
[err] Description This invention relates to a catalyst for the production
of methacrylic acid. More specifically, this invention relates to an
oxidation catalyst suitable for producing methacrylic acid by vapor phase
catalytic 5  oxidation reaction or vapor phase catalytic oxidative
dehydrogenation reaction of methacrolein, isobutylal- dehyde and isobutyric
acid, or a mixture of these or oxidizing a methacrolein-containing gas
obtained by oxidizing a starting material such as isobutylene etc. For
production of methacrylic acid with good efficiency by vapor-phase
catalytic oxidation reaction of methacrolein, etc., various improved
catalysts have been proposed. These improvements mainly relate to 10  the
components constituting the catalyst and the selection of their
proportions. Some of them relates to the specifying of the properties of
the catalysts and the method of catalyst preparation. Some proposals have
been made on the properties of the catalysts, for example the specific
surface area, the pore volume pore diameters, etc. of the catalyst itself.
But the resulting catalysts are insufficient in performance, and none have
been found to be satisfactory. 15     For example, Japanese Laid-Open
Patent Publications Nos. 116022/1974 and 37710/75 describe respectively
that the preferred specific surface areas of the catalysts are 0.01 to 5
m2/g and 0.01 to 50 m2/g. However, the catalysts whose specific surface
area is defined within the above range might have a high reaction
temperature or a low selectivity of methacrylic acid, and are not
industrially satisfactory. In regard to the specific surface area and the
pore volume, Japanese Patent Publication No. 20 13876/1979 discloses a
method of molding a catalyst having a specific surface area of 4 to 20
[err] and a pore volume of 0.08 to 0.5 ml/g and containing as essential
components phosphorus, molybdenum and X where X is at least one metal
selected from thallium, metals of Groups IA and 11 by means of a tumblilng
granulator. But as far as the embodiment practice of this invention is
examined, the reaction temperature is high, and the catalyst is not
satisfactory as an industrial catalyst. 25     On the other hand, with
regard to the method of preparing the catalyst, supported catalysts were
proposed because particularly, a molded catalyst does not have a
sufficiently high strength, and has inferior wear resistance. For example,
Japanese Laid-Open Patent Publication Nos. 153889/1977, 50116/1978,
32734/1982, 37050/1981, 48143/1985 and 12758/1984, and DE-B-2626887,
EP-A-0265733, EP-A-0051348 and GB-A-2046252 disclose these supported
catalysts. These patent documents disclose a method of 30   supporting the
catalytically active substances, which comprises pre-calcining precursors,
pulverizing the precursors, and then depositing the pulverized product.
Elsewhere, these patent documents only disclose a method of specifying the
properties of a carrier or a method of preparing chemicals. The reaction of
producing methacrylic acid by vapor-phase catalytic oxidation reaction or
vapor-phase catalytic oxidative dehydrogenation reaction of methacrolein,
isobutylaldehyde, isobutylic acid or a mixture 35 of two or more of them is
an exothermic reaction where the amount of heat generated is extremely
large, and heat accumulation in the catalytically active substance layer is
large. In particular, in localized abnormally high temperature portions
called "hot spots", not only the yield decreased owing to the excessive
oxidation reaction, but also the life of the catalyst becomes short owing
to the degradation of the catalyst caused by the heat loading. Accordingly,
it is desirable to decrease heat accumulation in the 



40  catalytically active substance layer and inhibit the consecutive
reaction of the resulting methacrylic acid in order to produce methacrylic
acid at a high yield and a high selectivity. To achieve this, it is
necessary to reduce the thickness of the catalytically active substance
layer. However, by the conventional depositing method or the immersion
depositing method previously used for the preparation of a catalysts for
production of methacrylic acid, it is difficult to form the catalytically
active substance layer in the inert 45 carrier or even when it is formed
there, it peels off easily. As a catalyst for production of methacrylic
acid, its catalyst strength etc. become a problem in its industrial
practice, and It is desirable to form a catalyst having excellent wear
resistance and peeling resistance. However, by the conventional
impregnation deposition method or the immersion deposition method, it is
difficult to form a firm catalytically active substance layer, and an
industrially satisfactory so catalysts for the production of methacrylic
acid cannot be obtained. On the other hand, when a process (to be referred
to as a "continuous process" comprising a reaction in which at least one
starting material selected from isobutylene, tert-butanol and methyl
tert-butyl ether is oxidized catalytically in the vapor phase to form
methacrolein (pre-stage reaction) and a reaction of oxidizing this
methacrolein-containing mixed gas directly oxidized to form methacrylic
acid (latter-stage 55 reaction) is employed, it is known that the unreacted
material or high-boiling by-products (these may be generically called
"impurities") in the gas from the pre-stage reaction (to be referred to as
the "outlet gas of the pre-stage reaction") suppress the activity of the
catalyst for the production of methacrylic acid used in the latter-stage
reaction. 2    [err] Accordingly, a catalyst for the commercial production
of methacrylic acid especially preferably should show excellent catalyst
performances with high activity and high selectivity, and especially
desirably, should not be vulnerable to inhibition of activity by the
impurities in the outlet gas in the pre-stage reaction in the above
continuous process. 5      One object of this invention is to provide a
catalyst for the production of methacrylic acid in a high yield and a high
selectivity. Another object of this invention is to provide a catalyst for
the production of methacrylic acid which reduces heat accumulation in the
reaction of forming of methacrylic acid, inhibits the consecutive reaction
of the resulting methacrylic acid, and prevents the catalyst's degradation
by thermal loading. 10     Another objects of this invention is to provide
a catalyst for suitable for commercial production of methacrylic acid
having excellent wear resistance, peel resistance and mechanical strength.
Another object of this invention is to provide a catalyst for production of
methacrylic acid showing high activity, and high selectivity and excellent
catalytic performance, which even when used in the later stage reaction of
the continuous process, is little inhibited in activity by the impurities
in the outlet gas in the pre- is  stage reaction. 



The present inventors found that (1) a specified catalytically active
substance layer is supported onto an inert carrier, and this catalytically
active substance layer is maintained in a thin layer; (2) the deposition of
the specific catalytically active substance layer onto the inert carrier,
and to maintain the catalytically active substance in a thin layer can be
achieved by a novel baking deposition method instead of the impregnation 20
depositing method or the immersion deposition method used in the
conventional preparation of a catalyst for the production methacrylic acid;
and (3) according to this baking deposition method, a catalytically active
substance layer having a specific surface area, a pore volume and a pore
diameter within specific ranges is obtained and by using a catalyst having
these particular specific surface area, pore volume and pore diameter,
methacrylic acid can be produced in a high yield and a high selectivity.
This finding has led to 25  the completion of this invention. Thus,
according to this invention, there is provided a catalyst for the
production of methacrylic acid composed of an inert carrier and a
catalytically active substance layer deposited on the carrier, the
catalytically active substance layer being composed of oxides represented
by the following formula (I) [err] where Mo represents molybdenum, p
represents phosphorus, A represents at least one element selected from
arsenic, antimony, germanium, bismuth, zirconium, ceriumand selenium, B is
at least one element selected from copper, iron, chromium, nickel,
manganese, cobalt, tin, silver, zinc, palladium, 35  rhodium and tellurium,
C represents at least one element selected from vanadium, tungsten and
niobium, D represents at least one element selected from alkali
metals-alkaline earth metals and thallium, and O represents oxygen, a, b,
c, d, e, f and x respectively represent the atomic ratios of Mo, P, A, B,
C, D and 0, and when a=12, b=0.5 - 4, c=0 - 5, d=0 - 3, e = 0 - 4, and
f=0.01 - 4, and x is a numerical value determined by the oxidation states
of these elements. 40  The catalytically active substance layers being
formed by preheating the inert carrier to 100[err] to [err] mixing
compounds of the elemental components of the oxides of formula (1), as
required heating them to prepare a slurry or a solution spraying the slurry
or solution onto the inert carrier, and calcining the inert carrier having
deposited the slurry or solution thereon. The catalyst of this invention
for the production of methacrylic acid is composed of an inert carrier and
45  a catalytically active substance layer deposited on the inert carrier.
The inert carrier may be any known carriers which are(is) normally used
such as silicon carbide, silica, alpha-alumina, silica-alumina, titania,
and refractory materials. There is no particular restriction on the shape
of the inert carrier. It may be spherical, or in the shape of pellet or
ring-like. In particular, a spherical carrier with a diameter of about 3 to
10 mm, or a pellet-like carrier or a ring-like carrier having an outer
diameter of about 3 to 10 mm and a length about 50    0.3 to 1.7 times the
outer diameter are especially preferably used. The catalytically active
substance layer is composed of oxides represented by the formula (1). This
catalytically active substance layer may be formed by mixing compounds
containing Mo, P, A, B, C or D element components of the oxides of formula
(1) as the starting material of the catalyst, as required heating them to
prepare a slurry or a solution, spraying the slurry or solution on the
inert carrier, and thereafter 55    calcining the inert carrier (to be
referred to as the method of forming the catalytically active substance
layer; baking deposition method). 



