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| sobut ane awRélth&erylonitrile have feen 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 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-0O 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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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, titanium, aluminium,
zirconium, chromium, manganese, iron, rutheniﬁm, cobalt,

85 A 1, 240, 633:
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in a remar«abpyibest dryingl dnt haneousvenfiugigin 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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a catal yst conprising [err] (M), vanadiym(V), -tellurium )
other netals and having a certain specific crystal structure. The present

I nvention I.des t.al.yst which is suitable for the production of a
nitrile fr§%§§59a|¥§ﬁ%%l ierein: [err] the catal yst, has the enpirica
formula: [err] wher@n: Xhes catalysh hare Bre 9RPRE il fompulsy: o, wh,

Fe. Ru. Co. Rh. N . M@ TEX.0SkheBiein® and Ce: bis from0.01 to 1.0: c is
fromO0.01 to 1.0: x_is from0.01 to 1.0; %pd .
X 1s at least one of Nb, Ta, W, Ti, Al, Zr, Cr, Mn,

Fe, Ru, Co, Rh, Ni, P4, 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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following angles at 20 in its X-ray diffraction pattern: les & °QTnvr!

22.10.3 28.2[err] 0.3 36.2[err] 0.3 45.2.3,50.00.3. The present invention

al'so provides a process for produ0|ng a catalyst as defined above which
conprises drying

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:

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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an aqueous sol ution containing conmpounds of nol ybdenum vanadi um

tellurium and at |east one of nicbium tantalum tungsten, +AE¥%Q¥37PAyBEEN

alum niurm zirconium chronm um nanganese, iron, ruthenium g ,
rhodi um nickel, palladium platinum antinony, bisnuth, boilon_—and-eari-tim:

and cal cining the dried product in the_aBgsence of oxygen. The present
i nvention additionally provides a process for producing a catalyst as

def d ab whi ch
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5 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, ih the case of Mo,V,Te,Nb O , 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 agueous 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 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
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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and cal cining the m xture. -2- The present invention fur
process for producing a catal yst as defined above which co
aqueous sol ution contai ni ng compounds of nol ybdenum vanadi
and at |east one of nicbium tantalum tungsten, titanium
zirconium chrom um manganese, iron, rutéienium cobalt, rhodium nickel,
pal | adi um platinum antinony, bisnuth, boron and carium calcining the

dried product 5ig; 1391303 Ofi ©XNHHHO M b GHPISX a method

wherein calcination is conducted in an oxygen atmosphere.
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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 méy be conducted
under vacuum usually at a temperature of from 350 to
10 700°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
15 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
e ~ obtained, is examined, fdr example, in the case of
20 Mo,V,Te Nb,O,, 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
25 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




oxi de, adding to the conplex oxide an organic conpound containing at |east
one of antinony, bisnuth, carium and boron, and calcining t g% ure. ., lhe. ..
present invention also provrdes a process for produci ng a nrtrﬂ‘ Wwp “%T -EN
eonpri ses subjecting an al kane and anmonia in the gaseous stlate B P
catalytic oxidation in the presence of-azcatal yst defined above. In the
acconpanyi ng draw ngs: Figure 1 shows the powder X-ray diffraction pattern

of the conpl ex oxr e obtai ne o} er: X—ra
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The present |n grron w || now be described in nore detail wth reference
to preferred §ients. The conpl ex oxide catalyst of the invention

having such a spegid iyl ialel ot EMEt YEEsERE DRvenepanedsby Ebaplekl owing
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oxide of the above formula (1), wherein X is at least one
5 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
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 imporﬁant that the complex oxide
15 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
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 Cq—Ka-rays as the X-

ray source):
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met hod: For exanple, in the case of [err] an aqueous solution of telluric

acid,.an agueous ;olution of ammoni um ni cbi um oxal at e and ga—agtueous
sol ution of ammoni um paranol.ybdate are added sequential |y {loTHi8 SIECUSS BEEN
sol ution containing apredeterm ned anount of anmoni um net ajjanadaki&si4PEguch

anountsthatthe atonmic ratios of the respgctive netal el emefitsfart T tie
specified ranges. The mxture is then dried by evaporation to dryness,

a
spray drying nmethQd_gr_a, vacuum dryi met h d figally th [

product is Ca|Cin§a££5§8%%8£ﬁ t he de 2 L QQ ugﬂ E & ntE%iéggggbt t he
cal cination, the driedapg educt : S under ' a

t enper at ure of fr§ﬁ§¥§%—ég—ggﬁgegr] 1@%¥1E3 S LI t gas@ﬁ%hhgq e
such as nitrogen 95 4oy, prior to yhgofinal calcination. In thegprocess
for preparing the Spetific conplex oxide catal yst of the present invention,

the cal cination cggdpkpoBs 3.16 20 to 150
5 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.
10 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
15 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
e the present invention. | |
20 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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are particularly inportant For the calcination treatment tofprepa

ordinary oxide, it is nost common to enploy a nethod wherei éﬁ' !ﬁafﬁﬁﬁﬁéEN
conducted in an oxygen atnosphere. However, in the present lny Q_k;-ﬁ |
calcination is preferably conducted in an atnnsphere substantlally ree o=
from oxygen, for exanple in an inert gas eathosphere such as nitrogen, argon

or helium Furthernore, such a gas may contain a reducing gas such as

hyd hyd b ' | b d d
nder “vacaum usuEE PR 7 e BEt AR AT ot S Hfeiey SeERE IO
from 400 to 6apLeppl ma'texa L cheOBkad el it labodl o' embl y from1 to

10 hours. At a tenperature |ower than IS tenperature range, formation of

t he above cryg;tg serugtore proy dideh .2 d shieX2hnily tHe wedd VidytdL£ndsst o be
I nadequat e. hg ot he? Rand® 1T it ekxceeds the g%ove tenperature range, a

loa(r]I t of L Ihe Céﬁﬁbﬁ'luﬁlt létavafaldn tle,kaind Ted)e mafe bEhisedInMPREPGE this is
undesi rabl e

5 telluric acid. Likewise, NbClgy, Nb,0; or niobic 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

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
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,0;, Sb,0, or

20 Sby0g, 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

25 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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( TS examned, -
the value of nis found to be smaller than (3a + 2.5b + 3c + 275%3§?EbigﬁSBEEN-
represents the val ue corresponding to the nost highly oxidized st afbed LA =D

Mo, V, Te and Nb: it is at a level of from80 to 97%thereof. Thus the

conpl ex oxi de catal yst of the present | %ﬁqlion corresponds to a conpl ex
ox;de.oFtaingble by ca:cining a dried pgbduct of the sane starting

materials under a usual oxidizing atnmosphere except that the gxygen content

is slightly swalthe complestanids of the fPERRle F%»enf?5%°W§da gonplex

oxi de of the above fqrnulaéé%), wherein X is at | east one elsnent sel ect ed
from t he groW®leinadiioned Veigigrser  the | QrgRRt e, GBTPONBS Ta, Wor Ti,

particularly preferably No., It is ticularl referred . that b =.Q.1 to
o.des, ¢ = 0. DFanFaind ng ARt imgnyp w L] o‘?%.c%ﬁéﬁg?g EﬂeaBBﬁB‘Pé‘k’ S%*G& i s not
adequat . . ; b

rgr;t ga??s%%?zghael ycsatlcfiorgaépgn.react ion of the present invention if it

I f the oxygen content of, for exanple the conpl ex oxide [errj“

5 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

10 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

15 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

20 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),

25 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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the conposition represented by the formula (1): it is inportant that the

conpl ex oxide has a certain specific crystal structure. A Tn..ér "“"n-
0

: ’%ﬁe

t hatt he conpl ex oxi de used as a catal yst of the presentinyenti
specific crystal structure is the powder X-ray diffracti or=pattet
X-ray diffraction pattern of the conplexypxide is characterized in tha
shows the following five main diffraction peaks at the specific diffraction
angl es of 20 (as neasured by using Cu-Ka-rays as_the X-ray source)::

Diffracti on FRPERrHedobo( FBFAPR eéfﬁfiér byathes catcknakjonat ¢ The Hefamg. (A)

Rel ative intensj 2. 1= 4.02
100 ZgYZ[;rr]?ﬁﬁég'fs usua%ly B,05g 1fowever, a boric acidogr; g pggic

acid ester, such as orthoboric acid, metaboric acid, ethy
borate or propyl borate, may be added to the complex

5 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.

10 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 -

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

L 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
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36.2[err]0.3
45, 2[err] 0.3

50. 00. 3

intensities of X-ray diffraction peaks may differ dependi ngepes
neasuring conditions for each crystal.-Hpgpewxer, the relative |nten5|t|es
based onthe peakintensity at 2=22.1 [err] '
above identifégg '

10

15

20

25

2. 48 5 t0 60
2.00 | THR S92
1. 82 2 {fo 40 RE,;ET%SA

ﬁgﬂ

such as hydrogen, ammonia 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
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
alkane having from 1 to 4 carbon atoms, particularly
propane or isobutane.

The detailed mechanism of the oxidation reaction of
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ranges. In general, the peak intensities at 20 = 22. 1[err] and 28.2 are

Ri gher than the others. However, so long as the above ident HH%gQLLMﬁJ.ﬂ_ﬁ
diffracti on peaks are observed, there will be no change in [t he ”'FEﬁLQ?BEEN
erystal structure even if there are sone peaks observed ind FLPCE

above five diffraction peaks. Such a coma ex oxide can be suitably used for
the present invention. It is unexpected and surprising that the conpl ex

e N Ll P

remar kabl y hi _ | conpar e e conventiona

catalyst in Whe AU G aRlAIdh % 1 doddcliabencAL kaRFoRR arehal N0

material. The materia e above conpl ex oxi are not“limted to the

of - ammoni um BEERE il EnE ML qoREldx SKlde br B IndhodEruiet e
Li kew se, oxygen present in the feed gas. When molecular oxygen is
5 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
10 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 paft of the catalyst is
properly withdrawn ana sent to an oxidation regenerator
o 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
regenefator 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
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[T



[err] or niobic acid may be used instead of anmoni um niob
[err] or [err] may be used instead of ammoni um paranol ybdat ﬂﬁﬁéﬁﬂ@ﬁﬂ&&JEEN
oxi de prepared in the manner as descri bed above has adequat t afi§itiesen

activities by itself. However, in order to further inprove the seleCtTrvity=—=

'and_yield of the nitrile,it is particutallly-preferred to use a catal yst
having a certain specific oxide incorporated in the conplex oxide. As such

a specific Oxgﬂg’ai[lhahé BRASLANE i10 U Q% AheOWxRPHRILULY afpd east one

of anti nony, cerium and boron. An antinony oxide is particularly

preferred. TEr@EBkE?LBﬁ e¥ dert e Ped NEYPHlH Tbrhd HestaH &s be an
anti nony oxi ch as [err] or [err] and it may ot herw se be an oxide

having a CO”DQﬁpkaEanw1Qh9reﬂb§dﬂ tolere seliedas viry [Bowsgik al one or in
conbination as a mxture of a plurality of them It may al so be used in the
formof a hydresgltEugt bemmmlﬂnmnemmeq 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,
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
10 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
15 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

20 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

25 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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AR




It is possible to enploy as a solid catal yst a substance pr¢ by—= :
I-ncor porating an organi c conmpound containing antinmony, such TJﬁHRﬁﬁSBEEN
antinony tartarate or antinony oxalate in the conpl ex oxide _Inll'm% ~Bio
calcination. In this case, the organic conpound containing anti nony vmlﬂ“‘b€—~—
‘converted to antinony oxide by the cal€ibh&t+on. The bisnuth oxide to be

I ncorporated may, for exanple, be a bisnuth oxide such as [err] or [err]

and 1t My al §poReag, NidEebARiBHENe ash&a%k ahiesaced,dasearihg wied al one

or in conbination as a mxture o ur al ty of them In Sone cases, a
salt of an orgafy CeQfmi R8T gnbﬁoéﬁb@sorbﬁthl‘.ﬁé@f' Qﬁoﬁmtsala&lengeleysrmth
such as bisnuth hydroxide, bisnuth nitrate, bisnuth nitrate oxide or
bi smuth acet atigaray be added to the conpl ex oxide, foll owed by cal cination,
and t he substance thereby obtained can be used as a solid catalyst. In this
case, the salt ornbhe hyer pxegdentodinwientignbiwimll heniddsdrE beahvierted to
bi smut h oxi de by the cal cination.

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:

mols of consumed alkane
x 100

Conversion of alkane (%)
. : mols of supplied alkane

mols of objective
nitrile obtained

x 100

15 Selectivity of objective
nitrile (%) mols of consumed
alkane

mols of supplied
alkane
Yield of objective nitrile (%) = x 100
- mols of objective
= nitrile obtained

20
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
25

and 15.89 g of ammonium paramolybdate were sequentially

added thereto to obtain a uniform agueous solution.

ea}hsB&mRTimmd
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The carium oxi de may, for exanple, be L

used al one or in conbination as a nixLurb ﬁ PE §§§QX/
cases. a salt of an organic or inorgarn acﬁéaL hvd gl
cerium such as ceriumnitrate, cerium hydroxide, cerium o¥EFate or cerlun1“nﬁ

acetate, may be added to the conpl ex oxhge. followed by calcination, and
t he product of the calcination can be used as a solid catalyst. In this

case, the salt or the hédrOX|de cont gi ning cariumw.l _ be con ert 1%
wever,

geggrrzogidngythﬁgrcéh On & i°dn ammon 4} SR ARG U X LAkRIYRR [(2159°
?CHZI et h)C/: Bg; &f}e 8;“' f)ro Clﬂd t%%trg"éi aﬁi}%st%a} q_'rl bzt%:%'rrp%m%( om%c
ollowed b I t d . th
Cotalyst. T nBechbiaides Alndy %Pﬁolp%‘ﬁééd’ﬁ%?fff&a T
to be converéggﬁgoglégr q__a%} qﬂe(ﬁ } l5:(51£1at|0n As a met hod for

Cl

!ncogpprahin i‘oned e OXIde In the conpl ex oxide, it
'S advisapl e to RuleTdAfea 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.
10 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
15 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
20 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
25 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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and nix both materials so that there is effective contact of 4he SpeF‘
oxide with the conpl ex oxide. The weight ratio of the specijfic o%ﬂ &'t
conplex oxide is usually from0.0001:1 to 0.2:1, preferablyk 00015
0.05:1. After.the addition, the mxture may be used as it is for the
reaction to produce a nitrile fromamr al’kane. However, in order to
effectively obtain the effects of the addition of the specific oxide, it is
preferred topgghl,BE Hhgnpi Bture again at a tenperature of from 300 to
650[err], preterably from350 to 600[err] usually for fromO0.5 to 30 hours,
preferably from ¢ohp14Q BRides hA®iagnMaapPeAPE rfiesalc Formudia on is not :
particularly limted, but it is usually preferred to enploy an inert gas

at nosphere smé 75 TRt Joigen O akeeR gt epalriedmimartthe Bamenevaness amyid urt her
contain a reducing ga$ such as hydrogen, ammoni a or a hydrocarbon, or

steam The cBkamphéi bneregphl shabethentempedatnder fvac eahcimadiidn irhe
specific oxide is added to the conplex oxide, followed by m Xing and

cal ci nat ison, ExampXer hywdsf thaogednto 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.

10 - 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.

15 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. |

R COMPARATIVE EXAMPLE 2

20 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

25 thus obtained, is shown in Figure 2. The pattern is
entirely different from the pattern in Figure 1

representing Example 1.

