alkane as the starting material.
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CLATMS

1. A catalyst which is suitable for the
production of a nitrile from an alkane, wherein:

(D the catalyst has the empirical formula:

MoV, Te X0, wherein: -

X is at least one of Nb, Ta, W, Ti, Al, Zr, Cr, Mn,
Fe, Ru, Co, Rh, Ni, Pd, Pt, Sb, Bi, B and Ce;

b is from 0.01 to 1.0;

c is from 0.01 to 1.0;

X is from 0.01 to 1.0; and

n is a number such that the total valency of the
metal elements is satisfied; and

C) the catalyst has X-ray diffraction peaks at the
following angles at 20 in its X-ray diffraction pattern:

Diffraction
angles at 20 (°)
22.1%0.3
28.240.3
36.2+£0.3
45.2%0.3
50.0%0.3.
2. - A catalyst according to claim 1 wherein:
b is from 0.1 to 0.6;
. c is from 0.05 to 0.4; and
- x is from 0.01 to 0.6. )
3. A catalyst according to claim 1 or 2 wherein X is
Nb. | |
4. A éatalyst according to any one of the preceding

claims wherein the X-ray diffraction peaks have the
following characteristics:

Diffraction Relative

angles of 26 (°) intensity

22.1#0.3 100
28.240.3 20 to 150
36.2+0.3 5 to 60 T T
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5. A process for producing a catalyst as defined in
any one of the precéding claims which comprises drying an
aqueous solution containing compounds of molybdenum,
vanadium, tellurium, and at least one of niobium, tantalum,
tungsten, titanium, aluminium, zirconium, chromium,
manganese, iron, ruthenium, cobalt, rhodium, nickel,
palladium, platinum, antimony, bismuth, boron and cerium,

and calcining the dried product in the absence of oxygen.

6. A process according to claim 5 wherein the
calcination is conducted at a temperature of from 350 to
700°C. |

7. A process for producing a catalyst as defined in

any one of claims 1 to 4 which comprises drying an aqueous
solution containing compounds of molybdenum, vanadium,
tellurium and at least one of niobium, tantalum, tungsten,
titanium, aluminium, zirconium, chromium, manganese, iron,
ruthenium, cobalt, rhodium, nickel, palladium, platinum,
antimony, bismuth, boron and cerium, calcining the dried
product in the absence of oxygen to obtain a complex oxide,
adding to the complex oxide an oxide cgntéining at least one
of antimony, bismuth, cerium and boron, and calcining the
mixture.

8. A process for producing a catalyst as defined in
any one of claims 1 to 4 which comprises a drying an aqueous
solution containing compounds of molybdenum, vanadium,
tellurium and at least one of niobium, tantalum, tungsten,
titanium, aluminium, zirconium, chromium, manganese, iron,
ruthenium, cobalt, rhodium, nickel, palladium, platinum,
antimony, bismuth, boron and cerium, calcining the dried
product in the absence of oxygen to pbtain a complex oxide,
adding to the complex oxide an organic compound containing
at least one of antimony, bismuth, cerium and boron, and
calcining the mixture.

9. A process for producing a nitrile, which comprises
subjecting an alkane and ammonia in the gaseous state to
catalytic oxidation in the presence of a catalyst as defined
in any one of claims 1 to 4.
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10. A process according to claim 10 wherein the
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catalyst has been prepared by a process as defined in any
one of claims 5 to 8.
11. A process according to claim 9 or 10 wherein the
alkane has from 1 to 4 carbon atoms.
12. A process according to claim 11 wherein the alkane
is propane.
13. A process according to any one of claims 9 to 12
wherein the ammonia is reacted in an amount of from 0.2 to 5
mols per mol of the alkane.
14. A process according to any one of claims 9 to 13
wherein the reaction is conducted under a molecular oxygen
gas stream.
1s. A process according to any one of claims 9 to 14
wherein the reaction is conducted at a temperature of from
340 to 480°C.
16. A process for producing a nitrile, which comprises
subjecting an alkane and ammonia in the gaseous state to
catalytic oxidation in the presence of a catalyst which is
obtainable by drying an aqueous solution containing
compounds of molybdenum, vanadium, tellurium and at least
one of niobium, tantalum, tungsten, titanium, aluminium,
zirconium, chromium, manganese, iron, ruthenium, cobalt,
rhodium, nickel, palladium, platinum, antimony, bismuth,
e boron and cerium, and calcining the dried product in the
absence of oxygen, wherein:

@ the catalyst has the empirical formula:

MoV, Te X,0, wherein: '

X is at least one of Nb, Ta, W, Ti, Al, 2r, Cr, Mn,
Fe, Ru, Co, Rh, Ni, P4, Pt, Sb, Bi, B and Ce;

b is from 0.01 to 1.0;

¢ is from 0.01 to 1.0;

x is from 0.01 to 1.0; and

n is a number such that the total valency of the
metal elements is satisfied. '
17. A process according to claim 16 wherein the

calcination is conducted at a temperature of from 350 to
700°C.
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18. A process for producing a nitrile, which comprises
subjecting an alkane and ammonia in the gaseous state to
catalytic oxidation in the presence of a catalyst which is
obtainable by drying an aqueous solution containing .
compounds of molybdenum, vanadium, tellurium and at least
one of niobium, tantalum, tungsten, titanium, aluminium,
zirconium, chromium, manganese; iron, ruthenium, cobalt,
rhodium, nickel, palladium, platinum, antimony, bismuth,
boron and cerium, calcining the dried product in the absence
of oxygen to obtain a complex oxide, adding to the complex
oxide an oxide containing at least one of antimony, bismuth,
cerium and boron, and calcining the mixture, wherein:

@ the catalyst has the empirical formula:

MoV,Te X0, wherein: '

X is at least one of Nb, Ta, W, Ti, Al, 2r, Cr, Mn,
Fe, Ru, Co, Rh, Ni, Pd, Pt, Sb, Bi, B and Ce;

b is from 0.01 to 1.0;

c is from 0.01 to 1.0;

x is from 0.01 to 1.0; and

n is a number such that the total valency of the
metal elements is satisfied.
19. A process for producing a nitrile, which comprises
subjecting an alkane and ammonia in the gaseous state to
catalytic oxidation in the presence of a catalyst which is
obtainable by drying an aqueous solution containing
compounds of molybdenum, vanadium, tellurium and at least
one of niobium, tantalum, tungsten, titanium, aluminium,
zirconium, chromium, manganese, iron, ruthenium, cobalt,
rhodium, nickel, palladium, platinum, antimony, bismuth,
boron and cerium, calcining the dried product in the absence
of oxygen to obtain a complex oxide, adding to the complex
oxide an organic compound containing at least one of
antimony, bismuth, cerium and boron, and calcining the
mixture, wherein: '

) the catalyst has the empirical formula:

MoV,Te X,0, wherein:

X is at least one of Nb, Ta, W, Ti, Al, 2r, Cr, Mn,
Fe, Ru, Co, Rh, Ni, P4, Pt, Sb, Bi, B and Ce;
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from 0.01 to 1.0;

from 0.01 to 1.0;

from'0.01 to 1.0; and

a number such that the total valency of the

metal elements is satisfied.
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