
-1-   PROCESS FOR PRODUCING METHACROLEIN AND METHACRYLIC  ACID Description
The present invention relates to a process for producing methacrolein and
methacrylic acid by using, as a starting material. at least one compound
selected from isobutylene, t-butanol (tertiary butanol) and methyl t-butyl
ether (methyl 



tertiary butyl ether) and subjecting the starting material to gas phase
catalytic oxidation with molecular oxygen or a molecular oxygen-containing
gas.     A number of proposals have been made on the catalyst used in
production of methacrolein and methacrylic acid by the high-temperature gas
phase catalytic oxidation of isobutylene and/or t-butanol. These proposals
relate mainly to the selection of the components constituting the catalyst
and their ratio.     DE-OS 33 08 625 discloses a catalytic composition
corresponding to the general formula
W[err]M[err] V[err]P[err] C[err]As[err]Sb[err]X[err]Y[err]O[err]   wherein
X represents K[err] Rb and/or Cs[err]     Y represents Nb, Fe. Mn, Sn, Li,
Na, Sr, Rh, Ce, Ti and/or Cr.     a=2.0to<6, 



b =0 to 3,     c=0.1 to 3     d=0.01 to 1,     e = 0 to 1,     f = 0 to 2.
g=0.01 to3,     h = 0 to 1.     x represents the number of oxygen atoms
required to saturate the valence of the components of said catalytic
composition.      EP-A-0 102 641 relates to a catalyst for manufacturing
methacrolein by the vapor phase oxidation of isobutylene or tertiary
butanol, said catalyst having the composition represented by the following
formula
MO[err]W[err]Bi[err]Fe[err]A[err]B[err]C[err]D[err]O[err]  



wherein       A represents at least one element selected from the group
consisting of nickel and cobalt.      represents at least one element
selected from the group consisting of alkali metals, alkaline earth metals
and      thallium,      C represents at least one element selected from the
group consisting of phosphorus, tellurium, antimony, tin,      cerum, lead,
niobium, manganese and zinc,      D represents at least one element
selected from the group consisting of silicon, aluminium, zirconium and
titanium,      a, b, c. d, e, f, g, h and x respectively represent the
atomic ratios of Mo, W, Bi, Fe, A. B, C, D, and O, and when      a is fixed
at 12,      b is from 0 to 10,      c is from 0.1 to 10,      d is from 0.1
to 20.      e is from 2 to 20. 



f is from 0 to 10,      g is from 0 to 4.      h is from 0 to 30 and      x
is a number determined by the atomic valences of the individual elements.
and being molded in the shape of a hollow cylinder having an outside
diameter of 3.0 to 10.0 mm, an inside diameter  0.1 to 0.7 times the
outside diameter and a length 0.5 to 2.0 times the outside diameter
The above oxidation reaction is a highly exothermic reaction. Therefore, in
the reaction, heat build-up in the catalyst  layer Is large; particularly
in the abnormally hot areas called "hot spots", product yield is low due to
an excessive       



oxidation reaction and, moreover, deterioration of catalyst takes place
owing to a high thermal load and catalyst life is influenced greatly.
Accordingly, heat build-up in hot spots is a serious problem in the
industrial practice of the above oxidation reaction. This heat build-up in
hot spots tends to be striking particularly when the concentration of
material gas is made higher or the space velocity is made larger (such
reaction conditions are hereinafter referred to as "high- load reaction
conditions" in some cases) in order to enhance the productivity: as a
result, the reaction conditions of the oxidation reaction are considerably
restricted currently.     Hence, minimization of heat build-up in hot spots
is very important for industrial production of methacrolein and 



methacrylic acid at high yields as well as for reduction of catalyst
deterioration and resultant stable operation over a long period. Prevention
of heat build-up in hot spots is particularly important in molybdenum-based
catalysts because the molybdenum component causes easy sublimation.
Various proposals have hitherto been made in order to suppress heat buildup
in hot spots. For example, Japanese Patent Publication No. 36740/1987
proposes the use of a ring-shaped catalyst. The document describes that the
change of catalyst shape from spherical or columnar shape to ring shape in
the molded catalyst conventionally used for oxidation of isobutylene
ort-butanol can suppress heat build-up in hot spots and accordingly an
excessive oxidation reaction, and is very effective for the improvement of
product yield. This method certainly has an effect of reducing the thermal
load for catalyst, but gives no sufficient results under high-load reaction
conditions, in particular     Also, a method in which catalysts of
different activities are filled in a plurality of reaction zones formed by
dividing the catalyst layer of reactor and in which an oxidation reaction
is carried out in the reaction zones, is known in Japanese Patent
Publication No. 38331/1988 for production of, for example, acrolein and
acrylic acid from propylene. GB-A-2 044 764 relates to a process for
producing acrolein and acrylic acid by vapour-phase catalytic oxidation of
propylene using a multi-tubular, fixed-bed reaction vessel, which is
characterized by  



a) the use, as a reaction catalyst, of a composite oxide catalyst
represented by the formula:
Mo[err]B[err]bFe[err]A[err]B[err]C[err]D[err]Si[err]O[err],       wherein:
A is at least one element selected from Co, Ni, and Mg; B is at least one
element selected from P. B. and     As; C is at least one element selected
from Li, Na, and Mn; D is at least one element selected from K, Rb, Cs and
TI,b is 0.4to7,c is from 0.1to4,d is from 2 to 10,e is from 0 to 2,f is
from 0 to 2,g is from 0 to 2,and h is from     0 to 60. and x is a number
satisfying the valences of the elements other than oxygen when a is 12: and
b) an arrangement of the catalyst in each reaction tube wherein the
catalyst is packed in the tube in a plurality of     divided sections
disposed successively in the tube axial direction to form the bed and
respectively having activities     which have been so controlled by varying
the composition of the Component D or/and the quantity (or quantities)
of the element (or elements) thereof that the activities increase from the
tube inlet towards the tube outlet  



FR-A-2 114 414 relates to a process for the preparation of acrylic acid
using catalysts of different activities. Said catalysts are prepared by
diluting the catalytically active catalysts with an inert compound so as to
reduce the activity of the catalytically active composition.      GB-PS 1
529 384 relates to the oxidation of propylene and isobutylene to obtain the
corresponding unsaturated aldehydes and acids. This document teaches to use
two catalysts having different physical forms. The first catalyst is a
coated catalyst, and the second catalyst consists essentially of the
catalytic material.      Further. Japanese Laid-Open Patent Publication No.
127013/1976 discloses the use of a combination of a sup- ported catalyst
and a molded catalyst essentially of the same composition for production of
unsaturated aldehydes and acids from propylene and isobutylene. The
document shows, in Examples, specific cases of producing acrolein and
acrylic acid from propylene, but discloses no specific case of producing
methacrolein and methacrylicacid from isobutylene. Therefore, it is
difficult to evaluate the effect of the above technique on the production
of methacrolein and methacrylic acid from isobutylene.     In the reaction
for producing methacrolein and methacrylic acid by subjecting isobutylene,
t-butanol or methyl t- butyl ether to gas phase catalytic oxidation, all of
these starting materials have a methyl group at the a-position unlike
propylene; accordingly, there occur many side reactions caused by the
presence of methyl group, such as parallel 



reactions, successive reactions and the like, producing a number of
by-products in large amounts For example. the heat generated in the
reaction for producing methacrolein and methacrylic acid from isobutylene
is larger than that for producing acrolein and acrylic acid from propylene;
this aggravates the heat build-up in catalyst layer and promotes the
formation of by-products by side reactions. Further, methacrolein is
unstable as compared with acrolein and easily gives rise to so-called
"post-reactions" such as autoxidation and the like, worsening the product
yield.     As described above, the reaction for producing methacrolein and
methacrylic acid by oxidation of isobutylene, t- butanol or methyl t-butyl
ether is complex as compared with the reaction for producing acrolein and
acrylic acid by         