This Sheet Has Been Reﬁlaced




pattern of the obtained product is substantially the sanme

conpl ex oxide before the addition of the specific oxide, a dTHhBSBEé%tiE;;;;—7
substantial change observed in the crystal structure. The above eabakysh N
may be used al one. However, it nmay al so be used together with&a———————_J
conventional carrier such as silica, aFud8na, titania, alumnosilicate or

di at omaceous earth. Furthernore, depending upon the scale or systemof the
reaction, it nmay fmer¢pddekidt PesuPDESNSE SH@Pgasnphaset bgtalgtie. According
to the present invention, a nitrile can be produced efficiently by

subj ecti ng arredtdiith tared gaserphiaseraislieal 41 ¢ oxi dati on reaction with

ammoni a in the presence of the above catalyst In the present invention, the

al kane used THOMHARADIVE iIBXAMBLES iBIAND ot particularly linmted and may,

for exanple, be methane, ethane. propane, butane, isobutane, pentane,

hexane, heptane disinglihexzonplébvexide ¢fi Qompavative Exdmple 2, the

— |

5 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
10 Mo,V, ,Tey ,5by 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
ahd 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 m¢ of water and mixed thereto. The obtained
agueous solution was evaporated to dryness to obtain a
dried product.

wl 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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trial application of nitriles to be produced, it is particulj re :
to enpl oy allomer al kane having from1l to 4 carbon atons, paft -h%ﬁl P§H“SBEEN
propane or i sobutane. -4- The detail ed nechani sm of the opidati LAGED

reaction of the present invention is not clearly understood. However, the

oxi dation reaction enploys the oxygen_at@rs present in the above conpl ex
oxi de or the mol ecular oxygen present in the feed gas. \WWen nol ecul ar

oxygen
oxygen 15 incorparated e, Teedgap, 3he oxygen my be pure oxygen gas.

COMPARATIVE EXAMPLE 4
A complex oxide having an empirical_formula
Mo,V ,Tey ,5bg 10, was prepared in the same manner as in
5 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
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 alumihum nitrate
15 nonahydrate was used instead of antimbny chlor;de 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
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
Mo,V4 4Teg 2Aly.10, 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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since purity is not required, it is usually economcal to e—an
exygen-containing gas such as air. As the feed gas, it is GOTABBHERTUSE Bepy

gas m xture
However, a g

conpri sing an al kane, ammoni a and an oxygen- cojit ai ni MEigasen
as mxture conprising an al kane and amoni a, are—arF

oxygen-containing gas may be supplied-abpernately. When the gas phase

catalytic re
free fromno
nmet hod where
oxi dation re
catal ystisre
regenerating
nonoxi de i s

usually at a
now descri be
used as t§1e

10

15

20

25

action is conducted using an al kane and amoni a substantially

%ﬁﬁéLﬁéﬂf %%es“en%%rte (R ek U S ST O o

f t he ¢at |s properl rawn sent to an

E r Y

?ﬁ?ﬁég 1"t$(rafél react | on zone dq%?etan%é{irrpl e %?&g rr%t od for
BQEeC@'églaﬁ?tﬁ %&%rﬁiﬁ&’cé@, QD E¥he 3 st i trogen
ernltte f u the catalyst in the regenerator,

8&?2§§Eﬁ?ﬁgﬁ,g§¥g$fqaf?g ﬁgSGOO[err] The present invention is

pect to a case where propane is
BKKABEE 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 identified 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
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be

and air is used as the oxygen source. The proportion of air. pplied

su
e

f-or the reaction is inportant with regard to the sel ectivit 1 éﬁn “EN
al Ned.

resulting acrylonitrile. Hgh selectivity for acrylonitril ~

when air is supplied within a range of at nost 25 nols, pa \Eﬁ'“ff£5n¢49u
to 15 nols, per nol of propane. The preppLt+on of ammonia to be supplied
for the reaction is preferably from0.2 to 5 nols, particularly from0.5 to

3 nols, per a eagct i i FRUS I under
at nospheri c gf néé%rr}é)égg ?Smﬁgemg’éﬁﬂu‘b @dzﬁtﬁ&&l@% S|%EB|*§§%CF eased

pressure or a@é%ﬂﬁi% d&ﬁ@ﬂﬁ%ﬁ!ol‘-}r ‘%ééﬁft‘ion\y%rreem%ét@domﬂeral kanes, the

conposition o gas can be selected in accordance with the

condi tions fog,pP{HRENEondeiBheGeandOk hehd RN ta N\ BitvirdLic aTablee 4.
conducted at a tenperature of, e.g., from340 to 480[err], which is | ower
than the tenperature for conventional ammpoxi dation of al kanes. More
preferably, the tenperature is from400 to 450[err].
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The gas space velocity SV in the gas phase reaction is usually 100 to
4,000 [err], preferably from 300 to 2000 [err]. As a diluent gRSTHISISHEET HAS BEEN
adj usting the space velocity and the oxygen partial pressure, @an i nguipigasn
such as nitrogen, argon or helium can be enpl oyed. Wien amooxreaatFor—of
propane is conducted by the nmethod of {2 present invention, in addition to
acrylonitrile, carbon nonooxide, carbon dioxide, acetonitrile, hydrocyanic

acid, acrolein, for exanple, will formas by-products, but their anmounts

are very small. The present invention will nowbe described in further

detail with reference to Exanples and Conparative Exanples. In the

fol |l ow ng Exanpl es and Conpar ati ve Exanples, the converS|on (9% the

sel ecti Vi {y—tS—ara—tha—y+prertH9r—afe—sfrowp—by—te—fHot+pwng fornul ae: nols
of consungd al kane| »
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Conversi on of al kane (%

.Selectivity of objective nitrile (%

100 nol s of consunmed al kane Sel ectivity of objective nitrile

objective nitrile obtained

objective nitrile (%

supplied al kane EXAMPLE 1 A conpl ex oxi

was prepared as foll ows:
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In 117 mM of war mat er,

adldl

- 24 -
4.21 g of ammonl um net avanadat e was
4.13 g of telluri c acid and 15.89 g of ammoni um par anol ybdat

\HEET HAS BEEN
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gas phase catalytic reaction are shown in Table 2. COWA IL¥E_ExANEbE=%z#=:
conpl ex oxide having an enpirical formula [err] was prepale@HISSHEE SAEcE
manner as in Exanple 1 except that calcination in Exanpl e}l was%E&nditEted
under an air streamat 350[err] for t ours. The powder ETay darrrractron
pattern of the conplex oxide thus obtai‘led is shown in Figure 2. The
pattern is entirely different fromthe pattern in Figure 1 representing
Exanple 1. The results of the gas phase catalytic reaction are shown in
Tabl e 2. COVPARATI VE EXAMPLES 3 AND 4 Using the conpl ex oxide of

Conparati ve Exanple 2, agas phase catal ytic reaction was conducted under
the reaction
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conditions as identified in Table 2. The results are shown.in Table 2

EXAMPLE 4 A conpl ex oxide having an enpirical formula [e]jr -BF ePal 0k,
follows: In 117 M of warmwater, 4.21 g of annoniun1n£t Q%ﬂ%ggﬁg7§é§ij%tﬁi
di ssolved, and 4.13 g of telluric acid and 15.9 g of a Eumoparanely
were sequentially added thereto to obtai8 & uniform aqueous sol ution.
Furthernore, 1.56 g of antinony chloride oxide was dissolved in 17.9 m of

water and megdMpar &9 th. The obtai ned aqueous solution was evaporated to
dryness to obtain a dried product. This dried product was nolded into a

tablet of 5 nmim donplex @i Wawimg |emgempiybcahbfetmuhg nachi ne,
foll owed by pul verization and sieving to obtain a powder of from 16 to 28

mesh. The powigNV,veBegs alstibger,0n wasifdreggereds@sedinllows.

In 325 m¢ 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 agqueous solution.
Further, 117.5 g of an aqueous_ammonium niobium oxalate

solution having a niobium concentration of 0.456 mol/kg

Pt

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 machiﬁe, followed by pulverization
and sieving to obtain a powder of from 16 to 28 mesh.

i5 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

20 angles of 26 (°) 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

25 mortar, and 0.3 g of tetravalent antimony oxide (Sb,04)
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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at 500[err] for two hours. The results of the powder X-ray [gH '

the conpl ex oxide thus obtained are shown in Table 1. Wth |t REISCORFENAS 3
oxi de thus obtained, the gas phase catal ytic reaction was ¢onducti&#i.zang
the results are shown in Table 2. COWPARATI VE EXAMPLE 5 A CcO ~oXiHET==
having an enpirical fornula [err] was pgepared in the sane manner as in
Exanpl e 4 except that the calcination in Exanple 4was conducted under an

air stream Aa ‘f’ﬁus O% &9& h?:a iowgaegfff ;:ﬁivg'rfl%a%go' Oanraagigxw#g the

CO!Tpl ex oxi al ne I re erent romthat o
Using the comp e O t%&uaeeba.@' B26m 36989 Qha&%saat almfé oRRE! Wik Was

conduct ed and t are shown in Table
then calcined in a nitrogen stream at 500°C for two
hours.

5 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 =

10 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
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
20 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
25 Table 5.
EXAMPLE 36

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

aﬂH&B&mRehuﬂ
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A conpl ex oxi de was prepafed I n the sane manner as in Exan
3.38 g of alum numnitrate non- ahydrate was used instead,
chloride oxide in Exanple 4. The enpirical fornula of the:

t hus obtained was [err] . The results of the powder X-ray:

OﬁHﬁﬁéianQPoBEEN
jconpl ex,mr*de

ottt UII —ﬁr

the conpl ex oxide thus obtained are Shoyg Ln Table 1. Using ihe oxi de thus
obt ai ned, a gas phase catal ytic reaction was conduct ed, and the results are

shown in Table 2. COVPARATI VE EXAMPLE 6
formul a [errpulvgsipedpanedn R9ate é'%arf'a'nr‘?gf‘i gi OXIEEX

enpi ri cal
%gcept t hat

for two-hour SRRORGUR. ARy LR da At ate sotlEfn %@“@5‘%@“@5 crerth

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

5 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 6ne hour and further in a

nitrogen

stream at 500°C for two hours. Using the solid catalyst

10 thus obtained, the reaction was conducted under the same

conditions as in Example 33. The results are
Table 5.

EXAMPLE 37

shown in

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 5.

EXAMPLE 38

20 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

initial stage, as opposed to'adding tetravalent antimony

oxide (Sb,0,) after preparing a complex oxide

25 empirical formula M01V0_3'1‘e0_,23Nb0.120n.

having an

Namely, 15.7 g of ammonium metavanadate was dissolved

in 325 m¢ of warm water, and 23.6 g of telluric acid and

Sheet Has Been Reﬁaced
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-6- pattern of the conplex oxide thus obtained was entirel
that of Exanple 5. Using the conpl ex oxide thus obtained aj
catal ytic reaction was conducted, and the results are show T

EXAMPLE 6 A conpl ex oxi de was preparedlrlthe same nmanner as in Exanplewﬁ“*“
except that. 0.415 g of palladiumnitrat® was used instead of antinony

chl oride oxide in Exanple 4 and the calcination tenperature was changed to

Do T cHTY" bF bph8h it patahlTyEANRE e doqhlit 1901 BRthetps
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
5 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,
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 catalyst thus obtained, the reaction
was conducted undér 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
e 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 5.

/____/
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diffraction of the conplex oxide thus obtai ned, are shown |n Tabl e 1. Uslng
-the conpl ex oxide thus obtained, a gas phase catalytlc rea ARG

conduct ed,

and the results are shomm in Table 2. EXAMPLES 'ﬂ@o@?“”‘

rt'[ﬂ%?(ttN

oxi des having the enpirical formulae as identified in Tabl § 1 wef& “prepar ed

in the same manner as in Exanple 1 excep2 that the proportions of the
starting material conpounds were changed and the cal cination tenperature
was 600[ err]

t he conpl ex oxides are shown in Table 1. Using the respective conpl ex

in each case. The results of the powder X-ray diffraction of

oxi des, gas phase catal ytic reactions gygre gonducted, and the results are

shown in Tabl e

10

15

20

25

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

This Sheet Has Been Re
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- 7- EXAVPLES 24 TO 32 Using the conplex oxide prepared in Exanple 3

(enpirical

formula [err]). gas phase catalytic oxi- dation {feac

[ gl Suger !—
conduct ed under various conditions, and the results are shonh”ﬁﬁggf:\eﬁ - BEEN

[err] [err]

_33_.
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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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 EXAMPLE33 A conpl ex oxi de having an enpirical fornul a || 8HS SMBST HAS BEEN |
.prepared as follows: In 325 mM of warmwater. 15.7 g of ant niunhtPLAJE

met avanadat e was di ssolved, and 23.6 g 88 ~telluric acid and~F8—F—ot

anmoni um par anol ybdate were sequentially added thereto to obtain a uniform
aqueous sol ution. Furthernore, 117.5 g of an aqueous ammoni um ni obi um

oxal ate sol ution having a niobiumconcentration of 0.456 nol/kg was added
thereto to obtain a slurry. ThIS slurry was evaporated to dryness to obtain

a solid. ] e —t—=ra—treiet—eaf p--R—apnet er and 3 nm
in length b&ﬁa tabl ettifng nachlna, ffol ljoweld b/ pdl vdri Zdatipn and sieving to
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16 to 28 nesh. The powder was calcined in a nitrogen streamat 600[err] for

two hours. The powder X-ray diffraction of the conplex oxid

was neasured (using Cu-Klerr]-rays) whereby main diffractio 5§5k§bﬁﬁﬁ%ASBEEN
_2_[60L07£D

observed at diffraction angles of 20 ([err]) of 22.1 (100),
36.2 (25.7), 45.1 (15.2) and 50.0 (16. 33g C(the nuneri cal val ues in the- ]
bl ackets indicate the relative peak intensities based on the peak at 22.1
bei ng 100). Then, 30 g of the conplex oxide was pulverized in a nortar, and
0.3 g of tetravalent antinony oxide [err] was added and m xed thereto. This

m xture was nolded into a tablet of 5 mmin dianmeter and 3 nmin | ength by

a tabletting machine, followed by pul verization and sieving to obtain a

powder of [Trom 16 to 2§ ngsh.] Thp p?md r ﬂas fheh cal cilned] i nja nitrogen
stream at | 5@D[err] for jtwq hours
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0.5 mM of the solid catal yst thus obtained was charged into a reactor,

and

a gas phase catalytic reaction was con- ducted at a reac
410[err] and at a space velocity SV of 1,000 [err] by su
in a nolar ratio of propane:amonia:air = 1:1.2:15. The

I n Exanpl e 33 except that the anmpbunt of the tetraval ent antinony oxide

PP sy et

in Table 5. EXAMPLE 34 A solid catal yst ggas prepared in the same manner as

[err] in Exanple 33 was changed to 0.15 g, and the reaction was conducted

under the sane condi- tions as in Exanple 33. The results are shown in

Tabl e 5. EXAMPLE 35 A solid catal yst was prepared in the same manner as in

Exanpl e 34 except that the calcipation after the addition
e
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of the tetraval ent anti nony oxide in Exanple 34 was conduct ed-under_a

nitrogen streamat 550[err] for two hours, and the reaction
under the sane conditions as in Exanple 33. The results are

5. EXAMPLE 36 -13- 30 ¢

TS| S QRELE L e B"EN
Shown mic Zak

T TITe

conpl ex oxide as in Exanple 33 was pulvedized in an agate nortar, and 3 g
of an aqueous ammoni um antinony tartarate solution (corresponding to 10% by

this m xture

wei ght of [e&&b& ? §?Ge%oaqidnxed thereto. The solids of
n a

wer e nol ded

mmin dianeter and 3 mmin length by a

tabletting machi gecohPhle®®fkide 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

10

15

20

25

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

This Sheet Has Been RTi
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by pul verization and sieving to obtain a powder of from 16 t
powder was calcined in an air streamat 300[err] for one ho

e o )

in a nitrogen streamat 500[err] for two hours. Using the sq|lid c&&ySED
‘thus obtained, the reaction was conducted under the sane conditions as
Exanpl e 33. The results are shown in Fad2ze-5. EXAMPLE 37 Using a conpl ex

oxi de conprising Mo, V. Te and Nb prepared in the sane manner as in Exanple

33 except 't Nl AU ol RSt S0lo et oty dliPyd £a%dE Ron WaRd Coneuhgd

under the same conditions as I n Exanﬁfe 33.

