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The present in~ntioA relates to a process for 

producing nitriles. 

Nitriles such. as acrylonitrile and 

methacrylonitrile have teen industrially produced as 

important intermediates for the preparation of, for example, 

fibers, synthetic resins and synthetic rubbers. The most 

popular method for producing such nitriles is to subje'ct 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-16S87/1973), a v-sb-0 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 s;l .. c,a,taly$t .obtained by mechanically mixing a 

v-~-~-:W·~·~ oxide·.-: and.:- a·,,,~a·i~ce~Mo-w-o oxide (JP-A-38051/ 1989) . 

Furthermore. we have ·desc~~b~d ,,a Mo-V-Te-Nb-o catalyst 

(JP-A-257I1990' an~r us·~A~25 I 04.9 I 692) . 

On the other hand, in view of the price difference 

between propane and propylene or between isobutane and 

isobutene, attention has been drawn to developing a method 

for producing acrylonitrile ~r m~thacrylonitrile by a so­

called ammooxidation reaction meth~d .wherein a lower alkane, 

such as propane or isobutane, 'is used as ~tarting material. 

This lower alkane is catalytically reacted with ammonia and 

oxygen in a gaseous phase in the presence of a catalyst. 

However, none o~ 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 application. 
·:··.: "<'' -... • • • ~;·. \ • . • -... ~-

Me th od s using conventional catal~sts other~ t,han the ' ,. . . .. ·:. 

Mo-V-Te-Nb-o catalyst usually requir~·· a v~'ry 'high 'to'kaction'·· 
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temperature of at least soo 0 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 nitril~ from an alkane, 

wherein: 

(Y the catalyst has the empirical formula: 

MoVbTecXxOn 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 

~ the catalyst has X-ray diffraction peaks at the 

following angles at 28 in its X-ray diffraction pattern: 

Diffraction 

angles at 28 ( 0 ) 

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, titanium, aluminium, 

zirconium, chromium, manganese, iron, ruthenium, cobalt, 

I
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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, 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. 

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 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. 

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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oxygen, wherein: 
(!) the catalyst has the empirical formula: 

MoVbTec::XxOn 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. 

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 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, bor'on 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: 

(Y the catalyst has the empirical formula: 

MoVbTecXxOn wherein: 

X is at least one of Nb, Ta, W, Ti, Al, Zr, er, 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. o; 

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 

molybdenum, vanadium, tellurium and at least one of niobium, 

tantalum, tungsten, titanium, aluminium, zirconium, 
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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: 
(D the catalyst has the empirical formula: 

MoVbTecXiPn 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. 

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. 

I 
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Now, the present invention will be described in 

detail with reference to the preferred embodiments. 

The catalyst useful for the process of the present 

invention for producing a nitrile by reacting an alkane 

5 with ammonia by a gas phase catalytic oxidation reaction, 

has the above mentioned chracteristics <D and ~. 

The complex oxide having such a specific crystal 

structure can be prepared by the following ~ethod. 

For example, in the case of MoaVbTecNbxOn, added 

10 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 aqueous solution of 

ammonium paramolybdate in such amounts that the atomic 

15 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 

20 calcination, the above dried product may be decomposed 

under heating 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 

25 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 calcination is conducted in an oxygen atmosphere. 

However, in the present invention, calcination is 

preferably conducted in an atmosphere substantially free 

5 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 may be conducted 

under vacuum usually at a temperature of from 350 to 

10 700°C, preferably from 400 to 6S0°C,,usually for from o.s 

to 35 hours, preferably from 1 to 10 hours. At a 

temperature lower than this temperature range, formation 

of the above ~rystal structure presenting the high 

catalytic activities tends to be i~adequate. On the 

15 other hand, if it exceeds the above temperature range, a 

par~ 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, for example, in the case of 

20 Mo8 VbTecNbxOn, the value of n is smaller than (3a + 2.Sb 

+ 3c + 2.Sx) which represents the value corresponding to 

the most highly oxidized state of Mo, V, Te and Nb, and 

it is at a level of from 80 to 97% thereof. Namely, the 

complex oxide having the specific structure to be used as 

25 the ca~alyst of the present invention corresponds to a 

complex oxide obtainable by calcining a dried product of 

the same starting materials under a usual oxidizing 
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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 Xis at least one 

s 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, c = 0.05 to 0.4, and x = 0.01 

10 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 important that the complex oxide 

15 has a certain specific crystal structure. 

An index showing that the complex 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 

20 oxide is characterized in· that it shows the following 

five main diffraction peaks at the specific diffraction 

angles of 28 (as measured by using Cu-Ka-rays as the x-

ray source): 



Diffraction 

angles of 28 ( 0 ) 

22.l+0.3 

28.2+0.3 
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Center values of X-ray 

lattice spacing CAl 

4.02 

3.16 

THIS 81-H::L:::T H/\S GEEN 
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Relative 

intensity 

100 

20 to 150 

5 36.2+0.3 2.48 5 to 60 

45.2+0.3 

50.0±0.3 

2.00 

1.82 

2 

2 

to 40 

to 40 

The intensities of X-ray diffraction peaks may differ 

depending upon the measuring conditions for each crystal. 

10 However, the relative intensities based on the peak 

intensity at 28 = 22.1° being 100, are usually within the 

above identified ranges. In general, the peak 

intensities at 28 = 22.1° and 28.2° are higher than 

others. However, so long as the above identified five 

15 diffraction peaks are observed, there will be no change 

20 

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 

25 starting material. 
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Further, the materials for the above complex oxide 

are not limited to the ones described above. For 

example, V205 , v2o3 , VOC1 3 or VC1 4 may be used instead of 

ammonium rnetavanadate, and Teo2 may be used instead of 

s telluric acid. Likewise, NbC1 5 , Nb2o5 or niobic acid may 

be used instead of ammonium niobium oxalate, and Moo3 or 

MoC1 5 may be used instead of ammonium paramolybdate. 

The complex oxide of the formula (1) prepared in the 

manner as described above, has adequate catalytic 

10 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 

15 containing at least one member selected from the group 

20 

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 Sb20 3 , Sb204 or 

Sb2o5 , and it may otherwise be an oxide having a 

composition of e.g. Sb02 ·(Sb204 ). 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 

hydrate. Further, in some cases, it is possible to 

25 employ as a solid catalyst a substance prepared by 

incorporating an organic compound containing antimony, 

such as ammonium antimony tartarate or antimony oxalate 



- 10 -

to the complex oxide of the formula (1), followed by 

calcination. In this case, the organic compound 

containing antimony will be converted to antimony oxide 

by the calcination. 

s The bismuth oxide to be incorporated may, for 

example, be a bismuth oxide such as Bi2o3 or Bi2o4 , and 

it may also be a hydrate such as Bi204 ·2H20. These 

oxides may be used alone or in combination as a mixture 

of a plurality of them. In some cases, a salt of an 

10 organic or inorganic acid or a hydroxide containing 

bismuth, s.uch 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 

15 used as a solid catalyst. 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 ce2o3 or Ce02 • These oxides may be used alone or 

20 in combination as a mixture of a plurality of them. In 

some cases, a salt of an organic or inorganic acid, or a 

hydroxide containing cerium, such as cerium nitrate, 

cerium hydroxide, cerium ~xalate or cerium acetate, may 

be added to the complex oxide of the formula (1), 

25 followed by calcination, and the product 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 B2o3 • 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 

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

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

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

believed to be converted to boron oxide by the 

calcination. 

