
EP 0427508 B1 Description This invention relates to a method for the
production of acrylic acid. More particularly, it relates to a method for
producing acrylic acid in a high yield with high productional efficiency
and lasting stability by 5  the vapor-phase catalytic oxidation of
acrolein. Description of the Prior Art: Heretofore, numerous patents have
issued to inventions relating to catalysts for the production of acrylic
acid from acrolein. In the catalysts covered by these inventions, the
molybdenum-vanadium containing catalysts are predominant. As examples of
the patents covering these molybdenum-vanadium containing catalysts,
JP-B-44-26,287(1969), JP-B-47-8,360(1972), JP-B-53-43,917(1978),
JP-B-57-54,172(1982), JP-B- 1O  48-16,493(1973), JP-A-50-97,592(1975),
JP-A-51-70,718(1976), and JP-A-51-70,719(1976) may be cited. Among these
catalysts are included those whose yields of acrylic acid have reached
considerably high levels from the industrial point of view. These catalysts
of high yields have found actual utility in processes for the production of
acrylic acid by direct oxidation of propylene. From the standpoint of the
question as to whether or not these catalysts are capable of maintaining
such yields of acrylic acid stably for a long time, 15  however, none of
the conventional molybdenum-vanadium containing catalysts are fully
satisfactory. Concerning the service life of catalyst, there are published
patents which cover catalysts confirmed to retain their performance stably
for periods on the order of 4,000 hours. None of the conventional catalysts
are fully satisfactory in terms of stability of catalyst performance after
actual use in a commercial production over several years. The catalysts
disclosed in the patents cited above are invariably short of being fully 20
satisfactory in terms of yield and catalyst life. One of the probable
reasons for their deficiency in performance is that, in the commercial
application of these catalysts, the catalysts tend to undergo reduction
because the reaction is carried out for a long time in the neighborhood of
the theoretical oxygen demand for the sake of the oxidation of acrolein.
For the prevention of this decline of the catalytic activity, such measures
as increasing the ratio of 25  oxygen to acrolein and augmenting the amount
of coexisting steam have been adopted to date. The measure resorting to the
increase of the ratio of oxygen, however, is not desirable because the
increase is subject to the imposition of an upper limit from the standpoint
of avoiding a range of inflammability and the addition of oxygen and that
of air inevitably entail complication and enlargement of the apparatus for
production. Further, the increase of the oxygen content tends to induce an
excessive reaction and results in 30  lowering the selectivity of the
conversion of acrolein to acrylic acid. In the case of the measure
resorting to the increase of the amount of coexisting steam, although it is
effective for the conventional catalytic system, the consumption of energy
is large during the step for separation of acrylic acid and the cost
incurred in the replenishment of steam with purified water cannot be
ignored. Naturally, it is preferable to use a method or a catalyst which is
capable of producing acrylic acid in a high yield with lasting stability
while enabling the 35  ratio of oxygen to acrolein to approximate the
theoretical oxygen demand and allowing the amount of coexisting steam to be
decreased to the fullest possible extent. DE-A-2449991 discloses a catalyst
and a method for producing an unsaturated carboxylic acid by the catalytic
vapour phase oxidation of unsaturated aldehyde. The catalyst disclosed
includes molybdenum, vanadium, titanium and, as an optional component,
iron, copper, cobalt, chromium or manganese. The 40  catalyst may be
prepared from a solution of soluble salts, complexes or compounds of
molybdenum, 



vanadium, titanium and the other components. DE-A-2413206 discloses a
method for the production of acrylic acid by a catalytic vapour phase
oxidation of acrolein in which the catalyst comprises molybdenum, vanadium,
tungsten, copper and a further component in the form of an alkaline earth.
The addition of the alkaline earth component provides 45  acrylic acid of a
quality such that impurities which might cause polymerisation are absent.