-3-  oxidation of propylene, making it difficult to obtain intended
products at high yields. Therefore, the application of the very techniques
obtained in the production of acrolein, acrylic acid, etc. to the
production of methacrolein and meth- arylic acid has not been sufficiently
effective, and further study has been necessary in order to develop a
catalyst or process suitably used for production of methacrolein and
methacrylic acid.     An object of the present invention is to provide a
process for producing methacrolein and methacrylic acid at high yields by
subjecting at least one material selected from isobutylene, t-butanol and
methyl t-butyl ether, to gas phase catalytic oxidation.     Another object
of the present invention is to provide a process for producing methacrolein
and methacrylic acid by subjecting at least one material selected from
isobutylene, t-butanol and methyl t-butyl ether. to gas phase catalytic
oxidation, in which process heat build-up in hot spots in catalyst layer is
suppressed to improve yields of methacrolein and methacrylic acid, prevent
catalyst deterioration and enable long stable use of catalyst     Still
another object of the present invention is to provide a process for
producing methacrolein and methacryfic 



acid by subjecting at least one material selected from isobutylene,
t-butanol and methyl t-butyl ether, to gas phase catalytic oxidation under
high-load reaction conditions, in which process heat build-up in hot spots
in catalyst layer is suppressed to improve yields of methacrolein and
methacrylic acid, prevent catalyst deterioration, enable long stable use of
catalyst and enhance productivity significantly. The present invention
relates to a process for producing methacrolein and methacrylic acid using
a fixed bed multitu- bular reactor, said process comprising the following
steps      (a) preparing as catalysts compound oxides having different
activities represented by the following general formula     (I)
Mo[err]W[err]Bi[err]Fe[err]A[err]B[err]C[err]D[err]E[err]O[err]        (in
the formula. Mo represents molybdenum, W represents tungsten, Bi represents
bismuth, Fe represents iron,      A represents at least one element
selected from nickel and cobalt, B represents at least one element selected



from alkali metals and thallium, C represents at least one element selected
from alkaline earth metals, 0 represents      at least one element selected
from phosphorus, tellurium, antimony, tin, cerium, ad niobium, manganese,
arsenic      and zinc, E represents at least one element selected from
silicon, aluminum, titanium and zirconium, and O rep-      resents oxygen;
a, b, c, d, e, f, g, h, i and x represent the numbers of atoms of Mo, W. Bi
Fe, A. B. C. D. E and      O. respectively; when a is 12. b = 0-10. c =
0.1-20, d = 0.1-20, e = 2-20, f = 0.001-10. g= 0-10 h = 0-4, i = 0-30
and x = a value determined by the oxidation states of individual elements)
by varying the types and/or amounts of      the elements constituting the B
group in the general formula (l) and further by varying the firing
temperature em-      ployed in catalyst preparation, said firing
temperature being in the range of 400 to 600[err]C so that the firing
temper-      ature difference between any two catalysts of the plurality of
catalysts becomes at least 5[err]C,      ([err]) arranging the catalysts in
the axial direction of the reaction tube in such a way that the activity of
filled catalyst      becomes higher as a material gas proceeds from the
inlet to the outlet, and      (y) subjecting at least one material selected
from isobutylene, t-butanol and methyl t-butyl ether to gas phase
catalytic oxidation with molecular oxygen or a molecular oxygen-containg
gas.       The present invention is hereinafter described in detail. 



The starting material used in the present invention is at least one
compound selected from isobutylene, t-butanol and methyl t-butyl ether, and
is subjected to a reaction ordinarily in the form of a mixed gas further
containing molecular oxygen, steam and an inert gas (e.g. nitrogen, carbon
dioxide).     The catalysts used in the present invention are compound
oxides represented by the above-mentioned general formula (1). The method
for preparing the catalysts and the materials used therefor have no
particular restriction, and the catalysts can be prepared by employing the
method and materials generally used in the preparation of same type
catalyst.     In the present invention, a plurality of catalysts of
different activities, each represented by the general formula (1) are
prepared and filled in a particular arrangement.     The catalysts of
different activities can easily be prepared by varying the types and/or
amounts of the elements constituting the B group in the general formula (I)
(that is, the catalysts of different activities can be obtained by varying
the type and/or amount of at least one element selected from alkali metals
and thallium (the variation must be made within the atomic ratio specified
by f in the general formula (1)]) and further by varying the firing
temperature employed In catalyst preparation. Specifically, the catalysts
of different activities are prepared by varying the firing temperature
(400-600[err]C) employed in catalyst preparation, so as to give a firing
temperature difference of at least 5[err]C between 



any two different catalysts.
-4-        The firing temperature employed in catalyst preparation in the
present invention is, as mentioned above, 



400-600[err]C, preferably 450-550[err]C.       When the firing temperature
is lower than 400[err]C, no sufficient catalyst activity is obtained.
Meanwhile, when the  firing temperature is higher than 600[err]C. the
resulting catalyst activity is low owing to the occurrence of sintering,
etc.  Therefore, such firing temperatures are not preferable. When the
firing temperature difference is less than 5[err]C between  any two
catalysts, the resulting catalyst activity difference caused by the firing
temperature difference is insufficient  between these catalysts; therefore,
such a firing temperature difference is not preferable. The firing
temperature dif-  ference need not be unnecessarily large and is generally
5-100[err]C, preferably 10-70[err]C.       A plurality of catalysts of
controlled activities are prepared by varying the type and/or amount and
the firing tem-  perature employed in catalyst preparation. The thus
prepared catalysts are filled into reaction zones formed by dividing  the
catalyst layer of each reaction tube, in such a way that the activity of
filled catalyst becomes higher as a material  gas proceeds from the inlet
to the outlet. In this case, the amount of the B group element(s) is
preferably such that f =  0.001-10 when Mo = 12 in the general formula (1).
At least two catalysts selected from the catalysts of controlled activities
mentioned above are filled into the reaction  zones formed by dividing the
catalyst layer of each reaction tube, in such a way that the activity of
filled catalyst becomes  higher as a material gas proceeds from the inlet
to the outlet 



In the present invention, "actvity" refers to the conversion of starting
material.  The method according to the present invention is preferable
because it gives high conversion of starting material and  high
selectivities of intended products and, as a result, gives intended
products at high yields. In this method use of a  plurality of catalysts
prepared by varying the type and/or amount of at least one element selected
from the B group  elements and further by varying the firing temperature
employed in catalyst preparation, is particularly preferable be-  cause it
causes no catalyst deterioration over a long period of time and gives
intended products at high yields. In this  case, the firing temperature in
catalyst preparation is varied in the range of 400-600[err]C so that the
firing temperature  difference between any two catalysts of the plurality
of catalysts becomes at least 5[err]C.      The tungsten component is
effective for improvement of catalyst activity, and its use in combination
with the B  group element(s) gives a catalyst of significantly improved
activity but of no reduced selectivity. The proportion of  tungsten used is
0-10, preferably 0.5-10 when the proportion of molybdenum used is 12.
The methods specified by the present invention, described in detail above,
i.e., the present methods for control of  catalyst activity by variation of
catalyst composition and firing temperature have made it possible to
produce methac-  rolein and methacrylic acid at high yields over a long
period of time. The present invention is presumed to have the  following
functions. 



Control of catalyst activity is made possible by varying the chemical
properties or physical properties or both of  catalyst.      Control of
catalyst activity by composition variation is believed to bring about
variation of chemical properties of  catalyst. Such variation gives rise to
variation of catalyst adsorbability for starting material (isobutylene.
t-butanol or  methyl t-butyl ether), or variation of removability of
products (methacrolein and methacrylic acid) from catalyst; thus,  catalyst
activity and selectivity are varied.      Meanwhile, variation of firing
temperature is believed to contribute not only to variation of chemical
properties (e.  g. crystalline structure, stability) of catalyst, but also
to variation of physical properties (namely, specific surface area,  pore
volume, distribution of pore diameters) of catalyst. It is believed that
variation of firing temperature has made it  possible to obtain a catalyst
having physical properties most suitable for an intended reaction and, as a
result, attain  high yields.      In the reaction for producing
methacrolein and methacrylic acid, a number of by-products are generated in
a large amount, as mentioned previously. Hence, by preparing catalysts
different in chemical properties and preferably even in physical
properties, optimization of catalysts has been achieved, whereby high
yields and longer catalyst life have been realized. 