There is no particular restriction on the compounds containing elemental
components as the starting compounds. They may be any oxides which contain
the respective elemental components, compounds 3    EP 0 415 347 B1 which
form oxides by calcination. Examples of compounds which form oxides by
calcining are hydroxides, metallic acids, nitrates, carbonates, ammonium
salts, acetate and formates. Specific examples of the molybdenum-containing
compounds include molybdenum trioxide, ammonium paramolybdate, molybdic
acid, phosphomolybdic acid, and phosphovanadomolybdic acid. Specific exam-
5  pies of the phosphorus-containing compound may include, for example,
ortho-phosphoric acid, metal- phosphosphoric acid, phosphorus acid,
monoammonium phosphate, and diammonium phosphate. Compounds containing two
or more of the above elemental components may be used. According to the
baking deposition method of this invention, compound containing the above
elemental components added to the medium, and further, as required, heated
to prepare a slurry or a solution. 10  Usually, water is used as the
medium, and organic solvents such as alcohols or acetone may also be used.
The above slurry or the solution may contain ammonium nitrate, cellulose,
starch, polyvinyl alcohol, and stearic acid, etc. in order to adjust the
specific surface area, the pore volume and the pore size distribution of
the catalytically active substance layer with good reproducibility, or as a
powdery binder. To reduce the degree of powderization of the catalyst,
whiskers, glass fibers, etc. may be added after attrition. 15     The
slurry or soluion may be directly used as it is. Or the slurry or the
solution is first concentrated and dried to a solid. Then, it may be dried,
calcined and pulverized, and the resulting powder may be dispersed or
dissolved again in water and used. The solids concentration of the starting
materials of the catalyst in the slurry or the solution is usually 50 to
500 g/liter. 20     According to the baking deposition method in this
invention, the above slurry or solution is sprayed onto the inert carrier
to form a deposited layer. This deposited layer may preferably be formed in
a rotary furnace heated externally. Specifically, the inert carrier is put
into the rotary furnace kept at 100 to 400  C, preferably 100 to [err] The
inert carrier is preheated to this temperature, and then while rotating the
rotary furnace, by such means as an sprayer, the slurry is sprayed onto the
inert carrier to form a 25  depositied layer of a uniform thickness.
According to the baking deposition method of this invention, the aboved
deposited layer is finally dried as required, and calcined in an air stream
or in a nitrogen stream at 200 to 600 C, preferably at 300 to 500 * C to
form a catalytically active substance layer which is composed of oxides of
formula (1). The amount of the catalytically active substances deposited on
the inert carrier after baking is usually 5 30 to 100 g, especially 10 to
50 g, per 100 ml of the carrier. If it is less than 5 g, the catalytically
active substance layer is too thin so that the catalyst activity is low. On
the other hand if it exceeds 10 g, the catalytically active substance layer
becomes thick, and thin film formation intended by this invention cannot 



be achieved. The catalytically active substance layer may be of a single
layer structure or of a multilayer structure. if 35  the catalytically
active substance layer is of a multilayer structure which is composed of an
inside layer which is superior in respect of catalyst performance but is
susceptible to influences of impurities and of an outside layer having a
weak force of impurities and having little inhibited oxidizing ability of
methacrolein by the adsorption of impurites, the influences of the
impurities in the outlet gases in the pre-stage reaction can be minimized
when it is used in the latter stage of the continuous process. 40
Accordingly, a methacrylic acid production catalyst having a catalytically
active substance layer of a multilayer structure, as compared with a
methacrylic acid production catalyst having a catalytically active
substance layer of a single layer structure, can exhibit an excellent
performance in oxidizing a gaseous mixture containing methacrolein
containing impurities and can be especially used effectively as a catalyst
for use in a later stage reaction of the continuous process. 45     The
catalytically active substance layer of the multilayer structure can be
formed by mixing compounds containing the elemental components of the
oxides of formula (1), and if required, heating the mixture to form a
slurry or a solution in spraying this slurry or a solution on to an inert
carrier, two or more slurries or solutions having different compositions
are prepared, and can be successively sprayed onto the inert carrier,
followed by baking. 50     Accordingly, the catalytically active substance
layer of the multilayer structure are composed of oxide layers having
different compositions. the "oxides having different compositions" as
termed herein means not only within the definition of formula (1),
constituent elemental components differ, but also the constituent elemental
components are the same but have different atomic ratios. And as Layers
which constitute the catalytically active substance layers do not all have
to have different compositions. To achieve the foregoing 55  object
effectively or optimize the catalyst performance, an operation of spraying
two or more slurries or solutions may be repeated one or a plurality times
so that a plurality of layers of the same composition may exist such a
catalytically active substance layer of the multilayer structure may be
formed by mixing the components containing respective elemental components
of the oxides of formula (1), and as required, 4    EP 0 415 347 B1 heated
to prepare a slurry or a solution. In spraying two or more slurries or
solutions having different compositions, and successively sprayed on the
inert carrier and repeating this operation. The baking for the formation of
a catalytically active substance layer of multilayer structure may be
performed for each layer, but it may be carried out after all layers are
sprayed and formed. 5      Of methacrylic acid production catalysts of a
single layer or a multilayer structure, catalysts whose specific surface
layer, pore volume and pore size distribution which are within the
following ranges are preferred. Specific surface area = 1 to 20 m2/g 



Pore volume = 0.1 - 1 ml/g 10     Pore size distribution = pore sizes in
the range of 1 to 10 micrometers 20 - 70 % Pore sizes in the ranges of 0.5
to 1 less than micrometer less than 20 % Pore sizes in the range of 0.1 to
0.5 micrometers 20 to 70 The specific surface area of the catalytically
active substance layer in this invention was measured by a 15  total
automated surface area measuring device 4-Sorp (a product of Yuasa Ionics
Co., Ltd/, and is 1 to 20 m2/g preferably 3 to 15 [err] If the specific
surface area is less than 1 [err] its catalytic activity is too low. On the
other hand, if it exceeds 20 m2/g, the selectivity of methacrylic acid is
lowered and is undesirable. The pore volume was determined by a mercury
penetrating-type porosemeter (Autoporee 9200 type made by Shimazu
Seisakusho and is within the range of 0.1 to 1 ml/g, preferably 0.2 to 0.8
ml/g. If it is less than 20 0.1 ml/g, the catalyst activity is too low. On
the other hand, if the pore volume exceeds 1 ml/g, the selectivity of
methacryllic acid decreases and it is undesirable from the standpoint of
mechanical strength such as wear resistance and peel resistance. The pore
size distribution was is determikned by using the same mercury penetration
porosimeter used in the measurement of the pore volume. The volume which a
pore having pore sizes of 1 to 10 micrometers 25  is 20 to 70 % of the
total pore volume, preferably 25 to 50 %. The volume which occupies a pore
diameter in the rasnge of 0.5 to 1 micrometers is not more than 20 % of the
total pore volume, preferably not more than 15 %. The volume which occupies
a pore volume of 0.1 to 0.5 micrometers ia 20 to 70 % of the total pore
volume, preferably 40 to 65 %. Usually, a pore having a fine pore diameter
greatly contributes to the specific surface area and pore 30 volume. From
the standpoint of the activity or selectivity of methacrylic acid
production, the increase alone of the proportion of pores is insufficient.
The copresence of pores having a relatively large diameter of 1 to 10
micrometers improves the properites of the catalyst. If the specific
surface area, the pore volume and the pore diameter distribution of the
catalytically active substance layer are adjusted simultaneously within the
above specified range, the objects of this invention 35 are very
effectively achieved. According to the baking deposition method, it is easy
to form a catalytically active substance layer having a specific surface
area, a specific pore volume and a specific pore size distribution within
these specific ranges. Furthermore, since according to the baking
deposition method of this invention, a catalytically active substance layer
having a specific surface area, a pore volume and a pore size 40
distribution whtin these specific ranges can be formed with good
reproducibility, a catalyst having uniform properties can be obtained. When
methacrylic acid is produced by vapor-phase oxidation or oxidative
dehydrogenation of methacrolein, isobutylaldehyde or isobutyric acid using
the methacrylic acid production catalyst of this invention, there is no
particular limitation on the apparatus and conditions in its practice. The
reaction can 45 be performed under conditions which are generally used for
the production of methacrylic acid by vapor- phase catalytic oxidation or
vapor-phase catalytic oxidative dehydrogenation reaction. For example, a
gaseous mixture composed of starting compounds such as 1 to 10 % by weight
of 



methacrolein, isobutylaldehyde or isobutyric acid, 1 to 10 times the volume
of the starting material of molecular oxygen, and inert gases as diluents
such as nitrogen, carbon dioxide gas and steam (The use of 50  steam
suppresses the formation of by-products and is advantageous for the
increased yield of the desired product) may be brought into contact with
the methacrylic acid production catalyst at a temperature of 200 to
400[err] under 1 to 10 atmospheres at a space velocity of 100 to 5,000
[err](STP). When methacrolein is used as the starting compound,
methacrolein need not be always pure, and a methacrolein-containing gas
obtained by catalytically reacting isobutylene or tertiary butanol may be
used. 55 The use of such a methacrolein-containing gas is especially
recommended in an industrial process. Since the methacrylic acid production
catalyst of this invention is formed by depositing a catalytically active
substance layer having a specified composition on an inert carrier by the
baking deposition method, it has high activity and can produce methacrylic
acid in high yields with high selectivity. In particular, by adjusting 5
EP 0 415 347 B1 the specific surface area, the pore volume and the pore
diameter distribution to the specified range simultaneously, methacrylic
acid can be produced in a higher yield with high selectivity. Since in the
methacrylic acid production catalyst of this inventon, the catalytically
active substance layer is maintained in a thin layer, heat accumulation at
the time of methacrylic acid forming reaction can be decreased. As a
result, the consecutive reaction of the resulting methacrylic acid can be
suppressed, and the degradation of the catalyst by thermal loading can be
prevented. Since in the methacrylic acid production catalyst of this
invention, the catalytically active substance layer is formed by the baking
deposition method, the layer is deposited firmly onto the inert carrier,
and has high mechanical strength and excellent resistance to peeling. Thus,
the catalyst of this invention is fully 10   satisfactory for industrial
practice. The methacrylic acid production catalyst of this invention
exhibits excellent peformances over a long period of time. and even after
use for long periods of time, the same high yield and high selectivtity of
the same degree as at the initiation of the reaction can be obtained
without much elevating the reaction temperature. 15     The catalyst of
this invention can be produced by a simple method with high
reproducibility. By this invention, a methacrylic acid production catalyst
having a uniform catalytic performances can be produced. Because of its
excellent reproducibility, the catalyst is industrially excellent. By the
following Examples, the present invention will be specifically illustrated.
The conversion, the selectivity and one-pass yield are defined as follows.
20 Moles  of  starting  compounds [err] 25 