An object of this invention, therefore, is to provide a method for
producing acrylic acid in a high yield by the vapor-phase catalytic
oxidation of acrolein. Another object of this invention is to provide a
method for producing acrylic acid in a high yield with lasting stability by
the vapor-phase catalytic oxidation of acrolein. 50     Still another
object of this invention is to provide a catalyst to be used in the
production of acrylic acid by the vapor-phase catalytic oxidation of
acrolein, specifically an oxidation catalyst which enables acrylic acid to
be produced in a high yield with lasting stability. According to one aspect
of the invention, there is provided a method for the production of acrylic
acid by the vapour-phase oxidation of acrolein with a molecular
oxygen-containing gas in the presence of a 55 catalyst formed of an oxide
or composite oxide of a metal element composition incorporating molybdenum,
vanadium and copper, characterised in that: the catalyst is formed of an
oxide or a composite oxide of a metal element composition represented by
the following formula 1: 2    EP 0 427 508 B1 [err] wherein Mo is
molybdenum. V is vanadium, W is tungsten, Cu is copper, X is at least one
element selected from the group consisting of zirconium, titanium, and
cerium, Y is at least one element selected from the 5  group consisting of
magnesium, calcium, strontium, and barium, and the subscripts a, b, c, d,
e, and f are such that b=1 to 14, [err] and f=0 to 3 whereas a is fixed at
12, 2.0<Cu +X [err]10.0, and 0.25 [err]Cu/X [err]6.0; the reaction is
carried out at a temperature in the range of 180 [err] C to 350[err] C at a
spacial velocity in the range of 500 to 20,000hr -1; and the catalyst is
prepared by using porous anatase titanium dioxide having an average
particle diameter in the range of 0.4 to 0.7 [err] and a BET specific 10
surface area in the range of 10 to 60 m2/g, zirconium oxide having an
average particle diameter in the range of 0.01 to 1.0 [err] and BET
specific surface area in the range of 5 to 150 [err]/g, and cerium oxide
having an average particle diameter in the range of 0.1 to 2.0 [err] and
BET specific surface area in the range of 50 to 200 [err]/g, respectively,
as the raw materials for titanium, zirconium and cerium. The invention also
extends to a catalyst for the production of acrylic acid by the
vapour-phase oxidation 15 of acrolein with a molecular oxygen-containing
gas which comprises an oxide or a composite oxide of a metal element
composition incorporating molybdenum, vanadium and copper, characterised in
that it comprises: an oxide or a composite oxide of a metal element
composition represented by the following formula 1: 20  [err] 



wherein Mo is molybdenum, V is vanadium, W is tungsten, Cu is copper, X is
at least one element selected from the group consisting of zirconium,
titanium and cerium, Y is at least one element selected from the group
consisting of magnesium, calcium, strontium, and barium, and the subscripts
a, b, c, d, e, and f are 25  such that b=1 to 14, O<c [err], O<e S10, and
f=0 to 3 where a is fixed a 12, 2.0<Cu+X [err]10.0 and 0.25 [err] the
catalyst being prepared by using porous anatase titanium dioxide having an
average particle diameter in the range of 0.4 to 0.7 [err] and BET specific
surface area in the range of 10 to 60 [err]/g, zirconium oxide having an
average particles diameter in the range of 0.01 to 1.0 [err] and BET
specific surface area in the range of 5 to 150 [err]/g and cerium oxide
having an average particle diameter in the 30 range of 50 to 200 m2/g,
respectively, as the raw materials for titanium, zirconium and cerium. In
the present invention, owing to the use of a catalyst formed of an oxide or
a composite oxide of a specific metal element composition, acrylic acid can
be produced in a high yield with lasting stability. To be specific, the
catalyst to be used in the present invention allows acrylic acid to be
produced in a high yield from acrolein and this catalyst can be used for a
long time without any discernible decline of activity. 35     Now, the
present invention will be described in detail below. The catalyst which is
used in the present invention is an oxide or a composite oxide of a metal
element composition represented by the aforementioned formula 1. In the
formula, a catalyst for oxidation of acrolein useful in industry is a
composite oxide containing molybdenum and vanadium as main components as
disclosed in the present invention. Thus, the molybdenum component (oxide)
is apt to sublimate by action 40 of steam, especially when steam exists in
the reaction system and is apt to scatter from the catalytic substance, and
as a result, activity of the catalyst decreases and selectivity to acrylic
acid decreases. However, the existence of steam in the reaction system is
effective in respect of the catalytic life. Further, if the amount of
oxygen in the reaction system is low, it is apt to be reduced and the
reduction reaction proceeds along with proceedings of the oxidation of
acrolein and deterioration of the catalyst becomes 45 remarkable. We have
studied in order to overcome such defect to find that the scattering of the
molybdenum component and excess of reduction can be depressed and makes
possible to produce acrylic acid for a long time by combination of copper
component with zirconium and/or titanium and/or cerium and have completed
the present invention. As mentioned above, the combination of copper with
the X component is 50 necessary, but it is not always previously combine
the copper component with the X component, if the X component is an oxide
having the above defined properties, it is especially effective to attain
the above- mentioned object. If the X component is a compound of a form
except the oxide, bond occurs between the X component and molybdenum or
vanadium component, and oxidation action of molybdenum and vanadium which
is a main component of the catalyst of the present invention is decreased,
and as a result it 55 is inconvenient because it is a reason for decrease
of activity and selectively. For the X component, weak bond with active
seed which is composed by molybdenum and vanadium is important. Further, if
there is no X component, only the copper component cannot exhibit the
sufficient effect and only the X component (although it contains tungsten)
cannot attain the long life of the catalyst. Furthermore, if the X
component is 3   



EP 0 427 508 B1 used as a compound except the oxide, it has found that the
properties varies remarkably by slight difference of the method for the
production, for example, by slight difference of calcination difference, so
the catalyst cannot produced with good reproductivity. Then about the
relation of total of copper and the X component (X excluding oxygen), if Cu
+ X exceed 5  10.0, dilution effect appears and activity of the catalyst
decreases, so it is not preferable. On the other hand, if it is less than
2.0, scattering of molybdenum and excess reduction proceed, so it is not
preferable in respect of the attainment of long life which is one of the
object of the present invention. About the definition of the ratio of the
copper and X components, if the copper is too large out of the range of
[err] and the X component is too small, scattering of molybdenum and excess
reduction cannot be surpressed. On 10  the contrary, if the amount of the
copper is too small and that of the X component is too large, the natural
properties of the X component itself appears along with the effect of the X
component, and selectivity to acrylic acid remarkably decreases. Therefore,
good balance between the copper and X components, and scattering of the
molybdenum component and excess reduction can be surpressed by the
definition of such range, and reoxidation activity of the catalyst is
exhibited and the activity and selectivity can be maintained 15  even if
low steam and low oxygen atmosphere in Industrial scale for a long time.