The catalysts used in the present invention can be made into molded
catalysts by an ordinary molding method such as extrusion molding method,
tablet molding method or the like, or into supported catalysts by allowing
an ordinary inactive carrier (e.g. silicon carbide, alumina, zirconium
oxide, titanium oxide) to support a catalyst component, i.e., a compound
oxide represented by the general formula (1).     The types of a plurality
of catalysts filled into reaction zones may be the same or different. When
the number of the reaction zones is, for example, 2, it is possible to
arrange a supported catalyst in a reaction zone also functioning as a
material gas inlet and a molded catalyst in a reaction zone also
functioning as an outlet.     The shapes of the catalysts used in the
present invention have no particular restriction and can be any of
spherical shape, columnar shape, ring shape, etc. The use of ring-shaped
catalysts, in particular, can give various advantages such as prevention of
heat build-up in hot spots, increased yield, prevention of catalyst
deterioration, reduced pressure loss in catalyst layer, and the like.
Therefore, ring-shaped catalysts can be preferably used in the present
invention. The preferable dimensions of the ring-shaped catalysts are such
that the outside diameter is 3-10 mm, the length is    



0.5-2 times the outside diameter, and the inside diameter (the diameter of
the through-hole formed in the length direc- tion) is 0. 1-0.7 time the
outside diameter     The shapes of a plurality of catalysts filled into
reaction zones may be the same or different. When the number of the
reaction zones is, for example, 2. good results are obtained by arranging a
ring-shaped catalyst in a reaction zone 



also functioning as a material gas inlet and a pellet-shaped catalyst in a
reaction zone also functioning as an outlet.     In the present invention,
the catalyst layer in each reaction tube is divided into two or more
portions in the axial direction of the tube to form a plurality of reaction
zones. In these reaction zones are arranged a plurality of catalysts of
different activities as mentioned above, in such a way that the activity of
filled catalyst becomes higher as a material gas proceeds from the inlet to
the outlet. That is, a catalyst of lowest activity is arranged in the
reaction zone also functioning as a material gas inlet, and a catalyst of
highest activity is arranged in the reaction zone also functioning as a
material gas outlet. Such arrangement of a plurality of catalysts of
different activities makes it possible to suppress heat build-up in hot
spots and obtain intended prodjucts at high yields.     The larger the
number of reaction zones formed by dividing the catalyst layer, the easier
is the control of temperature distribution in reaction zones. However, 2 or
3 reaction zones can suffciently attain an intended effect industrially.
The division ratio cannot be specified in a particular range because it
differs by the composition, shape, etc. to be possessed by the catalyst of
each reaction zone. Desirably, the division ratio is appropriately selected
so that the overall activity and selectivity become optimum.     The gas
phase catalytic oxidation reaction of the present invention may be carried
out by an ordinary single-pass method or a recycle method. The oxidation
reaction can be effected under the conditions generally employed in similar



reactions. For example, a starting material. i.e. a mixed gas consisting of
1-10% by volume of at least one compound selected from isobutylene.
t-butanol and methyl t-butyl ether, 3-20% by volume of molecular oxygen,
0-60% by volume of steam, 20-80% by volume of an inert gas (e.g. nitrogen,
carbon dioxide), etc, is introduced into the above-mentioned reaction zones
at a temperature range of 250-450[err]C at a pressure of normal pressure to
1.013 MPa (10 atm.) at a space velocity (SV) of 300-5,000 hr[err] (STP).
In the present process, as compared with conventional processes,
particularly excellent results can be obtained under high-load reaction
conditions employed for higher productivity, for example, under the
conditions of higher ma- terial concentration or higher space velocity.
In the present invention, various meritorious effects such as mentioned
below can be obtained by filling a plurality of particular molybdenum-based
catalysts of different activities into a plurality of reaction zones formed
by dividing the catalyst layer in each reaction tube, in such a way that
the activity of filled catalyst becomes higher as a material gas proceeds
from the inlet to the outlet.       (a) Methacrolein and methacrylic acid
can be obtained at high yields.      (b) Heat build-up in hot spots can be
suppressed effectively. 



(c) The excessive oxidation reaction in hot spots can be prevented, and
intended methacrolein and methacrylic      acid can be obtained at high
yields.      (d) Catalyst deterioration due to thermal load can be
prevented and stable use of catalyst over long period is      possible.
(e) Intended methacrolein and methacrylic acid can be obtained at high
yields even under high-load reaction con-      ditions (e.g. high material
concentration, high space velocity). As a result, significantly increased
productivity can      be obtained.          Further, the following effect
can additionally be obtained by the use of ring-shaped catalyst.      (f)
Pressure loss in catalyst layer is reduced, whereby electricity consumption
can be lowered.       Thus, the process of the present invention is very
useful for industrial production of methacrolein and methacrylic acid.
[Examples]  



The present invention is hereinafter described more specifically with
reference to Examples.      Conversion, selectivity and total per-pass
yield are defined by the following formules.
Conversion (mole %) =                       (moles of starting material
reacted) + (moles of starting material fed) x 100         



-6-                                                  Selectivity (mole %) =
(moles of methacrolein or methacrylic acid formed) + (moles of starting
material reacted) x 100                                              Total
per-pass yield (mole %) =              (moles of methacrolein and
methacrylic acid formed) + (moles of starting material fed) x 100   



Example 1-a      1.456 g of cobalt nitrate and 202 9 of ferric nitrate were
dissolved in 1.000 ml of water. 243 g of bismuth nitrate was dissolved in
an aqueous nitric acid solution consisting of 30 ml of concentrated nitric
acid and 120 ml of water.     Separately. 1.059 g of ammonium paramolybdate
and 265 g of ammonium paratungstate were dissolved in 3.000 ml of water
being stirred with heating. To the resulting aqueous solution were dropwise
added the above prepared two aqueous solutions, and mixing was carried out.
Thereto were added an aqueous solution obtained by dissolving 68.3 g of
cesium nitrate in 200 ml of water, and 203 g of silica sol of 20 weight %
concentration in this order, and mixing was carried out.     The thus
obtained suspension was stirred with heating, and subjected to evaporation
to dryness. The residue was molded into pellets of 6 mm in outside diameter
and 6.6 mm in length. The pellets were fired at 510[err]C for 6 hours in an
air stream to obtain a catalyst (1-a). This catalyst (1 -a) had the
foliowing composition in terms of atomic ratio ex- cluding oxygen.
Mo[err]W[err]Bi[err]Fe[err]Co[err]Cs[err]Si[err] 



A catalyst (2-a) was prepared in the same manner as in the preparation of
the catalyst (1 -a) except that the amount of cesium nitrate was changed to
9.8 g and the firing temperature was changed to 480[err]C.     This
catalyst (2-a) had the following composition in terms of atomic ratio
excluding oxygen.
Mo[err]W[err]Bi[err]Fe[err] Co[err]Cs[err]Si [err]       With respect to
the activities of the catalysts (1 -a) and (2-a), the catalyst (2-a) has a
higher activity than the catalyst (1-a), as is clear from the results of
Comparative Examples 1-a and 2-a shown later     750 ml of the catalyst
(11-a) was filled into the material gas inlet portion of a steel-made
reaction tube of 25.4 mm in diameter, and 750 ml of the catalyst (2-a) was
filled into the material gas outlet portion.     A mixed gas of a
composition consisting of 6 % by volume of isobutylene, 13.2 % by volume of
oxygen. 10 % by 



volume of steam and 70.8 % by volume of nitrogen was introduced from the
inlet of the reaction tube, and a reaction was carried out at a reaction
temperature of 340[err]C at a space velocity (SV) of 1.600 hr[er] (STP).
The results are shown in Table 1-a.  Comparative Example 1-a      A
reaction was carried out in the same manner as in Example 1 -a except that
no catalyst (2-a) was used and only the catalyst (1 -a) (1.500 ml) was
filled. The results are shown in Table 1-a.  Comparative Example 2-a      A
reaction was carried out in the same manner as in Example 1-a except that
no catalyst (1 -a) was used and only the catalyst (2-a) (1.500 ml) was
filled. The results are shown in Table 1-a.  Comparative Example 3-a 



A catalyst (3-a) was prepared in the same manner as for the catalyst (1 -a)
of Example 1-a except that the amount of cesium nitrate was changed to 39
g.     This catalyst (3-a) had the following composition in terms of atomic
ratio excluding oxygen.
-7- 



Mo[err]W[err]Bi[err]Fe[err]Co[err]Cs[err]Si[err]       A reaction was
carried out in the same manner as in Example 1-a except that only the
catalyst (3-a) (1,500 ml) was filled into the reaction tube. The results
are shown in Table 1-a.  Comparative Example 4-a       A catalyst (4-a) and
a catalyst (5-a) were prepared in the same manners as for the catalyst (1
-a) and the catalyst (2-a), respectively, except that the firing
temperatures used in the preparations of the catalyst (1 -a) and the
catalyst (2-a) were both changed to 500[err]C. 750 ml of the catalyst (4-a)
was filled into the reaction gas inlet portion, and 750 ml of the catalyst
(5-a) was filled into the outlet portion. Then, a reaction was carried out
in the same manner as in Example 1-a. The results are shown in Table 1-a.
It is appreciated from the results of Example 1 -a and Comparative Examples
1-a to 3-a that the catalyst (1 -a) has a very low activity, the catalyst
(2-a) has a high activity, and both of them give a low total per-pass yield
while the 



catalyst system of the present invention which is a combination of the
catalysts (1-a) and (2-a), gives high total per- pass yield and produces
intended methacrolein and methacrylic acid at high yields.      When the
catalyst (3-a) having a composition intermediate between those of the
catalysts (1-a) and (2-a) is com- pared with the catalyst system of the
present invention which is a combination of the catalysts (1-a) and (2-a),
the catalyst (3-a) gives a low total per-pass yield and a very large
temperature difference (a very large [err]T) between the reaction
temperature and the hot spots temperature. Therefore, it is thought that
catalyst deterioration due to thermal load is striking in the catalyst
(3-a). Accordingly, it is appreciated that the single use of the catalyst
(3-a) having sub- stantially the same composition as the present catalyst
system in unable to achieve the effect of the present invention.
Further, it is clear that Comparative Example 4-a is superior to
Comparative Examples 1 -a to 3-a in yield and [err]T but, inferior to
Example 1 -a using the catalysts of the present invention in said
properties. Thus, it is appreciated that the variation of the firing
temperature in addition to the variation of the B group elements gives a
further improved element  Example 2-a  