10 As a method for incorporating the above mentioned 

specific oxide to the complex oxide, it is advisable to 

pulverize and mix both materials so that the contact of 

the specific oxide with the complex oxide can be 

effectively done. The amount of the specific oxide to · 

15 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 

20 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 

25 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 

1illiililiif 
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gas such as hydrogen, anunonia or a hydrocarbon, or steam. 

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 

s diffraction pattern of the obtained product is 

substantially 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 

10 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 prop~r shape and 

particle size. 

15 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 

20 mate.rial 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 

s incorporated in the feed gas, the oxygen may be pure 

10 

oxygen gas. However, since the purity is not required, 

it is usually 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 

15 using an alkane and ammonia substantially free from 

molecular oxygen, as the feed gas, it is advisable to 

employ a method wherein a part of the catalyst is 

properly withdrawn and sent to an oxidation regenerator 

for regeneration, and the regenerated catalyst is 

20 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 

regenerator usually at a temperature of from 300 to 

25 600°C. 

The present invention will be described in further 

detail with respect to a case where propane is used as 

iiin1i11nr 
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the alkane and air is used as the oxygen source. The 

proportion of air to be supplied for the reaction is 

important with respect to the selectivity for the 

resulting acrylonitrile. Namely, high selectivity for 

5 acrylonitrile is obtained when air is supplied within a 

range.of at most 25 mols, particularly from 1 to 15 mols, 

per 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 

10 mol of propane. This reaction may usually be conducted 

under atmospheric 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 accordance with the 

15 conditions for propane. 

20 

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 from 100 to 1,000 

hr-1 , preferably from 300 to 2,000 hr-1 • As a diluent 

gas for adjusting the space velocity and the oxygen 

partial pressure, an inert gas such as nitrogen,· argon or 

25 helium can be employed. When ammooxidation of propane is 

conducted by the met~od of the present invention, in 

addition to acrylonitrile, carbon monooxide, carbon 
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dioxide, acetonitrile, hydrocyanic acid, acrolein, etc. 

will form as by-products, but their amounts are very 

small. 

Now, the present invention will be described in 

5 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, 

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

are shown by the following formulas, respectively: 

15 

20 

25 

Conversion of alkane ( % ) = 

Selectivity of objective = 
nitrile (%) 

mo ls of consumed alkane 

mo ls of supplied alkane 

mols of objective 
nitrile obtained 

x 100 
mols of consumed 
alkane 

mols of supplied 
alkane 

Yield of objective nitrile (%) = 

EXAMPLE 1 

mols of objective 
nitrile obtained 

A complex oxide having an empirical formula 

Mo1v0 • 4Te0 • 2Nb0 •1on wa·s prepared as follows. 

x 100 

x 100 

In 117 mi of warm water, 4.21 g of ammonium 

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 aqueous solution. 

lllliii1Mr 



....... 

. ' '-:...· 

THIS SHEET HAS BEEN 
REPLACED 

- 16 -

Further, 3.99 g of ammonium niobium oxalate was dissolved 

in 17.9 mt 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. 

5 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 hours • 

10 Figure 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 

15 measured by an oxygen analyzer and was found to be 31.0% 

by weight. From this measured value, the coefficient n 

20 

for 0 (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 mt 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 

25 space velocity SV of 1,000 hr-1 by supplying a feed gas 

in a molar ratio of propane:ammonia:air = 1:1.2:10. The 

results are shown in Table 2. 
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EXAMPLES 2 AND 3 

Complex oxides having an empirical formula 

Mo1v0 • 4Te0 • 2Nb0 •1on were prepared in the same manner as in 

Example 1 except that the temperature for calcination in 

s Example l was changed to 500°C and 600°C 

The results of the powder X-ray diffraction of the 

complex oxides a-re shown in Table 1. Further, the 

results of the gas phase catalytic reactions are shown in 

Table 2. 

10 · COMPARATIVE EXAMPLE 1 

A complex oxide having an empirical formula 

Mo1v0 • 4Te0 • 2on was prepared in the same manner as in 

Example 2 except that the niobium component in Example 2 

was.not used. 

15 The X-ray diffraction pattern of the complex oxide 

20 

was totally different from that of Example l. The 

results of the gas phase catalytic reaction are shown in 

Table 2 • 

COMPARATIVE EXAMPLE 2 

A complex oxide having an empirical formula 

Mo1v0 • 4Te0 • 2Nb0 • 1on was prepared in the same manner 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 

25 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, the 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 

s 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 

1 o Mo1V0. 4 Te0. 2Sb0. 1 On was prepared as follows. 

In 117 mt 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. 

15 Further, 1.56 g of antimony chloride oxide was dissolved 

in 17.9 mt of water and mixed thereto •. The obtained 

aqueous solution was evaporated to dryness to obtain a 

dried product. 

1

·:..~ This dried product was molded into a tablet of 5 mm 

20 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 

25 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 

THIS SHEET HAS B~EN II 
REPLACED 

Mo1V0 • 4Te0 • 2Sb0 •10 0 was prepared in the same manner as in 

5 Example 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 

10 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 aluminum nitrate 

15 nonahydrate was used instead of antimony chloride oxide 

in Example 4. The empirical formula of the complex oxide 

thus obtained, was Mo1v0 • 4Te0 • 2Al0 • 1on. The results of the 

powder X-ray diffraction of the complex oxide thus 

obtained are shown in Table 1. Further, using the oxide 

20 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 

Mo1 v0 • 4Te0 • 2Al0 .• 10 0 
was prepared in the same manner as in 

25 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 catalytic reaction was conducted, and the results 

are shown in Table 2. 

5 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 temperature for calcination was changed to 600°C. 

10 The empirical formula of the complex oxide thus obtained, 

was Mo1v0 • 4Te0 • 2Nb0 • 1Pd0 • 020 0 • The results of the powder 

X-ray diffraction of the complex oxide thus obtained, are 

shown in Table 1. Further, using the complex oxide thus 

obtained, a gas phase catalytic reaction was conducted, 

15 and the results are shown in Table 2. 