Further, addition of an alkaline earth element Y contributes of quality of
acrylic acid. It has an effect for surpress the generation of a slight
amount of the by-products. In the aforementioned formula, the subscripts a,
b, c, d, e, and f are such that b, c, d, e, and f are in the following
ranges, b = 1 to 14, preferably b = 2 to 6, 0<c[err]12, preferably c = 0.3
to 6, 0<d[err]6, preferably d 20  = 1 to 6, 0<e[err] 10, preferably e = 0.5
to 8, and f = 0 to 3, preferably f = 0 to 2, where a = 12. Further, total
of Cu and X component is 2.0<Cu+[err]10.0, preferably [err] and atomic
ratio of Cu to X component is[err] preferably[err]. This invention does not
discriminate the catalyst for use therein on account of the procedure to be
employed for the preparation of the catalyst. The catalyst can be prepared
by any of the known methods on 25 the sole condition except that the
produced catalyst possesses a metal element composition represented by the
aforementioned formula I and an oxide having a specific physical properties
is used as the X component. The materials capable of forming the components
of the catalyst, namely the precursors of these components, may be formed
by any of the conventional method. For example, they may be converted into
30  a slurry, dried, and then formed by the extrusion molding method or the
compression molding method. Otherwise, the components of the catalyst may
be deposited on an inactive porous carrier. Substances which are inactive
and porous or capable of being pelletized into porous particles are
invariably usable as the porous carrier. Typical examples of such
substances are a-alumina, silicon carbide, pumice, silica, zirconium oxide,
and titanium dioxide. Particularly, a carrier which possesses a surface
area not exceeding 35  2 [err]/g, preferably falling in the range of 0.01
to 1.5 [err]/g and a porosity In the range of 10 to 65%, preferably 30 to
60%, and contains pores such that those having diameters of 1 to 1500
[err], preferably 5 to 500 [err] account for a proportion exceeding 80%,
preferably falling in the range of 90 to 100%, of the whole pores is
advantageously used. The catalyst and the carrier therefor may be in the
shape of spheres, 



cylinders, or hollow tubes. 40    Now, one example of the procedure for the
preparation of the catalyst to be used in this invention will be described
below. First, ammonium molybdate, ammonium metavanadate,and optionally the
nitrate of an alkaline earth metal (the element represented by Y in the
aforementioned formula) are dissolved and mixed in water. The resultant
mixed aqueous solution, aqueous solutions of ammonium paratungstate and
copper nitrate added 45 thereto and at least one oxide selected from the
group consisting of zirconium oxide, titanium dioxide, and cerium oxide and
added thereto are evaporated by heating to dryness. The dried mixture
consequently obtained is pulverized. The produced powder is molded with an
extrusion molding device in the shape of spheres having an average particle
diameter in the range of 2 to 15 mm, preferably 3 to 10 mm, pellets,
cylinders, rings, or honeycombs and calcined at a temperature in the range
of 300 [err] to 600 C, preferably 50  350  to 500 C, to produce a catalyst
aimed at. The additional use of an inactive porous carrier for the catalyst
is accomplished by adding this carrier to the mixed aqueous solution
subsequent to the addition of zirconium oxide, titanium dioxide, or cerium
oxide, evaporating the resulting mixture to dryness in a ceramic evaporator
thereby effecting deposition of the catalyst components on the carrier, and
thereafter firing the dry mixture at a temperature in the range of 55  300
[err] to 600 [err]C, preferably 350 [err] to 500 [err] C. The metallic
comound to be used in the procedure for the preparation of the catalyst
described above is not necessarily limited to an ammonium salt or a
nitrate. For example, molybdic acid, molybdenum trioxide, etc. are usable
as a molybdenum compound and vanadium pentoxide, vanadyl oxalate, vanadyl 4
EP 0 427 508 B1 sulfate, etc. are usable as a vanadium compound. Tungsten
trioxide, tungstic acid, etc. are usable as a tungsten compound and organic
acid salts, acetates, carbonates, chlorides, etc. of copper are usable as a
copper compound. Further, alkaline earth metal compounds, carbonates,
chlorides, sulfates, etc. are usable. As titanium dioxide, it is necessary
to use anatase type titanium dioxide which possesses an average 5  particle
diameter in the range of 0.4 to 0.7 [err], preferably 0.45 to 0.6 [err] and
a BET (Brunauer-Emmett- Teller) specific surface area in the range of 10 to
60 m2/g, preferably 15 to 40 [err]/g. The anatase titanium dioxide
answering this description can be obtained by firing titanium dioxide at a
temperature in the range of 600 [err] to 900  C, preferably 650 [err] to
850 C, for a period in the range of 2 to 12 hours, preferably 3 to 10
hours. 10     As zirconium oxide, it is necessary to use zirconium oxide
which possesses an average particle diameter in the range of 0.01 to 1.0
[err], preferably 0.015 to 0.9 [err] and a BET specific surface area in the
range of 5 to 150 [err]/g, preferably 8 to 69 m2/g. The zirconium oxide
answering this description is obtained by calcining such a zirconium
compound as zirconyl nitrate, zirconyl carbonate, zirconyl sulfate, or
zirconyl chloride at a temperature in the range of 600[err]to 900[err]C,
preferably 650 [err] to 850 C, for a period in the 185  range of 2 to 12
hours, preferably 3 to 10 hours. 