A reaction was carried out in the same manner as in Example 1-a except that
the catalysts (1-a) and (2-a) were both molded into rings of 6 mm in
outside diameter, 6.6 mm in length and 1 mm in inside diameter of
through-hole. The results are shown in Table 1-a  Comparative Example 5-a
A reaction was carried out in the same manner as in Comparative Example 1-a
except that the catalyst (1-a) was molded into rings of 6 mm in outside
diameter, 6.6 mm in length and 1 mm in inside diameter of through-hole. The
results are shown in Table 1-a.  Comparative Example 6-a      A reaction
was carried out in the same manner as in Comparative Example 2-a except
that the catalyst (2-a) was molded into rings of 6 mm in outside diameter,
6.6 mm in length and 1 mm in inside diameter of through-hole. The results
are shown in Table 1-a. 



Comparative Example 7-a      A reaction was carried out in the same manner
as in Comparative Example 3-a except that the catalyst (3-a) was molded
into rings of 6 mm in outside diameter, 6.6 mm in length and 1 mm in inside
diameter of through-hole. The results are shown in Table 1-a  Comparative
Example 8-a      A reaction was carried out in the same manner as in
Comparative Example 4-a except that the catalysts (4-a) and (5-a) were both
molded into rings of 6 mm in outside diameter, 6.6 mm in length and 1 mm in
Inside diameter of through- hole. The results are shown in Table 1-a     In
Examples 2-a and Comparative Examples 5-a to 8-a, the shapes of the
catalysts (1-a) to (5-a) were changed   



from pellets to rings. It is appreciated from the results of Table 1-a that
the variation of the catalyst shape into rings gives an improvement in
yield and a reduction in AT in each case of the catalysts (1-a) to (3-a)
and the combined use of the catalysts (4-a) and (5-a), but the catalyst
system of the present invention using the catalysts (1-a) and (2-a) in 



combination gives an even better yield and an even better [err]T.  Examples
3-a      A reaction was carried out in the same manner as in Example 1-a
except that the reaction was carried out for a longer period up to 4,000
hours. The results are shown in Table 1-a.     It is appreciated from the
results of Table 1-a that even after the reaction of 4.000 hours, the
reduction in catalyst activity is very low and the reduction in yield is
substantially negligible and that the catalyst system of the present
invention enables very stable continuous operation over a long period of
time.  Comparative Example 9-a      A reaction was carried out in the same
manner as in Comparative Example 3-a exceptthat the reaction was carried
out for a longer period up to 4,000 hours. The results are shown in Table
1-a.     In each case of Example 3-a and Comparative Example 9-a, the
reductions in catalyst activity and yield after 4,000 



hours are very small, and there is no large difference in catalyst
stability between Example 3-a and Comparative Example 9-a. It is clear
therefore that the superiority in yield, of Example  1-a of the present
invention over Comparative Example 4-a appears even after 4,000 hours.
Example 4-a      A reaction was carried out in the same manner as in
Example 2-a except that the reaction temperature was changed to 360[err]C
and the space velocity was changed to 3,000 hour[err] (STP). The results
are shown in Table 1-a.  Comparative Example 10-a      A reaction was
carried out inthe same manner as in Comparative Example 4-a except thatthe
reaction temperature was changed to 360[err]C and the space velocity was
changed to 3,000 hour[err] (STP). The results are show in Table 1-a     It
is appreciated from the results of Example 4-a and Comparative Example 10-a
that the superiority in activity and yield, of the catalyst system of the
presen invention using the catalysts (1-a) and (2-a) in combination, over
the catalyst 



system using the catalysts (4-a) and (5-a) in combination appears even when
the space velocity is increased.  Example 5-a      A reaction was effected
in the same manner as in Example 2-a except that the proportions of
isobutylene and nitrogen in material gas were changed to 7 % by volume and
69.8 % by volume, respectively. The results are shown in Table 1-a.
Comparative Example 11-a      A reaction was effected in the same manner as
in Comparative Example 4-a except that the proportions of iso- butylene and
nitrogen in material gas were changed to 7 % by volume and 69.8 % by
volume, respectively. The results are shown in Table 1-a.     It is
appreciated from the results of Example 5-a and Comparative Example 11-a
that the superiority in yield and AT, of the catalyst system of the present
invention using the catalysts (1 -a) and (2-a) in combination, over the
catalyst 



system using the catalysts (4-a) and (5-a) in combination appears even when
the isobutylene concentration is in- cerased.  Example 6-a      A reaction
was carried out in the same manner as in Example 1-a except that t-butanol
was used in place of isobutylene. The results are shown in Table 2-a.



Comparative Example 12-a      A reaction was carried out in the same manner
as in Comparative Example 4-a except that t-butanol was used in place of
isobutylene. The results are shown in Table 2-a.  Example 7-a      A
reaction was carried out in the same manner as in Example 2-a except that
there was used, as the material gas, a mixed gas consisting of 5 % by
volume of methyl t-butyl ether (MTBE). 13.2 % by volume of oxygen, 10 % by
volume of steam and 71.8 % by volume of nitrogen, the reaction temperature
was changed to 360[err] C and the space velocity was changed to 1,000
hr[err] (STP). The results are shown in Table 3-a. 



Comparative Example 1 3-a      A reaction was carried out in the same
manner as in Comparative Example 4-a except that there was used, as the
material gas. a mixed gas consisting of 5 % by volume of methyl t-butyl
ether (MTBE). 1 32 % by volume of oxygen, 10 % by volume of steam and 71.8
% by volume of nitrogen, the reaction temperature was changed to 360[err]C
and the space velocity was changed to 1.000 hr[err] (STP). The results are
shown in Table 3-a.  Example 8-a      A catalyst (6-a) was prepared in the
same manner as in Example 1-a except that nickel nitrate was used in place
of cobalt nitrate, phosphoric acid was added after ammonium paratungstate,
rubidium nitrate was used in place of cesium nitrate, stannic oxide was
added after rubidium nitrate, aluminum nitrate was used in place of silica
sol, and the firing temperature was changed to 520[err]C.     This catalyst
(6-a) had the following composition in terms of atomic ratio excluding
oxygen. 



Mo[err]W[err]Bi[err]Fe[err]Ni[err]Rb[err]P[err]Sn[err]Al[err]       A
catalyst (7-a) was prepared in the same manner as for the catalyst (6-a)
except that the amount of rubidium nitrate used was changed and the firing
temperature was changed to 490[err]C.      This catalyst (7-a) had the
following composition in terms of atomic ratio excluding oxygen.
Mo[err]W[err]Bi[err]Fe[err] Ni[err]Rb[err]P[err]Sn[err]Al[err]       750 ml
of the catalyst (6-a) was filled into the gas inlet portion of a steel-made
reaction tube of 25.4 mm in diameter, and 750 ml of the catalyst (7-a) was
filled into the gas outlet portion.      A reaction was carried out in the
same manner as in Example 1-a. The results are shown in Table 4-a.
Comparative Example 14-a  



A catalyst (8-a) and a catalyst (9-a) were prepared in the same manner as
for the catalyst (6) and the catalyst  (7-a), respectively, except that the
firing temperature was changed to 500[err]C in each preparation. 750 ml of
the catalyst  (8-a) was filled into the reaction gas inlet portion. and 750
ml of the catalyst (9-a) was filled into the reaction gas outlet  portion.
A reaction was carried out In the same manner as in Example 8-a. The
results are shown in Table 4-a.   Example 9-a       A catalyst (1 0-a) was
obtained in the same manner as in Example 1 -a except that no ammonium
paratungstate  was used, cerium nitrate was replaced by potassium nitrate,
lithium nitrate, magnesium nitrate and calcium nitrate,  titanium dioxide
was used in place of silica sol, finally there were used cerous nitrate and
niobium pentoxide. and the  firing temperature was changed to 520[err]C.
This catalyst (10-a) had the following composition in terms of atomic ratio
excluding oxygen.                                    Mo[err]Bi[err] Fe[err]
Co[err]K[err]Li[err]Ca[err]Mg[err]Nb[err]Ce[err] Ti[err]  



-10-      A catalyst (11-a) was prepared in the same manner as for the
catalyst (10-a) except that the amounts of potassium nitrate and lithium
nitrate used were changed and the firing temperature was changed to
480[err]C.     This catalyst (11-a) has the following composition in terms
of atomic ratio excluding oxygen.  