Fr—Fhe—=
THISIS F o7t He® BEEN

e results are shown in

'n

abl e

5. EXAMPLE 3§ A JWiiiea vl NayE NErddicL6® Ztmesls! CONPOpohEen @asin
Exanpl e 33 was prepared under a condition where

10

15

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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tetravalent antinony oxide [err] was present fromthe initial stage as

4.11_

opposed to adding tetraval ent antinony oxide (Sbh2O4) after] q%{e
conpl ex oxide having an enpirical formula [err]. Nanely, % rﬁ‘@ﬁﬁ
et avanadate was dissolved in 325 m of warmwater, and 2 ‘“‘r”p "1“19“ C

acid and 78.9 g of ammoni um par anol ybd& wer e sequentlal | y added to obtain
a uni form aqueous sol ution. Furthernore;® 117.5 g of an aqueous anmmoni um

ni obi um oxal at e sol uti on havi ng a ni obi um concentrati on of 0.456 nol/kg was
m xed thereto to obtain a slurry. To this slurry,0.98 g of tetraval ent
antinony oxide [err] was further added and m xed. This slurry was

evaporated to dryness to obtain sol i his solid was nolded into a
tabl et of 5 mnin dianktef ajd J nm]in]l edgt} byl a {abl etting machine,
fol | oned I'werizat]onjand sifey 1g01qncb,;, G pppwder of from 16 to 28
mesh. The @eH was calﬁ:: ned -y a Wi(\t' og4gn - rearﬂ t 600[err] for two
hours. :>~.u mvmmmvvmm
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Using the solid catalyst thus obtained, the reaction was co dche

t-he sane conditions as in Exanple 33. The results are shownijin aJﬁ;EﬁASBEEN
EXAMPLE 39 A conpl ex oxi de was prepared in the same nmanner ' '"""fe?38
éexcept thatthe calcination in a nitrogen streamin Exanple 38 was conducte
~at 500[err] for two hours, and the reactdidor was conducted under the same
conditions as in Exanple 33 The results are shown in Table 5. Table 5

Conversion o h (% I ivity for acrylonltrlle (9% Yield of
acryl onitril?%% Egar]r'&l@et?leﬁ 91.5 63.7

58.3 A catalyst was prepared in the same manner as in

Example 110 except that tetravalent antimony oxide
(Sb,0,) was used for the addition of antimony oxide to

5 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

10 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

15 Mo,V 4Teg ;Nbg 10,

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.

20 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

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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Exanpl e
Exanpl e
Exanpl e
Exanpl e
Exanpl e
Exanpl e

34
35
36
37
38
39

89.3 63. 4 567

86.5 _ 65. 6 THIS SHEES G348 BEEN

88.1 63. 8 REPIDAED

86.7 63.5 55—%

67.2 - 45 - 49.4 33.2
45.9 48. 3 22.2

EXAVPLES 40 TO 62 Usii n%jt he iol \&1"}0 t al %@%a’% ;lgg%thg Fﬁggp%gwa?g wag

reactions welt® &
shown i n Tabl e .6.

10

calcdined 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.
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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EXAMPLES 69 TO 102 Using the solid catal yst prepared in Exanple 34,
reacti ons were conducted under various conditions, and the L§§ukg§xang\
shown in Table 7. -14- EXAMPLES 103 TO 109 Using the solfi caéé&y
.prepared in Exanple 37, reactions merq_igqﬂucted under varl

S BEEN
ALED

and the results,
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are shown in Table 8. Wen the Exanples in Table 8 are cony; e o e————

Exanples in Tables 6 and 7, it is evident that under the s meHISeSeEF ToAS BEEN
conditions, the selectivity and yield are higher in a case |wher eRERtLAGERY

-oxi de was added | ater than in a case where antinony oxi de Was not added

“later. [err] - 15- - 47 -

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
5 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.
10 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.
15 The results are shown in Table 1l.
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
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 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
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[err]

[err]

10

15

20

25

-16- [err]

- 48 -

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
5 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
' 10 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
15 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
L 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 m¢ 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
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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of Sel ect i

conposition

pane/ ammo-
56. 8
61. 4

5

8 Exanple Nos. Space veloc- Reaction Feed gag -Conversi-on.
ivity for Yield of acry- ity [err] tenp. ([er||]THIS SHEET HAS BEEN l
~ propane (%9 acrylonitrile (% lonitrile (%9 (o % RE@:ACED |
nial/air 103 1, 000 410 1/ 0. 6F%5 &3
47.1 104 1,000 = 51 - 410 110. 75/ 15 82.3

50.5 _

hr~!, by supplying a feed gas 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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T



105 1, 000 410 1/ 0.9/ 15 82.8 a2

53.1 106 1, 000 410 . 1/1.5/15 ~82.8 || THIS SHEBBHAS BSEN
54.8 107 1, 000 410 1/ 1. 8/ 15 80. 6 EPLESEE
51.3 108 1, 200 - 410 1/ 0. 75/ 10 73.8 BE T
48.2 109 1, 500 410 - 9% 0. 75/ 10 73.8 65. 3

48. 2 EXAMPLES 110 TO 114 A conpl ex oxide having an enpirical formula [err]
was prepared as follows: In 117 m of warmwater, 4.21 g of anmoni um
met avanadat e was di ssolved, and 4.13 g of telluric acid and 15.9 g of
ammoni um par anol ybdate were sequentially added thereto to obtain a uniform

aqueous soO ottty
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g of an aqueous ammoni um ni obi um oxal ate sol ution having a r%ﬁﬁtﬁﬁ—" e
eoncentration of 0.41 nol/kg was ni xed thereto to obtain a glﬁﬂ SHTH KHAS BEEN
slurry was evaporated to dryness to obtain a solid. This soljid waS<fpfged

into a tablet of 5 mmin diameter and 3 nmin length by a tabletting

machi ne, followed by pulverization and-si®ving to obtain a powder of from

16 to 28 nesh. The powder was calcined in a nitrogen streamat 600[err] for
two hours. Thegneweierideray diffraction of the conplex oxide thus obtained
was neasured (using Cu-Klerr]-rays), whereby main diffraction peaks at

di ffraction angl egoof 88(ERer Epmpbs2Beloklle) ha®8ng @A%empiricad (21.0),
45.2 (10.9) and 50.0 (12.3) were observed (the nungrical val ues ig thex

bei ng. 100) - Then 10 6 br Ene S ol ot Lont co v pul ver zed in & nor tar, and
0.1 of trivalExampbéi BBpywasi pelyerikedasahdr Dhadr gadfegezidmxddet her et o.
This m xture was nolded into a tablet of 5 nmin dianeter and 3 Mmin
length bysa t@bé@))iwas 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

10 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

15 feed gas in a molar ratio of propane:ammoniasair =
1:1.2:15. The results are shown in Table 13.
EXAMPLE 142 |
0.5 m¢ of the solid catalyst prepared as described in
s Example 141 was charged into a reactor, and a gas phasé
20 catalytic reaction was conducted at a reaction
temperature of 430°C and at a space velocity SV of 1,500
h?‘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.
25 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
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machi ne, followed by pulverization and sieving to obtain a powder of frao
16 to 28 nesh. The powder was calcined in a n?trogen stream at ;& OEerLLQE;Ef_“
two hours. 0.5 m of the solid catalyst thus obtained was clhargedy#t::
reactor, and reactions were conducted under various conditi -
are shown in Table 9. EXAMPLES 115 TO-1B3 Usi ng a conpl ex oxide conpri sing B
Nbi'v’ Te and Nb prepared I n the sanme manner as in Exanple 110 except that
ant i nony oxi S r ndgc

mony. guﬁ(&‘ﬁﬁﬁl resu E@aﬁ:.r%bv? Vg! Eﬁ? gecthd wpdeg various

condi ti ons, are shown 1 n ven when the reaction

tenperature vags st bﬁréb&f@d Ws J@tﬂ&féédtbﬁeotaakebatgxarraha 415 to

I ncrease the
gas phase catalytic reaction was conducted at a reaction

NS Snr

temperature of 430°C and at a space velocity SV of 1,000
5 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
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 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.
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
N catalytic oxidation reaction of propane was cenducted
20 under the same conditions as in Examples 141 to 143. The

results are shown in Table 13.
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conversion of propane, the yield and selectivity are hi gher -wa

1

oxi de was added, as is evident fromthe conpari son of Exanp eﬁ_m@;u-ng qﬁr@ e;N l
sane feed gas conposition. -21- Table 9 Exanpl e Nos. Sp;ce VehDeE s nE |
-Reaction Feed gas Conversion of Selectivity for Yi el e+ F—FFy J

[err] tenp. ([err]) conposition pegpane (%9 acrylonitrile (%
lonitrile (% .
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(nol %9 pro- pane/amo- nia/air 110

1,000

89. 3 60. 1 53.7 111 1, 000
90. 1 50. 7 45.7 112 1, 000
1/.0. 75/ 15 90. 4 - 55. 7 50.4 113
420 1/0.9/ 15 90.4- 56 - 58. 2
1, 000 420 1/1.5/ 15 87.9

1,000 A3YpLE- 148L/ 0. 6/ 15 88. 2

59.
47.

420 1.1 ")I 15 !
420 THIS SHETTO/ES BEEN |
A2BEFLACED
000
52.7 114
8 52.6 115
0 41.5

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

5 (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 16 to 28 mesh.

'10 in a nitrogen stream at 550°C for two hours.

The powder was calcined

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

15 molar ratio of propane:ammoniazair

results are shown in Table 14.

EXAMPLE 149

= 1:1.2:15.

The

30 g of the complex oxide having an empirical formula

< Mo,V, 3Teq 23Nbg 12 prepared as described in Example 33,

20 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

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 m¢ of the solid catalyst thus obtained, was
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116 1, 000 - 430 : 1/ 0.9/ 15 88.5

— _
49.5 117 1, 000 430 1/1.2/ 15 gg. ol THIS BHEET sgscmeeN

]

51.6 118 1, 000 430 1/1.5/15 86. 5 REPLASED

.51.0 EXAMPLES 119 to 122 A catal yst was prepared in the same manner as in
Exanpl e 110 except that tetraval ent antgyrony oxide [err] was used for the
addi tion of antinony oxide to the conplex oxide conprising M, V. Te and Nb

oSl 1o ar e GHRERS rimbi 2 HoRCERRLPEEd1930R%C BIPS L SaCYEoRaVrey he sams
catal yst congosition,as i 1 EXaIP 8, 88nlEEai2ET0E 44098 o3 aaed 1 on
velocity SV of 1,000 hr~! 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 m¢ of the solid catalyst prepared as described in
Example 149 was.charged into a reactor, and a gas phase
;o 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 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
20  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
25 and 3 mm in length by a tablettlng machlne, followed 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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that tetravalent antinony oxide [err] was present fromthe initial stage as
opposed to adding tetraval ent antinony oxide [err] after th &t o or_— ||
the conpl ex oxide having an enpirical formula [err]. Namely| TS BLEEMHAGS=H
warmwat er, 4.21 g of ammoni um met avanadate was di ssol ved, gnd 4.H38g%f-
telluric acid and 15.9 g of ammoni um pars@ot+ybdate were sequentrally added
thereto to obtain a uniformaqueous solution. Furthernore, 21.9 g of an
aqueous anmonj ) ORI oxal.a | ut | hayiRrgd Helo]! i .33l on of
0,41 ol kg VS Sehen Lokres hBuBR, L HIRe thR] R R oot
tetraval ent ag%éngpy_oxide [err] was added and m xed. This slurry was
evaporated to dryness to to obtain a solid. This solid was nolded into a
tablet of 5 mmingdsagpt 8k andod iANdatA1823 ftHis btaimid,i ngsTaetd nged
foll owed by pul verization and sieving to obtain a powder of from16 to 28

hrresh- The powfigtoVasSreakebfsdand A Wals' Pheses ioataihytti b G@atrijorn ovag wo
ours.

5 ~ 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 14.

EXAMPLE 152

o™
‘s i
~

10 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

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

Table 14.
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Using the catal yst thus obtained, the reaction was conducted i
cgonditions as identified in Table 10. The results are shown i

Tabl e. EXAMPLE 124 A conpl ex oxide was prepared in the same nanner s i:g=L

Exanpl e 123 except that the calcination in a nitrogen streamin anp
was conducted at 500[err] for two hours,5%nd the reaction was conducted

under the conditions as identified in Table 10. The results are al so shown
in the sane Tabl e. :
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-22- Table 10 Exanple Nos. Space veloc- Reaction Feed gas

.of Selectivity for Yield of acry- ity [err] tenmp. ([
propane (%9 acrylonitrile (% lonitrile (%9 (nol% pro-
~nialair 119 1, 000 420 1/ 0.6/ 15 —
51. 3 46.1 120 1,000 - g0 - 420 1/0. 75715
57.0 51.5

10

15

20

25

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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121 1, 000 420 1/ 0.9/ 15 90.0 59_2

53.3 122 1, 000 420 1/1.2/15 89. 4 FA— -
52.8 123 | 1,000 - 430 1/1.2/15 74. 3 THk’?E;ﬁé%é%?tEN
44.2 124 1, 000 410 1/1.2/15 41. 6 358

16.5. EXAMPLE 125 30 g of the conpl ex -oxlde- having an enpirical f
_ _ ormul a
[err] prepared as described in Exanple 33 was pulverizgg, and 0.3 g of

ort hoboric acﬁl. gl s added d m xed [ '
( 1S and m xed thereto. This m xture was nol ded
into a tabl et éhﬂéirnnl n dianeter and 3 mmin length by a tabletting ©

o to 28 mesh TS e r e A, O ogan ot ram ai. 600 err] for
two hours. 104 by weight, based on the total amount, to a complex
oxide having an empirica; formula M01V0.3Te0.23Nb0.120n,
5 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.
| 10 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 siurry was evaporated to dryness at 150°C
' to obtain a dried product.

15 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 temperaturé of 600°C for 4 hours.

20 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.

25 the relative peak intensities based on peak at 22.1°
being 100). |

0.5 m¢ of the material thus obtained was charged into

This Sheet Has Been Reﬂlaced




0.5 mM of the solid catal yst thus obtained was charged into a reactor

a gas phase catalytic reaction was con- ducted at a reactionj an
. T €
_410[err] and a space velocity SV of 1.000 [err] by supplyingJa‘?gBI E:EN
$-nnlar rati o of propane:ammonia:air = 1:1.2:15. The resul tsilare s ?EE
able 11. EXAMPLE 126 30 g of the conpl ex oxide having an enpirical formula

[err] prepared as described-in Exanple g3 was pul ve

: ( rized, and O.
orthoboric acid [err] was added and m xed thergto lore vad o
into a tablet of 5 nmmin

machi ne, fol PoREASHPFsulR gr%rregher 55835?:2(?\,, ﬁ’g lted;%%t al Forl BRI

n a powder of from

tuo hour s, 0VBSOBRUTESS A & ESEaIer [ ar A e W ehar ged 1nio a

reactor, and a as

10

15

20

25

& cata yst t bt ai ned was charged into a

spat v%'i%%%t‘iﬁts%* Wé G ,odadiOnbeaubpdRing a feed gas

'in a molar ratio of propane:ammonia:air = 1l: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 at 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.