As cerium oxide, it is necessary to use cerium oxide which possesses an
average particle diameter in the range of 0.1 to 2.0 [err] preferably 0.1
to 1.9 [err] and a BET specific surface area in the range of 50 to 200
m2/g, preferably 60 to 180 [err]/g. The cerium oxide of this description is
obtained by firing such a cerium compound as cerium carbonate, cerium
nitrate, cerium sulfate, or cerium chloride at a temperature 20  in the
range of 300 [err] to 600 C[err] preferably 320[err] to 580 [err] C, for a
period in the range of 1 to 12 hours, preferably 2 to 10 hours. The method
to be employed for the production of acrylic acid by the gaseous-phase
catalytic oxidation of acrolein as contemplated by this invention is not
particularly limited. This production can be attained by any of the known
methods. For example, the production is effected by subjecting a mixed gas
comprising 1 25 to 15% by volume, preferably 4 to 12 by volume, of
acrolein, 0.5 to 25% by volume, preferably 2 to 20 by volume, of oxygen, 0
to 30% by volume, preferably 3 to 25 by volume, of steam, and 20 to 80% by
volume, preferably 50 to 70 by volume, of an inert gas to a reaction at a
space velocity in the range of 500 to 20,000 hr[err] preferably 1,000 to
10,000 hr[err], in the presence of the catalyst described above at a
temperature in the range of 180[err] to 350[err]C, preferably 200[err] to
330[err]C, optionally under a vacuum and 30  generally under a pressure in
the range of from normal pressure to 10 atmospheres. As the feed gas, it is
naturally permissible to use a raw gas composed of acrolein and oxygen or
an inert gas, to use a formed gas containing acrolein resulting from direct
oxidation of propylene in an unmodified form, or to use this formed gas as
mixed with air, oxygen, and optionally further with steam. The byproducts
mingling in the formed gas, i.e. oxidation products such as acrylic acid,
acetaldehyde, and acetic acid, carbon oxides, and 35  unaltered propylene
and propane, have absolutely no adverse effect upon the catalyst to be used
in the present invention. The method of this invention can be carried out
in a fixed bed system or a fluidized bed system. Now, this invention will
be described more specifically below with reference to working examples.
The conversion, selectivity, and per pass yield have been found in
accordance with the following 40 formulas. Conversion (mol%) = (Number of
mols of acrolein consumed in reaction/number of mols of acrolein supplied)
x 100 Selectivity (mol%) = 45  (Number of mols of produced acrylic
acid/number of mols of acrolein consumed in reaction) x 100 Per pass yield
(%) (Number of mols of produced acrylic acid/number of mols acrolein
supplied) x 100 Referential Example 1 50 Porous anatase type titanium
dioxide possessing an average particle diameter of 0.5 [err] and a BET
specific surface area of 22 m2/g was obtained by calcining titanium
hydroxide at 800 [err] C under a current of air for 4 hours and subjecting
the calcined mass to a pulverizing treatment using a jet of air. 55
Referential Example 2 Zirconium oxide possessing an average particle
diameter of 0.2 [err] and a BET specific surface area of 25 m2/g was
obtained by calcining zirconyl nitrate at 750 * C in a current of air for 3
hours and subjecting 5 



EP 0 427 508 B1 the calcined mass to a pulverizing treatment using a jet of
air. Referential Example 3 5     Cerium oxide possessing an average
particle diameter of 1.5 [err] and a BET specific surface area of 120
[err]/g was obtained by calcining cerium carbonate in a current of air at
350 [err]C and subjecting the fired mass to a pulverizing treatment using a
jet of air. Example 1 10 In 3,000 ml of water kept heated and stirred,
1,014 g of ammonium paramolybdate and 224 g of ammonium metavanadate were
dissolved. Separately, in 6,000 ml of water kept heated and stirred, 231 g
of copper nitrate and 323 g of ammonium paratungstate were dissolved. The
two aqueous solutions were mixed and 118 g of the zirconium oxide obtained
in Referential Example 2 was added to the resultant 15 mixed aqueous
solution. The produced mixture was concentrated by heating, then evaporated
to drynesson a water bath, and further dried at 120 [err] C. The dried
solid mass consequently obtained was pulverized to about 100 mesh, molded
with an extrusion molding device in the shape of cylinders 5 mm in diameter
and 6 mm in length, and heat treated in a current of air at 400 [err] C for
6 hours, to prepare a catalyst. The metal element composition of this 20
catalyst except for oxygen was as follows. [err] A U-shaped tube of
stainless steel 25 mm in diameter was packed with 1,000 ml of the catalyst
25 obtained as described above and was immersed in a fused nitrate bath
heated to 200 * C. Into this U-shaped tube, a mixed gas resulting from the
vapor-phase catalytic oxidation of industrial-grade propylene in the
presence of a molybdenum-bismuth type catalyst and comprising 5.0% by
volume of acrolein, 1.2% by volume of unreacted propylene plus by-produced
organic compound, 4.0% by volume of oxygen, 16.0% by volume of steam, and
73.8% by volume of nitrogen-containing inert gas was fed for reaction at a