EXAMPLES 7 to 23 

Complex oxides having the respective empirical 

formulas as identified in Table 1, were prepared in the 

·· ·· same manner as in Example 1 except that the proportions 

20 of the starting material compounds were changed 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 

25 were conducted, and the results are shown in Table 3. 

EXAMPLES 24 TO 32 

Using the complex oxide prepared in Example 3 
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(empirical formula Mc;>1V0 • 4Te 0 • 2Nb 0 • 10n), gas phase 

catalytic oxidation reactions were conducted under 

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

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

, 
~· . ... 

Complex oxides 
(atomic ratios) 

Mo1Vo.4Teo. 2Nbo.10n 

Mo1Vo.4Teo. 2Nbo. lon 

Mo1Vo.4Teo. 2Nbo. ion 

Mo1Vo.4Teo. 2Sbo.10n 

Mo1Vo.4Teo. 2Alo.10n 

Mo1Vo.4Teo. 2Nbo .1Pdo.02°n 

Mo1 Vo. jTeo. 2Nbo .1sOn 

Mo1Vo.375Teo. 2Nbo.11s0n 

M0 1Vo.35Teo. 2Nbo.1sOn 

Mo1Vo.334Teo.2Nbo.1610n 

Mo1Vo.25Teo. 2Nbo .1sOn 

.-.-. 

Table 1 

Relative intensities of X-ray 
diffraction peaks at diffraction 

angles of 28 (±0.3°) 

22.1° 2a.2° 36.2° 45.2° 50.0° 

100 79,5 21.0 10.9 12.3 

100 92.8 18.7 11.5 13.2 

100 93.0 24.9 12.9 14.4 

100 122.5 36.l 12~2 23.0 

100 97.4 27.6 13.7 20.0 

100 80.9 21.8 11.l 12.6 

100 63.6 17.4 12.4 11.0 

100 87.6 . 25 .1 15.6 16.9 

100 46.5 12.6 15.0 7.9 

100 63.8 17.6 13.l 10.9 

100 51.7 13.6 12.8 a.a 
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20 
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23 
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Table 1 (continued) 

Relative intensities of X-ray 

Complex oxides 
diffraction peaks at diffraction 

angles of 28 (±0.3°) 
(atomic ratios) 

22.1° 20.2° 36.2° 45.2° 50.0° 

Mo1Vo.32Teo. 2Nbo .13on 100 67.5 20.2 13.9 12.3 

Mo1 Vo. 34 Teo. 2Nbo .12on 100 78.9 22.2 13.8 15.5 

Mo1Vo.2Teo. 2Nbo .14on 100 54.7 14.9 13.6 9.3 

Mo1Vo.56Teo. 2Nbo .14on 100 107.7 27.5 13.7 21.l 

Mo1Vo.45Teo. 2Nbo. osOn 100 113.9 24.7 11.4 16.5 

Mo1Vo.3Teo. 2Nbo. 20n 100 37•0 9.7 10.7 5.7 

Mo1Vo.4Teo. 2Nbo. 20n 100 69.9 18.2 10.3 11.2 

Mo1Vo.3Teo. 2Nho. ion 100 89.9 26.2 14.7 16.8 

Mo1Vo,4aTeo.2Nho.12°n 100 104.7 26.2 13.3 16.l 

Mo1Vo.2aTeo. 2Nho. uon 100 51.5 14.8 12.2 a.a 

Mo1Vo.4Teo.aNbo.10n 100 67.5 18.0 18.0 11.5 

Mo1Vo.4Teo. 3Nbo. l On 100 109.3 29.2 13.2 17.9 
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[ Calcination Reaction Space 
conditions temp.· velocity 

complex oxides (oC) ( hr-1) 
(atomic ratios) 

Temp. Gas 
(OC) stream 

Example l Mo1Vo.4'1'eo.2Nbo.10n 620 N2 420 1,000 

Example 2 Mo1Vo.4Teo.2Nbo.10n 500 N2 400 500 

Example 3 Mo1v0•4Te0. 2Nb0. 10n 600 N2 420 1,000 

Comparative Mo1Vo.4Teo.20n 500 N2 440 1,000 

Example 1 

Comparative Mo1Vo,4'1'eo.2Nbo.10n 350 air 400 500 

Example 2 

Comparative Mo1Vo.4'1'eo. 2Nbo.10n 350 air 420 500 

Example 3 

Comparative Mo1Vo,4'1'eo.2Nbo.10n 350 air 440 1,000 

Example 4 

Example 4 Mo1Vo.4'1'eo.25bo.10n 500 N2 420 500 

Comparative Mo1Vo.4'1'eo.2Sbo.10n 350 air 400 500 

Example S 

Example 5 Mo1Vo.4'1'eo. 2A10.10n 500 N2 440 500 

Comparative M0 1Vo.4'1'eo.2Alo.1°n 350 air 420 500 

Example 6 

Esample 6 Mo1Vo.4Teo. 2Nbo.1Pdo .020n 600 N2 420 1,000 

~·~ 

,;~ 

Feed gas Conversion Select iv-

composition of propane i ty for 
(mol\) (') acrylo-

propane/ nitrile 

ammonia/air ( \) 

1/1.2/15 79.4 63.5 

1/1.2/10 54.4 39.4 

1/1.2/15 78.3 61. 2 

1/1.2/15 43.4 36.7 

1/1.2/10 42.9 34.4 

l/l.2/10 43.2 27. l 

1/1.2/10 48.~ 34.2 

1/1. 2/10 . 47.7 45.5 

1/1.2/10 43.0 36.6 

1/1.2/10 60.3 39.1 

1/1.2/10 52.7 33.3 

1/1.2/15 79.4 63.5 

. 
.. 

Yield of 
acrylo-
nitrile 
(') 

50.4 

21. 4 

48.0 

15.9 

14.8 

11. 7 

16.7 

. 21. 7 

15.7 

23.5 

17.' 
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Nos. 