[err] 30                                Moles  of methacrlylic  acid [err]
compounds 35 EXAMPLE 1 To 40 liters of heated deionized water were added
8,830 g of ammonium paramolybdate and 531.4 g of 40  ammonium metavanadate.
The mixture was stirred to dissolve them in deionized water. Arsenious acid
(123.7 g) and 85 % phosphoric acid (523.8 g) were added to the solution,
and then a solution of 4 liters of nitric acid (specific gravitiy 1.38) and
812.3 g of cesium nitrate in 5 liter of deionized water was added. They
were stirred with heating to form  a slurry (to be referred to as a slurry
(A). 1,600 ml of a ring-like carrier composed of silicon carbide (outer
diameter 6.0 mm, inner diameter of 45 throughhole 3.0 mm, length 5.0 mm)
was put into a stainless steel drum having an inside capacity of 20 liters
adapted to be externally heated, and preheated to [err] While the drum was
rotated, the slurry (A) was sprayed onto the carrier to form a deposited
layer. The carrier having a deposited layer formed thereon was calcined at
[err] for 3 hours under air flowing to form a catalytically active
substance layer to obtain a catalyst (1-1) 50     The composition
(excluding oxygen) of this catalyst was  The amount of the catalytically
active substancedeposited (as oxides, the same hereinafter) was 20 g per
100 ml of the carrier. EXAMPLE 2 55     A spherical carrier (diameter 6.0
mm) composed of silicon carbide was measured in an amount of 1,600 ml. By
the same way as in Example 1, the slurry (A) was deposited on the spherical
carrier by the baking deposition method to obtain a catalyst (1-2). 6    EP
0 415 347 B1 The composition of the catalytically active substance layer of
this catalyst was the same as Example 1. The amount of the catalytically
active substance deposited was 20 g per 100 ml of the carrier. EXAMPLE 3
1,600 ml of a ring-like carrier composed of a porous silica-alumina having
a specific surface area of 0.3 [err] was measured. As in Example 1, the
slurry (A) was deposited by the baking deposition method to obtain a
catalyst (1-3). The composition of the catalytically active substance layer
of this catalyst was the same as in Example 10  1. The amount of the
catalytically active substance deposited was 20 g per 100 ml of the
carrier. EXAMPLE 4 A spherical carrier (diameter 6.0 mm) composed of porous
silica-alumina having a specific surface area is  of 0.3 [err] was measured
to an amount of 1,600 ml, and the slurry (A) was deposited as in Example 1
by 



the baking deposition method to obtain a catalyst (1-4). The composition of
the catalytically active substance layer of this catalyst was the same as
in Example 1, and the amount of the catalytically active substance was 20 g
per 100 ml of the carrier. 20  EXAMPLE 5 Porous alpha-alumina ring-like
carrier (outer diameter 6.0 mm; (through-hole) inner diameter 3.0 mm;
length 5.0 mm) having a specific surface area of 0.3[err] was measured to
an amount of 1,600 ml, and by the baking deposition method as in Example 1,
the slurry (A) was deposited on it to obtain a catalyst (1-5). 25     The
composition of the catalytically active substance layer of this catalyst
was the same as in Example 1. The amount of the catalytically active
substance deposited was 20 g per 100 ml of the carrier. EXAMPLE 6 30     A
porous alpha-alumina spherical carrier having a specific surface area of
0.3 [err] was measured to an amount of 1,600 ml, and in the same way as in
Example 1, the slurry (A) was deposited on it by the baking deposition
method to obtain a catalyst (1-6). The composition of the catalytically
active substance layer of this catalyst was the same as in Example 1, and
the amount of the catalytically active substance deposited was 20 g per 100
ml of the carrier. 35 COMPARATIVE EXAMPLE 1 A ring-like carrier (outer
diameter 6.0 mm, through-hole inner diameter 3.0 mm, length 5.0 mm)
composed of the same silicon carbide as used in Example was measured in an
amount of 1,600 ml, and 40  immersed in a predetermined amount of the
slurry (A). Then, the slurry was heated, and concentrated to dryness in an
effort to deposit it on the carrier. But the deposited layer exfoliated
successively, and a catalyst could not be obtained. COMPARATIVE EXAMPLE 2
45 A spherical carrier (diameter 6.0 mm) composed of the same silicon
carbide as used in Example 2 was measured to an amount of 1,600 ml, and as
in Comparative Example 1, was immersed in a predetermined amount of the
slurrty (A). The slurry (A) was heated, concentrated to dryness in an
attempt to deposit the slurry (A). The deposited layer was defoliated
successively from the carrier, and a catalyst could not be 50  obtained.
COMPARATIVE EXAMPLE 3 The same ring-like carrier (outer diameter 6.0 mm,
through-hole inner diameter 3.0 mm, length 5.0 mm 55 composed of the same
poorous silica-alumina ring-like carrier as used in Example 5 was measured
to an amount of 1,600 ml, and immersed in a predetermined amount of the
slurry (A). The slurry (A) was heated, and concentrated to dryness to
deposit the slurry (A) on the carrier. Simiultaneously, the slurry was
calcined as in Example 1 to obtain a catalyst (1-7). 7    



EP 0 415 347 B1 The composition of the catalytically active substance layer
of this catalyst was the same as in Example 1, and the amount of the
catalytically active substance depositited was 20 g per 100 ml of the
carrier. COMPARATIVE EXAMPLE 4 5 A spherical carrier (diameter 6.0 mm)
composed of the same porous silica-alumina as used in Example 4 was
measured to an amouint of 1,600 ml, and the slurry (A) was deposited in the
same way as Comparative Example 3, and calcined to form a catalyst (1-8).
The composition of the catalytically active substance layer of this
catalyst was the same as in Example 10  1, and the amount of the
catalytically active substance deposited was 20 g per 100 ml of the
carrier. COMPARATIVE EXAMPLE 5 A ring-like carrier (outer diameter 6.0 mm;
(through-hole) Inner diameter 3.0 mm; length 5.0 mm) 15  composed of the
same porous alpha-alumina as used in Example 5 was measured to an amount of
1,600 ml. The slurry (A) was deposited on the carrier in the same way as in
Comparative Example 3 to obtain a catalyst (I-9). The composition of the
catalytically active substance layer of this catalyst was the same as in
Example 1, and the amount of the oxides of the catalytically active
components was 20 g per 100 ml of the carrier. 20 COMPARATIVE EXAMPLE 6 The
same porous alpha-alumina spherical carrier (diameter 6.0 mm) as used in
Example 6 was measured in an amount of 1,600 ml, and in the same way as in
Comparative Example 3, the slurry (A) was 25  deposited on the carrier to
obtain a catalyst (1-10). The composition of the catalytically active
component of this catalyst was the same as in Example 1, and the amount of
the oxides of the catalytically active component deposited was 20 g per 100
ml of the carrier. 30  EXAMPLE 7 1,500 ml each of the catalysts (1-1) to
(1-10) obtained in Examples 1 to 6 and Comparative Examples 3 to 6 was
filled in a steel reactor. In this reactor, a gaseous mixture having the
following average composition obtained by catalytically oxidizing
isobutylene at [err] in the presence of a molybdenum-cobalt-tungsten- 35
iron oxide multicomponent catalyst was introduced and oxidized at a space
velocity of 1,200 [err] Average composition of the gaseous mixture (% by
volume) Methacrolein                                                  3.5
40            isobutylene
0.04 Methacrylic acid + acetic acid                                0.24
Steam                                                        20 Oxygen
9.0 Others (inert gas composed mainly of nitrogen and carbon dioxide gas)
67.2 45 The results are shown in Table 1. 