This m xture was nol ded
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of propane was conducted under the sane reaction conditions as in Exanplgt'

125. The results are shown in Table 11. EXAMPLE 127 30 g o
oxi de having an enpirical formula [err] prepared as descri
- 33, was pulverized, and 0.9 g of orthobggic acid [err] was

thereto. This m xture was nolded into a tablet of 5 m”Mmin diameter and 3 nm

| TR o

”Hﬁﬁﬁmd

in length by a tabletting machi ne, followed by pul verization and sieving to
obtain a powder of from16 to 28 neshcLAbEspowder was calcined in a
nitrogen streamat 550[err] for two hours. 0.5 m of the solid catalyst
thus obtained was charged into a reactor, and a gas phase catalytic

oxi dati on ¥eacti on dfcatabyse waiCle obei e Bealhelefor hehsane

reaction

condi ti ong,a5a & FABE €2 12Per 118 £E5HIAF &iRanBPWInEPe]Abl € 11. Table 11
(D the catalyst has the empirical formula:

MoV, Te X0, wherein:

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

Zr, Cr, Mn,

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 26 (°)
22.1%0.3
28.2%0.3
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
28.2+0.3 20 to 150
36.240.3 5 to 60
' | 45.240.3 2 to 40
R R ) °
* M -] *

50.0+0.3 2 to 40
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Conversion of propane (% Selectivity for acrylonitrile (% _Yield of

acrylonitrile (%9 Exanple 125 89.0 =
56.2 Exanple 126 91.6 ' 63. 3 '.ﬂﬂs?giiﬁﬁﬁZBEEN
58. 0 Exanple 127 87.9 - 64 - 65.5

57.6 EXAMPLE 128 30 g of the conplex oxide having an enpirical fornula
[err] prepared as described in Exanple 33, was pul verized, -and 0.3 g of

bi smuth oxisle [err] wapradded oo mmwddchhgratmaﬁﬁﬁx5ﬁna§L#Qfxmgﬂrmmded
into a tablety one of the preceding 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.

This Sheet Has Been Re; ﬂ
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- 23-

of 5 Mmin diameter and 3 mMqmin length by a tablettin

fol l oned by pul verization and sieving to obtain a powder o THBﬁﬁlﬁ*Uﬂ
mesh. The powder was calcined in a nitrogen stream at 550[ﬁrr] fREMILARED

“hours.
reactor,

x_EN

0.5 m of the solid catalyst thusggbtai ned was charged Tmto &
and a gas phase catalytic reaction was con- ducted at a reaction

tenperature.of 410[err] and a space velocity SV of 1,000 [err] by supplying
a feed gas ig. a nol an pabéesef apeepanngagevoilaiai n0=whekrednlTheThe resul ts

h
e 1 cal (R TREYSF ohPT BPEDaPEAPAE 0e0s: BT RSB any tqyed IH Hhy"

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,
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.

This Sheet Has Been Rem
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was pulverlze 1ol bismuth oxide [err] was added and nmixed
t hereto. nol ded into a tablet of 5 nmin dianeiglg &anc

in length b nachlne, foll owed by pul verization ng S|§vﬂﬁg~§ngEN
obtain a po to 28 mesh._The powder was cal ci ned

ni t rogen etreanrat 550[err] for two hours. 0.5 m of the solid catalyst
t hus obt ai ned was charged into a reactor, and a gas. phase oxidation

reaction of gpropane AVgsrSUEHIGESH grific é%ﬂ&tffmeri@mlcnndbm“nhseas in
Exanpl e 12 The results re shomn i n Ta6F£ 12. EXANPLEZ%%O i
catal yst waSBIE&GNSH ne, ARG AN 1 W& exce t ?hat t he

_calgrnatrEEaMQnyﬁyﬁLﬁxndatrnnniﬁ(nhgrpﬁes&nneﬁQfHat¢E¢aﬂﬂ$trﬁhleh bﬁsnuth
0 ) SRRSO SR oyt coneaimta, o
Exanpl e 12¢onpoandss o makybdenim, |v|ar1q:bq.1§n,12tellur1um 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
s 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;

* 4 L M S *




EXAMPLE 131 30 g of the conpl ex oxide having an enpirical fo err]
prepared as described in Exanple 33 was pul verized, and 0.9 nﬂ#@&l’" r”'JAS BEEN

oxide [err] was added and mi xed theretq chis mxture was nojided into
tablet of 5 nmin dianeter and 3 nmin length by a tabletting machi ne
foll owed by pul verization and sieving to obtain a powder of from 16 to 28
mesh. The powder wasyCalCigResh igl (A Rt LQ@EN stream at 550[err] for two
hours. 0.5 nl of the soI id catal yst thus obt ai ned was charged into a
reactor, and a gas pFad® &&oM M9 &8 datB’on reaction of propane was
conducted under the safe rrand iqmoicardiliognsares in Exanpl e 128. The results
are shown in Table 12 EXAVPLE 132 toprepared as
descri bed i n Exanpl e™ \ﬁaana%geglc?“n{%!aq r%ﬂe%t%%égn‘g@i%%g pPaglg

metal elements is satisfied.

(U e e
SR [T



catal ytic reaction was conducted at a reaction
at a space velocity SV of 1,000 [err], by supp
rati o of propane:ammnia:air = 1:0.75:15. The ri
12. -24- EXAMPLES 133 TO 140 Using The8sdl i

cat a ysf prepared by the

met hod as described in Exanple 129, gas phase catal ytic OX|01L|uu IedLLIUﬂS

of propane were conducted under vario i it BEEN
are shown in Table 12. gggigggilon condi tions é%%iég%

PROCESS FOR PRODUCING NITRILES

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, 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

-
P

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 26 (°)

22.1%+0.3

28.2%0.3

36.210.3

45.2%0.3

50.0+0.3.
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Tabl e 12 Exanpl e Nos. Space vel oc- Reaction Feed gas Conver si on of£:>
Selectivity for Yield of acry- ity [err] temp. ([err]).---conpesition——"

“propane (Yacrylonitrile (%9 :© lonitrile (%9 (nmol% pro-(paﬂsﬁémﬁﬁHM$%#EN1
128 1, 000 410 1/1.2/15 96. 4 RESFFHED
'56.4 129 1, 000 410 1/1.2/15 8= 60. 3
56.3 130 _ 1, 000 410 - 1/1.2/15 83. 67.5
56. 2 1 of 2
Q
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140 1, 500 420 %ﬂc&;v.: T S
57.5 EXAWPLE4141 30 g of the conp05|t ‘ox1 de,.-hE :|mE@%ﬂuimEmnBathT
[err] prepared as described in Exanpl -—wﬁﬁ.ﬂulverLzem and

ceriumoxide [err] was added and‘nt xed thereto. This nixt Jr@afwag ﬁEJENEngﬁ .....
into a tablet of 5 mMmin dianmeter and 3 in length by a-rabrettg

mmachi ne, followed by pul verization and si®ving to obtain a powder of from
16 tﬁ 28 negh Ire Pomﬁer was calcined in a nitrogen streamat 600[err] for
two hours 5 of the solid cataly obt ai ned was charged into a
reactor, and a gas phase catal ytic reéé%iﬁ?#i%as con- ducted atga reaction
tenperature of 420[err] and at a space velocity SV of 1,000 [err] by

supplying a feed gas inaagg#éﬁsgaféﬁ PRoPrePRECN MOEPNEg: ai r = 1:1.2:15.
The results are shown in Tablre 13-

A catalyst which is suitable for the production of a nitrile

from an alkane, 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, P4, 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 20 in its X-ray diffraction pattern:

Diffraction

angles at 29 (°)

22.1%0.3

28.2+0.3

36.2%0.3

45.2+0.3

50.0£0.3.

FIGURE 1.
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EXAMPLE 142 0.5 m of the solid catal yst prepared as descr mmagm;@g
141 was charged into a reactor, and a gas phase catal ytic ffeacti gon_was

conducted at a reaction tenperature of 430[err] and at a s m;\j_él HMAYy 1997

of 1,500 [err] by supplying a feed gas in a nolar ratio oflk IS i

propane: anmoni a: ai r Gk o kB peHiR el ESHbRSDAEMCIANR 40 Tabl e 13. EXAVPLE
143 A spisfbugatal ys the Sdife manne in Exanpl e 141
except that the amount of cerium oxide in Exanple 141 was changed to 0.6 g.
0.5 m of fdasshveslion alait MAlcathifitiéd B pregead ierGroaang oiites.ged i nto a reactor, and
a gas phasgids alcahe/dchyRnitiRasd haracyiedtile trneluet odiskialy grofusedasimpartantmpraediatagfioe  of
430][ er 1 e prafratin oRfosdaanyte, fbeisopitietic (Bifs afd sintgdorupaersy The st aarpyimpineryorarofyeBel gas
i N a nkuas sirlestis osudiéct gmoBfreneTaasreasiates! isgbytena toprepCtion With ammenia apqaxygpr ighapresenc o n
i n Tabl efat3alystin a gaseous phasa at a high temperatura. ‘
Cn ‘he other hand., in view cf the prica ditferance between prepana and pregylens or tetween iscbutane and ise-
butene, attanticn has been drawn to develcping a method for preciucing acrylonitrile or methacrylenitrile by a so-called
ammocxicaticn reacticn method wherein a lower alkane, such as prepane or iscbutane, is used as starting material.
This lewer alkane is catalytically reacted with ammania and oxygen in a gasaous ghasain the presenca of a catalyst.
For axamgle, there have been described a Mo-8i-P-0 catalyst (JP-A-16387/1973), a V-Sb-O catalyst (JP-A-
33783/1972, JP-3-23016/1975 (GB-A-1,336,136) and JP-A-268688/1989), @ Sb-U-V-Ni-O catalyst (JP-8-14371/1972;
G8-A-1,240,533; DE-A-1,564,786), a Sb-Sn-O catalyst (JP-B-28940/1975; DE-A-2,057,986), a V-Sb-W-P-O catalyst
(JP-A-35439/1990; DE-A-3,832,628; US-A-4,797.381 ) and a catalyst cbtained by mechanically mixing a V-So-W-Q oxide
and a 3i-Ca-Mo-W-O oxide (JP-A-38051/1989; EP-A-295,768; US-A-4,783,545). Furthermara we have described a Mo-
V-Ta-N&-O catalyst (JP-A-257/1980; EP-A-318.235; US-A-5,049,5892). -
Hewever, none of these methods provides a fully satisfactory yield of the nitriles. In order to improve the yield it has
been prepesad W0 acd a small amount of an organic halide, an inorganic halide or a sulphur co'mpcund. orto add watar
to the reacticn system. However, the former three methods have a problem of pessitle camesicn of the reaction appa-
ratus, while the latter water-acding methoed has a pretlem ot formation of by-products by side reactions or a preblem of
their raatment. Thus, each method has a practical preklem in industrial application. '
Methods using conventional catalysts other than the Mo-V-Te-Nb-Q catalyst usually require a very high reaction
temgerature cf atleast S00°C. Therefora, such metheds are disadvantageous, for examglein terms of the reactor matarial
and procucticn cost. ) )
We have surprisingly found it possible to produce a desired nitrile in a remarkably batter yield than conventional
methods at a ralatively low temgerature of frem 400 to 450°C withcut adcing a halice or water to the reaction system,
' by sctjacting ihe alkane and ammenia in the gasecus siate 1o catalytic axidaticn in the prasance of g;atalyst comprising
mclyecanum (Ma), vanadium (V), tellurium (Te) and cartain cthar metals and having a certain speciic crystat sn'ucn.xra.
The srasant invention grovides a catalyst which is suitatle fer the procducticn ¢f a nitrile from an alkane, whergin:

G e caialyst has the amgirical formulia: MoV, T2, XC, wherain:
X is at least one of Nb, Ta, W, Ti, Al, Zr, Cs, Mn, Fe, Ru, Co, Ah, Ni, Pd, P, Sb, 8i, 8 and Ce;
bisfrem 0.01 %0 1.0;
cis from 0.01t0 1.0;
xisfrom 0.01 ta 1.0; and
nis 2 number such that the total valency of the metal slements is satisfied; and
@ ‘he catalyst has X-ray diffracion peaks at the fcllewing angles at 28 in its X-ray ciffraction pattern:

. i :
angles 3t 29 ()

22,1303
28.220.3
36.2+0.3
45,243
50.6=0.3. . ) ] -
The prasent invention also prevides a grecass for producing a catalyst as defined abcve which comprises drying
an acueous sclution containing compounds cf melybdenum, vanadium, tellurium, and at least . )
ane cf nictiur, tantalum, tungsten, dtanium, aluminium, Zirconium, chromium, mangarese, ircn, ruth'emum. ccbalt,
thedium; riciat, galladium, platinum, antimeny, bismuth, baron and carium, and calcining the dried productinthe absarce
ofoxygen.” T oo - . .
. The presant inventicn acditionally pravides a process fer producing a catalyst as defined above which colftpr_lsas
drying an aguecus salution éentainiog corcounds of melyedenum, vanadium, teilurium _and at least cne .Of mcl?lum.
tarfaiur, furgsten, titanium, aluminium, zirconium, chr_cmium. manganesa, ircen, ru_themum. ¢ohkalt, chodium, mcke.l.
pallacium, gladinum, antimeny, tismuth, noren and cerium, calcining the dried preductinthe at?senca of o;.(yge_n to cbtain
a complex cxide, adding to the' complex oxida an oxide ¢ontaining at least cne cf antimeny, bismuth, cerium and teron,
and calcining the mixtura.



EXAMPLE 144 0.5 m of the solid catalyst prepared as descrilpgde] A&t S rey
143 was charged into a reactor, and a gas phase reaction s conduct 6 é’f'EgT f
reaction tenperature of 440[err] and at a space velocity S
by supplying a feed gas in a nolar rati2e of propane anmoni

[Erec s e e—

bl SOOMAPTY |

The results are shown in Table 13. EXAMPLES 145 to 147 Usi ngn a conpl ex
oxi de conpieirsEaTHMRsion furthpeprayidgs Wﬁgﬁ%@éﬂ“iﬁa‘r'ﬁaﬁw PR MEF Sy Mnpl es
141 to 8VEQUegssSlwipn containing compounds of mdiybdenum, vanadium, te lurium and at least one of niabium, tantalum,
tungsten, titanium, aluminium, zirconium, chromium, manganesa, iron, ruthenium, cobalt, rhodium, nickel, paliadium,
platinum, antimony, bismuth, boron and cerium, calcining the dried preduct in the absence of oxygen to obtain a complex
oxide, accing to the complex oxide an organic compcund comtaining at least ona of antimony, bismuth, cerium and boron,
and calcining the mixture, . .
The present invention also provides a process fer producing a nitrile, which comprises subjecting an alkage and
ammenia in the gaseous state to catalytic oxidation in the presence of a catalyst defined above.
In the accompanying drawings:

Figura 1 shows the pawder X-ray diffraction pattern of the complex oxide obtained in Example 1.
Figura 2 shows the powder X-ray diffraction pattern of the complex oxide abtained in Comparative Example 2.

The present invention will now be described in more detail with reference to preferred embediments.

The complex oxide catalyst of the invention having such a specific crystal structure can be prepared by the following
methed:

For axample, in the case of Mo,V Te,Nb,Op, an agueous solution of telluric acid, an aqueous sclution of ammanium
nicbium cxalate and an aqueous solution of ammonium paramolybdata are added sequantially to an aqueous solution
cantaining a predetermined amount of ammonium metavanadate, in such amounts thatthe atomic ratios of the respective
metal elements fall in the specified ranges. The mixture is then dried by evapcration to dryness, a spray drying method
or a vacuum drying method, and finally the dried procuct is calcined to obtain the desired oxide. To efticiently conduct
the calcination, the above dried product may be decomposad under heating at a temperature of from 150 to0 350°C in
air or in an inert gas atmosphere such as nitrogen cr argon, priar to the final calcination.