Mo[err]Bi[err]CO[err]K[err]Ca[err]Mg[err]Nb[err]Ce[err] Ti[err]       750
ml of the catalyst (10-a) was filled into the gas inlet portion of a
steel-made reaction tube of 25.4 mmin diameter, and 750 ml of the catalyst
(11-a) was filled into the gas outlet portion.     A reaction was carried
out in the same manner as in Example 1-a The results are shown in Table
4-a.  Comparative Example 15-a      A catalyst (12-a) and a catalyst (1
3-a) were prepared in the same manners as for the catalyst (10-a) and the
catalyst (11-a), respectively, except that the firing temperature was
500[err]C in each preparation. 750 ml of the catalyst (12-a) was filled
into the reaction gas inlet portion, and 750 ml of the catalyst (13-a) was
filled into the reaction gas outlet portion. A reaction was carried out in
the same manner as in Example 9-a. The results are shown in Table 4-a.  



Example 10-a       A suspension was prepared in the same manner as in
Example 1-a except that no ammonium paratungstate was used. thallous
nitrate and strontium nitrate were used in place of cesium nitrate,
thereafter there were added tellurium oxide, lead nitrate and zinc nitrate,
silica sol replaced by titanium dioxide, and the firing temperature was
changed to 5300C.     The suspension was stirred with heating and subjected
evaporation to dryness. The residue was molded into rings of 6 mm in
outside diameter, 6.6 mm in length and 2 mm in inside diameter of
through-hole, and fired at 500[err]C for 6 hours in an air stream to obtain
a catalyst (14-a).     The catalyst (14-a) had the following composition in
terms of atomic ratio excluding oxygen.
Mo[err]Bi[err] Fe[err]Co[err]Tl[err]Sr[err]Te[err]Pb[err]Zn[err]Ti[err]
A catalyst (15-a) was prepared in the same manner as for the catalyst
(14-a) except that the amount of thallous 



nitrate was changed and the firing temperature was changed to 480[err]C.
The catalyst (15-a) had the following composition in terms of atomic ratio
excluding oxygen.                                         Mo[err]Bi[err]
Fe[err]Co[err]Tl[err]Sr[err]Te[err]Pb[err] Zn[err]Ti[err]       750 ml of
the catalyst (14-a) was filled into the gas inlet portion of a steel-made
reactor of 25.4 mm in diameter. and 750 ml of the catalyst (15-a) was
filled into the gas outlet portion.      A reaction was carried out in the
same manner as in Example 1-a. The results are shown in Table 4-a.
Comparative Example 16-a       A catalyst (16-a) and a catalyst (17-a) were
prepared in the same manners as for the catalyst (14-a) and the catalyst
(115-a), respectively, except that the firing temperatures used in Example
10-a for the preparation of the catalyst (14-a) and the catalyst (15-a)
were changed to 500[err]C. 750 ml of the catalyst (16-a) was filled into
the reaction gas inlet 



portion, and 750 ml of the catalyst (17-a) was filled into the reaction gas
outlet portion. A reaction was carried out in the same manner as in Example
10-a. The results are shown in Table 4-a.  Example 11-a      A suspension
was prepared in the same manner as in Example 1-a except that cesium
nitrate was replaced by potassium nitrate, barium nitrate and beryllium
nitrate, then antimony trioxide and manganese nitrate were added, silica
sol was replaced by zirconium nitrate, and the firing temperature was
changed to 530[err]C.      Using this suspension, the procedure of Example
10-a was repeated to prepare a catalyst (18-a).      The catalyst (18-a)
had the following composition in terms of atomic ratio excluding oxygen.



Mo[err]W[err]Bi[err] Fe[err]Co[err]K[err]Ba[err]Be[err]Sb[err]Sb[err]
Mn[err]Zr[err]      A catalyst (1 9-a) was obtained in the same manner as
for the catalyst (1 8-a) except that potassium nitrate was replaced by
sodium nitrate and the firing temperature was changed to 470[err]C.     The
catalyst (1 9-a) had the following composition in terms of atomic ratio
excluding oxygen.
Mo[err]W[err]Bi[err]Fe[err]Co[err]Na[err]Ba[err]Be[err]Sb[err]
Mn[err]Zr[err] 



750 ml of thecatalyst (18-a) was filled intothe gas inlet portion of a
steel-made reaction tube of 25.4 mm in diameter, and 750 ml of the catalyst
(19-a) was filled into the gas outlet ponion.     A reaction was carried
out in the same manner as in Example 1 -a. The results are shown in Table
4-a.  Comparative Example 17-a      A catalyst (20-a) and a catalyst (21-a)
were prepared in the same manners as for the catalyst (18-a) and the
catalyst (1 9-a), respectively, except that the firing temperatures used in
Example 11 -a for the preparation of the catalyst (18-a) and the catalyst
(1 9-a) were changed to 500[err]C. 750 ml of the catalyst (20-a) was filled
into the reaction gas inlet portion, and 750 ml of the catalyst (21 -a) was
filled into the gas outlet portion. A reaction was carried out in the same
manner as in Example 11-a. The results are shown in Table 4-a.    
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Example 1-b      1,456 g of cobalt nitrate and 202 g of terric nitrate were
dissolved in 1,000 ml of water, 243 g of bismuth nitrate was dissolved in
an aqueous nitric acid solution consisting of 30 ml of concentrated nitric
acid and 120 ml of water.     separately. 1.059 g of ammonium paramolybdate
and 265 g of ammonium paratungstate were dissolved in 3,000 ml of water
being stirred with heating. To the resulting aqueous solution were dropwise
added the above prepared two aqueous solutions, and mixing was carried out.
Thereto were added an aqueous solution obtained by dissolving 68.3 g of
cesium nitrate and 13.1 g of barium nitrate in 400 ml of water, and 203 g
of silica sol of 20 weight % concentration in this order, and mixing was
carried out.     The thus obtained suspension was stirred with heating, and
subjected to evaporation to dryness. The residue was molded into pellets of
6 mm in outside diameter and 6.6 mm in length. The pellets were fired at
500[err]C for 6 hours in an air stream to obtain a catalyst (1-b). This
catalyst ( 1-b) had the following composition in terms of atomic ratio ex-
cluding oxygen. 



Mo[err]W[err]Bi[err]Fe[err]Co[err]Ba[err]Si[err]        A catalyst (2-b)
was prepared in the same manner as in the preparation of the catalyst P-b)
except that the amount of barium nitrate was changed to 65.3 g. This
catalyst (2-b) had the following composition in terms of atomic ratio
excluding oxygen.
Mo[err]W[err]Bi[err] Fe[err] Co[err]Cs[err]Ba[err]Si[err]        With
respect to the activities of the catalysts (1 -b) and (2-b), the catalyst
(2-b) has a higher activity than the catalyst  (1-b), as is clear from the
results of Comparative Examples 1 -b and 2-b shown later.      750 ml of
the catalyst (1 -b) was filled into the material gas inlet portion of a
steel-made reaction tube of 25.4 mm  in diameter, and 750 ml of the
catalyst (2-b) was filled into the material gas outlet portion. 



A mixed gas of a composition consisting of 6 % by volume of isobutylene,
13.2% by volume of oxygen, 10 % by volume of steam and 70.8 % by volume of
nitrogen was introduced from the inlet of the reaction tube. and a reaction
was carried out at a reaction temperature of 340[err]C at a space velocity
(SV) of 1,600 hr[err] (STP). The results are shown in Table 1-b.
Comparative Example 1-b       A reaction was carried out in the same manner
as in Example 1 -b except that no catalyst (2-b) was used and only  the
catalyst (1-b) (1,500 ml) was filled. The results are shown in Table 1-b.
Comparative Example 2-b       A reaction was carried out in the same manner
as in Example 1-b except that no catalyst (1-b) was used and only  the
catalyst (2-b) (1,500 ml) was filled. The results are shown in Table 1-b.  