The following can be understood from the results of Table 1. When an inert
carrier such as silicon carbide is used, the catalyst cannot be prepared by
the immersion deposition method because the catalyst layer depositied
dropped off from the carrier, but only by the 50 baking deposition method,
the catalyst could be prepared. With a porous inert carrier, a catalyst can
be prepared by the immersion deposition method. But the catalyst obtained
by the immersion deposition method gives both inferior methacrylic acid
selectivity and one-pass yield as coompared with the catalyst of this
invention obtained by the baking deposition method. 55 8    The same slurry
(A) as prepared in Example 1 was divided into two equal portions. Using one
portion of the slurry (A), four batches of catalysts (II-1) to (II-4) were
prepared. Likewise, by using the other portion (A), four batches of
catlaysts (11-5) to (II-8) were prepared by the immersion deposition method
as in    EP 0 415 347 B1 Comparative Example 3. In catalysts (11-1) to
(11-8), the amount of the catalytically active substance deposited was 20 g
per 100 ml of the carrier. By using each of the catalysts (11-1) to (11-8),
the same oxidation reaction was carried out as in Example 7. 10 15 20 25 30
35 40 45 50 55 10    EP 0 415 347 B1 



The results are shown in Table 2. 5 55 From Table 2, the following can be
understood. The catalysts prepared by the baking deposition method, the
deviations of the specific surface area, pore volume and pore size
distribution were small, and the catalysts were high in activity, and the
EP 0 415 347 B1 deviations of the activity were small. Namely, according to
the baking deposition method, catalysts could be prepared with good
reproducibility. In contrast, catalysts prepared by the immersion
deposition method, the deviations of physical property values values are
great, and therefore, their catalyst performances varied greatly. EXAMPLE 9
Ammonium molybdate (4,770 g) was dissolved in 18 liters of water.
Separately, 259.6 g of 85 % ortho-phosphoric acid was diluted with 1,350 ml
of water, and 163.3 g of 10 cupric nitrate and arsenoius acid 111.4 g of
arsenious acid were dissolved in the dilution. and they were added to the
above aqueous solution of ammonium molybdate. With heating, the mixture was
throughly stirred and aged. Separately 259.6 g of 85 % ortho-phosphoric
acid was diluted with 1,350 ml of water, and 204.8 g of vanadium pentoxide
was added. When water was evaporated while the mixture was heated and
stirred, a 15   yellow complex was obtained. The complex was added to the
reaction precipitate of phosphorus, molyb- denum, copper and arsenic.
Finally, a solution of 126.3 of potassium hydroxide in 1,350 ml of water
was added to prepare a slurry (B). By using this slurry (B), it was
deposited and baked as in Example 5, a catalyst (111-1) was prepared. The
composition of the catalytically active substance layer was as follows in
terms of atomic ratio. 20                [err] The amount of the
catalytically active substance was 20 g per 100 ml of the carrier.
COMPARATIVE EXAMPLE 7 25     By using the slurry (B), a catalyst (111-2)
was prepared in the same way as in Comparative Example 5. The amount of the
catalytically active substance in the catalyst (111-2) was 20 g per 100 ml
of the carrier. EXAMPLE 10 30     85 % phosphoric acid (553.8 g) was added
to an aqueous solution of 5,088 g of ammonium molyubdate in 10 liters of
deionized water, and then an aqueous solution of 936.2 g of cesium nitrate
in 3.6 liters of water was added. Furthermore, 582.6 g of bismuth nitrate
and 194.3 g of antimony pentoxide were added as a powder. Finally, an
aqueous solution of 120.1 g of chromic anhydride and 138.2 g of selenium
dioxide in 3.6 liters of water was added to obtain a slurry (C). 35
Using this slurry (C), baking deposition was carried out in the same way as
in Example 2 to give a 



catalyst (IV-I). The composition of the catalytically active substance
layer of this catalyst was as follows in atomic ratio. [err] The amount of
the catalyst component substances deposited was 20 g per 100 ml of the
carrier. 40 COMPARATIVE EXAMPLE 8 By using the slurry (C), a catalyst was
prepared by the immersion deposition method in the same way as Comparative
Example 2. The deposition layer dropped off one after another from the
carrier, and a 45 catalyst could not be obtained. EXAMPLE 11 Molybdenum
trioxide (4,802 g), 252.8 g of vanadium pentoxide, 44.2 g of copper oxide,
44.4 g of iron 50  oxide, 41.9 g of tin oxide and 320.5 g of
orthophosphoric acid (85 %) were dispersed in 40 l of deionized water. The
dispersion was heated with stirring for about 3 hours, and then 15.6 g of
potassium hydroxide was added. Furthermore, the mixture was refluxed with
boiling for about 3 hours to obtain a slurry (D). By using this slurry (D),
a catalyust (V-1) was obtained in the same way as in Example 1 by baking
deposition. 55     The composition of the catalytically active substance
layer of this catalyst (V-1) was as follows in atomic ratio. [err] The
amount of the catalytically active substances deposited was 20 g per 100 ml
of the carrier. 12    EP 0 415 347 B1 COMPARATIVE EXAMPLE 9 By using the
slurry (D), a catalyst was prepared by the same immersion deposition method
as in Comparative Example 1. But the deposition layer dropped off one after
another, and a catalyst could not be 5  obtained. EXAMPLE 12 In Example 1,
the scale of catalyst preparation was decreased to half, and 272.3 g of
barium nitrate was io used instead of cesium nitrate. Otherwise, in the
smae way as in Example 1 a slurry (E) was prepared. By using the slurry
(E), a catalyst (VI-1) was obtained by the baking deposition method as in
Example 6. The composition of the catalytically active substance layer of
this catalyst was as follows in atomic ratio. [err] 15     The amount of
the catalytically active substances deposited was 20 g per 100 ml of the
carrier. COMPARATIVE EXMAPLE 10 Using the slurrty (E), a catalyst (VI-2)
was prepared by the immersion deposition method in the same 



20  way as in Comparative Example 6. The composition of the catalytically
active substances of this catalyst (VI-2) was the same as in Example 12,
and the amount of the catalytically active substances depositied was 20 g
per 100 ml of the carrier. 25 EXAMPLE 13 In Example 1, together with 812.3
g of cesium nitrate, 130.7 g of germanium oxide, 222.7 g of zirconium
nitrate and 121.3 g of cobalt nitrate were added, and otherwise, a slurry
(F) was prepared as in Example 1. 30     Using this slurry (F), a catalyst
(VII-1) was prepared by the baking deposition method in the same way as in
Example 5. The composition of the catalytically active substance layer of
the catalyst (VII-1) was as follows in aromic ratio. [err] 35     The
amount of the catalytically active substances deposited was 20 g per 100 ml
of the carrier. COMPARATIVE EXAMPLE 11 Using the slurry (F), a catalyst
(VII-2) was prepared by the same immersion deposition method as in 40
Comparative Example 5. The composition of the catalytically active
substances of the catalyst (VII-2) was the same as in Example 13, and the
amount of the catalytically active substances deposited was 20 g per 100 ml
of the carrier. 45   EXAMPLE 14 In Example 1, 199.5 g of tellurium dioxide,
239.2 g of manganese nitrate and 242.3 g of nickel nitrate were added
together with 812.3 g of cesium nitrate. Otherwise, as in Example 1, a
slurry (G) was prepared. By using this slurry (G), a catalyst (VIII-1) was
obtained by the same bakinc deposition method as in 50  Example 4. The
composition of [err] catalytically active substance layer of this catalyst
(VIII-1) was as follows in atomic ratio. [err] The amount of the
catalytically active substances was 20 g per 100 ml of the carrier. 56 13
EP 0 415 347 B1 COMPARATIVE EXAMPLE 12 By using the slurry (G), a catalyst
(VIII-2) was prepared by the same immersion deposition method as in
Comparative Example 4. 5     The amount of the catalytically active
substances of the catalyst (VIII-2) deposited was 20 g per 100 ml 



of the carrier. EXAMPLE L5 10    In Example 1, 562.8 g of ammoniuim
tungstate, 247.9 g of zinc nitrate and 70.8 g of silver nitrate were added
together with 812.3 g of cesium nitrate. Otherwise, in the same way as in
Example 1, a slurry (H) was prepared. By using the slurry (H), a catalyst
(IX-1) was prepared by the same baking deposition method as in Example 5.
15     The composition of the catalytically active substance layer of this
catalyst (IX-1) was as follows in atomic ratio. [err] The amount of the the
catalytically active substances deposited was 20 g per 100 ml of the
carrier. 20 Comparative Example 13 By using the slurry (H), a catalyc
(IX-2) was prepared as in Comparative Example 3. The amount of the
catalytically active substances of this catalyst (IX-2) deposited was 20 g
per 100 ml of the catalyst. 25 EXAMPLE 16 In Example 1, 555.0 g of thallium
nitrate, 166.1 g of niobium pentoxide, 441.0 g of strontium nitrate, and
96.0 g of palladium nitrate were added together with 812.3 g of cesium
nitrate, otherwise, in the same way 30   as in Example 1, a slurry (I) was
prepared as in Example 1. By using this slurry (I), a catalyst (X-1) was
prepared by baking deposition in the same way as in Example 2. The
composition of the catalytically active substance layer. The layer of this
layer of the catalyst (X-1) is as follows in atomic ratios. 35       [err]
The amount of the catalytically active substance was 20 g per 100 ml of the
carrier. COMPARATIVE EXAMPLE 14 40     By using the slurry (I), catalyst
preparation was attempted by immersion deposition as In Comparative Example
2. However, the deposited layers dropped off one after another, and a
catalyst could not be obtained. EXAMPLE 17 45 In Example 1, 307.2 g of
rubidium nitrate, 196.8 g of calcium nitrate and 135.4 g of rhodium nitrate
were added together with 812.3 g of cesium nitrate. Otherwise, in the same
way as in Example 1, the slurry (J) was obtained. By using the slurry (J),
baking deposition was carried out in the same way as in Example 1, and a
catalyst (XI-1) was prepared. 50     The composition of the catalytically
active substance layer as in the catalyst (XI-1) was as follows in atomic
ratios. [err] 