space 30 velocity (SV) of 3,000 hr[err]. This reaction was continued for
4,000 hours, 8,000 hours, and 16,000 hours. At the end of each of these
intervals, the catalyst was tested for performance. The results are shown
in Table 1. The temperature of the nitrate bath was varied with the
reaction time. Example 2 35 In 2,500 ml of water kept heated and stirred,
338 g of ammonium paramolybdate and 75 g of ammonium metavanadate were
dissolved. Separately, in 2,000 ml of water kept heated, 78 g of copper
nitrate, 108 g of ammonium paratungstate, and 6.8 g of strontium nitrate
were dissolved. The two aqueous solutions thus obtained were mixed and 76.5
g of the titanium dioxide obtained in Referential Example 1 40 was added to
the produced mixed aqueous solution. In a ceramic evaporator held on a
water bath, the mixed solution obtained as described above and 1,000 ml of
a granular carrier of a-alumina measuring 3 to 5 mm in diameter, possessing
a surface area of 



not more than 1 [err]/g and a porosity of 40-50% and, containing pores such
that those of not more than 500 [err] in diameter account for 90% of the
whole pores were stirred and evaporated to dryness to effect 45 deposition
of the catalyst components on a carrier. The produced mixture was heat
treated in a curent of air at 400 C for 6 hours, to prepare a catalyst. The
metallic element composition of this catalyst except for oxygen was as
follows. [err] 50 This catalyst was tested for performance by following the
procedure of Example 1. The results are shown in Table 1. The initial
temperature of the nitrate bath was 240 * C. Example 3 .55 A catalyst was
prepared by following the procedure of Example 2, except that 51 g of the
titanium dioxide obtained in Referential Example 1 and 54.9 g of the cerium
oxide obtained in Referential Example 3 were used in the place of 76.5 g of
titanium dioxide and 20.8 g of barium nitrate was used in the place of 6
EP 0 427 508 B1 6.8 g of strontium nitrate. This catalyst was tested for
performance in the same manner as in Example 1. The results are shown in
Table 1. Examples 4 and 5 5 Catalysts of metallic element compositions
shown in Table 1 were prepared and tested for performance by following the
procedure of Example 1. The results are shown in Table 1. Examples 6 and 7
10 Catalysts of metallic element compositions shown in Table 1 were
prepared and tested for performance by following the procedure of Example
1. The results are shown in Table 1. Examples 8 and 9 15 The catalyst of
Example 1 was tested for performance by following the procedure of Example
1, except that the space velocity was changed to 4,000 hr[err] and 5,000
hr[err]. The results are shown in Table 1. Control 1 20 A catalyst was
prepared by following the procedure of Example 1, except that the addition
of zirconium oxide was omitted. This catalyst was tested in the same manner
as in Example 1. The results are shown in Table 1. It is understood from
the results of Table 1 that the catalyst not containing the X component
suffers the 25 activity thereof to degrade conspicuously with the elapse of
the reaction time. 



Examples 10 to 13 Catalysts of metal element compositions indicated in
Table 1 were prepared by following the procedure 30 of Example 2, except
that commercially available silica-alumina carriers possessing specific
surface areas not exceeding 2 m2/g and a porosity in the range of 10 to 65%
and containing pores such that those of 1 to 1,500 [err] in diameter
account for not less than 80% of the whole pores were used instead. These
catalysts were tested for performance in the same manner as in Example 1.
The results are shown in Table 1. 35 Examples 14 to 16 Catalysts of
metallic element compositions indicated in Table 1 were obtained by causing
a mixed catalyst solution obtained in the same manner as in Example 2 to be
deposited on a carrier of silicon carbide particles 3 to 5 mm in diameter
and heat treating the resultant composite at 400[err] C for 6 hours. 4o
These catalysts were tested for performance in the same manner as in
Example 1. The results are shown in Table 1. Examples 17 to 20 45
Catalysts of metallic element compositions indicated in Table 1 were
prepared by following the procedure of Example 1, except that the dried
solid mass was compaction molded in the shape of rings 6 mm in outside
diameter, 3 mm in inside diameter, and 6 mm in length instead of being
extrusion molded. These catalysts were tested for performance in the same
manner as in Example 1. The results are shown in Table 1. 50 Examples 21 to
23 In Example 16, an amount of copper was changed to 3.0 and an amount of
cerium of x component was changed to 0.5 (Example 21), and in Example 22,
an amount of copper was changed to 1.0 to obtain a 55 catalyst having the
composition ratio excluding oxygen. These catalysts were tested for
performance in the same manner as in Example 1. The results are shown in
Table 1. 7    EP 0 427 508 B1 Controls 2 to 5 Catalysts of Controls 2-5
were obtained by preparing using the starting compounds in Example 1 so as
to be the same catalytic composition as the composition shown in Table 1.