Comparative Example 3-b       A catalyst (3-b) was prepared in the same
manner as for the catalyst (1-b) of Example 1 -b except that the amount  of
barium nitrate was changed to 39.2 g. This catalyst (3-b) had the following
composition in terms of atomic ratio  excluding oxygen.
Mo[err]W[err]Bi[err] Fe[err] Co[err]Cs[err]Ba[err]Si[err]        A reaction
was carried out in the same manner as In Example 1-b except that only the
catalyst (3-b) (1.500 ml)  was filled into the reaction tube. The results
are shown in Table 1-b.      It is appreciated from the results of Table 1
-b that the catalyst (1-b) has a very low activity the catalyst (2-b) has
a high activity but a low selectivity, and both of them give a low total
per-pass yield while the catalyst system of the  present invention which is
a combination of the catalysts (1 -b) and (2-b), gives a high total
per-pass yield and produces  intended methacrolein and methacrylic acid at
high yields. 



When the catalyst (3-b) having a composition intermediate between those of
the catalysts (1-b) and (2-b) is com- pared with the catalyst system of the
present invention which is a combination of the catalysts (1 -b) and (2-b),
the 



catalyst (3-b) gives a low total per-pass yield and a very large
temperature difference (a very large AT) between the reaction temperature
and the highest temperature in catalyst layer. Therefore, it is thought
that catalyst deterioration due to thermal load is striking in the catalyst
(3-b). Accordingly, it is appreciated that the single use of the catalyst
(3-b) having substantially the same composition as the present catalyst
system is unable to achieve the effect of the present invention.  Example
2-b      A reaction was carried out in the same manner as in Example 1-b
except that the catalysts (1-b) and (2-b) were both molded into rings of 6
mm in outside diameter, 6.6 mm in length and 1 mm in inside diameter of
through-hole. The results are shown in Table 1-b.  Comparative Example 4-b
A reaction was carried out in the same manner as in Comparative Example 1-
b except that the catalyst (1 -b) was 



molded into rings of 6 mm in outside diameter, 6.6 mm in length and 1 mm in
inside diameter of through-hole. The results are shown in Table 1-b.
Comparative Example 5-b      A reaction was carried out in the same manner
as in Comparative Example 2-b except that the catalyst (2-b) was molded
into rings of 6 mm in outside diameter, 6.6 mm in length and 1 mm in inside
diameter of through-hole. The results are shown in Table 1-b.  Comparative
Example 6-b      A reaction was carried out in the same manner as in
Comparative Example 3-b except that the catalyst (3-b) was molded into
rings of 6 mm in outside diameter, 6.6 mm in length and 1 mm in inside
diameter of through-hole. The results are shown in Table 1-b.     In
Example 2-b and Comparative Examples 4-b to 6-b, the shapes of the
catalysts (1-b) to (3-b) were changed 



from pellets to rings. It is appreciated from the results of Table 1-b that
the change of catalyst shape to rings gives improvement in yield and
reduction in AT in all of the catalysts (1-b) to (3-b), but the catalyst
system of the present invention using the catalysts (1 -b) and (2-b) in
combination gives a higher yield and a lower[err]T than the single use of
the catalyst (1-b), (2-b) or (3-b).  Example 3-b      A reaction was
carried out in the same manner as in Example 1-b except that the reaction
was carried out for an extended. period of time up to 4,000 hours. The
results are shown in Table 1-b.     It is appreciated from the results of
Table 1-b that activity reduction is very low even after the reaction of
4,000 hours, yield reduction is substantially negligible, and the catalyst
system of the present invention enables very, stable operation over a long
period of time.  Comparative Example 7-b  



A reaction was carried out in the same manner as in Comparative Example 3-b
except that the reaction time was changed to 4,000 hours. The results are
shown in Table 1-b.     It is appreciated from the results of Table 1-b
that in Comparative Example 7-b, as compared with Example 3-b, activity
reduction and yield reduction are both large and the catalyst has a problem
in stabiliy. Example 4-b     A reaction was carried out In the same manner
as in Example 2-b except that the reaction temperature was changed to
360[err]C and the space velocity was changed to 3,000 hr[err] (STP). The
results are shown in Table 1-b.  Comparative Example 8-b      A reaction
was carried out in the same manner as in Comparative Example 4-b except
that the reaction temperature was changed to 360[err]C and the space
velocity was changed to 3,000 hr[err] (STP). The results are shown in Table
1-b.     



-20- Comparative Example 9-b      A reaction was carried out in the same
manner as in Comparative Example 6-b except that the reaction temperature
was changed to 360[err]C and the space velocity was changed to 3,000
hr[err] (STP). The results are shown in Table 1-b.     It is appreciated
from the results of Example 4-b and Comparative Examples 8-b and 9-b that
the superiority in activity and yield, of the catalyst system of the
present invention using the catalysts (1-b) and (2-b) in combination, 



over the catalyst (1 -b) or (3-b) appears even when space velocity is
increased.  Example 5-b      A reaction was carried out in the same manner
as in Example 2-b except that the proportions of isobutylene and nitrogen
in material gas were changed to 7 % by volume and 69.8 % by volume,
respectively. The results are shown in Table 1-b.  Comparative Example 10-b
A reaction was carried out in the same manner as in Example 4-b except that
the proportions of isobutylene and nitrogen in material gas were changed to
7 % by volume and 69.8 % by volume, respectively. The results are shown in
Table 1-b.  Comparative Example 11-b 



A reaction was carried out in the same manner as in Example 6-b except that
the proportions of isobutylene and nitrogen in material gas were changed to
7 % by volume and 69.8 % by volume, respectively. The results are shown in
Table 1-b.     It is appreciated from the results of Example 5-b and
Comparative Examples 10-b and 11-b that the superiority in yield and
[err]T, of the catalyst system of the present invention using the catalysts
(1-b) and (2-b) in combination, over the catalyst (1- b) or (3-b) appears
even when isobutylene concentration is increased. The present catalyst
system. as compared with the single use of the catalyst (1-b) or (3-b),
gives a considerably small increase in [err]T of catalyst layer, in
particular. Therefore, it is thought that catalyst arrangement as in the
present invention is effective for minimization of catalyst deterioration
caused by thermal load.  Example 6-b       A reaction was carried out in
the same manner as in Example 1-b except that isobutylene was replaced by
t- butanol. The results are shown in Table 2-b. 



Comparative Example 12-b       A reaction was carried out in the same
manner as in Comparative Example 1-b except that isobutylene was re- placed
by i-bulanol. The results are shown in Table 2-b.  Comparative Example 13-b
A reaction was carried out in the same manner as in Comparative Example 3-b
except that isobutylene was re- placed by t-butanol The results are shown
in Table 2-b.  Example 7-b       A reaction was carried out in the same
manner as in Example 2-b except that there was used a material gas
consisting of 5 % by volume of methyl t-butyl ether (MTBE), 13.2 % by
volume of oxygen. 10 % by volume of steam 



and 71.8%  by volume of nitrogen, the reaction temperature was changed to
360[err]C and the space velocity was changed to 1,000 hr[err] (STP). The
results are shown in Table 3-b.  Comparative Example 14-b       A reaction
was carried out in the same manner as in Comparative Example 4-b except
that there was used a material gas consisting of 5 % by volume of MTBE,
13.2 % by volume of oxygen, 10 % by volume of steam and 71.9         



-21- % by volume of nitrogen, the reaction temperature was changed to
360[err]C and the space velocity was changed to 1.000 hr[err] (STP). The
results are shown in Table 3-b.  Comparative Example 15-b      A reaction
was carried out in the same manner as in Comparative Example 6-b except
that there was used a material gas consisting of 5 % by Volume of MTBE,
13,2 % by volume of oxygen, 10 % by volume of steam and 71.8 % by volume of
nitrogen, the reaction temperature was changed to 360[err]C and the
spacevelocity was changed to 1,000 hr[err] (STP). The results are shown in
Table 3-b.  Example 8-b 



A catalyst (4-b) was prepared in the same manner as in Example 1-b except
that cobalt nitrate was replaced by nickel nitrate, phosphoric acid was
addedafterammonium paratungstate, there were usedthallous nitrate
andstrontium nitrate in place of cesium nitrate and barium nitrate, then
stannic oxide was added, and silica sol was replaced by ammonium nitrate.
The catalyst (4-b) had the following composition in terms of atomic ratio
excluding oxygen.
Mo[err]W[err]Bi[err]Fe[err] Ni[err]Tl[err]Sr[err] P[err]Sn[err] Al[err]
A catalyst (5-b) was prepared in the same manner as for the catalyst (4-b)
except that the amount of strontium nitrate used was changed      The
catalyst (5-b) had the following composition in terms of atomic ratio
excluding oxygen.
Mo[err]W[err]Bi[err]Fe[err] Ni[err]Tl[err]Sr[err]P[err]Sn[err]Al[err] 



750 ml of the catalyst (4-b) was filled into the gas inlet side of a
steel-made reaction tube of 25.4 mm in diameter. and 750 ml of the catalyst
(5-b) was filled into the gas outlet side.      A reaction was carried out
in the same manner as in Example 1-b. The results are shown in Table 4-b.
Comparative Example 16-b       A reaction was carried out in the same
manner as in Example 8-b except that no catalyst (5-b) was used and only
the catalyst (4-b) (1.500 ml) was filled. The results are shown in Table
4-b.  Comparative Example 17-b       A reaction was carried out in the same
manner as in Example 8-b except that no catalyst (4-b) was used and only
the catalyst (5-b) (1,500 ml) was filled. The results are shown in Table
4-b. 