The amount of the catalytically active layers deposited was 20 g per 100 ml
of the carrier. 55  COMPARATIVE EXAMPLE 15 By using a slurry (J), immersion
deposition was attempted in the same way as in Comparative Example 1. But
the deposition layers dropped off one after another, and a catalyst could
not be obtained. 14    EP 0 415 347 B1 EXAMPLE 18 Molybdenhyum trioxide
(4,320 g), 227.4 of vanadium pentoxide and 432.5 g of 85 % of ortho-
phosphoric acid were added to 15 liters of water (Powdery) and the mixture
was refluxed under heating for 5  24 hours. cerium oxide (215.1 kg), 379.2
g of potassium nitrate, and 39.8 g of (powdery) copper oxide were added to
prepare a slurry (K). By using this slurry (K), baking deposition was
carried out as in Example 6 to obtain a catalyst (XII-1). The composition
of the catalytically active substance layer of this catalyst was as follows
in atomic ratio. [err] 10     The amount of the catalytically active
substances deposited was 20 g per 100 mg of the carrier. COMPARATIVE
EXAMPLE 16 By using the slurry (K), a catalyst (XII-2) was obtained. 15
The composition of the catalytically active substance layer of this
catalyst was the same as in Example 18, and the amount of the catalytically
active substances deposited was 20 g per 100 ml of the carrier. EXAMPLE 19
20     By using each of the catalysts obtained in Examples 9 to 18 and
Comparative Examples 7 to 16, the same oxidation reaction as in Example 7
was carried out. 25 30 35 40 45 50 55    EP 0 415 347 B1 The results are
shown in Table 3.   



EP 0 415 347 B1 [err] 55      EXAMPLE 20 By using the catalyst (1-3)
obtained in Example 3, the continuous reaction was carried out for 4,000
hours under the same conditions as in Example 7. The initial reaction
temperature was adjusted to 300 * C. 17    EP 0 415 347 B1 To obtain almost
the same methacrolein conversion as at the initiation of the reaction after
4,000 hours, it was sufficient to raise the temperature by [err] The
reaction results after about 4,000 hours were as follows; Reaction
temperature: 306 C; Methacrolein conversion: 88.7 %; methacrylic acid
selectivity: 86.7 %. 5 EXAMPLE 21 By using the catalyst (1-3) obtained in
Example 3, isobutylaldehyde was oxidatively dehydrogenated. Specifically,
1,500 ml of the catalyst (1-3) was filled in a steel reaction tube having a
diameter of 25.4 10 mm, and a gaseous mixture of isobutylaldehyde, oxygen,
steam and nitrogen in a volume ratio of 5.0:12.5:10.0:72.5 was introduced
at a space velocity of 800[err] the reaction was carried out at a
temperature of 290 * C. The results are shown in Table 4. 15 COMPARATIVE
EXAMPLE 17 In Example 21, the catalyst (1-7) obtained in Comparative
Example 3 was used instead of the catalyst (I- 3). Otherwise, in the same
way as in Example 21, isobutylaldehyde was oxidatively dehydrogenated. The
results are shown in Table 4. 20 EXAMPLE 22 By using the catalyst (1-3)
obtained in Example 3, isobutyric acid was oxidatively dehydrogenated.
Specifically, 1,500 ml of the catalyst (1-3) was filled in a steel reactor
having a diameter of 25.4 mm, and 25 a gaseous mixture composed of
isobutyric acid:oxygen:steam:nitrogen = 5.0:10.0:10.0:75.0 (volume ratios)
was introduced at a space velocity of 2.000 [err]reacted at 290 * C. The
results are shown in Table 5. COMPARATIVE EXAMPLE 18 30 In Example 22, the
catalyst (1-7) obtained in Comparative Example 3 was used instead of the
catalyst (I- 3). Otherwise in the same way as in Example 22, isobutyrc acid
was oxidatively dehydrogenated. 35 



40 45 50 55 18    EP 0 415 347 B1 [err] The results are shown in Table 5.
EP 0 416 347 B1 EXAMPLE 23 8,830 g of ammonium paramolybdate and 531.4 g of
ammonium metavadanate were added to 40 liters of heated deionized water,
and the mixture was stirred to form a solution. 5     Arsenious acid
(123.7) and 523.8 g of phosphoric acid (85 % by weight) were taken into the
solution. Then, 4 liters of nitric acid (specific gravity 1.38) and 812.3 g
of cesium nitrate were added to 5 liters of deionized water. The mixture
was heated and stirred to prepare a slurry (a). In the above slurry (a),
the amount of phosphoric acid was changed to 624.7 g and otherwise, a
slurry (b) was prepared in the same way as above. 1,600 ml of a pelletized
carrier (outer diameter 6 mm and a 10 length of 6.0 mm) composed of silicon
carbide was put in a stainless steel drum having an inside capacity of 20
liters and could be neated externally. It was pre-heated to 120 to [err]le
the drum was rotated, the slurry (a) and then the slurry (b) were
successively sprayed onto the carrier to form a deposited layer. The
carrier having this deposited layer formed was calcined for 3 hours at 400
[err]under an air current to form a catalytically active substance layer to
obtain a catalyst (1). 15      The amount of the catalytically active
substances of the catalyst (1) deposited (as oxides; same hereinafter) was
20 g per 100 ml of the carrier, After the drying and calcining of the
slurry (a), the composition of the oxides (atomic ratio excluding oxygen;
the same hereinafter) was as follows: [err] After the drying and
calcination of the slurry (b), the composition of the oxides was as
follows: 20             [err] The catalyst (1) in an amount of 1,500 ml was
filled in a steel reactor having an inner diameter of 25.4 mm, and
isobutylene was catalytically oxidized in the vapor phase in the presence
of a Mo-Co-W-Fe oxide- type multi-component catalyst and the resulting
gaseous mixture having the following composition was introduced, and
oxidized at a reaction temperature of 300 * C and a space velocity of 1,200
[err] (STP). The 25 results are shown in Table 6. 



Composition of the gaseous mixture subjected to oxidation Methacrolein
3.5 (vol %) 30                        isobutylene
0.04 Methacrylic acid + acetic acid   0.24 Steam
20 Oxygen                           9 Others (mainly nitrogen)        67.22
35 EXAMPLE 24 40     The proportions of isobutylene and the other component
(mainly nitrogen) in the gaseous mixture to be subjected to the oxidation
reaction were changed to 0.08 % by volume and 67.18 % by volume. Otherwise,
the oxidation reaction was carried out in the same way as in Example 23.
The results were shown in Table 6. Example 24 was carried out in order to
examine the influence of the catalyst used in the later-stage 45  reaction
of the unreacted isobutuylene. As compared with Example 23, the gaseous
mixture having an increased unreacted isobutylene content in the pre-stage
reaction outlet gas was used. With the catalyst (1), even when the  amount
of isobutylene in the methacrolein-containing gaseous mixture was
increased, the decrease in activity was relatively small. From this
results, is understood that the catalyst (1) was very stable to changes to
the reaction conditions in the pre-srage reaction in the continuous 50
process and is suitable as a commercial catalyst. EXAMPLE 25 In Example 23,
a catalyst (2) was prepared in the same way as in Example 1 except that
instead of the 55  pelletized carrier, 1,600 ml of a ring-like carrier
having a n outer diameter of 6 mm, a length of 5 mm, and a through-hole
inner diameter of 3 mm) was used. The composition of the catalytically
active substance layer of this catalyst (2) was the same as in Example 1,
and the amount of the catalytically active substances was 20 g per 100 ml
of the carrier. 20    EP 0 415 347 B1 In the following, the catalyst (2)
was used instead of the catalyst (1). The same starting gas as having the
following average gas composition was used. Otherwise, the oxidation
reaction was carried out as in Example 23. The results are shown in Table
6. Methacrolein                 3.5 (% by volume) isobutylene
0.08 Methacrylic acid + acetic acid    0.24 Steam                       20
10                       Oxygen                        9 