7 
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Complex ox_ides 
(atomic ratios) 

Mo1Vo.3Teo. 2Nbo .1sOn 

Mo1Vo,375Teo.2Nbo.11sOn 

Mo1Vo.35Teo. 2Nbo.1sOn 

Mo1Vo.334Teo. 2Nbo .161°n 

Mo1Vo.25Teo. 2Nbo .1sOn 

Mo1Vo.32Teo. 2Nbo, 13°n 

Mo1Vo.39Teo. 2Nbo .120n 

Mo1Vo.2Teo. 2Nbo .14on 

" ··~~.· 

Table 3 

Reaction Space 
temp. velocity 
(OC) ( hr-1) 

420 1,000 

420 1,000 

410 1,000 

430 l,QOO 

400 l,000 

420 1,000 

420 1,000 

400 1,000 

Feed gas Conversion 
composition of propane 
(mol%) (%) 
propane/ 
ammonia/air 

1/1.2/15 89.1 

1/1.2/15 88.4 

1/1.2/15 86.0 

1/1.2/15 90.4 

1/1.2/15 75.3 

1/1.2/15 92.7 

1/1.2/15 91.0 

1/1.2/15 60.5 

Select iv-
ity for 
acrylo-
nitrile 
( % ) 

60.0 

52.8 

55.3 

55.9 

60.2 

57. 5 

54.5 

64.0 

Yield of 
acrylo-
nitrile 
(%) 

53.5 

46.7 

47.6 

50.9 

45.3 

53.3 

49.6 

38.7 
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Nos. 

15 
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Complex oxides 
(atomic ratios) 

Mo1Vo.55Teo. 2Nbo. uon 

M0 1Vo.45Teo. 2Nho. os0n 

Mo1Vo.3Teo. 2Nbo. 20n 

Mo1Vo.4Tea. 2Nbo. 20n 

Mo1Vo.3Tea. 2Nbo. ion 

Mo1Vo.48Teo. 2Nho .120n 

Mo1Vo.2aTeo. 2Nbo. uOn 

Mo1Vo.4Tea .1Nbo. ion 

Mo1Vo.4Teo. 3Nbo. ion 

r.' 1;. 

Table 3 (continued) 

Reaction Space Feed gas 
temp. velocity composition 
(OC) (hr-1) (molt) 

propane/ 
ammonia/air 

430 1,000 1/1.2/15 

430 1,000 1/1.2/15 

440 1,000 1/1.2/15 

430 1,000 1/1.2/15 

420 1,000 1/1.2/15 

430 1,000 1/1.2/15 

410 l, 000 . 1/1.2/15 

430 500 1/1.2/10 

420 1,000 1/1. 2(1.5 

Conversion Selectiv-
of propane ity for 
(%) acrylo-

nitrile 
( % ) 

50.6 62.3 

52.4 56.3 

77.2 56.2 

79.6 61.7 

83.0 62.l 

75.4 59.3 

82.8 63.3 

67.7 56.l 

44.6 48.6 

Yield of 
acrylo-
nitrile 
(%) 

31.5 

29.5 

43.4 

49.l 

51.6 

44 .• 7 

52.4 

38.0 

21.7 
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Example Temp. 
Nos. (°C) 

24 420 

25 420 

26 420 

27 420 

28 420 

29 420 

30 420 

31 420 

32 410 

·./_, 

Table 4 

Space Feed gas 
velocity composition 
(hr-1 ) (mol%) 

propane/ 
anunonia/air 

1,000 1/0.7/15 

1,000 1/0.9/15 

1,000 1/1.5/15 

1,000 1/1.2/10 

1,000 1/1.2/17 

500 1/1.2/10 

800 1/1.2/15 

1,200 1/1.2/15 

1,000 1/0.7/15 

:-

Conversion Selectiv-
of propane ity for 
(%) acrylo-

nitrile 
(%) 

82.5 53.l 

82.8 57.5 

81.4 60.9 

·62.9 63.8 

82.6 57.6 

63.0 56.6 

84.9 57.9 

77.8 61.7 

76.2 59.l 

Yield of 
acrylo-
nitrile 
(%) 

43.8 

47.6 

49.6 

40.1 

47.5 

35.7 

49.2 

48.0 

45.0 
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EXAMPLE 33 

A complex oxide having an empirical formula 

Mo1v0 • 3Te0 • 23Nb0 •12on was prepared as follows. 

In 325 mt of warm water, 15.7 g of ammonium 

5 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 aqueous solution. 

Further, 117.S g of an aqueous ammonium niobium oxalate 

solution having a niobium concentration of 0.456 mol/kg 

10 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 machine, followed by pulverization 

and sieving to obtain a powder of from 16 to 28 mesh. 

15 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 observed at diffraction 

20 angles of 28 ( 0
) of 22.1 (100), 28.2 (90.0), 36.2 (25.7), 

45.l (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 

25 mortar, and 0.3 g of tetravalent antimony oxide (Sb20 4 ) 

was added and mixed thereto. This mixture was molded 

into 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 

then calcined in a nitrogen stream at 500°C for two 

hours. 

s 0.5 mi 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-1 by supplying a 

feed gas in a molar ratio of propane:anunonia:air = 

10 1:1.2:15. The results are shown in Table s. 
EXAMPLE 34 

A solid catalyst was prepared in the same manner as 

in Example 33 except that the amount of the tetravalent 

antimony oxide (Sb204 ) in Example 33 was changed to 0.15 

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 prepared in the same manner as 

20 in Example 34 except that the calcination after the 

addition of the tetravalent 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 

25 Table s. 
EXAMPLE 36 

30 g of the same complex oxide as in Example 33 was 
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pulverized in an agate mortar, and 3 9 of an aqueous 

ammonium antimony tartarate solution (corresponding to 

10% by weight of Sb20 3 ) was added and mixed thereto. The 

solid of this mixture was molded into a tablet of 5 mm in 

s 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 catalyst 

10 thus obtaine~, the reaction was conducted under the same 

conditions as in Example 33. The results are shown in 

Table s. 

EXAMPLE 37 

Using a complex oxide comprising Mo, V, Te and Nb 

15 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 s. 

<:·· EXAMPLE 38 

20 A complex oxide having the same catalyst composition 

as in Example 33 was prepared under a condition where 

tetravalent antimony oxide (Sb20 4 ) was present from the 

initial stage, as opposed to adding tetravalent antimony 

oxide (Sb20 4 ) after preparing a complex oxide having an 

25 empirical formula Mo1V0 • 3Te0 •. 23Nb0 • 120n. 

Namely, 15.7 g of ammonium metavanadate was dissolved 

in 325 mt of warm water, and 23.6 g of telluric acid and 
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78. 9 g of ammonium pa.ramolybdate 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 

s to obtain a slurry. To this slurry, 0.98 g of 

tetravalent antimony oxide (Sb20 4 ) 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, 

10 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 catalys~ thus obtained, the reaction 

was conducted under the same conditions as in Example 33. 