These catalysts were tested for 5  performance in the same manner as in
Example 1. The results are shown in Table 1. Example 23 The catalyst of
Example 2 was tested for performance by following the procedure of Example
2, except 10  that a mixed gas composed of 8% by volume of acrolein, 4% by
volume of oxygen, and the balance to make up 100% by volume of nitrogen was
used as the feed gas for the reaction. The reaction, at the outset thereof,
showed an acrolein conversion of 99.0 mol% and an acrylic acid per pass
yield of 96.0 mol% at a fuxed nitrate bath temperature of 245 C. The
reaction, after 8,000 hours' continued operation, showed an acrolein
conversion of 98.5 mol% and an acrylic acid per pass yield of 95.5 mol% at
a reaction temperature 



15 of 250 C. From the results, it is confirmed that the catalyst of the
present invention is effectively usable even in a reaction which is
performed at a low oxygen concentration and a low steam concentration. 20
25 30 35 40 45 50 55    EP 0 427 508 B1    EP 0 427 508 B1    EP 0 427 508
B1 [err] [err] 40 oxygen-containing gas in the presence of a catalyst
formed of an oxide or composite oxide of a metal element composition
incorporating molybdenum, vanadium and copper, characterised in that: the
EP 0 427 08 B1    EP 0 427 508 B1 catalyst is formed of an oxide or a
composite oxide of a metal element composition represented by the following
formula 1: [err] 5 



wherein Mo is molybdenum, V is vanadium, W is tungsten, Cu is copper, X is
at least one element selected from the group consisting of zirconium,
titanium, and cerium, Y is at least one element selected from the group
consisting of magnesium, calcium, strontium, and barium, and the subscripts
a, b, c, d, e, and f are such that b = 1 to 14[err] and f = 0 to 3 whereas
a is fixed 10     at 12, 2.0<Cu +X [err]10.0, and 0.25 [err]Cu/X [err]6.0;
the reaction is carried out at a temperature in the range of 180 [err] C to
350 * C at a spacial velocity in the range of 500 to 20,000hr -1; and the
catalyst is prepared by using porous anatase titanium dioxide having an
average particle diameter in the range of 0.4 to 0.7 [err] and a BET
specific surface area in the range of 10 to 60 m2/g, zirconium oxide having
an average particle diameter in the range of 0.01 to 1.0 [err] and BET
specific surface area in the range of 5 to 150 15     [err]/g, and cerium
oxide having an average particle diameter in the range of 0.1 to 2.0 [err]
and BET specific surface area in the range of 50 to 200 [err]/g,
respectively, as the raw materials for titanium, zirconium and cerium. 2. A
method as claimed in Claim 1, characterised in that the subscripts a, b, c,
d, e, and f are such that b 20     is in the range of 2 to 6, c in the
range of 0.3 to 8, d in the range of 1 to 6, e in the range of 0.5 to 8,
and f in the range of 0.2 to 2.5 where a is fixed at 12, 3<Cu + X [err]9
and 0.3 [err]Cu/X [err]4. 3. A method as claimed in Claim 1 or Claim 2,
characterised in that the dioxide has an average particle diameter in the
range of 0.45 to 0.6 [err] and BET specific surface area in the range of 15
to 40 m2/g, 25     the zirconium oxide has an average particles diameter in
the range of 0.015 to 0.9 [err] and BET specific surface area in the range
of 8 to 69 [err]/g, and the cerium oxide has an average particle diameter
in the range of 0.15 to 1.9 [err] and BET specific surface are in the range
of 60 to 180 m2/g. 4. A catalyst for the production of acrylic acid by the
vapour-phase oxidation of acrolein with a molecular 30
oxygen-containing gas which comprises an oxide or a composite oxide of a
metal element composition incorporating molybdenum, vanadium and copper,
characterised in that it comprises: an oxide or a composite oxide of a
metal element composition represented by the following formula 1: [err] 35
wherein Mo is molybdenum, V is vanadium, W is tungsten, Cu is copper, X is
at least one element selected from the group consisting of zirconium,
titanium and cerium, Y is at least one element selected from the group
consisting of magnesium, calcium, strontium, and barium, and the subscripts
a, b, c, d, e, and f are such that b=1 to 14, O<c 512, O<e [err]10, and f=0
to 3 where a is fixed a 12, 40     2.0<Cu + X [err]10.0 and 0.25 [err]Cu/X
56.0; the catalyst being prepared by using porous anatase titanium dioxide
having an average particle diameter in the range of 0.4 to 0.7 [err] and