In the process for preparing the specific complex axide catalyst of the present invention, the calcination conditions
are particularly important. For the calcinaticn treatment to prepare an ordinary oxide, it is most ccmmon o employ a
method wherein calcination is conducted in an oxygen atmosphere. However, in the present invention, calcination is
praferatly conducted in an atmosphere substantially free from oxygen, far exampla in an inert gas atmosphera such as
nitregen, argen or helium. Furthermers, such a gas may centain a raducing gas such as hydregen ¢r a hydracarbon, or
steam. The calcination may also be conducted under vacuum, usually at a temperature of from 350 to 700°C, preferably
from 4C0 ‘o 650°C, usually for from 0.5 to 35 hours, preferably from 1 to 10 hours. At a temperatura lower than this
temperature range, formation of the acove crystal stuciura groviding a high catalytic activity tends to be inadequate.
Cn the cther hand, if it exceeds the acove temperatura range, a part of the crysial structure is likely to be thermally
decomgesed; this is undesirable.

It tha sxygen content of, for example, the complex cxice Mo, V. Te Nb, O, is axamined, the vaiue of n is feund o be
smaller than (3a + 2.5b + 3¢ + 2.5x), which represants the value carrespanding to the most highly axidized states of
Mo, V, Te and Nb: it is at a level of frcm 80 to 97% thereof. Thus the complex oxide catalyst of the present invention
coresgonds to a complex axide abtainable by calcining a dried product of the same starting materials under a usual
oxidizing atmasghera except that the axygen content is slightly smaller.

The catalyst of the present inventicn is a comglex oxide of the above formula (1), wherein X is at least cne element
selected frcm the group as defined abave. However, X is preferably Nb, Ta, W or Ti, particularly preferably Nb. It is
particularly preferred thatb = 0.1 t0 0.6, ¢ = 0.05t0 0.4 and x = 0.01t00.6.

Howaver, the complex axide is not adequate as a catalyst for the reaction of the presentinventicn if it merely satisties
the compasition represented by the formula (1); it is important that the complex oxide has a cartain specific crystal”
structure. .

Anindex showing that the complex axide used as a catalyst of the present inventicn has the spectic crystal structure
is the gowder X-ray diffraction pattern. The X-ray diffraction pattern of the complex cxide is characterized in that it shows
the fclicwing five main diffraction peaks at the specific diffraction angles of 20 (as measured by using Cu-Ka-rays as the
X-ray scurce):

Diffraction angles of 26 (°) | Center values of X-ray lattice spacing (A) | Relative intensity

22,1303 _ 4.02 100
28.240.3 3.16 20 t0 150
362403 . 2.48 51060
452403 : ' 2.00 210 40

50.040.3 1.82 21040




t hat cerium oxi de was not added [ [
, a gas phase catal ytic oxjtats =
of propane was conducted under the sane conditionsyas inXI i

FEactE o™=
143. The results are shown in Table 13. Table 13 Exanpl e’\

£FRIOENERT FEET

_ _ S. Spac

\\/(_el IOC| ty [err] Reaction tenp. [err] Cqnversion of Sel ﬂatwm??ﬁ&mm
ield of acry- propane (%acrylonitrile™ (% lonitrile (W&t -

1, 000 420 93. 2 58.4 '

3
1,500  tanges. In general, tha gegk intensities at 20 = 22. +/§ing28.2° are higher th ngas b4
shove identified five diffraction peaks are cbserved, Inefe'will be no change in crystal structure doeh.it4hare
are scme peaks observed in addition to the atiove five diffraction peaks. Such a complex oxide can ba suitably used for
the present invention.

It is 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
akaneasa starting material.
_ The materials for the above complex oxide are not limited to the ones described abova. For example, V:Os. V03,
VOClycr VCly may beused instead of ammonium metavanadate, and TeO; may be used instead of telluric acid. Likewise,
'NbCls, Nb2Os ar niobic acid may be used instead of ammonium niobium oxalate, and MoO3 or MgoClg may be used
instead of ammonium paramolybdate. .

The complex oxide prepared in the manner as described above has adequate catalytic activities by itself. However,
in order fo further improve the selectivity and yield of the nitrile, it is particularly preferred to use a catalyst having &
certain specific oxide incorporated in the complex oxide. As such a specific oxide, it is possible to empioy an axide
containing at least one of antimony, pismuth, cerium and boron. An dntimony axide is particularly preferred.

The antimony oxide to be incorporated may, for example, be an antimony oxide such as Sbz03, Sb204 or SbOs,
and it may otherwise be an oxide having a composition of, e.g., SbO2(Sb204). These oxides may be used alone or in
combination as a mixture of a plurality of them. It may also be used in the form of a hydrate. Furthermore, in some cases
it is possible to employ as a solid catalyst a substance prepared by incorporating an arganic compound containing
antimony, such as ammonium antimony tartarate or antimony oxalate in the complex oxide, followed by calcination. In

* this case, the organic compound containing antimony will be converted to antimony oxide by tha calcination.

The bismuth oxide to be incorporated may, for example, be a bismuth oxide such as 81,03 or Biz04, and it may also
be a hycrate such as Bi042H20. These oxides may be used alone orin combination as a mixture of a plurality of 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, followed by calcination,
and the substance thereby obtained can be used as a salid catalyst. In this case, the salt or the hydroxide containing
bismuth will be converted to bismuth oxide by the calcination.

Tha s2rium oxide may, for example, be Gez03 or CeO,. These oxides may be used alone or in combination as a
mixture cf a piurality of them. In some cases. a salt of an organic or inorganic acid, or a hydroxide containing cerium,
such as serium nitrats, cerium hycrexide, cerium oxalate or cerium acetate, may be acded to the cemplex axide, followed
by caicination, and the procuct of the calcination can be used as a solid catalyst. In this case, the salt or the hydroxide
containing cerium will be converted to cerium oxide by the calcination. The boron oxide is usually B;04. However, a
boric acid or a boric acid ester, such as arthaboric acid, metaboric acid, ethyl borate or propyl borate, may be added to
the complex oxide, followed by calcination, and the calcined product canbe used as a solid catalyst. In such a case, jhe
beric acid or the beric acid ester is believec o be converted to beron oxide by the calcination.

As a methed for incorporating the above mentioned specific oxide in the complex axide, it is advisable to pulverize
and mix both materials so that there is effective contact of the specific oxide with the complex oxide. The weight ratio of
the specific axide to the complex oxide is usually from 0.0001:1 to 0.2:1, preferably from 0.001:1 to 0.05:1. After the
additicn, 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 specificoxide, itis preferredto calcine the mixture again ata temperature
of from 300 to 650°C, prefarably from 350 to 600°C, usually for from 0.5 to 30 hours, preferably from 1 to 10 hours. The
atmosghere for calcination is not particutarly fimited, but it is usually preferred to employ an inert gas atmosphere such
as nitrcgen, argon or helium, and the inert gas may further contain a reducing gas such as hydrogen, ammonia or a
hydrocarbon, or steam. The calcination may also be conducted under vacuum.

Even if the specific axide is added to the complex axide, followed by mixing and caicination, the X-ray diffraction
pattern of the cbtained product is substantially the same as that of the complex oxide befora the addition of the specific
oxide, and there is no substantial change observed in the crystal structura.

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

Accerding 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 presenca of the above catalyst.

In the present invention, the alkane used 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 indus-
trial application of nitriles to be produced, itis particularly preferred to employ a lower alkane having from 1 to 4 carbon

_ atoms, particularly propane or isobutane.
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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 ammenia substantially free from molecular
oxygen, as the feed gas, it is advisable to employ a method wherein a part of the catalyst is preperly withdrawn and sent
to an oxidation regenerator for regeneration, and the regenerated catalystis returned to the reaction zane. As an axample
of a methed for regenerating the catalyst, an oxidizing gas such as oxygen, air or nitrogen monoxide is permitted to flow
through the catalyst in the regenerator, usually ata temperature of from 300 to €00°C.

The present invention is now described in further detail with respect to a casa where propane is used as the atkane
and air is used as the oxygen source. The proportion of air to be supplied for the reaction is important with regard to the
selectivity for the resulting acrylonitrile. High selectivity for acrylonitrile is obtained when air is supplied within a range
of at mest 25 mols, particularly from 1 to 15 mals, per mol of propane. The proportion of ammonia to be supplied for the
reaction is preferably from 0.2 to 5 mols, particularly from 0.5 to 3 mols, per mol of propane, This reaction is usually
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 conditions
for prepane. .

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 ammeoxidation of alkanes. More preferably, the temperature is from 400 to 450°C.
The gas space velocity SV in the gas phase reaclion is usually from 100 to 1,000 hr™1, preferably from 300 to 2,000
tr=1. As a diluent gas for adjusting the space velocity and the oxygen partial pressure, an inert gas such as nitrogen,
argon cr helium can be employed. When ammooxidation of propane is conducted by the methed of the present invention,
in acdition to acrylonitrile, carbon monocxide, carbon dioxide, acetonitrile, hydrocyanic acid, acralein, for example, will
form as by-products, but their amounts are very small.

The present invention will now be described in further detail with reference to Examples and Comparative Examples.

In the following Examples and Comparative Examples, the conversion (%), the selectivity (%) and the yiald (%) are
shown 2y the fcllowing formulae:

mols of consumed alkane <100

Conversicn of alkane (%) = T g pofied allane

mols of objective nitrile cbtained

Selectivity of objective nitrile (%) = —olS of consumed alkana

x 100

mols of objective nitrile obtained x 100

Yield of objective nitrile (%) = ols of Supplied alkane

EXAMPLE 1

A complex oxide having an empirical formula MoV 4Teg 2Nbg,. 10, was prepared as follows:
In 117 m¢ of warm water, 4.21 g of ammonium metavanadate was disscived, and 4.13 g of telluric acid ang 15.89
g of ammonium paramolybdata were sequentially added thereto to obtain a uniform aqueous solution. Furthermore,
3.99 g of ammonium niobium oxalate was dissolvedin 17.9 mZ of water and added thereto to obtain a siurry. The obtained
slurry was evaporated to dryness at about 150°C to cbtain a dried product. _

This dried product was molded into a tabletof Smm 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. 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.

The oxygen content in the compiex oxide was measured by an oxygen analyzer and was found to be 31.0% by
waeight. From this measured value, the coefficient n for O (oxygen) was calculated to be 4.25. The value n = 4.25 corre-
sponds 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 mZ 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 velacity SV of 1,000 hr™1 by supplying a feed gas in a molar ratio of
pfopane:ammonia:air 2 1:1.2:10. The results ara shown in Table 2.
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A complex oxide having an empirical formula Mo1Vg.4Teg 20, was prepared in the same manner as in Example 2
ept that the nicbium component in Example 2 was not used.
e-xc '?he X-ray diffraction pattern 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 Mo1V°_4Teo,szo_!On 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 hcu.xrs. The powder X-ray
' diffraction pattern of the complex oxide thus cbtained is shown in Figure 2. The pattern is entirely different from the ‘
pattern in Figure 1 representing Example 1. )
) 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, agas phase catalytic reaction was conducted under the reaction
conditions as identified in Table 2. The results are shown in Table 2.

EXAMPLE 4

lex oxide having an empirical formula Mo;Vg 4Teg 25b0.10, was prepared as follows:
Cl?t';pml of warm watgr. 421 g of ammonium metavanadate was dissolved, and 4.13 g of t.elluric acdand 159 ¢g
of ammonium paramolybdate wera sequentially added thereto to cbtain a uniiorr:n aqueous spluhon. Funhermofe. 1.56
g of antimony chloride oxide was dissolved in 17.9 m{ of water and mixed therewith. The cbtained aqueous solution was
dryness to cbtain a dried product.
evap.?hriastzdﬁ; pr‘::duct was molded into ap tablet of 5 mmin diameter and 3mminlengthbya tabletung maf:hine. foliowed
by pulverizaticn and sieving to cbtain a powder of from 16 to 28 mesh. The powder was calc:_ned ina nmog?n stream
at 500°C for two hours. The resuits of the powder X-ray diffraction of the complex oxide thus obtained are shownin Table 1.

With the complex oxide thus obtained, the gas phase catalytic reaction was conducted, and the results are shown
in Table 2. .

COMPARATIVE EXAMPLE §

A complex oxide having an empirical formula MoV 4Teg 2Sbg.1On was prepared in the same manner asin Exam_ple
4 exceptthat the calcination in Example 4 was conducted under an air stream at 350°C fortwo-hours. The X-ray diffraction
pattern of the complex oxide thus obtained was entirely different from that of Examgle 4. Using the complex oxide thus
cbtained, 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 aluminum nitta_te non-
ahydrate was used instead of antimany chioride oxide in Example 4. The empirical formula of th.e complex ox.lde thus
obtained was Ma;V,_¢Teg 2Alg. 1O The results of the powder X-ray diffraction of the complex oxide thus obtained are

shown in Table 1. Using the oxide thus obtained, a gas phase catalytic reaction was conducted, and the results are
shown in Table 2.

COMPARATIVE EXAMPLE 6

A camplex oxide having an empirical formula MoV aTeq 2Alg 1O, was prepared in the same manner as in Example

" 5exceptthat the calcinationin Exampla 5 was conducted under an air stream at 350°C for two hours. The X-ray diffraction



0.5 mM of the solid catalyst thus obtained was charged int reactor and—a -
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EXAMPLE 150 0.5 m of the solid catal ysf-prepared as described i n Exanpl e
149 was chatefhfihé dinfleroxitEipieiobhinedMasientely difordaf TRMmehatdl Edaimplh 5.Usihghedoinplék atideithus
conduct ed obthined aiggspbisie oataljtie rpdticrovas todduated, ddddberusuls aanstiovantin Tablepace vel ocity SV
of 1,500 [err] by supplying a feed gas in a nolar ratio of

propane: argxambl&Eéai r = 1:1.2:15. The results are shown in Table 14.

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 chioride oxide in Example 4 and the calcination temperature was changed to 600°C. The
empirical formula of the complex oxide thus cbtained was Mo1Vg 4Teg 2Nbg 1Pdg 920,. The results of the powddr X-ray
diffraction of the complex oxide thus cbtained, are shownin Table 1. Using the complex oxide thus obtained, a gas phase
catalytic reaction was conducted, and the results are shown in Table 2.

EXAMPLES 710 23

Complex axides having the empirical formulae as identified in Table 1 were prepared in the same manner as in
Example 1 except that the proportions of the starting material compounds were changed and the calcination temperature
was 500°C in each case. The rasuits of the powder X-ray diffraction of the complex oxides are shown in Table 1. Using
the respective complex oxides, gas phase catalytic reactions were conducted, and the results are shown in Table 3.