Others (mainly nitrogen)    67.18 From the results of Example 25, when the
shape of the carrier was changed from a pellet to a ring-like shape, it can
be understood that when a double deposited layer as in the catalyst (2) is
used, the decrease 15  in activity by the remaining isobutylene is
considerably suppressed. EXAMPLE 26 Ammonium molybdate (4,770) was
dissolved in 18 litters of water. 20     Separately, 259.6g of 85 %
ortho-phosphoric acid was diluted with 1,350 ml of water, and 204.8 g of
vanadium pentoxide was added. With heating and stirring, water was
evvaporated t obtain a yellow complex. This complex was added to the
reaction precipitate of the phosphorus, molybdenum, copper and arsenic.
Finally, a solution of 126.3 g of potassiumm hydroxide in 1,350 ml of water
to prepare a slurry (c). In the preparation of the slurry (c), the amounts
of copper nitrate and potassium hydroxide used were 25  changed to 54.4 g
and 189.5 g, respectively. Otherwise by the same method as above to prepare
a slurry (d) In Example 23, a ring-like carrier composed of alpha-alumina
(having an outer diameter of 6 mm, a length 4 mm and a inner diameter of 3
mm) was used instead of the pelletized carrier. First the slurry (c) and
then the slurry (d) were successively deposited. Otherwise, in the amount
of the catalytically active 30  substances deposited in the catalyst (3)
was 20 g per 100 ml of the carrier. After drying and calcination of the
slurry (c), the composition of the oxides was as follows: [err] After
drying and calcination of the slurry (d), the composition of the oxides was
as follows: [err] 35    Instead of the catalyst (2), the catalyst (3) was
used, and the oxidation reaction was carried out in the same way as in
Example 25. The results are shown in Table 7. EXAMPLE 27 40     85 %
phosphoric acid (553.8 g) was added to an aqueous solution of 5,088 g of
ammonium molybdate in 10 liters of deionized water, and an aqueous solution
of 936.2 g of cesium nitrate in 3.6 liters of water was added. Furthermoe,
582.6 g of bismuth nitrate and 194.3 g of antimony pentoxide both as a
powder were added. Finally an aqueous solution of 120.1 g of chromic
anhydride and 133.2 g of selenium dioxide in 3.6 liters of 45  water was
added to obtain a slurry (err). In the preparation of the slurry (e), the
amount of antimony pentoxide was changed to 19.4 g. Otherwise in the same
way as above, a slurry (f) was prepared as above. In Example 23, a
spherical carrier having an outer diameter of 6 mm composed of silicon
carbide was used instead of the pelletized carrier, and the slurry (e) and
then the slurry (f) were successively baked and deposited. Otherwise in the
same way as in Example 23, a catalyst (4) was prepared. 50     The amount
of the catalytically active substance layer deposited in the catalyst (4)
was 20 g per 100 ml of the carrier. After the drying and calcination of the
slurry (e), the composition of the oxides was as follows: [err] After
drying and calcination of the slurry (f), the composition of the oxides was
as follows: [err] 



55     Subsequently, in the same way as in Example 25, the oxidation
reaction was carried out by using the catalyst (4) instead of the catalyst
(2). The results are shown in Table 7. 21    EP 0 415 347 B1 EXAMPLE 28
Molybdenum trioxide (4,802 g), 252.8 g of vanadium pentoxide, 44.2 g of
copper oxide, 44.4 g of iron oxide, 41.9 g of tin oxide and 320.5 g of 85 %
ortho-phosphoric acid were dispersed in 40 liters of 5  deionized water.
The dispersion was stirred with heating for about 3 hours, and 15.6 g of
potassium hydroxide was added. Further, the mixture was refluxed with
boiling for 3 hours to prepare a slurry (g). In the preparation of the
slurry (g), the amount of vanadium pentoxide and ortho-phosphoric acid used
were changed to 303.4 g and 384.6 g. Otherwise, a slurry (h) was prepared.
Then, in Example 23, a ring-like carrier (having an outer diameter of 6 mm,
a length of 5 mm, and a 10  through-hole inner diameter of 3 mm) composed
of silicon carbide was used instead of the pelletized carrier. The slurry
(g) and then the slurry (h) were successively deposited, and in the same
way as in Example 23, a catalyst (5) was prepared. The amount of the
catalytically active substances in the catalyst (5) was 20 g per 100 ml of
the carrier. After drying and calcination of the slurry (g), the
composition of the oxides was as follows: 15              [err] After
drying and calcination of the slurry (h), the composition of the oxides was
as follows: [err] Except that the catalyst (5) was used instead of the
catalyst (2), the same oxidation reaction as in Example 25 was carried out.
The results are shown in Table 7. 20 EXAMPLE 29 In the slurry (a) of
Example 23, the catalyst preparation scale was decreased to half, and 272.3
g of barium nitrate was used instead of cesium nitrate. Otherwise, a slurry
(i) was prepared in the same way as 25 in Example 23. In the preparation of
the slurry (i), the amount of arsenic acid  and barium nitrate were changed
to 20.6 g and 435.7 g, respectively. Then in Example 23, a pelletized
carrier (having an outer diameter of 6 mm, a length of 6 mm) composed of
alpha-alumina was used instead of the pelletized carrier composed of
silicon carbide. First, 30    the slurry (i) and then, the slurry (j) was
successively depositied. Otherwise, in the same way as in Example 23, a
catalyst (6) was prepared. The amount of the catalytically active
substances in the catalyst deposited was 20 g per 100 ml of the carrier.
After drying and calcination of the slurry (i), the composition of the
oxides was as follows: 



[err] 35 After dryng and calcination of the slurry (j), the composition of
the oxides was as follows: [err] Subsequently, by using the catalyst (6)
instead of the catalyst (2), and otherwise, an oxidation reaction was
carried out as in Example 25. The results are shown in Table 7. 40 EXAMPLE
30 In Example 23, together with 812.3 g of cesium nitrate, 130.7 g of
germanium oxide, 222.7 g of zirconium nitrate and 121.3 g of cobalt nitrate
were added. Otherwise, in the same way as in Example 23, a 45 slurry (k)
was prepared. In the preparation of the slurry (k), the amount of cesium
nitrate and zirconium nitrate were changed to 1,218.5 g and 334.1 g
Otherwise, in the same way as above, a slurry (I) was prepared. Then in
Example 23, a ring-like carrier composed of alpha-alumina (having an outer
diameter of 6 mm, a length of 5 mm, and an inner diameter of 3 mm) was used
instead of the pelletized carrier. An operation so of first depositing the
slurry (k) and then an operation of depositing a slurry (I) were each
repeated twice. Otherwise, in the same way as in Example 23, a catalyst (7)
was prepared. The amount of the catalytically active substances in this
catalyst (7) deposited was 20 g per 100 ml of the carrier. After drying and
calcination of the slurry (k), the composition of the oxides was as
follows: [err] 55       After drying and calcination of the slurry (1), the
composition of the oxides was as follows: [err] In the same way as in
Example 25, the same oxidation reaction as in Example 25 was carried out
except that the catalyst (7) was used instead of the catalyst (2). 22    EP
0 415 347 B1 The results are shown in Table 7. EXAMPLE 31 5      In Example
23, 199.5 g of tellurium dioxide, 239.2 g of manganese nitrate and 242.3 g
of nickel nitrate were added together with 812.3 g of cesium nitrate.
Otherwise in the same way as in Example 23, a slurry (m) was prepared. In
the preparation of teh slurry (m), the amounts of ammonium metavanadate,
manganese nitrate and nickel nitrate deposited were changed to 633.8 g,
358.8 g and 363.9 g, respectively. Otherwise, in the same 10  way, a slurry
(n) was prepared. Then, in Example 23, a pelletized carrier (having an
outer diameter of 6 mm and a length of 6 mm) of silica-alumina was used
instead of the pelletized carrier of silicon carbide. First, the slurry (m)
and then the 



slurry (n) were successively deposited on the carrier twice. Otherwise, a
catalyst (8) was prepared as in Example 23. 15     The amount of the
catalytically active substances in the catalyst (8) was 20 g per 100 ml of
the carrier. After the drying and calcination of the slurry (m), the
composition of the oxides was as follows: [err] After the drying and
calcinaation of the slurry (n), the composition of the oxides was as
follows:- [err] 20     An oxidation reaction was carried out in the same
way as in Example 25 except that the catalyst (8) was used instead of the
catalyst (2). The results are shown in Table 7. In Example 23, 562.8 g of
ammonium tungstate, 247.9 of zinc nitrate and 70.8 g of silver nitrate were
added together with 812.3 g of cesium nitrate. Otherwise, as in Example 23,
a slurry (o) was prepared. 25    In the preparation of the slurry (o), the
amounts of cesium nitrate, ammonium tungstate and silver nitrate were
changed to 1,056.0 g, 225.1 g and 35.4 g, respectively. Otherwise, in the
same was as above, a slurry (p) was prepared. EXAMPLE 32 30 In Example 23,
instead of the pelletized carrier, a ring-like carrier composed of
silica-alumina (an outside diameter of 6 mm, a length of 5 mm, a
through-hole inside diameter of 3 mm) was used. First, the slurry (o) and
then the slurry (p) were successively deposited each three times. Otherwise
Example 23 was carried out in the same way to prepare a catalyst (9). 35
The amount of the catalytically active substances deposited in the catalyst
(9) was 20 g per 100 ml of the carrier. After drying and calcination of the
slurry (o), the composition of the oxides was as follows: [err] After
drying and calcination of the slurry (p) the composition of the oxides was
as follows:- [err] 40     Subsequently, an oxidation reaction was carried
out in the same way as in Example 25 except that the catalyst (9) was used
instead of the catalyst (2). The results are shown in Table 7. EXAMPLE 33
45 In Example 23, 555.0 g of thallium nitrate, 166.1 g of niobium
pentoxide, 441.0 g of strontium nitrate and 96.0 g of palladium nitrate
were added together with 812.3 g of cesium nitrarte. Otherwise, a slurry
(q) was prepared as in Example 23. In the preparation of the slurry (q),
The amounts of arsenious acid, thallilum nitrate and strontium nitrate 50
were changed to 82.5 g, 721.5 g and 617.4 g, respectively. Otherwise, a
slurry (r) was prepared. Then, in Example 23, instead of the pelletized
carrier, a spherical carrier of silicon carbide (outer diameter 6 mm) was
used. Firtst, the slurry (q) was deposited and then the slurry (r) was
deposited each three times. Otherwise, as in Example 23, a catalyst (10)
was prepared. 