Example 9-b       A catalyst (6-b) was obtained in the same manner as in
Example 1 -b except that no ammonium paratungstate was used, cesium nitrate
was replaced by potassium nitrate and sodium nitrate, barium nitrate was
replaced by calcium nitrate and beryllium nitrate, silica sol was replaced
by titanium dioxide, and cerous nitrate and niobium pentoidde were used
finally. The catalyst (6-b) had the following composition in terms of
atomic ratio excluding oxygen.
Mo[err]Bi[err]Fe[err]Co[err]K[err]Na[err]Ca[err]Be[err]Nb[err]Ce[err]Ti[err
]        A catalyst (7-b) was prepared in the same manner as for the
catalyst (6-b) except that the amounts of calcium nitrate and betyllum
nitrate were changed. The catalyst (7-b) had the folowing composition in
terms of atomic ratio excluding oxygen.  



Mo[err]Bi[err]Co[err[K[err]Na[err]Ca[err]Be[err]Nb[err]Ce[err]Ti[err]
-22-  



750 ml of the  catalyst (6-b) was filled into the gas inlet portion of a
steel-made reaction tube of 25.4mm in diameter. and 750 ml of the catalyst
(7-b) was filled into the gas outlet portion.     A reaction was carred out
in the same manner as in Example 1-b. The results are shown in Table 4-b.
Comparative Example 18 -b      A reaction was carried out in the same
manner as in Example 9-b except that no catalyst (7-b) was used and only
the catalyst (6-b) (1.500 ml) was filled. The results are shown in Table
4-b.  Comparative Example 1 9-b      A reaction was carried out in the same
manner as in Example 9-b except that no catalyst (6-b) was used and only
the catalyst (7-b) (1,500 ml) was filled. The results are shown in Table
4-b.  Example 10-b 



A suspension was prepared in the same manner as in Example 1 -b except that
no ammonium paratungstate was used, cesium nitrate was replaced by rubidium
nitrate, magnesium nitrate was used together with barium nitrate, then
there were added tellurium dioxide, lead nitrate and zinc nitrate, and
silica sol was replaced by titanium dioxide.     The suspension was stirred
with heating and subjected to evaporation to dryness. The residue was
molded into rings of 6 mm in outside diameter, 6.6 mm in length and 2 mm in
inside diameter of through-hole, and fired at 500[err]C for 6 hours in an
air stream to obtain a catalyst (8-b). The catalyst (8-b) had the following
composition in terms of atomic ratio excluding oxygen.
Mo[err]Bi[err] Fe[err]Co[err]Rb[err]Ba[err]Mg[err]Te[err]Pb[err]
Zn[err]Ti[err]      A catalyst (9-b) was obtained in the same manner as for
the catalyst (8-b) except that the amounts of barium nitrate and magnesium
nitrate were changed. The catalyst had the following composition in terms
of atomic ratio excluding oxygen.  



MO[err]Bi[err]Fe[err]
Co[err]Rb[err]Ba[err]Mg[err]Te[err]Pb[err]Zn[err]Ti[err]      750 ml of the
catalyst (8-b) was filled into the gas inlet side of a steel-made reactor
of 25.4 mm in diameter, and 750 ml of the catalyst (9-b) was filled into
the gas outlet side. A reaction was carried out in the same manner as in
Example 1 -b except that the reaction temperature was changed to 350[err]C.
The results are shown in Table 4-b.  Comparative Example 20-b      A
reaction was carried out in the same manner as in Example 10-b except that
no catalyst (9-b) was used and only the catalyst (8-b) (1,500 ml) was
filled The results are shown in Table 4-b.  Comparative Example 21-b      A
reaction was carried out in the same manner as in Example 10-b except that
no catalyst (8-b) was used and only the catalyst (9-b) (1,500 ml) was
filled. The results are shown in Table 4-b. 



Example 11-b      A suspension was prepared in the same manner as in
Example 1-b except that lithium nitrate was used together with cesium
nitrate, barium nitrate was replaced by calcium nitrate, then there were
added antimony trioxide and man- ganese nitrate, and silica sol was
replaced by zirconium nitrate.     Using the suspension, a catalyst (10-b)
was prepared in the same manner as in Example 10-b. The catalyst (10-b) had
the following composition in terms of atomic ratio excluding oxygen.
Mo[err]W[err]Bi[err]Fe[err]Co[err]Cs[err]Li[err]Ca[err]Sb[err]
Mn[err]Zr[err]     



-23-     A catalyst (11-b) was prepared in the same manner as for the
catalyst (10-b) except that calcium nitrate was replaced by magnesium
nitrate. The catalyst (11-b) had the following composition in terms of
atomic ratio excluding oxygen.
Mo[err]W[err]Bi[err]Fe[err]CO[err]CS[err]Li[err] Mg[err]Sb[err]
Mn[err]Zr[err]  



750 ml of the catalyst (10-b)was filled intothe gas inletportion of a
steel-made reaction tube of 25.4 mm in diameter, and 750 ml of the catalyst
(11-b) was filled into the gas outlet side.     A reaction was carried out
in the same manner as in Example 1-b. The results are shown in Table 4-b.
Comparative Example 22-b      A reaction was carried out in the same manner
as in Example 11-b except that no catalyst (11-b) was used and only the
catalyst (10-b) (1,500 ml) was filled. The results are shown in Table 4-b.
Comparative Example 23-b      A reaction was carried out in the same manner
as in Example 11 -b except that no catalyst (10-b) was used and only the
catalyst (11-b) (1.50 ml) was filled. The results are shown in Table 4-b.
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-30-   Example 1-c       1,456 g of cobalt nitrate and 202 g of ferric
nitrate were dissolved in 1,000 ml of water. 243 g of bismuth nitrate  was
dissolved in an aqueous nitric acid solution consisting of 30 ml of
concentrated nitric acid and 120 ml of water.      Separately, 1,059 g of
ammonium paramolybdate and 265 9 of ammonium paratungstate were dissolved
in 3,000  ml of water being stirred with heating. To the resulting aqueous
solution were dropwise added the above prepared two  aqueous solutions, and
mixing was carried out. Thereto were added an aqueous solution obtained by
dissolving 9.B 



g of cesium nitrate in 30 ml of water, 79.8 g of tellurium dioxide and 203
g of silica sol of 20 weight % concentration in  this order, and mixing was
carried out.      The thus obtained suspension was stirred with heating,
and subjected to evaporation to dryness. The residue was  molded into
pellets of 6 mm in outside diameter and 6.6 mm in length. The pellets were
fired at 500[err]C for 6 hours in  an airstream to obtain a catalyst (1-c).
This catalyst (1 -c) had the following composition in terms of atomic ratio
excluding  oxygen;
Mo[err]W[err]Bi[err]Fe[err]Co[err]Cs[err] Te[err]Si[err]       A catalyst
(2-c) was prepared in the same manner as in the preparation of the catalyst
(1 -c) except that the amount  of tellurium dioxide was changed to 8.0 g.
This catalyst (2-c) had the following composition in terms of atomic ratio
excluding oxygen.
Mo[err]W[err]Bi[err]Fe[err]Co[err]Cs[err]Te[err]Si[err] 



With respect to the activities of the catalysts (1-c) and (2-c), the
catalyst (2-c) has a higher activity than the catalyst  (1-c), as is clear
from the results of Comparative Examples 1-c and 2-c shown later.      750
ml of the catalyst (1 -c) was filled into the material gas inlet portion of
a steel-made reaction tube of 25.4 mm  in diameter, and 750 ml of the
catalyst (2-c) was filled into the material gas outlet portion.      A
mixed gas of a composition consisting of 6 % by volume of isobutylene, 13.2
% by volume of oxygen, 10 % by volume of steam and 70.8 % by volume of
nitrogen was introduced from the inlet of the reaction tube, and a reaction
was carried out at a reaction temperature of 340[err]C at a space velocity
(SV) of 1.600 hr[err] (STP). The results are shown in Table 1-c.
Comparative Example 1-c       A reaction was carried out in the same manner
as in Example 1-c except that no catalyst (2-c) was used and only the
catalyst (1-c) (1,500 ml) was filled into the reaction tube. The results
are shown in Table 1 -c.  