15 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 

20 hours, and the reaction was conducted under the same 
. 

conditions as in Example 33. The results are shown in 

Table s. 
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Table 5 

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.S 65.6 56.7 

10 
Example 36 88.1 63.8 56.2 

Example 37 86.7 63.S 55.l 

Example 38 67.2 49.4 33.2 

Example 39 45.9 48.3 22.2 

15 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 

20 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, 

25 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 

same 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 ~dded later. 
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Example 
Nos. 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

·' 
i: 

Space Reaction 
velocity temp. 
( hr-1 ) (OC) 

1,000 410 

1,000 410 

1,000 410 

1,000 410 

1,000 410 

1,000 410 

1,000 410 

l,000 410 

1,200 410 

1,200 410 

Table 6 

Feed gas Conversion 
composition of propane 
(molt) (%) 
propane/ 
ammonia/air 

1/0.6/15 90.0 

1/0.75/15 89.9 

1/0.9/15 89.6 

1/1.05/15 90.4 

1/1.35/15 91.6 

1/1.5/15 90.9 

1/1.65/15 90.4 

1/1.8/15 89.4 

1/0.75/10 75.7 

1/0.9/10 75.0 

Select iv- Yield of 
ity for acrylo-
acrylo- nitrile 
nitrile ( % ) 
( % ) 

53.'4 48.1 

58.3 52.4 

61.9 55.5 

63.0 57.0 

64.3 58.9 

64.9 59.0 

65.0 58.8 

65.2 58.2 

66.8 50.6 

68.6 51.S 
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Example 
Nos. 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

Space Reaction 
velocity temp. 
(hr-1 ) (OC) 

1,200 410 

1,200 410 

1,200 410 

1,200 410 

1,200 410 

1,200 410 

1,200 410 

1,500 410 

1,500 410 

1,500 410 

... 

Table 6 (continued) 

Feed gas Conversion 
composition of propane 
(mol%) ( % ) 
propane/ 
ammonia/air 

1/0.75/12 83.7 

1/0.9/12 83.6 

1/1.2/12 83.1 

1/0.75/15 86.3 

1/0.9/15 87.1 

1/1.2/15 86.3 

1/1.5/15 86.2 

1/0.75/10 73.7 

1/0.9/10 74.3 

1/1.2/10 68.9 

Select iv- Yield of 
ity for acrylo-
acrylo- nitrile 
nitrile (%) 
(%) 

62.6 52.3 

66.9 56.0 

68.8 57.2 

61.7 53.2 

63.8 55.5 

66.3 57.2 

66.9 57.7 

66.5 49.0 

68.2 50.7 

68.7 47.3 
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Example 
Nos. 

60 

61 

62 

63 

64 

65 

66 

67 

68 

{: 

Space Reaction 
velocity temp. 
( hr-1 ) ( oc) 

1,500 410 

1,500 410 

1,500 410 

1,500 410 

1,500 410 

1,500 410 

1,500 410 

1,500 400 

1,500 420 

........ 

Table 6 (continued) 

Feed gas Conversion 
composltion of propane 
(mol%) ( % ) 
propane/ 
ammonia/air 

1/0.75/12 79.5 . 

1/0.9/12 80.4 

l/l.2/12 79.5 

1/0.75/15 81.5 

1/0.9/15 82.0 

1/1.2/15 82.l 

1/1.5/15 81.9 

1/1.2/15 77.l 

1/1.2/15 88.3 

Select iv-
ity for 
acrylo-
nitrile 
(%) 

66.l 

69.0 

70.4 

64.9 

66.9 

67.3 

68.9 

68.6 

63.7 

Yield of 
acrylo-

· nitrile 
( % ) 

52.6 

55.4 

55.9 

52.9 

54.8 

55.3 

56.4 

52.9 

56.2 
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Example 
Nos. 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

f'°·,; 

Table 7 

Space Reaction Feed gas 
velocity temp. composition 
( hr-1 ) ( oc) (mol%) 

propane/ 
ammonia/air 

1,000 400 1/0.6/15 

1,000 400 1/0.75/15 

1,000 400 1/0.9/15 

1,000 400 1/1.5/15 

1,000 400 1/0.75/15 

1,000 400 1/0.75/12 

1,000 400 1/0.9/12 

1,000 400 1/1.2/12 

1,200 400 1/0.75/10 

1,200 400 1/0.9/10 

1,200 400 1/0.75/12 

f'·'" .. , 

Conversion Selectiv-
of propane ity for 
( % ) acrylo-

nitrile 
( % ) 

89.5 56.9 

89.8 60.9 

89.8 63.2 

88.2 61.9 

77.5 64.2 

87.3 63 .·7 

87.0 64.9 

83.4 63.5 

11.0 67.1 

76.7 67.7 

83.9 66.2 

Yield of 
acrylo-
nitrile 
( % ) 

51.0 

54.7 

56.8 

54.6 

49.8 

55.6 

56.S 

52.9 

52.l 

51.9 

55.5 
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Example 
Nos. 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

( 
··: 

Space Reaction 
velocity temp. 
(hr-1 ) (OC) 

1,200 400 

1,200 400 

1,200 410 

1,200 400 

1,200 410 

1,200 400 

1,200 410 

l,200 400 

1,200 410 

1,200 400 

1,200 410 

·~. 

Table 7 (continued) 

Feed gas Conversion 
composition of propane 
(mol%) ( % ) 
propane/ 
ammonia/air 

1/0.9/12 83.4 

1/1.2/12 82.0 

1/0.9/12 87.5 

1/0.75/15 85.4 

1/0.75/15 90.9 

1/0.9/15 85.5 

1/0.9/15 90.3 

1/1.2/15 86.2 

1/1.2/15 91.2 

1/1.5/15 84.8 

1/1.5/15 91.0 

Select iv-
ity for 
acrylo-
nitrile 
( % ) 

67.6 

66.7 

63.3 

64.5 

59.6 

66.8 

62.6 

64.5 

63.5 

64.l 

65.5 

Yield of 
acrylo-
nitrile 
( % ) 

56.4 

54.8 

55.4 

55.l 

54.2 

57.2 

56.5 

55.6 

57.9 

54.3 

59.7 
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Example Space 
Nos. velocity 

(hr-1 ) 

91 1,200 

92 1,500 

93 1,500 

94 1,500 

95 . 1,500 

96 1,500 

97 1,500 

98 1,500 

99 1,500 

100 1,500 

101 1,500 

102 1,500 

.:··. ... '..., 

I 

Table 7 (continued) 

Reaction Feed gas Conversion 
temp. composition of propane 
(°C) (mol%) ( % ) 

propane/ 
ammonia/air 

400 1/1.8/15 89.3 

400 1/0.6/10 75.3 

400 1/0.75/10 75.6 

400 1/0.9/10 73.9 

400 . 1/0. 75/12 78.9 

400 1/0.75/12 78.5 

410 1/0.9/12 83.3 

400 1/1.2/12 77.3 

410 1/0.9/15 86.4 

410 1/1.2/15 87.1 

410 1/1.5/15 86.2 

410 1/1.8/15 85.4 

Select iv- Yield of 
ity for acrylo-
acrylo- nitrile . 
nitrile ( % ) 
( % ) 

65.0 58.1 

67.5 50.8 

69.0 52.2 

69.4 51.3 

68.3 53.9 

68.9 54.l 

67.S 56.2 

67.3 52.0 

64.8 55.9 

66. 6. 58.1 

67.l 57.8 

66.8 57.l 
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Example Space 
Nos. velocity 

(hr-1 ) 

103 1,000 

104 1,000 

105 1,000 

106 1,000 

107 l,000 

108 1,200 

109 1,500 

.c 
\' .•. 