The amount of the catalytically active substances in the catalyst (10)
deposited was 20 g per 100 ml of 55 the carrier. After the drying and
calcining of the slurry (q), the composition of the oxides was as follows:
[err) After drying and calcining of the slurry S(r), the composition of the
oxides was as follows: [err] 23    EP 0 415 347 B1 Except that the catalyst
(10) was used instead of the catalyst (2), an oxidation reaction was
carried out in the same way as in Example 25. The results are shown in
Table 7. EXAMPLE 34 5 In Example 23, 307.2 g of rubidium nitrate, 196.8 g
of calcium nitrate and 135.4 g of rhodium nitrate were added together with
812.3 g of cesium nitrate. Otherwise, in the same way as in Exzample 23, a
slurry (s) was prepared. In the preparation of the slurry (s), the amounts
of rubidium nitrate and calcium nitrate were changed to 10    553.0 g and
393.6 g, and otherwise, a slurry (t) was prepared in the same way as above.
Then, in Example 23, a ring-like carrier (having an outer diameter of 6 mm,
a length of 5 mm and an inner diameter of 3 mm) composed of silicon carbide
was used instead of the pelletized carrier. The slurry (s) and then the
slurry (t) were successively deposited on these carriers by repeating the
deposition operation three times. Otherwise, in the same way as in Example
23, a catalyst (11) was prepared. 15     The amount of the catalytically
active substances in the catalyst (11) deposited was 20 g per 100 mg of the
carrier. After drying and calcination of the slurry (s), the composition of
the oxides was as follows: [err] After the drying and calcination of the
slurry (t), the composition of the oxides was as follows:- 20
[err] An oxidatiaon reaction was carried out in the same way as in Example
25 except that the catalyst (1) was used instead of the catalyst (2). The
results are shown in Table 7. 25  EXAMPLE 35 Molybdenum trioxide (4,320 g),
227.4 g of vanadium pentoxide and 432.5 g of 85 % ortho-phosphoric acid
were added to 15 lilters of water, and the mixture was heated under reflux
for 24 hours. Then, 215.1 g of cerium oxide, 379.2 g of potassium nitrate
and 39.8 g of (powdery) copper oxide were added to prepare 30   a slurry
(u). In the preparation of the slurry (u), the amounts of cerium oxide and
copper oxide used were changed to 43.0 g and 19.9 g. Otherwise, in the same
way as above, a slurry (v) was prepared. 



Then, in Example 23, a pelletized carrier composed of alpha-alumina was
used instead of the silicon carbide pelletized carrier. First, the slurry
(u) and then the slurry (v) were successively deposited each three 35 times
to prepare a catalyst (12) in the same way as in Example 23. The amount of
the catalytically active substances in the catalyst (12) deposited was 20 g
per 100 ml of the carrier. After drying and calcination fo the slurry (u),
the composition of the oxides was as follows: [err] After drying and
calcination of the slurry (v), the composition of the oxides was as
follows: 40                [err] Subsequently, an oxidation reaction was
carried out in the same way as in Example 25 except that the catalyst (12)
was used instead of the catalyst (2). 45 50 55 24    EP 0 415 347 B1 The
results are shown in Table 7. 10    EP0415347 B1 [err] EXAMPLE 36 By using
the catalyst (1) obtained in Example 23, a continuous reaction was carried
out for 4,000 hours under the same condition as in Example 25. The initial
reaction initiation temperature was adjusted to 300 55   [err] To obtain
almost the same methacrolein conversion after 4,000 hours from the
initiation of the reaction, it was sufficient to raise the reaction
temperature by [err]. The reaction results after 4,000 hours were as
follows: Reaction temperature: [err] 26    EP 0 415 347 B1 Methacrolein
conversion: 84.4 % Methacrylic acid selectivity: 86.7 



EXAMPLE 37 5 By using the catalyst (1) obtained in Example 23,
isobutylaldehyde was oxidatively dehydrogenated. Specifically, 1,500 ml of
the catalyst (1) was filled in a steel reaction tube having a diameter of
25.4 mm, and a gaseous mixture composed of
isobutylaldehyde:oxygen:steam:nitrogen = 5.0:12.5:10.0:22.5 (by volume
ratio) was introduced at a space velocity of 800 [err] (STP). The reaction
was carried out at a 10   temperature of 290 * C. The results are shown in
Table 8. EXAMPLE 38 By using the catalyst (1) obtained in Example 23,
isobutyric acid was oxidatively dehydrogenated. 15     Specifically, 1,500
ml of the catalyst (1) was filled in a steel reactor having a diameter of
25.4 mm, and a gaseous mixture of isobutyric acid:oxygen:steam:nitrogen =
5.0:10.0:10.0:75.0 (volume ratio) was intro- duced at a space velocity of
2,000 [err] (STP), and reacted at a temperature of [err] 20 26 30 35 40 45
60 55 27    EP 0 415 347 B1 The results are shown in Table 9. [err] 15
[err] 25 [err] 40    EP 0 415 347 B1 Claims 1. A catalyst for the
production of methacrylic acid composed of an inert carrier and a
catalytically active substance layer deposited on the carrier, the
catalytically active substance layer being composed of 



5      oxides represented by the following formula (I) [err] where Mo
represents molybdenum, P represents phosphorous, A represents at least one
element 10     selected from arsenic, antimony, germanium, bismuth,
zirconium, cerium and selenium, B is at least one element selected from
copper, iron, chromium, nickel, manganese, cobalt, tin, silver, zinc,
palladium, rhodium and tellurium, C represents at least one element
selected from vanadium, tungsten and niobium, D represents at least one
element selected from alkali metals, alkaline earth metals and thallium,
and O represents oxygen, a, b, c, d, e, f and x respectively represent the
atomic ratios of Mo, 15       P,A,B,CDandOwhereina = 12,b = 0.5-4,c = 0-5,d
= 0-3,e = 0-4,f = 0.01 -4,andx is a numerical value determined by the
oxidation states of these elements, the catalytically active substance
layer being formed by preheating the inert carrier to [err] to [err] mixing
components of the elemental components of the oxides of formula (I), as
required heating them to prepare a slurry or a solution, spraying the
slurry or solution onto the inert carrier, and 20     calcining the inert
carrier having deposited the slurry or solution thereon. 2. The catalyst
for the production of methacrylic acid according to claim 1, in which the
catalytically active substance layer has the following properties Specific
surface area: 1 to 20 m2/g 25     Pore volume: 0.1 to 1 ml/g, pore diameter
distribution pore diameter in the range of 1 to 10 micrometers: 20 to 70 %
pore diameter in the range of 0.5 to less than 1 micrometer: not more than
20% pore diameter in the range of 0.1 to less than 0.5 micrometer: 20 to
70% 30        (volume proportions based on the total pore volume). 3. The
catalyst for the production of methacrylic acid in which the catalytically
active substance layer is of a multilayer structure consisting of at least
two layers having different layers. 35  4. The catalyst for the production
of methacrylic acid according to claim 3 in which the catalytically active
substance layers of the multilayer structures are formed by mixing
compounds containing elemntal components of the oxides represented by
formula (I) in claim 1, as required heating them to prepare a slurry or a
solution, and in spraying the slurry or solution onto the inert carrier, at
least two slurries or solutions having different compositions are prepared
in advance, and successively sprayed onto the 40      inert carrier. 5. The
catalyst for the production of methacrylic acid according to claim 3 in
which the catalytically active substance layers having a multilayer
structure are formed by mixing compounds of elemental compo- nents of the
oxides represented by formula (I) in claim 1, as required, heating them to
prepare slurries 45     or solutions, and in spraying slurries or solutions
on the inert carrier, at least two or more slurries or solutions having
different compositions are prepared in advance, and these slurries or
solutions are successively sprayed repeatedly on the inert carirer. 6. The
catalyst for the production of methacrylic acid accordig to claim 3 in
which the catalytically active 50     substances of a multilayer structure
have the following properties 