-26- EXAWPLE 151 To 5 ml of water, 0.277 g of bisnuth nitritg., engan){d.l’até_
[err] was added, and 0.167 g of tetraval ent antinony oxide [er ¥ E=T '
further added. The m xture was evaporated to dryness. The i ol

obtai ned was calcined in an air stream at7600[err] for t @a&\}_‘sﬂ%ﬂAthLQQ] I
solid thus obtained, 30 g of the conposite oxide having an enpirical

formul a éﬁmpﬂssmmaﬂ ed as described in Exarrpl e 33 was added and mxed Th| S

m xture was nolded into a tablet of 5mn|n I anet er

mm i.n
a tabl et t | pghgtmactmpes oxidepraparatin ERTP % ’T‘%M%i Qj‘TSPtZE?Pnﬂg 9?‘8’“8’& ?ﬁ“"’
powder Ojan dh reacﬂods@vetm@dﬁ’ég‘ﬁe' variods ndltncns. and results are shown in T:

°° ) (=) w anfa| =
=3 o |« mlelmlo|lalAloli~]|a]l=
0 i ~ | -] -] N - 4
O ot
c
w O
1 « °
PV IR VI ~ - ]~ ~ %] -~ ] @
% o - . . . . . . . L3 . LY Y
w M vy olliaalNlmlMIinnjuOi]l ) N
O - < - R el el el -] —
T o
0 +|
U =~
-l S
FER ?\; .
._.mN Py . » . . . L] . Y L] - -
0 X O ~Hjolejwol~clAIT~NIOVITNTSEM
c S ™ Nl ™ - -
¢ 9 O
FE A~
Z ¢ 8
8§ A ~ cjlul|l<loa
q’..qc\ - . . . - . . ] L] . ° °
> U o P alswlmllssloltmis~cloim] ~
- O« ~ anjonjnN]l ] @® -] 7s)
ETR o~
S M
—~ e
P U W -]
© - —t ocloljololojo|lojo|jojo] o
o o . olojoljo]jocjo|lolo|lolo]e
~ o~ ~ ]|~ ~N]Al ] A ]| AS] A ]| A A] ~
0 o~
1]
e
(]
(o]
g = c
—_— R °‘ =°|n Q= op o=
38 g =] el 2| £ TV] O | Sal Al Sa
T eed O}j]O0]O}] O] Of & n o ~ o o~
-t 4 o1 HiEed e+ oY B IR F:_Qo ::._Qc s
X G =] o o © o (=) olzlt ol =zt R
O W Llatajaoaj~j121 R ~l 2 ~ 2
ZzlZz2lz2junlgctZ]| 2 o ™ o o
$ 0O ™~ ~ o~ o o~ ~ o~ -] . = .
Q . . . . . . o @ ol o o
-~ E ol ol o] of @f o ol v ml @
o, O Q ] [+}) )] )] U -1} w| B+ -] &
E CRENIRE AR RARRRE N ~ "n] o o
S bt B I B I B ! ! B B
QU ~ o] o o o ol o aj ol of o o
3 -2 - I~ R I - - - - -
ol &1 &'l &1 &'l &'l &'l &' & &'l &
Q Q
slilEsj=sl=ElEsjlE=lEzje|ET{|E)] =
)
"a‘.
MMl |lunjvolocloolanlal~
%8 a iy
xz
[£3)




The powder was calcined in a nitrogen stream at 550[err] f' r.:FMﬁGUN'ﬁor?ﬁh§
atomc ratio of Sb:Bi

was 2:1. 0.5 mM of a solid catal yst it hus ﬁal ned: vvas
charged into a reactor, and a gas phase catalytic reactior Dae :C
a reaction tenmperature. of 410[err] anr®

by supplying a feed gas in a nDIar

a space velocity SW¥

ratio of propane: anmpnia.ajr. = 1:1.2:15.
The results gre—stowy T 1ab! 15 0] 5 df so} i djcatal yst
prepared as pescri be Jne &P tha-rged iem o-q wepel pey {and a gas
phase catal yjic reactlon C n utl edliat |awr Eat] iwn bgqmmef at lire | of
410[err] and{at & sp eSvI-e &) SV of | 17500 | et {1~ Qy~*qupp| 51 G ¢ feed gas
in a nolar rtigp-bf plopade lalald — . Ji22 45—t Hre—e re shown
in Table 14. Té[br.e 14 o | o olelelalol o]« ~
uo o . . - - N . Y . . . .
w . mlm]lAlolote I miaajolm
Bun Sﬂf‘a—w*r*'* ol Bal Ball Rall e
o
n© +
v gy~
Deg |y A 5 el B e e e et e
ol . . * : : viw|o]oa
lnﬂ O om:hgmwg A
Cm‘“ ™)
330
e 2 oa
RN S 3 0 0 e el B el el it I
o~ m"_‘ - * “: < ~ ™ ~ N o <r -4 I~ <))
gl 20§ RDIGlnjw|jojAa]|mlel=|g]|w o
el g o ur iy [
3l & ®
gf 8w
Il g 2 olololeleo|lolieloleie
el & .4 “1281S|alalelelelelali=o]lela
0 o] o~ mlealalalAlAfA]l Al ApA] A A
O (]
i
o
2
. = =
[ o~ (-] o s =
B o o ol &l %l Wl =] =| & U % S &
T e 1 ! W AT I I B e B B
Lol of o 1 o] 2 : > > ol o
X < _Q_an_o_gna_oonogénn
o z| 2 = ZIZ12| '~ N 2] =
. B X -] ) B B8 e # Biar . Tl ™
X 0O d ol N o] o . . 4 ol © . .
U -~ ol ol slol ol ol elelol ol Sl
- alelolealalalojalealal d|a
E o al ol & SR S S e
A d Sl ol 8] ot o o e .21 o] 2|2
© >° >.--o >—a >¢-o >-¢ >'-1 >-o >.-c >H >-4 >-‘ >"‘
gl Sl dl1d8lglalelelaelelgl?
slsl=zsl=slEl=|=|=|=El=| =
3
* ojfannlo]|~A] NI ™M
PRI ME R E R EIBE
T =
&l




fEons —
4 i~ .~
AR =" Hy | R R
Do _.cimoOo < ©
- PP O © _
(@ SN 3 w
S
il 9N I —
Q- (@)
Bl -
00 .
i —
a 0 ©
Siil 5 o
o oo’
A | - - —
0o M S % % R 1 $°€9 v 6L ST/t U/t 000’1 [113 In 009 | "0 Opat 0qnt 03z’ %Atow| 9 arduesz
— o A i 9 atdwexg
5= S st £°ce L'zs ot/e 1/t 005 oz aye oS¢ YT 01yt OagY 9p%oy| aatavavdwod
- ] [) [] 0
—= ) §'€t 1°6¢ £°09 ot/z /1 00§ ory Iy 00§ Yot 01yt 03, "Op 0N ¢ srdwexy
o [« ¢ atdwexz
£= S Lst 9°9¢ o°cy 01/2° U/t 00§ 0oy aye (113 Yo' '0qst %as "% Ton| aayaviedwod
w o c L S°SY Loty .ot/ u/t 00$ ozy In 00S Vol gt 09 Opton v otdwexy
- (3] 5 y 21dwex3
© Lo m m w w O Le91 24 1 28 ot/z 1/t 000’t oy aye 0S¢ Ut 0qut 035 OpATon] aAtaIvaedwod
M(M_4444 » . £ otdwexy
c O L 1Lz ey ov/z 1/t 005 oz aye 0SE UoT 0qnt %oy Ao aafresedwod
Q C 1 a2
X < Q./ — ) . . . ¢ drdwexa
%. L Bn y'ye 672y 01/2° U/t 00S (11 aye ost Yol OgqnE 955" O Ton| aa1avaeduwoy
-5 p © 1 atdwexzy
= 216 st L9t vey $1/2° /1 000°1 ovy ty 005 Vor'%51" Opton| eajaesvdwod
1) . _ : : :
— > D —0°8¥ A1) £°8L SU/T° /1 000°1 ozy L] 009 Yot O0qnt %as’ Palon ¢ otdwexa|
S = . . . T Ul Ogrpq? Ogg? Opt . atd :
v,m b vz ' GE vUYS ov/z 1/t 00S ooy o 005 o' Oqn® %as' OaYou| ¢ otdwexy
— s - 0 0 v
5 cooolt Ly 08 $°€9 v 6L ST/ /1 0o0’t ozy In 0z9 Yol 9qnt %oy’ A'om 1 atduwexg
—
Co88888%C ) aye/eyuoume weaaas | (0a)
QTO - - - -] O {\) T /auedoad sep *dway,
s013}e) ojwOoje
o T T T P Dunare] -otrhioe v (vom | (1w (9.) .na_..“xo _.“E“_ow
Q. mv T-01A30% 103 k31| suedoiad jo| voyjysodwod| £K3yd01aa *dway $UO§I]pPUOD
m > p nwuo PIIYA =AJIDV[IS| UOISINAUOD seb paaz oeds| uoyjoway vogjevioyed
o L3
N - To) z ’tqee
o — T
Y— (D)
} W
0 > 1@
o
S= W )
> 1234Mr
v_onmmn X a
Yo e e g R 1)
mr O —_—
O OONO®WO
C— o - - =
_ﬂ QooNNONMNMNMNMNO
NV .




33, was pulverized, and 0.225 g of tetraval ent antinony oxno[e ,Ler{r,J M}@;sgum?”“
added and m xed thereto This m xture was nolded into a ta Ie’f oT““S'““ n-
diameter and 3 mmin length by a tabletting machine, follo g Qy 2 MAY 1997
pul veri zation and sieving to obtain a product of from16 tg A FsH TR |
powder was-calcined in a ni trogen st r ealf-at 550[err] for two hours 0.5 ni
of a solid catalyst thus obtained was charged into a reactor,

and a gas
phase catal ytic reaction was conducted at a reactlon terrperature of
420[err] and at a space_vel ocity SV of 1-Q00a++—by—quppl ying a feed gas
in a nolar ratio of isoputane: ammni f: |r-:11.2. 5.1 THe conversion of
i sobut ane was 61.4% th '&eolectlwtwy orenet hadryllohf trli l e was 33. 0, and t he
yiel d of methacrylo- nifre I-e~'V\/as 3¢ 3% EXRPEH A& | 2
uuuA
H83%
1
3(-\‘!00 ololmja|lN]l VN
o 0 -t - . - L] - . - .
sagd Igialatals|s|a|s
- DN A~
Y & Dol e
Nt B O~
(-4}
0«
Tn"é. =3 Bl B e B Bl el B
S % slsls|a|e|ala]s
2o
QO W
Q0O ~
c 19
[o] d wmiuvliviuvunjivijniv|wn
wd L R E N RN R el el e
~
RIS N ] N N I Y
B~ . . . . . . . -
O e g & sl Al A Al A ]~
SESINENTLS
® 0B u
e O ~ D ®
i >
o & OOOOOOQS
3l e 0.7 gggig.g-%g.".
&l 32 g vy gy L G R R R
Q0
N D
5
3. AHEEHBEHEE
Q D~ o |v|lvjle|{ivlvc]w] -
qa g o
g U o
g W~
= [ . -
o o
- [ ] o~ e [ ]
23 i B BARA RIS
g - wl sl M el S
-t IJ ':g -1 BF-] [-] o (-] .
X o ofzilo|l=Zzlalaj L L
0w o M Zl N ZlZ1Z2] 8
= 4 "™ o m| Tl 1 2
53 b I S I S S S
o -3
"a.g G?E‘mgavgga O
g o g1 51 o At 9 S 3 S
G sd ] ] TY DY B S I
@ L2 2] 2 2| B S B >
5168161381181 dld
ig12|2121212( =
@
- ~“lalm]| -
%'g Ll ol Bl B e 0 R
8=
]
)




Pl T2

- :
biA} : .
=R PN
5 @i co
)] H Q.- 0O Y—
w.%mgh" T X O
et N E R xEw
I - X - O N~
R e
S TS 00 O
el & df— 0 O = ©
k! o C — @©
T OO S > -
vcSa ®©c md
3 S.m %m °-3 W
o o_~-_- .—_Z . ¥ . 1'0q0at 003" 0 .-OS £
— w— O n C m 9TER ¢4 9°8b 9° vy - Oa ¥ OAl
R 721/t 005 o€ Yo Pan’ ez’ "ATow]
2% 2" 2 S 198 £ i Uo?U 0" %eadt pTon| T2
30283 Py £°€9 8°ce st/ /1 . 0001 oty 0
T_co~T_Pp gb ‘LS - Py Uotl Ognt "%ag%Y OATon [ }4
L vy € Ut O0gnt Op3t 0pl 61
w832V S B2 : ST/ /1 000'T 0zb o' %N’ %axf ®aton
F.—_ 00 un._ ©9°' 16 1729 0°€8 ol 9ane Yo’ OAlowW 81
£2°852 . L'19 9°6L st/ U/ 000’1 0EY .
> © m‘m“ — n.ﬂ 6V °Q°~.H ovy —-ON.GQZNoOU-ﬂ-ﬂ °>.—oz L1
_oE2Ec B >y ey z' 9§ TeLL s1/2°1/1 ant 02357 OAT
© of® U050 0qn®Oay, A'oW 91
—OW.< T RSE €9 Vo1 OgnE 0a375 9pton| ST
2._c-8ch o I—r e 29 9°0S s1/z° /1 | 000’1 0EY
.IWMeolmcmm it
(7] —_ -
T = e etvom:
mle c & % Wm n&u ﬂﬂdhudﬁ A#HO—-: A Ikﬂv AUOU SOpP X0 NU.HQEOU Udnuﬁ—ﬂxm
12370 -ot&aoe (%) t PI
SHePHER® 211331 d uotj3ysodwoo| A3yootaa *dwa3
°3z m w © 10w 103 A3y euedoad 3O «mwu paad aoedg| uoy3oesy
v ®©cC i - atog| uoisaaauod
SIS E <ol .muw._go; AT}0913S 1
< m.m N oD T (penutjuod) € ATqvd
OEO0O@uw .00 O
© 0>.—O C
XFEO2>AO =~ @
oW cl «._ .
—_cOzu gmT
—_——e=._SS00 -0
(@) ©.— — o @©
ON=—-TCTOOL~CO
T OCCOO_C © = O
@ ©O—_.—3 mi.
o
OO0 o N c >
cco@ - c._ €
— C @ L C > oo
w mh CTCcCOoOCc®© M (<B)
O W4 — @©C —




. g
g of ammoni um par anol ybdat e were sequential |y added theret §| &erihtaiEASHEET
uni f orm aqueous sol ution. Furthernore, 3.59 g of ammoni um (i obi u

! te _
dissolved in 17.9 m of water and 10.24 g of silica sol (silbaa:.ni).gmfﬂ.ggz....
20% by weight) were added thereto to obtain a slurry. Thistsi= x

S FY—ctS
evaporated to dryness at 150[err] to ohfjgin a dried product. -27- Tnis
dried productwas nolded into atablet of 5 mmn dianeter and 3mmin | ength
byat abl etting machi ne, foll owed by pul verization and sieving to obtain a

powder of from 16 to 28 nesh. The powdfge¥as calcined in a nitrogen stream

YR

Example Nos. | Temp. (°C) | Spaceveloc- | Feedgas | Conversionof | Selectivityfor | Yield of acry-
ity (he™) composition | propane (%) | acrylonitrile (%) | fonitrile (%)
(mol%) pro-
pane/ammo-
nia/air
24 420 1,000 1/0.7118 825 S3.1 43.3
25 420 1,000 1/0.9/18 828 §7.8 47.6
26 420 1,000 111,518 81.4 60.9 49.6
27 420 1,000 11.2/10 62.9 63.8 40.1
28 420 1,000 11217 82.6 576 47.5
29 420 500 1/1.2110 63.0 $6.6 35.7
30 420 800 1/1.2115 84.9 57.9 48.2
31 420 1,200 11218 778 61.7 48.0
32 410 1,000 1/0.718 76.2 §9.1 45.0¢

EXAMPLE 33

A complex axide having an empirical formula Mo1V 3Teg 23Nbg 120, Was prepared as follows:

in 325 mZ 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 aqueous solution. Furthermore, 117.5
g of an aqueous ammonium nicbium oxalate solution havinga nicbium concentration of 0.456 mal/kg was added thereto
to obtain a slurry. This slurry was evaporated to dryness to obtain a solid. This solid was molided into a tablet of S mm
in diameter and 3 mm in length by a tabletting machine, followed by pulverization and sieving to cbtain a powder of from
16 to 28 mesh. The powder was calcined in a nitrogen stream at 800°C for two hours.

The scwdar X-ray diffraction of the complex oxide thus cotained was measured (using Cu-Ka-rays), whereby main
diffraction peaks were observed at diffraction angles of 20 (°) of 22.1 {100), 28.2 (90.0), 36.2 (25.7), 45.1 (15.2) and
50.0 (18.3) (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 puiverized in a mortar, and 0.3 g of tetravalent antimony oxide (SbxOy) was
added and mixed thereto. This mixture was moided into a tablet of S 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 then calcined
in a nitrogen stream at S00°C for two hours. ]

0.5 mZ of the solid catalyst thus obtained was charged into a reactor, and a gas phasa catalytic reaction was con-
ducted at a reaction temperature of 410°C and at a space velocity SV of 1,000 hr™t by supplying a feed gas in a molar
ratio of propane:ammonia:air = 1:1.2:15. The results are shown in Table §.