BET specific surface area in the range of 10 to 60 [err]/g, zirconium oxide
having an average particles diameter in the range of 0.01 to 1.0 [err] and
BET specific surface area in the range of 5 to 150 m2/g and cerium oxide
having an average particle diameter in the range of 50 to 200 [err]/g,
respectively, as the raw materials for titanium, 45     zirconium and
cerium. PatentansprUche 1. Verfahren zur Herstellung von Acrylsliure durch
Dampfphasenoxydation von Acrolein mit einem, 50     molekularen Sauerstoff
enthaltenden Gas in Gegenwart eines Katalysators aus einem Oxid oder einem
zusammengesetzten Oxid einer Metallelementzusammensetzung, die Molybdfn,
Vanadium und Kupfer 



enthAlt, dadurch gekennzeichnet, daB der Katalysator aus einem Oxid oder
elnem zusammengesetzten Oxid einer Metallelementzusammensetzung der
allgemeinen Formel l: 55     MOaVbW1cuAX1Y  (l) gebildet ist, worin Mo
MolybdAn, V Vanadium, W Wolfram, Cu Kupfer, X zumindest ein Element,
ausgewlhlt aus der Gruppe, die aus Zirkon, Titan und Cer besteht, Y
zumindest ein Element, 12                       l I!IIIIJ    IlIJ 11111 1
111 11    EP 0 427 508 B1 ausgewahlt aus der Gruppe, die aus Magnesium,
Calcium, Strontium und Barium besteht, bedeuten, und daB die Indices a, b,
c, d, e und f derart sind, daB b = 1 bis 14, O<c 512, O<d S6, O<e S10, und
f = 0 bis 3 ist, wshrend a auf 12 festgelegt ist, 2,0<Cu + X 1 0,0, und
0,25 5CulX S6,0 sind; die Umsetzung be! einer Temperatur im Bereich von
180- C bis 350 C be! einer Raumgeschwindigkeit im 5      Bereich von 500
bis 20 000 h-1 durchgefUhrt wird; und daB der Katalysator unter Verwendung
von porosem Anatas-Titandioxid mit einem durchschnittlichen
Teilchendurchmesser im Bereich von 0,4 bis 0,7 um und einer spezifischen
BET-Oberfl~che im Bereich von 10 bis 60 m2/g, Zirkonoxid mit elnem
durchschnittlichen Teilchendurchmesser im Bereich von 0,01 bis 1,0 jm und
einer spezifischen BET- Oberflache im Bereich von 5 bis 150 m21g bzw. von
Ceroxid mit einem durchschnittlichen Teilchen- 10     durchmesser im
Bereich von 0,1 bis 2,0 am und elner spezifischen BET-Oberflache im Bereich
von 50 bis 200 m2/g als Ausgangsmaterialien fUr Titan, Zirkon und Cer
hergestellt ist. 2. Verfahren gemaB Anspruch 1, dadurch gekennzeichnet, daB
die Indices a, b, c, d, e und f derart sind, daB b im Bereich von 2 bis 6,
c im Bereich von 0,3 bis 8, d im Bereich von 1 bis 6, e im Bereich von 16
0,5 bis 8 und f im Bereich von 0,2 bis 2,5 liegen, wahrend a auf 12
festgelegt ist, und daB 3<Cu + X S9 und 0,3 SCu/X S4 ist. 3  Verfahren
gemAB Anspruch 1 oder 2, dadurch gekennzeichnet, daB das Dioxid einen
durchschnittlichen Teilchendurchmesser im Berelch von 0,45 bis 0,6 um und
eine spezifische BET-Oberflache im Bereich 20     von 15 bis 40 m2/g, das
Zirkonoxid einen durchschnittlichen Teilchendurchmesser im Bereich von
0,015 bis 0,9 um und eine spezifische BET-Oberflache 6inen Bereich von 8
bis 69 m21g, und das Ceroxid einen durchschnittlichen Teilchendurchmesser
im Bereich von 0,15 bis 1,9 am und eine spezifische BET-Oberflkche im
Bereich von 60 bis 180 m2/g aufweisen. 25  4. Katalysator zur Herstellung
von Akrylssure durch Dampfphasenoxidation von Akryliin mit einem
molekularen Sauerstoff enthaltenden Gas, welcher ein Oxid oder ein
zusammengesetztes Oxid elner Metallelementzusammensetzung die MolybdAn,
Vanadium und Kupfer umfaBt, enthAlt, dadurch gekenn- zeichnet, daB es eine
Oxid oder ein zusammengesetztes Oxid einer Metallelementzusammensetzung der
aligemeinen Formel I 30 MOaVbWcCUdXBYf  (I) umfaSt, worin Mo Molybdan, V
Vanadium, W Wolfram, Cu Kupfer ist, X zumindest ein Element, ausgewAhlt aus
der Gruppe, die Zirkon, Titan und Cer besteht, Y zumindest ein Element,
ausgewhilt 



35     aus der Gruppe, die aus Magnesium, Calcium, Stronthium und Barium
besteht, bedeuten, und die Indices a, b, c, d, e und f derart sind, daB b=1
bis 14, O<c S12, O<e S10, und f=0 bis 3 sind, wahrend a auf 12 festgelegt
ist, 2,0 <Cu +X 510,0 und 0,25 SCu/X S6,0 sind; und dal der Katalysator
unter Verwendung von por6sen Anatas-Titandioxid mit elnem
durchschnittlichen Teilchendurchmesser im Bereich von 0,4 bis 0,7 um und
einer spezifischen BET-Oberfilche im Bereich von 10 bis 60 m2/g, 40
eines Zirkonoxids mit einem durchschnittlichen Teilchendurchmesser im
Bereich von 0,01 bis 1,0 um und einer spezifischen BET-Oberflache im
Bereich von 5 bis 150 m2/g bzw. von Ceroxid mit einem durchschnittlichen