Table 8 

Reaction Feed gas 
temp. composition 
(OC) (mol%) 

prop~ne/ 
ammonia/air 

410 . 1/0.6/15 

410 1/0.75/15 

410 1/0.9/15 

410 1/1.5/15 

410 1/1.8/15 

410 1/0.75/10 

410 1/0.75/10 

.:· :! 

Conversion Selectiv-
of propane ity for 
(%) acrylo-

nitrile 
(%) 

83.0 56.8 

82.3 61.4 

82.8 64.2 

82. 8 . 66.2 

80.6 63.6 

73.8 65.3 

73.8 65.3 

Yield of 
acrylo-
nitrile 
( % ) 

47.l 

50.5 

53.l 

54.8 

51.3 

48.2 

48.2 

.i:o. 
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EXAMPLES 110 TO 114 

A complex oxide having an empirical formula 

Mo1V0 • 4Te0 • 2Nb0 •10n was prepared as follows. 

rr=·---·-·--=-====~ 
l THIS SHEET H.A.S BEEN 

REt:'Ll~C-ED 

In 117 me of warm water, 4.21 g of ammonium 

s 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 

10 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 ~esh. 

15 The powder was calcined in a nitrogen stream at 600°C for 

20 

two hours. 

The powder X-ray diffraction of the complex oxide 

thus obtained was measured (using Cu-Ka~rays), whereby 

main diffraction peaks at diffraction angles of 28 {0
) of 

22.l (100), 28.2 (79.5), 36.2 (21.0), 45.2 (10.9) and 

50.0 (12.3) were observed (the numerical values in the 

brackets represent relative peak intensities based on the 

peak at 22 .1° bein_g 100). 

Then, 10 g of the complex oxide was pulverized in a 

25 mortar, and 0.1 of trivalent antimony oxide (Sb20 3 ) was 

further added and mixed thereto. This mixture was molded 

into 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 mt of the solid catalyst thus obtained was 

5 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 

10 prepared in the same manner as in Example 110 except that 

antimony oxide was not incorporated, reactions were 

conducted under various conditions, and the results are 

shown in Table. 9. 

Even when the reaction temperat.ure was raised to be 

15 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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Example 
Nos. 

110 

111 

112 

113 

114 

115 

116 

117 

118 

{ .. :.: 
•. 

-
Space Reaction 
velocity temp. 
( hr-1 ) (oC) 

1,000 420 

1,000 420 

1,000 420 

1,000 420 

l,000 420 

1,000 430 

1,000 430 

1,000 430 

1,000 430 

. • ..... :·. 
-:; 

Table 9 

Feed gas Conversion 
composition of propane 
(mol%) ( % ) 
propane/ 
ammonia/air 

1/1.2/15 89.3 

1/0.6/15 90.l 

1/0.75/15 90.4 

1/0.9/15 90.4 

1/1.5/15 87.9 

1/0.6/15 88.2 

1/0.9/15 88.5 

1/1.2/15 88.2 

1/1.5/15 . 86.5 

Selectiv- Yield of 
ity for acrylo-
acrylo- nit rile 
nitrile (%) 
( % ) 

60.1 53.7: 

50.7 45.7 

55.7 50.4 

58.2 52.7 

59.8 52.6 

47.0 41.5 

56.0 49.5 

58.5 51.6 

59.0 51.0 

""' "' 
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EXAMPLES 119 to 122 

A catalyst was prepared in the same manner as in 

Example 110 except that tetravalent antimony oxide 

(Sb20 4 ) was used for the addition of antimony oxide to 

s the complex oxide comprising Mo, V, Te and Nb in Example 

110, and reactions were conducted under various 

10 

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 (Sb20 4 ) was present from 

the initial stage as opposed to adding tetravalent 

antimony oxide (Sb20 4 ) after the preparation of the 

complex oxide having an empirical formula 

15 Mo1 v0 • 4Te0 • 2Nb0 • 1on. 

20 

Namely, in 117 mt of warm water, 4.21 g of ammonium 

metavanadate was dissolved, an·d 4 .13 9 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 antimony oxide {Sb20 4 ) was 

added and mixed. Thi~ slurry was evaporated to dryness 

25 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 hours. 

Using the catalyst thus obtained, the reaction was 

conducted under the conditions as identified in Table 10. 

s 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 

10 hours, and the reaction was conducted under the 

conditions as identified in Table 10. The results are 

also shown in the same Table. 



... , •. 

Table 10 

Example Space Reaction Feed gas 
Nos. velocity temp. composition 

(hr-1 ) (OC) (molt) 
propane/ 
ammonia/air 

119 1,000 420 1/0.6/15 

120 1,000 420 1/0.75/15 

121 1,000 420 1/0.9/15 

122 1,000 420 1/1.2/15 

123 l,000 430 1/1.2/15 

124 1,000 410 1/1.2/15 

Conversion Select iv-
of propane ity for 
( % ) acrylo-

nitrile 
( % ) 

89.8 51.3 

90.2 57.0 

90.0 59.2 

89.4 59.1 

74.3 59.5 

41.6 39.6 

Yield of 
acrylo-
nitrile 
(%) 

46.l 

51.5 

53.3 

52.8 

44.2 

16.5 

.,... 
O> 
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EXAMPLE 125 

·- -=======:-i 
THIS SHEET HAS BEEN 

REPLACED 

30 g of the complex oxide having an empirical formula 

Mo1V0 • 3Te0 • 23Nb0 • 12on prepared as described in Example 33, 

was pulverized, and 0.3 g of orthoboric acid (H3B03 ) was 

s added and mixed thereto. This mixture was molded into a 

10 

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 mt 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-1 by supplying a feed 

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

15 The results are shown in Table 11. 

EXAMPLE 126 

30 g of the complex oxide having an empirical formula 

Mo1V0 • 2Te0 • 23Nb0 •12 prepared as described in Example 33, 

was pulverized, and 0.6 g of orthoboric acid (H3B03 } was 

20 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. 

25 0.5 me of the solid catalyst thus obtained 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 11. 