EXAMPLE 34

A solid catalyst was prepared in the same manner as in Example 33 except that the amount of the tetravalent
antimony oxide (Sb;0.) in Exampla 33 was changed to 0.15 g, and the reaction was conducted under the same condi-
tions as in Example 33. The rasults are shown in Table 5. .

EXAMPLE 35

A solid catalyst was prepared in the same manner as 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 Table 5.
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REPLACEMERTERIZET

at a tenperature of 600[err] for 4 hours. The powder X-ray
the conpl ex oxide thus obtained was neasured, whereby main jdiffraction

peaks were observed at diffraction angles of 2e ([err]) of |PRaik :(.hﬁdﬁAY.ﬂQQZZ...
(41.7), 36.2 Hg_lo. 0), 45.2 (13.1) and 5Q.,1 (7.1) (the numeri 5

the bracEtF#}i cate the relative pea 3 ntensities based on peak at 22.1
[err] being 100). 0O 3 M  Qf A% EBHGS d58as bilinzed R Al BREmIRS akae] 8l aduBd® 2
reactor, aaéﬁiﬁiw ﬁﬁxhs&nﬂeah 'E;?Weiﬁr@&@bmmam& 48 triddtodthe 2
reaction sﬁsg E{\ﬁ‘.& Werd iblot 1 56im i dRPSGANYThO Rilehyth U5 tabibtting mathde,[idiswell DY
suppl yi ng, GuvbRRen SaSieviny 180t Sfowdenbfirem 06 to28 opdBreRAwrsr e caidingd it at sifsrgand .
The convagie Bibndhouldng Rt inamiroddB st@adm t15e0° fat twe bquts; ¢sing the polidieatalyst S qbained; thaa
60. 5% angctoheasybrelotbd afidectbe same ringifons as infxampla3ghipe ressita fppiewn if Ble S.

EXAMPLE 37

[ em—er—

i j isi i i ie 33 except that
Using a complex oxide comprising Mo, V, Te and Nb prepared in the same manner asin Examp
anﬁmonygo:dde"v:s 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 prep.ared under a conc_!iﬁon wh?re
tetravalent antimony oxide (Sb20O4) was present from the initial stage, as opposed fo adding tetravalent antimony oxide
(Sb20,) after preparing a complex oxide having an empirical formula MoV 3Teq 23NBg 1200 o

Namely, 15.7 g of ammonium metavanadate was dissolved in 326 m¢ of warm water, and 2?.6 g of telluric acid and
78.9 g of ammonium paramolybdate were sequentially added to obtain a uniform aqueous solution. Funherrpore. 1175
g of an aqueous ammonium niobium oxalate solution having a niobium concentration of 0.456 mol/kg was mlxed_ therato
to obtain a slurry. To this siurry, 0.98 g of tetravalent antimony oxide (Sb20.) was funhef ad.ded and mixed. leus slurry
was evaporated to dryness to cbtain a sofid. This solid was molded intc? a tablet of 5 mm in diameter and 3 mmin length
by a tabletting machine, followed by pulverization and sieving to obtain a powder of from 16 to 28 mesh. The powder

calcined in a nitrogen stream at 600°C for two hours. ]
e Using the solid ;gtalyst thus obtained, the reaction was conducted under the same conditions as in Example 33.
The resuits are shown in Table 3.

EXAMPLE 39
Acomplex oxide was grepared 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 tha reaction was conducted under the same conditions as
in Examgle 33. The results are shown in Table S.

Table 5
Conversion of propane (%) | Selectivity for acrylonitrile (%) | Yield of acrylonitrile (%)
Example 33 91.5 83.7 583
Example 34 893 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 §5.1
Example 38 67.2 49.4 33.2
Example 39 459 483 222

EXAMPLES 40 TO €8

Using the solid catalyst prepared in Example 33, reactions wera conducted under various conditions, and the results
ara shown in Table 6.

EXAMPLES 69 TO 102

Using the solid catalyst prepared in Exampie 34, reactions wera conducted under various conditions, and the results
are shown in Table 7. '
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A gas phase catal ytic oxidation reaction of isobutane was |f@aeugies=hT SHBET
sane manner as in Exanple 157 except that the conpl ex oxide

was used. The conversion of isobutane vvas 52. 1% t he sel ect ngd/EfngAf 1397

.............................

met hacrylonitrile was 31.0% and the yie 3101‘ met hacry- | ontetbi-e—was—:6-20—
COVPARATI VE EXAMPLE 7 A gas phase cat aI'§/ c oxidation reaction of isobutane

was condE@MBEESIR ThW9same manner as in Exanpl e 157 except that the corrpl ex

71 056 1 hgﬁg”r@ar%' Lt L LA S o gl gt

are
et hacr y= en the ample\é\%%'abl% 8 an@ compared with the Examples in Tables 6 and 7, itis 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
whara antimony oxide was not added later.
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According to the process of the present
produce a desired nitrile froman alkane at a relatively

from 400 to 450[err]
hal i de or water
cat al yst.

in good yield without necessity of tH

in the reaction system by using a novel
Clains 1. A catal yst which

nitrile froman al kane,

f or mul a:

[err] wherein:

wher ei n:

X is at

[ ef

ot

i nvention, i

| east one of Nb, Ta,

Fe, Ru, Co, Rh, N,  Pd. Pt. Sb, Si,

fromO0.01 to 10

B and Ce; bis f

tis

S suitable for the
the catal yst has the enpirica

W Ti, A, Z, C. M,

B
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osSsStrotre—t
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[t oo B0 100
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roducti on of

rom0.01 to 1.0; c
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and xis from0.01 to 0.6. 3. A catal yst accor
2 wherein X is Nb.

2. A catalyst according to claim1l wherein:

0.05 to 0.4,

or
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This dried product was nolded into a tablet of 5 nmin diaj t"er"‘qrr,r,q‘%"mrr‘rﬁ“’
| ength by a tabletting machi ne, followed by pulverization R&F sfevi’ 1ok 1"‘0’*;T
obtain a powder of from 16 to 28 nmesh. The powder was cal g} ned |%q\4m 1gg7
nitrogen streamat a tenperature of §Q0[err] for 4 hours. Rateg Xray:
diffraction of the conpl ex oxide thus obtained was rreasured whereby nain
diffraction peaks were observed at diffraction angles of 20 ([err]) of 22.1
(100), 28.2 (41.7). 36.2 (10.0), 45.2 (13 1) and 50.1 (7.1) (the nunerical

val ues in the ot Syt sed on peak
at 22.1[err] bi@ : off th mateplal th s charged
into a reactor &t al Y ¢ i daft P conduct ed
at a reaction { 44009 | ahf @ |sRaces <of 1,000
[err] by supplyirp nngd | &y | natji 0 i ; fa:air =
1:1.2:15. The ¢orv parfe was $8. 4% fhe i Vi or
acrylonitrile g
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60.5% and the yield of acrylonitrile was 53.8% EXAVPLE gﬁ@wga§ a564
i

. . ) . AR ..EFT
catal ytic oxidation reaction of isobutane was conducted “EHiTE manner

as in Exanple 157 except that the conplex oxide of Exanple jjw@s ug?q; 97 .
conversi on of isobutane was 52.1% t-b%®- selectivity for AT anrtrile .
was 31.0% and the yield of nethacry- lonitrile was 16.2%) COVPARATI VE
EXAMPLE 7 A gas phase catal ytic oxidation reaction of isobutane was
conducted in the sane manner as in Exanple 157 except that the conpl ex

oxi de of Conparative Exanple 2 s _ucad
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The conversion of isobutane was 11.0% the selectivity for tﬁ%@ﬂféﬁﬁ’h?’lgﬁm
was 42.7% and the yield of nethacry- lonitrile was 4. 7% Acgor di ng1 gcw&\hqgw
process of the present invention, it is posssible to producg Baides|-f

| IS |

e
nitrite froman alkane at a relatively |-@8tenperature of f 0
450[err] in good yield without necessity of the presence of a halide or
water in the reaction system by using a novel conplex oxide catal yst
Cains 1. A catalyst which is suitable &ggathe production of a nitrile from
L 1 1

X . 1 he emirical f :
aherel v PR P et S e o bl s
R N opdl Peosp e 800 . ;( ) ‘(::::l %)Sgl::j propane (%) | acrylonitrile (%) | lonitrile (%)
pane/ammo-
nia/air
103 1,000 - 410 10.6/15 83.0 §6.8 47.1
104 1,000 . 410 10.75/15 823 614 §0.5
105 1.000 410 100.9/15 82.8 64.2 53.1
108 1,000 410 11.515 828 66.2 548
107 1,000 410 1N1.8/1§ 80.6 63.6 §1.3
108 1,200 410 10.75/10 73.8 68.3 48.2
109 1,500 410 10.75/10 73.8 65.3 43.2

EXAMPLES 110 TO 114

A complex axide having an emgirical formula Mo,V 4Teg 2Nbg 1O, was prepared as follows:

In 11'{ m¢ of warm water, 4.21 g of ammonium metavanadate was dissolved, and 4.13 g of telluric acid and 15.9
of ammonium paramolybdate wera sequentially added thereto to obtain a uniform aqueous sclution, Furthermorb, “;1 g
g of an aquecus ammonium nicbium oxalate solution having a nicbium concentration of 0.41 mol/kg was mixed thareio
?o obtain a slurry. This slurry was evaporated to dryness to obtain a solid. This solid was malided into a tablet of 5 mm
indiameter and 3 mm in length by a fabletting machine, followed by pulverization and sieving to cbtain a powder of from
16t0 T:s moe::;. T;e powder was calcined in a nitrogen stream at 600°C for two hours,

_ Ihe powder X-ray diffraction of the complex oxide thus obtained was measured (using Cu-Ka i
diffracicn seais at diffraction angles of 28 (*) of 22.1 (10C), 28.2 (79.5), 36.2 (21.0)E 45.2 (10.9) :r:yss)o';h(:g vn::lr:
cbsarved (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 mertar, and 0.1 of trivalent antimony axide (Sb;04) was furtheA:
added and mixad therato. This mixture was molded into a tablet of S mm in diameter and 3 mm int langth by a tabletting
rnaf:.‘una. foliowed by puiverization 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 mZ of the salid catalyst thus obtained was charged into a reactor, !
conditicns. Thae rasults are sy:town in Table 9. ’ R andrescons were conducted undar vrious

EXAMPLES 115TO 118

Using a complex oxide comprising Mo, V, Te and Nb prepared in the same manner as in
. ! ‘ s Example 110 except that
::‘mcgny oxide was not incorporated, reactions wers canducted under various conditions, and the rasults are sheg\:m in
e 9. ' '
Even when the reaction temperature was raised o be higher by 10°C than that in Exampl [
: e 115 to increasa the
comemfan of propane, the yield and selectivity are higher when antimony axide was added, as is evident from the
comparison of Examples having the same faed gas composition.
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bis from0.01to 1.0: cis from0.01 to 1.0; x is fromO0.Oft ﬁ@&(‘%ﬁ ey
I's a nunber such that the total valency of the netal elenenlis I's satisftied,
and [err] the catalyst has X-ray diffraction peaks at the fpldgwi rfg? My 4897
at 20 inits X-ray diffraction pattern: Diffraction angles at—20-ferr] —

22.10.3 28.2[err]0.3 36.2[err]0.3
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Table 9
Example Nos. | Space veloc- | Reaction Feedgas | Conversionof | Selectivity for | Yield of acry-
ity (he™1) temp. (*C) | composition | propane (%) | acrylonitrile (%) | lonitrile (%)
{mol%) pro-
pane/ammo-
nia/air

110 1,000 420 1n.2115 89.3 60.1 53.7
111 1,000 420 1/0.6/15 90.1 _ §0.7 ) 45.7
112 1,000 420 1/0.75115 90.4 55.7 50.4
113 1,000 420 1/0.9/15 $0.4 §8.2 52.7
114 1,000 420 11.51$ 87.9 59.8 82,6
115 1,000 430 1/0.6/15 - 882 470 41.5
116 1,000 430 1/0.9/18 88.5 $6.0 49.5
17 1,000 430 11.2115 88.2 585 516
118 1,000 430 1/1.515 86.5 §9.0 51.0

EXAMPLES 11910 122

A catalyst was prepared in the same manner as in Example 110 except that tetravalent antimony oxide (Sbz04)
was used for the addition of antimony oxide to the complex oxide comprising Mo, V, Te and Nb in Example 110, and
reactions wera conducted under various conditions. The results are shown in Table 10.

EXAMPLE 123

A complex oxide having the same catalyst compositicn as in Example 110 was prepared under such a condition
that tetravalent antimony oxide (Sb20,) was present from the initial stage as cpposed to adding tetravalent antimony
oxide (Sb20,) after the preparation of the complex oxide having an empirical formula Mo1Vg 4Teg 2NBg 1Oy,

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 wera sequentially added thereto to cbtain a uniform aqueous solution. Furthermore,
21.9 g of an aqueous ammonium niobium oxalate sclution having a niobium concentration of 0.41 molkg was added
thereto to obtain a slurry. To this slurry, 0.2 g of tetravalent antimony oxide (Sb20,) was added and mixed. This siurry
was evaporated to dryness to to cbtain a solid. This solid was molded into a tablet of 5 mm in diameter and 3 mmin
length by a tabletting machine, followed by pulverization and sieving to cbtain a powder of from 16 to 28 mesh. The
powder was caicined 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. 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
streamin 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.



45. 2[err] 0.3 50.00.3. 2. A catalyst according to claim1 whi

. AT REdL Al ST EQEL
0.1to0 0.6; cis from0.05 to 0.4; and x is from0.01 to O.§. §.LAkgug®afy§thT
according to claim1 or 2 wherein Xis Nb Date 12MAY1997
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Table 10
Example Nos. | Spaceveloc- | Reaction | Feedgas | Conversionof | Selectivity for | Yieid of acry-
ity (hr™1) temp. (°C) | composition | propane (%) 1 acrylonitrile (%) | lonitrile (%)
(mol%) pro-
pane/ammo-
nia/air
119 1,000 420 1/0.618 89.8 513 45.1
120 1,000 420 1/0.75115 90.2 57.0 515
121 1,000 420 1/0.9/15 90.0 59.2 833
122 1,000 420 11.2/15 89.4 59.1 52.8
123 1,000 430 11.2/15 74.3 59.5 4.2
124 1,000 410 11.2115 416 39.6 16.5.
EXAMPLE 125

30 g of the complex oxide having an empirical formula Mo4Vg 3Teg 23Nbg, 120, prepared as described in Example
33 was pulverized, and 0.3 g of orthoboric acid (H3B803) was added and mixed thereto. This mixture was molded intoa
tablet of 5 mm in diameter and 3 mm in length by a tabletting machina, followed by pulverization and sieving to obtain
a powder of from 16 to 28 mesh. The powder was calcined in a nitrogen straam 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 con-
ducted at a reaction temperature of 410°C and a space velocity SV of 1,000 hr™t by supplying a feed gas in a molar
ratio of propane:ammonia:air = 1:1.2:15. The resuits are shown in Table 11.

EXAMPLE 126

3¢ 5 cf the complex oxida having an empirical formuia MoV 2 Teg 23Nbg 12 prepared as described in Example 33
was pulverized, and 0.6 g of orthoboric acid (H3BO3) was added and mixed thereto. This mixture was moided into a
tablet of S mm in diameter and 3 mm in length by a tabletting machine, foliowed by pulverization and sieving to obtain
a powder of from 16 to 28 mesh. The powder was calcined in a nitrogen stream at $50°C for two hours.