specific surface area: 1 to 20 [err] pore volume: 0.1 to 1 ml/g pore
diameter distribution: a pore diameter in the range of 1 to 10 micrometers:
20 to 70 % 55         a pore diameter in the range of 0.5 to less than 1
micrometer not more than 20 % a pore diameter in the range of 0.1 to less
than 0.5 micrometers 20 to 70 % (volume proportions based on the total pore
volumes). 29    PatentansprUche 1. Katalysator zur Herstellung von
Methacrylsaure, bestehend aus einem inerten Trager und einer auf dem Trager
abgeschiedenen Schicht einer katalytisch aktiven Substanz, dadurch
gekennzelchnet, daB 6      die Schicht der katalytisch aktiven Substanz aus
Oxiden der folgenden Formel (1) besteht: MoaPbABdCeDfOx   (1) worin Mo fUr
MolybdIn steht, P fUr Phosphor steht, A fUr mindestens ein Element,
ausgewfhlt aus 10     Arson, Antimon, Germanium, Wismut, Zirkon, Cer und
Selon, steht, B fUr mindestens ein Element, ausgewAhit aus Kupfer, Eisen,
Chrom, Nickel, Mangan, Kobalt, Zinn, Silber, Zink, Palladium, Rhodium und
Tellur, steht, C fUr mindestens ein Element, ausgewdhlt aus Vanadium,
Wolfram und Miob, steht, D fUr mindestens ein Element, ausgewihit aus
Alkalimetallen, Erdalkalimetallen und Thallium, steht und 0 fir Sauerstoff
steht, a, b, c, d, e f bzw. x jeweils die Atomverhaltnisse von Mo, P, A, B,
C, D und 0 15     darstellen, wobei a = 12, b = 0,5 - 4, c = 0 - 5, d = 0 -
3, e = 0 - 4, f = 0,01 - 4 und x ein Zahlenwert ist, der durch die
Oxidationszustande dieser Elemente festgelegt wird, wobei die Schicht der
katalytisch aktiven Substanz dadurch hergestellt worden ist, daB der inerte
Trager auf 100 bis 250 C vorerhitzt wird, daB die Komponenten der
Elementarkomponenten der Oxide der Formel (I) gogebenenfalls unter Erhitzen
vermischt werden, um eine Aufschlammung oder eine 20     Losung
herzustellen, daB die Aufschlimmung oder L6sung auf den inerten Trager
aufgesprUht wird ,>         und daB der inerte Triger mit der darauf
abgeschiedenen AufschlImmung oder Losung calciniert wird. 2. Katalysator
zur Herstellung von Methacrylsaure nach Anspruch 1, dadurch gekennzslchnet,
daB die Schicht der katalytisch aktiven Substanz die folgenden
Eigenschaften aufweist: 25        spezifische Oberfllche: 1 bis 20 m2/g
Porenvolumen: 0,1 bis 1 ml/g Verteilung des Porendurchmessers:
Porendurchmesser im Bereich von 1 bis 10 um: 20 bis 70% Porendurchmesser im
Bereich von 0,5 bis weniger als 1 am: nicht mehr als 20% 30
Porendurchmesser im Bereich von 0,1 bis weniger als 0,5 Um: 20 bis 70%
(wobei die Volumenverhalitnisse auf das Gesamt-Porenvolumen bezogen sind).
3. Katalysator zur Herstellung von Methacrylesure, dadurch gekennzelchnet,
daB die Schicht der 



katalytisch aktiven Substanz eine mehrschichtige Struktur hat, welche aus
mindestens zwei Schichten 35     mit unterschiedlichen Schichten besteht.
4. Katalysator zur Herstellung von Methacrylsaure nach Anspruch 3, dadurch
gekennzelchnet, daB die Schichten der katalytisch aktiven Substanz der
Mehrschichtstrukturen dadurch hergestellt worden sind, daB Verbindungen,
die die Elementarkomponenten der Oxide gemalB Formel (I) in Anspruch 1 _,
40     enthalten, erforderlichenfalls unter Erhitzen vermischt werden, um
eine Aufschlammung oder eine 1desung herzustellen, und daB die
Aufschlammung oder L6sung auf den inerten Trager aufgesprUht wird, wobei
mindestens zwei Aufschllmmungen oder Ldsungen mit unterschiedlichen
Zusammenset- zungen im voraus hergestellt werden und nacheinander auf den
inerten Trager aufgesprUht werden. 45  &  Katalysator zur Herstellung von
Methacrylsaure nach Anspruch 3, dadurch gekennzelchnet daB die Schichten
der katalytisch aktiven Substanz mit Mehrschichtstruktur dadurch
hergestelit worden sind, daB Verbindungen, die die Elementarkomponenten der
Oxide gemaiB Formol (I) in Anspruch 1 enthalten, erforderlichenfalls unter
Erhitzen vermischt werden, um Aufschilmmungen oder Ldsungen herzustellon,
und daB die Aufschlammungen oder L6sungen auf den inerten Trager
aufgesprUht so     worden, wobei mindestens zwei oder mehr Aufschlimmungen
oder Losungen mit unterschiedlichen Zusammensetzungen im voraus hergestellt
werden und nacheinander wisderholt auf den inerten Trager aufgesprtht
werden. 6. Katalysator zur Herstellung von Methacrylsiure nach Anspruch 3,
dadurch gekennzelchnet, daB die 55     katalytisch aktiven Substanzen der
Mehrschichtstrukturen die folgenden Eigenschaften aufweisen: spezifische
Oberflache: 1 bis 20 m2Ig Porenvolumen: 0,1 bis 1 ml/g Verteilung des
Porsndurchmessers: 30    EP 0 415 347 B1              * III      M II lii0
Porendurchmesser im Bereich von 1 bis 10 gm: 20 bis 70% Porendurchmesser im
Bereich von 0,5 bis weniger als 1 Lm: nicht mehr als 20% Porendurchmesser
im Bereich von 0,1 bis weniger als 0,5 am: 20 bis 70% (wobei die
Volumenverhaltnisse auf das Gesamt-Porenvolumen bezogen sind). 5
Revendlcatlons 1. Catalyseur pour la production de l'acide methacrylique
compose d'un support inerte et d'une couche de substance catalytiquement
active deposee sur le support, la couche de substance catalytiquement 10
active etant composee d'oxydes reprdsent6s par la formule suivante (I)
Mo8PbABdCsDfOx   (I) oO Mo represente le molybdene, P reprdsente le
phosphore, A represente au moins un element 15     pris dans le groupe
comportant les arsenic, antimoine, germanium, bismuth, zirconium, cerium et



selenium, B represente au moins un 6l6ment pris dans le groupe comportant
les cuivre, fer, chrome, nickel, manganese, cobalt, etain, argent, zinc,
palladium, rhodium et tellurium, C represente au moins un element pris dans
le groupe des vanadium, tungstene et niobium, D represente au moins un
6lement pris dans le groupe des metaux alcalins, des metaux
alcalino-terreux et du thallium, et 0 20     repr6sente I' oxygene, a, b,
c, d, e, f et x respectivement representent les rapports atomiques de Mo, >
P,A, B,C, DetO,etlorsquea = 12,b = 0,5-4,c = 0-5,d = 0-3,e = 0-4,f = 0,01
-4etx represente une valeur numerique dgterminde par les etats d'oxydation
de ces elements, les couches de substance catalytiquement active etant
formdes par prechauffage du support inerte a une temperature de 100 a 250
*C, par melange de composes des composants elementaires des 25     oxydes
de formule (I), en les chauffant de la maniere necessaire pour preparer une
bouillie ou une solution en pulverisant la bouillie ou la solution sur le
support inerte, et en calcinant le support inerte portant la bouillie ou la
solution deposee. 2. Catalyseur pour la production de l'acide methacrylique
selon la revendication 1, selon laquelle la 30     couche de substance
catalytiquement active a les proprietes suivantes: Superficie de la surface
specifique = 1 & 20 m2/g Volume de pores = 0,1 I 1 ml/g Distribution du
diametre des pores: diametre des pores dans le domaine de 1 & 10 um : 20 a
70 % 35         diametre des pores dans le domaine de 0,5 A moins de 1 Lm :
inferieur a 20 % diametre des pores dans le domaine de 0,1 a moins de 0,5
im : 20 & 70 % (proportions volumiques basees sur le volume total des
pores). 3. Catalyseur pour la production de l'acide methacrylique selon
lequel la couche de substance catalyti- K    40     quement active a une
structure multicouche composee d'au moins deux couches differentes. 4.
Catalyseur pour la production de l'acide methacrylique selon la
revendication 3, selon lequel les couches de substance catalytiquement
active des structures multicouches .sont form6es par m6lange de compos6s
contenant des composants elementaires des oxydes representes par la formule
(I) dans 45     la revendication 1, en les chauffant de la maniere
n6cessaire pour pr6parer une bouillie ou une solution et en pulverisant la
bouillie ou la solution sur le support inerte, au moins deux bouillies ou
solutions ayant des compositions differentes sont preparees par avance et
sont pulveris6es successivement sur le support inerte. 50  5. Catalyseur
pour la production de l'acide methacrylique selon la revendication 3, selon
lequel les couches de substance catalytiquement active ayant une structure
multicouches sont form6es par melange de composes de composants
elementaires des oxydes repr6sentes par la formule (I) dans la
revendication 1, en les chauffant de la manibre necessaire pour preparer
des bouillies ou des solutions et en pulverisant les bouillies ou les
solutions sur le support inerte, au moins deux ou plus de deux 55
bouillies ou solutions ayant des compositions differentes sont pr6parees
par avance, et ces bouillies ou solutions sont pulverisees successivement,
de fagon rep6titive, sur le support inerte. 31  



* C   L  M   S 6  Catalyseur pour la production de l'acide mdthacrylique
selon la revendication 3, solon loquel les substance catalytiquement active
a structure multicouche ont les proprietes suivantes: Superficie de la
surface sp6ciflque: 1 & 20 m2/g Volume de pores: 0,1 & 1 mulg 5
Distribution du diamhtre des pores: diametre des pores dans le domaine de 1
A 10 rn: 20 a 70 % diambtre des pores dans le domaine de 0,5 & moins de 1
urm = inferieur & 20 % diametre des pores dans le domaine de 0,1 a moins de
0,5 rm: 20 a 70 % (proportions volumiques basees sur le volume total des
pores). 10 20 25 30 35 ,'40 46 50 66 32    