EXAMPLE .127 

30 g of the complex oxide having an empirical formula 

. 
5 Mo1V0 • 3Te0 • 23Nb0 • 12 prepared as described in Example 33, 

was pulverized, and 0.9 g of orthoboric acid (H3B03 ) 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 

10 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 mi of the solid catalyst thus obtained was 

charged into a reactor, and a gas phase catalyt~c 

oxidation reaction of propane was conducted under the 

15 same reaction conditions as in Example 125. The results 

are shown in Table 11. 

Table 11 

Conversion Select iv- Yield of 

of propane ity for acrylo-
(%) acrylo- nitrile 

20 nitrile (%) 
(%) 

Example 125 89.0 63.2 56.2 

Example 126 91.6 63.3 58.0 

Example 127 87.9 65.S 57.6 

25 

EXAMPLE 128 

30 g of the complex oxide having an empirical formula 
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Mo1v0 • 2Te0 • 23Nb0 • 12 prepared as described in Example 33, 

was pulverized, and 0.3 g of bismuth oxide (Bi 203 ) was 

added and mixed thereto. This mixture was molded into a 

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

s 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 mt of the solid catalyst thus obtained was 

charged into a reactor, and a gas phase catalytic 

10 reaction was conducted at a reaction temperature of 410°C 

and a space velocity SV of 1,000 hr-1 by supplying a feed 

g~s in a molar ratio of propane:ammonia:air = 1:1.2:15. 

The results are shown in Table 12. 

EXAMPLE 129 

15 30 g of the complex oxide having an empirical formula 

Mo1v0 • 3Te0 • 23Nb0•12 prepared as described in Example 33, 

was pulverized, and 0.6 g of bismuth oxide {Bi203 ) was 

added and mixed thereto. This mixture was molded into a 

\:.°' tablet of 5 mm in diameter and 3 mm in length by a 

20 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 mt of the solid catalyst thus obtained was 

charged into a _reactor, and a gas phase oxidation 

25 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 

5 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 Tab1e·12. 