0.5 m2 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 11.

' EXAMPLE 127

30 g of the complex axide having an empirical formula MoV 3Teg 23Nbg 12 prepared as described in Example 33,
was pulverized, and 0.9 g of orthoboric acid (H3BO3) 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 caicined 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 11.

Table 11
Conversion of propana (%) | Selectivity for acrylonitrile (%) | Yield of acrylonitrile (%)
Example 125 89.0 63.2 56.2
Example 126 91.6 6.3 58.0
Example 127 879 65.5 §57.6
EXAMPLE 128

30 g of the complex axide having an empirical formula Mo1Vg 2Teg 23Nby 12 prepared as described in Example 33,
was pulverized, and 0.3 g of bismuth oxide (Bi,O3) was added and mixed therato. This mixture was molided into a tablet
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of 5mmin diameter and 3 mm in length by a tabletting machine, followed by pulverization and sieving o 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 m2 of the solid catalyst thus cbtained was charged into a reactor, and a gas phase catalytic reaction was con-
ducted 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 12.

EXAMPLE 129

30 g of the complex axide having an empirical formula Mo¢Vy ,3TeomNb°,,2'prepared as described in Example 33,
was pulverized, and 0.6 g of bismuth oxide (Bi2O3) was added and mixed thereto. This mixtura was molded into a tablet
of 5 mmin diamater and 3 mm in length by a tabletting machine, followed by pulverization and sieving to cbtain 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.

EXAMPLE 130

A solid catalyst was prepared in the same manner as in Example 129 except that the calcination temperatureina
nitrogen stream after the addition of bismuth oxide in Example 129 was changed to 800°C, and a gas phasa catalytic
oxidation reaction of propane was conducted in the same manner asin Exampie 129. Tha resuits are shown in Table 12,

EXAMPLE 131

30 g of the complex oxide having an empirical formula Mo1Vp 2 Teq 23Nbog. 12 prepared as described in Example 33
was pulverized, and 0.9 g of bismuth oxide (Biz03) was added and mixed thereto. This mixture was melded 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 cbtained was charged into a reactor, and a gas phasa catalytic oxidation reaction
of propane was conducted under the same reaction conditions as in Example 128. The resulis are shown in Table 12,

EXAMPLE 132

0.5 m< of the solid catalyst prepared as described in Example 128 was charged into a reactor, and a gas phase
catalyticreaction was conducted at a reaction temperature of 400°C and ata space velocity SV of 1,000 hr™t, by supplying
a feed gas in a molar ratio of propane:ammoniazair = 1:0.75:15. The results are shown in Table 12.
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128 1,000 410 11.2/15 96.4 585 56.4

129 1,000 410 11.2115 93.5 80.3 56.3

130 1,000 410 111.2/15 83.2 675 56.2

131 1,000 410 111.2/15 90.0 636 57.3

132 1,000 400 10.75115 9.5 55.2 533

133 1,500 410 1/0.75/12 83.9 869 56.2

134 1,500 420 1/0.75/12 87.8 64.9 57.0

135 1,500 410 1/0.9112 84.0 66.8 56.1

136 1,500 420 1/0.9/12 88.2 66.0 58.2

137 1,500 410 10.75/15 85.8 65.8 56.5

138 1,500 420 | 1/0.7515 90.4 62.7 58.7

139 1,500 410 1/0.9/115 85.1 . 668 56.9

140 1,500 420 1/0.9/15 0.4 63.6 575°

EXAMPLE 141

ite oxide having-an ampirical formula Mo1Vg 3Teg 23Nbg. 12 prepared as described in Exa.n'ple
33, xsgpflmzc;‘:n:: 0.3gof ceriut?m o:ddren‘(:CeOﬂ was added and mixed thereto. Thi§ mi‘xture was rr.xolded mo.a
tablet of 5 mm in diameter and 3 mm in length by a tabletting machine, followed by puiverization and sieving to obtain
a powder of from 16 to 28 mesh. The powder was calcined in a nitrogen stream at §00°C for two h.ours. )
0.5 m¢ of the solid catalyst thus cbtained was charged into a reactor, and a gas phase ca.talwc reacuoq was con-
ducted at a reaction temperature of 420°C and at 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 resulits are shown in Table 13.

EXAMPLE 142

0.5 mZ of the solid catalyst preparad as described in Example 141 was charged ipto a reactor, and a gas phase
catalytic reaction was conducted at a reaction temperature of 430°C and ata space velotfxty SV of 1,500 hr™1 by supplying
a feed gas in a molar ratio of propane:ammonia:air = 1:1.2:1 5. The resuits ara shown in Table 13.

EXAMPLE 143

i in i t of cerium oxide in
A solid catalyst was prepared in the same manner as in Example 141 except that the amoun
Example 141 was changed to 0.6 g. 0.5 m{ of the solid catalyst thus prepared was charged mtp a reactor, ang a gas
phasa catalytic reaction was conducted ata reaction temperature of 430°C and at a space velou'ty SV of 1,000 hr™t by
supplying a feed gas in a molar ratio of propane:ammonia:air = 1:1.2:15. The results are shown in Table 13.
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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 under the same
conditions as in Examples 141 to 143, The results are shown in Table 13.

Table 13 -
Example Nos. | Spaca velocity (hr™1) | Reaction temp. (*C) | Conversionof | Selectivity for | Yield of acry’
propane (%) | acrylonitrile (%) | lonitrile (%)
141 1,000 420 83.2 534 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 - 88.9 612 544
145 1,000 420 94.2 56.7 534
126 1,500 430 " a2 572 5.8
147 1,000 430 91.3 53.8 49.2
EXAMPLE 148

30 g of the complex oxide having an empirical formula MoV 3Teg 23Nbyg, 12 prepared as described in Example 33,
was pulverized, and 0.225 g of tetravalent antimony oxide {(SbzO4) and 0.6 g of bismuth oxide (BizOa) were added and
mixed thereto. This mixture was molded into a tablet of § 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 caicined in a nitrogen
stream at 550°C for iwg heurs.

0.5 m¢ of the solid catalyst thus cbtained, 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 molar ratie of
propang:ammonia:air = 1:1.2:15. The results are shown in Table 14.

EXAMPLE 149

30 g of the complex oxide having an empirical formula MoV 3Teq 23Nbg 12 prepared as described in Example 33
was pulverized, and 0.1125 g of tetravalent antimony oxide (Sb,04) and 0.3 g of bismuth oxide (Bi2O3) were added and
mixed thereto. This mixture was molded into a tablat of 5 mm in diameter and 3 mm in length by a tablefting machins,
followed by puiverization 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 salid catalyst thus obtained was charged into a reactor, and a gas phasa 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 results are shown in Table 14.

EXAMPLE 150

0.5 m¢z 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 spaca 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 Tabla 14.
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gas as described in Example 33 was added and mixed. This mixture was molded into a tablet of § 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 pewder was calcined in a nitrogen stream at 550°C for two hours. 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 temperatura 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.

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 ata space velocity SV of 1,500 hr™1 by supplying
a feed gas in a molar ratio of pr_opane:ammonia:air = 1:1.2:15. The results are shown in Table 14,

Table 14
Example Nos. { Space velocity (hr™1) | Reaction temp. (°C) | Convarsionof | Selectivity for | Yield of acry-
. propane (%) | acrylonitrile (%) | lonitrile (%)
150 1,000 410 $0.1 64.0 5§76
151 1,000 400 94.5 §9.0 §5.8
152 1,500 410 0.5 63.7 57.7
153 1,000 410 S4.8 61.1 579
154 1,500 410 89.0 64.7 §7.6
EXAMPL= 155

30 g cf the composite oxide having an 2mrgirical formula Mo1Vg 37@q.23NBg 120, precared as described in Example
33, was pulverized, and 0.225 g of tetravalent antimony oxide (Sh204) 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 mash. The powder was calcined in a nitrogen stream at S50°C for two hours.
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 temperatura of 420°C and at a space velocity SV of 1,000 hr™t by supplying a feed gas in a molar ratio of
isobutane:ammonia:air = 1:1.2:15. _

The conversion of iscbutane was 61.4%, the selectivity for methacrylonitrile was 33.0, and the yield of methacrylo-
nitrile 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
antimeny oxide was not added, a gas phase catalytic oxidation reaction of iscbutane was conducted under the same
conditions as in Example 155.

The conversion of iscbutane was 84.1%, the selectivity for methacrylonitrile was 29.7%, and the yield of methacry-
lonitrile was 18.1%. '

EXAMPLE 157

A material having silica incorporated in an amount of 10% by weight, based on the total amount, in a complex oxide
having an empirical formula Mo4Vp 3Teq 23NDg.120,. Was prepared as follows.

In 117 mZ 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 therato to obtain a uniform aqueous solution. Furthermore,
3.59 g of ammonium niobium oxalate dissolved in 17.9 mZ of water and 10.24 g of silica sl (silica content: 20% by
weight) were added thereto to obtain a slurry. This slurry was evaporated to dryness at 150°C to cbtain a dried product.
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This dried product was molded into a tablet of S mm in diameter and 3 mm in length by a tablstting machine, followed
by pulverization and sieving to cbtain a powder of from 16 to 28 mesh, The powder was calcined in a nitrogen stream
at a temperatura of 600°C for 4 hours. .

The powder X-ray diffraction of the complex oxide thus obtamed was measured, whereby main diffraction peaks
were cbserved at diffraction angles of 28 (*) of 22.1 {100), 28.2 (41.7), 36.2 (10.0), 45.2 (13.1) and S0.1 (7.1) (the
numerical values in the brackets indicate thae relative peak intensities based on peak at 22.1° being 100),

0.5 m¢ of the matarial thus obtained was charged into a reactor, and a gas phasa 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. 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 phasa catalytic oxidation reaction of iscbutane was conducted in the same manner as in Example 157 except
that the complex oxide of Example 3 was used.

The conversion of isobutane was 52.1%, the selectivity for methacrylonitrile was 31 .0%, and the yieki of methacry-
lonitrile was 16.2%.

COMPARATIVE EXAMPLE 7

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

The cenversion of :sobuiane was 11.0%, the selectivity for methacrylonitrile was 42.7%, and the yield of methacry-
lonitrile was 4.7%.

Accerding to tha procass of the present invention, it is posssible to produce a desired nitrile from an alkaneata "~ -
refatively lcw temperature of from 400 to 450°C in good yield without necesssty of the presence of a halide or water in
the reacton system. by using a novel co:mlex oxide catalyst.

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

@ the catalyst has the argirical formula: MoV, Te X0, wherein: .
K is at least cne of Nb, Ta, W, Ti, Al, Zr, Cr, Mn, Fe, Ru, Co, Rh Ni, Pd, P4, Sb, Bi, Band Ce;
bis frem 0.01 t0 1.0;
cis from 0.0110 1.0;
xis 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 fellowing angles at 28 in its X-ray diffraction pattern:
Diffraction angles at 28 (%) ‘
22.1%0.3
28.2+0.3
36.2+0.3
45.2+0.3
§0.0+0.3.

2, A catalyst according to claim 1 wherein:
bis from 0.1 t0 0.6;
¢is from 0.05t0 0.4; and
x is from 0.01 10 0.6.

3. Acatalyst according to claim 1 or 2 wherein Xis Nb.
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This dried product was molded into a tablet of S mm in diameter and 3 mm in length by a tabletting machine, followed
by pulverization and sieving to cbtain 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 20 (°) 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 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 motar
ratio of propane:ammonia:air = 1:1.2:15. 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 iscbutane was conducted in the same manner as in Example 157 except
that the complex oxide of Example 3 was used.

The conversion of isobutane was 52.1%, the selectivity for methacrylonitrile was 31.0%, and the yiekd of methacry-
lonitrile was 16.2%.

COMPARATIVE EXAMPLE 7

A gas phase catalytic oxidation reaction of iscbutane was conducted in the same manner as in Example 157 axcept
that the complex axide of Comparative Example 2 was used.

The conversion of isobutane was 11.0%, the selectivity for methacrylonitrile was 42.7%, and the yield of methacry-
lonitrile was 4.7%.

Accerding to the process of the present invention, it is posssible to produca a desired nitrile from an alkane ata
relatively low temperature of from 400 to 450°C in good yield without necessity of the presence of a halide or water in
the reaction system, by using a novel complex oxide catalyst.

Claims
1. A catalyst which is sitatle for the production of a nitrile from an alkane, wherain:

@ the catalyst has the empirical formula: MoV, TecX;On, wherein:
«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;
bis from 0.01 to 1.0;
cis from 0.01 t0 1.0;
xis from 0.01 to 1.0; and
n is a number such that the total valency of the metal elements is satisfied; and
@ tha catalyst has X-ray diffraction peaks at the following angles at 20 in its X-ray diffraction pattern:
Diffracti | 28 ()
22,103
28.2+0.3
36.2+0.3
45.240.3
50.0£0.3.

2. A catalyst according to claim 1 wherein:
bis from 0.1 t0 0.6;
cis from 0.05 to 0.4; and
xis from 0.01 t0 0.6.

3. A catalyst according to claim 1 or 2 wherein X is Nb.

* [ L M S *
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4. A catalyst according to any one of the precading claims wherein the X-ray diffraction peaks have the bllmﬁnc
charactaristics: .

Diffraction angles of 26 (*) | Relative intensity
22,1203 100
28,2403 20tc 150
36.2+0.3 51t0 60
45.240.3 21040
50.0:0.3 21040

5. Aprocess forproducing acatalystas defined in any one of the preceding claims which comprises drying an aqueous
solution containing compounds of molybdenun, vanadium, tellurium, and at least one of nicbium, tantalum, tung-
sten, titanium, aluminium, zirconium, chromium, manganese, iron, ruthenium, cobalt, rhodium, nickel, palladium,
platinum, antimony, bismuth, boron and cerium, and calcining the dried product in the absenca of axygen.

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

7. Aprocess for producing a catalystas defined in any one of claims 1 to 4 which comprises drying an aqueous solution
containing compounds of molybdenum, vanadium, teliurium and at least one of nicbium, tantalum, tungsten, fita-
nium, aluminium, zirconium, chromium, manganesa, 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 axide an axide containing at least one of antimony, bismuth, cerium and boran, and
calcining the mixtura.

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 atleast ane of nicbium, tantalum, tungsten,

amiurm, aluminiem, Zircenium, chrermium, manganesa, iron, ruthenium, cobait, rhodium, nickel, palladium, platinum,

antimony, bismuth, boron and cerium, calcining the dried product in the absenca of axygen to cbtain a cgn'plex
oxide, adding to the complex oxide an arganic compound containing at least one of antimony, bismuth, carium and
teren, arc caicining the mixtura.

9. Aprocess forproducing a nitrile, which comprises subjecting an alkane and ammonia in the gaseous state to catalytic
oxidation in the prasence of a catalyst as defined in any one of claims 110 4.

10. A process according to claim 8 wherein the catalyst has been prepared by a process as defined in any one of claims
Stos. .

11. A process according to claim 9 ar 10 wherein the alkane has from 1 o 4 carbon atoms.
12. A process according to claim 11 wherain the allane is propane.

13, A process according to any one of daims 9 to 12 wherein the ammonia is reacted in an amount of rom 0.2t0 5§
mols per moi of the allane. -

14, A procass according o any one of claims 9 to 13 wherein the reaction is conducted under a molecular oxygen gas
stream. '

15. A procass according to any one of claims 8 to 14 wherein the reaction is conducted at a temperature of from 340
to 480°C. .

R DL
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ABSTRACT
CATALYST AND PROCESS FOR _ERODUCIEG NITRILES

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

(@ 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;

% is from 0.01 to 1.0; and

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

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

Diffraction

angles at 26 (°)

22.1%0.3

28.2%0.3

36.2*0.3

45.2%0.3

50.0%0.3.

FIGURE 1.
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