Teilchendurchmesser im Bereich von 50 bis 200 m2/g als Ausgangsmaterialien
fUr Titan, Zirkon und Tear hergestellt wurde. 45 Revendlcations 1. Proced6
de production d'acide acrylique par l'oxydation en phase vapeur d'acroleine
avec un gaz contenant de l'oxygene mol6culaire, en pr6sence d'un catalyseur
form4 d'un oxyde ou d'un oxyde composite d'une composition d'6lments
m~talliques, incorporant du molybdene, du vanadium et du 50     cuivre,
caract6rise en ce que le catalyseur est forme d'un oxyde ou d'un oxyde
composite d'une composition d'6lments m~talliques representee par la
formule suivante: MOaVbWCCUdXOYf  (I) 5S    /o Mo est molybdbne, V est
vanadium, W est tungstone, Cu est cuivre, X est au moins un el6ment choisi
parmi le groupe consistant en zirconium, titane et cerium, Y est au moins
un 4lement choisi parmi le groupe consistant en magn~sium, calcium,
strontium et baryum et les indices a, b, c, d, e et f sont tels que b = 1 A
14, 0 < c S 12, 0 < d 5 6, 0 < e S 10 et f = 0 A 3, oD a est fixe A 12, 2,0
< Cu 13                        1 |l~  lul|l 11u IN    EP 0 427 608 B1 + X S
10,0 et 0,25 S Cu/X S 6,0; la rdaction est realiseo & une temperature
comprise dans l'intervalle de 1800C & 350-C, a une vitesse spatiale
comprise dans l'intervalle de 500 a 20 000 h-1, et le catalyseur est
pr6pare au mroyen de dioxyde de titane anastase poreux ayant un diametre
particulaire moyen compris dans l'intervalle de 0,4 a 0,7 um et une surface
specifique BET dans l'intervalle de 10 5      a 60 m2 par g, de dioxyde de
zirconium ayant un diambtre particulaire moyen compris dans l'intervalle de
0,01 a 1,0 um et une surface specifique BET dans l'intervalle de 5 & 150 m2
par g, d'oxyde de cerium ayant un diambtre particulaire moyen compris dans
l'intervalle de 0,1 A 2,0 um at une surface sp6cifique BET dans
I'intervalle de 50 A 200 m2 par g, respectivement, comme matibres brutes
pour le titane, le zirconium et le c6rium. 10 2  Proc6d4 suivant la
revendication 1, caracteris4 en ce quo les indices a, b, c, d, a et f sont
tels qua b so situe dans l'intervalle de 2 a 6, c dans l'intervalle de 0,3
A 8, d dans I'intervalle de 1 A 6, a dans l'intervalle de 0,5 & 8 et f dans
I'intervalle de 0,2 a 2,5, oO a est fix6 a 12, 3 < Cu + X S 9 et 0,3 S CulX
S 4. 15 



3. Proc~d4 suivant la revendication 1 ou 2, caracterise en co quo le
dioxyde a un diambtre particulaire moyen compris dans I'intervalle de 0,45
A 0,6 um et une surface specifique BET dans I'intervalle de 15 A 40 m2 par
g, l'oxydo de zirconium a un diambtre particulaire moyen compris dans
l'intervalle de 0,015 A 0,9 um et une surface specifique BET dans
I'intervalle de 8 a 69 m2 par g, et I'oxyde de 20     cerium a un diarnmtre
particulaire moyen compris dans I'intervalle de 0,15 a 1,9 um et une
surface sp~cifique BET dans I'intervalle de 60 a 180 m2 par g. 4.
Catalyseur pour la preparation d'acide acrylique par I'oxydation en phase
vapeur d'acrolIine avec un gaz contenant de l'oxygene moleculaire, qui
comprend un oxyde ou un oxyde composite d'une 25     composition d'6l1ments
metalliques, incorporant du molybdbne, du vanadium at du cuivre,
caract6ris4 en ce qu'il est forme d'un oxyde ou d'un oxyde composite d'une
composition d'61ments metalliques reprdsent~a par la formulo suivante (I):
MOVbW0CudX.yf (I) 30 oO Mo est molybdbne, V est vanadium, W est tungstbne,
Cu est cuivre, X est au moins un 4lement choisi parmi le groupe consistent
en zirconium, titane et cdriurn, Y est au moins un dlement choisi parmi le
groupe consistent on magn6sium, calcium, strontium et baryum et les indices
a, b, c, d, a et f sonttelsquab = 1 &14,0<cS12,0<eS10etf =
0A3,oaaestfixAA12,2,0<Cu + XS10,0 36     at 0,25 S CuIX S 6,0; le
catalyseur 4tant prepare au moyen de dioxyde de titane snastase poreux
ayant un diambtre particulaire moyen compris dans l'intervalle de 0,4 a 0,7
um et une surface specifique BET dans l'intervalle de 10 a 60 m2 par g,
d'oxyde de zirconium ayant un diambtre particulaire moyen compris dans
I'intervalle do 0,01 a 1,0 um et une surface specifique BET dans
I'intervalle de 5 A 150 m2 par g et d'oxyde de cerium ayant un diambtre
particulaire moyen compris dans l'intervalle de 0,1 A 40     2,0 um et une
surface specifique BET dans l'intervalle de 50 a 200 n2 par g,
respectivement, comme matibres brutes pour le titane, le zirconium et le
c6rium. 45 .50 55 14                           Hill IIII 11 I I    