10 

EXAMPLE 131 

30 g of the complex oxide having an empirical formula 

Mo1V0 • 3Te0 • 23Nb0 •12 prepared as described in Example 33, 

was pulverized, and 0.9 g of bismuth oxide {Bi20 3 ) was 

added and mixed thereto. This mixture was molded into a 

tablet of 5 mm in diameter and 3 mm in lengt~ by a 

15 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 ml of the solid catalyst thus obtained was 

~~~ charged into a reactor, and a gas phase catalytic 

20 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 mi of the solid catalyst prepared as des~ribed in. 

25 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-1 , by supplying a feed gas in a molar ratio of 

propane:ammonia:air = 1:0.75:15. The results are shown 

in Table 12. 

EXAMPLES 133 TO 140 

s Using -the solid catalyst prepared by th_e 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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Example Space 
Nos. velocity 

( hr-1 ) 

128 1,000 

129 1,000 

130 1,000 

131 1,000 

132 1,000 

133 1,500 

134 1,500 

135 1,500 

136 1,500 

137 1,500 

138 1,500 

139 1,500 

140 1,500 

Table ·12 

Reaction Feed gas 
temp. composition 
( oc) (mol%) 

propane/ 
ammonia/air 

410 1/1.2/15 

410 1/1.2/15 

410 1/1.2/15 

410 1/1.2/15 

400 1/0.75/15 

410 1/0.75/12 

420 1/0.75/12 

410 1/0.9/12 

420 1/0.9/12 

410 1/0.75/15 

420 1/0.75/15 

410 1/0.9/15 

. 420 1/0.9/15 

Conversion Selectiv-
of propane ity for 
( ') acrylo-

nitrile 
( ') 

96.4 58.5 

93.5 60.3 

83.2 67.5 

90.0 63.6 

96.5 55.2 

83.9 66.9 

·87.8 64.9 

84.0 66.8 

88.2 66.0 

as.a 65.8 

90.4 62.7 

85.1 66.8 

90.4 63.6 

Yield of 
acrylo-
nitrile 
(%} 

56.4 

56.3 

56.2 

57.3 

53.3 

56.2 

57.0 

56.1 

58.2 

56.5 

58.7 

56.9 

57.5 
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EXAMPLE 141 

30 g of the composite oxide having an empirical 

formula Mo1v0 • 3Te0 • 23Nb0 • 12 prepared as described in 

Example 33, was pulverized, and 0.3 g of cerium oxide 

5 (Ce02 } was added and mixed thereto. This mixture was 

molded into a tablet of 5 mm in diameter and 3 mm in 

----,-=--:::::r-==1 

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 

10 two hours. 

0.5 mt 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 sp~ce velocity SV of 1,000 hr-1 by supplying a 

15 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 ml of the solid catalyst prepared as described in 

. ·l 
~:...->" Example 141 was charged into a reactor, and a gas phase 

20 catalytic reaction was conducted at a reaction 

temperature of 430°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 13. 

25 EXAMPLE 143 

A solid catalyst was prepared in the same manner as 

in Example 141 except that the amount of bismuth oxide in 
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Example 141 was changed to 0.6 g. 0.5 mt of the solid 

catalyst thus prepared was charged into a reactor, and a 

gas phase catalytic reaction was conducted at a reaction 

temperature of 430°C and at a space velocity SV of 1,000 

5 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 13. 

EXAMPLE 144 

0.5 mt of the solid catalyst prepared as described in 

10 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 sy 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 13. 

15 COMPARATIVE EXAMPLES 145 to 147 

Using a complex oxide comprising Mo, V, Te and Nb 

prepared in the same manner as in Examples 141 to 143 

except that cerium oxide was not added, a gas phase 

catalytic oxidation reaction of propane was conducted 

20 under the same conditions as in Examples 141 to 143. The 

results are shown in Table 13. 
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Example 
Nos. 

141 

142 

143 

144 

145 

146 

147 

. ·.··. 
'• 

Space 
velocity 
( hr-1 ) 

1,000 

1,500 

1,000 

1,500 

1,000 

1,500 

1,000 

Table 13 

Reaction Conversion 
temp. of propane 
(°C) (%) 

420 93.2 

430 87.S 

430 91.8 

440 88.9 

420 94.2 

430 94.2 

430 91.3 

;• ...... . 
···: 

Select iv-
ity for 
acrylo-
nitrile 
(%) 

58.4 

64.9 

57.l 

61.2 

56.7 

57.2 

53.8 

Yield of 
acrylo-
nitrile 
(%) 

54.7 

56.8 

52.4 

54.4 

53.4 

53.8 

49.2 
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EXAMPLE.148 

30 g of the complex oxide having an empirical formula 

Mo1V0 • 3Te0 • 23Nb0 • 12 prepared as described in Exampl.e 33, 

was pulverized, and 0.225 g of tetravalent antimony oxide 

s (Sb204 ) and 0.6 g of bismuth oxide (Bi203 ) were added and 

mixed thereto. This mixfure 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 

10 in a nitrogen stream at 550°C for twp 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-1 by supplying a feed gas in a 

15 molar ratio of propane:ammonia:air = 1:1.2:15. The 

results are shown in Table 14. 

20 

EXAMPLE 149 

30 g of the complex oxide having an empirical formula 

Mo1V0 • 3Te0 • 23Nb0 • 12 prepared as described in Example 33, 

was pulverized, and 0.1125 g of tetravalent antimony 

oxide (Sb204 ) and 0.3 g of bismuth oxide (Bi 20 3 ) 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 

25 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 me of the solid catalyst thus o~tained, was 

1i11ii1i1ilf 
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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-1 by supplying a feed gas in a 

molar ratio of propane:ammonia:air = 1:1.2:15. The 

5 results are shown in Table 14. 

EXAMPLE 150 

0.5 mi 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 

10 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 

15 To 5 mi of water, 0.277 g of bismuth nitrate 

20 

pentahydrate {Bi(N03 ) 3 ·5H20) was added, and 0.167 g of 

tetravalent antimony oxide {Sb204 ) was further added. 

The mixture was evaporated to dryness. 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 Mo1V0 • 3Te0 • 23Nb0 •120n 

prepared as described in Example 33, was added and mixed. 

This mixture was molded into a tablet of 5 mm in diameter 

25 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 



- 58 -

THIS SHE:ET HA.S BEEN I 
H::=;:~; . ./~~F? _==1j 

at 550°C for two hours. Here, the atomic ratio of Sb:Bi 

was 2:1. 

0.5 mt of a solid catalyst thus obtained, was charged 

into a reactor, and a gas phase catalytic reaction was 

s conducted at a reaction temperature of 410°C and· a space 

velocity SV of 1,000 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. 

10 

EXAMPLE 152 

o.s mt 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 ~pace velocity SV of 1,500 

hr-1 by supplying a feed gas in a molar ratio of 

15 propane:ammonia:air = 1:1.2:15. The results are shown in 

Table 14. 
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Example 
Nos. 

150 

151 

152 

153 

. 154 
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Table 14 

Space Reaction Conversion 
velocity temp. of propane 
( hr-1 ) (OC) (%) 

1,000 410 90.l 

. 1, 000 400 94.5 

1,500 410 90.S 

1,000 410 94.8 

1,500 410 89.0 

/'?· 

., 

Select iv- Yield of 
ity for acrylo-
acrylo- nitrile 
nitrile ( % ) 

( % ) 

64.0 57.6 

59.0 55.8 

63.7 57.7 

61.1 57.9 

64.7 57.6 
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EXAMPLE 155 

30 g of the composite oxide having an empirical 

formula Mo1v0 • 3Te0 • 23Nb0 • 12on prepared as described in 

Example 33, was pulverized, and 0.225 g of tetravalent 

5 antimony oxide (Sb204 ) 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 

10 at 550°C for two hours. o.s ml of a solid catalyst thus 

obtained was charged into a reactor, and a gas phase 

catalytic reaction was conducted at a reaction 

tempe_rature of 420°C and at a space velocity sv of 1, 000 

hr-1 by supplying a feed g~s in a molar ratio of 

15 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 15 6 

20 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 

oxidation reaction of isobutane was conducted under the 

same conditions as in Example 155. 

25 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%. 

ii111~11~1r 
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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 Mo1v0 • 3Te0 • 23Nb0 •12on, 

5 was prepared as follows. 

In 117 mi 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. 
{ ~ ·. 

•·.' 

~-::.;:-= 

10 Further, 3.59 g of ammonium niobium pxalate dissolved in 

17.9 mi 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 d~ied product. 

15 This dried product was molded into a tablet of 5 mm 

20 

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 600°C for 4 hours • 
. 

The powder X-ray diffraction of the complex oxide 

thus obtained, was measured, whereby main diffraction 

peaks were observed at diffraction angles of 28 ( 0
) of 

22.1 (100), 28.2 (41.7), 36.2 (10.0), 45.2 (13.1) and 

50.l (7.1) (the numerical values in the brackets indicate. 

25 the relative peak intensities based on peak at 22.1° 

being 100). 

0.5 mi 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-1 by supplying a feed gas 

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

5 ~esult, 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 

10 was conducted in the same manner 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%. 

15 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 11.0%, 

20 the selectivity for methacrylonitrile 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 at a level of from 400 to 450°C in good 

25 yield without necessity of the presence of a halide or 

water in the reaction system, by using a novel complex 

oxide catalyst and an alkane as the starting material. 



- 63 -

CLAIMS 

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

(D the catalyst has the empirical formula: 

MoVbTecXxOa ·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 

~ the catalyst has X-ray diffraction peaks at the 

following angles at 28 in its X-ray diffraction pattern: 

2. 

3. 

Nb. 

Diffraction 
angles at 28 ( 0 ) 

22.1±0.3 

28.2±0.3 

36.2±0.3 

45.2±0.3 

50.0±0.3. 

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. 

A catalyst according to claim 1 or 2 wherein X is 

4. ·A catalyst according to any one of the preceding 

claims wherein the X-ray diffraction peaks have the 

following characteristics: 

111111111111111111111111111111 · 
* C L M S * 

Diffraction 

angles of 28 {0
) 

22.l+0.3 

28.2+0.3 

36.2+0.3 

45.2+0.3 

50.0+0.3 

Relative 

intensity 

100 

20 to 150 

5 to 60 

2 to 40 

2 to 40 
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5. A process for producing a catalyst as defined in 

any one of the preceding claims which comprises drying an 

aqueous solution containing compounds of molybdenum, 

vanadium, tellurium, and at least one of niobium, taptalum, 

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 

100°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 containing 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 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. 

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. 

I lllllll llllll lllll lllll II 1111 1111i1m1m1nr 
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10. A process according to claim 10 wherein the 

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. 

15. 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, 

boron and cerium, and calcining the dried product in the 

absence of oxygen, wherein: 

Q) the catalyst has the empirical formula: 

MoVl>TecXiPn wherein: 

X is at least one of Nb, Ta, W, Ti, Al, Zr, er, 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. 

17. A process according to claim 16 wherein the 

calcination is conducted at a temperature of from 350 to · 

100°c. 

Mllllll 111111 llllf f 1111111111 
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, 
{ .... :. 

.. 
\.· .... _;. 

- 66 -

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 moiybdenum, 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: 

G) the catalyst has the empirical formula: 

MoVbTecXxOn 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 l. 0 i 

x is from 0.01 to l. 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: 

MoVbTecXxOn 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; 

I llllllUlllll 11111 1111111 1111 
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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. 

I 1111111111111 lllrl 1111111 lllf, 
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