Comparative Example 2-c       A reaction was carried out in the same manner
as in Example 1-c except that no catalyst (1-c) was used and only the
catalyst (2-c) (1,500 ml) was filled into the reaction tube. The results
are shown in Table  1-c.  Comparative Example 3-c      A catalyst (3-c) was
prepared in the same manner as for the catalyst (1-c) except that the
amount of tellurium dioxide used was changed to 43.9 g.     The catalyst
(3-c) had the following composition in terms of atomic ratio excluding
oxygen.
Mo[err]W[err]Bi[err]Fe[err]Co[err]CS[err] Te[err]Si[err]      A reaction
was carried out in the same manner as in Example 1-c except that only the
catalyst (3-c) (1,500 ml) 



was filled into the reaction tube. The results are shown in Table 1 -c.
It is appreciated from the results of Table l-c that the catalyst (1 -c)
has a very low activity, the catalyst (2-c) has a high activity but a low
selectivity, and both of them give a low total per-pass yield while the
catalyst system of the present invention which is a combination of the
catalysts (1 -c) and (2-c), gives a high total per-pass yield and produces
intended methacrolein and methacrylic acid at high yields.           



-31-      When the catalyst (3-c) having a composition intermediate between
those of the catalysts (1-c) and (2-c) is corn  pared with the catalyst
system of the present invention which is a combination of the catalysts
(1-c) and (2-c), the  catalyst (3-c) gives a low total per-pass yield and a
very large temperature difference (a very large AT) between the  reaction
temperature and the highest temperature in catalyst layer. Therefore, it is
thought that catalyst deterioration  due to thermal load is striking in the
catalyst (3-c). Accordingly, it is appreciated that the single use of the
catalyst (3-c)  having substantially the same composition as the present
catalyst system is unable to achieve the effect of the present  invention.
It can be said from these matters that the catalyst system of the present
invention is very superior in both  per-pass yield and thermal load
Example 2-c       A reaction was carried out in the same manner as in
Example 1 -c except that both of the catalysts (1 -c) and (2-c)  were
molded into rings of 6 mm in outside diameter, 6.6 mm in length and 1 mm in
inside diameter of through-hole. 



The results are shown in Table 1 -c.   Comparative Example 4-c       A
reaction was carried out in the same manner as in Comparative Example 1-c
except that the catalyst (1 -c) was  molded into rings of 6 mm in outside
diameter, 6.6 mm in length and 1 mm in inside diameter of through-hole. The
results are shown in Table 1 -c.   Comparative Example 5-c       A reaction
was carried out in the same manner as in Comparative Example 2-c except
that the catalyst (2-c) was  molded into rings of 6 mm in outside diameter,
6.6 mm in length and 1 mm in inside diameter of through-hole. The  results
are shown in Table 1-c.   Comparative Example 6-c 



A reaction was carried out in the same manner as in Comparative Example 3-c
except that the catalyst (3-c) was molded into rings of 6 mm in outside
diameter, 6.6 mm in length and 1 mm in inside diameter of through-hole. The
results are shown in Table 1 -c.      In Example 2-c and Comparative
Examples 4-c to 6-c. the shapes of the catalysts (1-c) to (3-c) were
changed from pellets to rings. It is appreciated from the results of Table
1-c that the change of catalyst shape to rings gives improvement in yield
and reduction in AT in all of the catalysts (1 -c) to (3-c). but the
catalyst system of the present invention using the catalysts (1 -c) and
(2-c) in combination gives a higher yield and a lower [err]T than the
single use of the catalyst (1-c), (2-c) or (3-c).  Example 3-c      A
reaction was carried out in the same manner as in Example 1-c except that
the catalyst (1-c) was molded into rings of 6.0 mm in outside diameter. 6.6
mm in length and 1.9 mm in inside diameter of through-hole. The results are
shown in Table 1-c. 



It was found that the change of the catalyst filled into the inlet portion
of the reaction tube, from pellet shape to ring shape gives further
improvement in per-pass yield and reduction in [err]T and accordingly the
combination of ring- shaped catalysts gives superior results than the
combination of pellet-shaped catalysts.  Example 4-c      A reaction was
carried out in the same manner as in Example 1-c except that the reaction
was carried out for an extended period of time up to 4,000 hours. The
results are shown in Table l-c.     It is appreciated from the results of
Table 1-c that activity reduction is very low even after the reaction of
4.000 hours, yield reduction is substantially negligible, and the catalyst
system of the present invention enables very stable operation over a long
period of time.  Comparative Example 7-c      A reaction was carried out in
the same manner as in Comparative Example 3-c except that the reaction time
was 



-32-  changed to 4.000 hours. The results are shown in Table 1-c. 



it is appreciated from the results of Table 1-c that in Comparative Example
7-c, as compared with Example 4-c, activity reduction and yield reduction
are both large and the catalyst has a problem in stability.  Example 5-c
A reaction was carried out in the same manner as in Example 2-c except that
the reaction temperature was changed to 360[err]C and the space velocity
was changed to 3,000 hr[err] (STP). The results are shown in Table 1-c
Comparative Example 8-c      A reaction was carried out in the same manner
as in Comparative Example 4-c except that the reaction temperature was
changed to 360[err]C and the space velocity was changed to 3,000 hr[err]
(STP). The results are shown in Table 1-c.  Comparative Example 9-c  



A reaction was carried out in the same manner as in Comparative Example 6-c
except that the reaction temperature was changed to 360[err]C and the space
velocity was changed to 3,000 hr[err] (STP). The results are shown in Table
1-c.     It is appreciated from the results of Example 5-c and Comparative
Examples 8-c and 9-c that the superiority in activity and yield, of the
catalyst system of the present invention using the catalysts (1-c) and
(2-c) in combination, over the catalyst (1-c) or (3-c) appears even when
space velocity is increased.  Example 6-c      A reaction was carried out
in the same manner as in Example 2-c except that the proportions of
isobutylene and nitrogen in material gas were changed to 7 % by volume and
69.8 % by volume, respectively. The results are shown in Table 1-c.
Comparative Example 10-c      A reaction was carried out in the same manner
as in Example 4-c except that the proportions of isobutylene and 



nitrogen in material gas were changed to 7 % by volume and 69.8 % by
volume, respectively. The results are shown in Table 1-c.  Comparative
Example 11-c      A reaction was carried out in the same manner as in
Example 6-c except that the proportions of isobutylene and nitrogen in
material gas were changed to 7 % by volume and 69.8 % by volume,
respectively. The results are shown in Table 1 -c     It is appreciated
from the results of Example 6-c and Comparative Examples 10-c and 11-c that
the superiority in yield and AT, of the catalyst system of the present
invention using the catalysts (1-c) and (2-c) in combination, over the
catalyst (1 -c) or (3-c) appears even when isobutylene concentration is
increased. The present catalyst system. as compared with the single use of
the catalyst (1-c) or (3-c), gives a considerable small increase in [err]T
of catalyst layer, in particular. Therefore, it is thought that catalyst
arrangement as in the present invention is effective for minimization of
catalyst deterioration caused by thermal load.  



Example 7-c      A reaction was carried out in the same manner as in
Example 2-c except that isobutylene was replaced by t- butanol. The results
are shown in Table 2-c.  Comparative Example 12-c      A reaction
wascarried out in the same manner as in Comparative Example 4-c except that
isobutyene was replaced by t-butanol. The results are shown in Table 2-c.
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Comparative Example 13-c      A reaction was carried out in the same manner
as in Comparative Example 6-c except that isobutylene was replaced by
t-butanol. The results are shown in Table 2-c.  Example 8-c      A reaction
was carried out in the same manner as in Example 2-c except that there was
used a material gas consisting of 5 % by volume of methyl t-butyl ether
(MTBE), 13.2 % by volume of oxygen, 10 % by volume of steam and 71.8 % by
volume of nitrogen  the reaction temperature was changed to 360[err]C and
the space velocity was changed to 1,000 hr[err] (STP). The results are
shown in Table 3-c.  Comparative Example 14-c  



A reaction was carried out in the same manner as in Comparative Example 4-c
except that there was used a material gas consisting of 5 % by volume of
MTBE, 13.2 % by volume of oxygen, 10 % by volume of steam and 71.8 % by
volume of nitrogen, the reaction temperature was changed to 360[err]C and
the space velocity was changed to 1.000 hr[err] (STP). The results are
shown in Table 3-c.  Comparative Example 15-c       A reaction was carried
out in the same manner as in Comparative Example 6-c except that there was
used a material gas consisting of 5 % by volume of MTBE, 13.2 % by volume
of oxygen. 10 % by volume of steam and 71.8 % by volume of nitrogen, the
reaction temperature was changed to 360C and the space velocity was changed
to 1,000 hr[err] (STP). The results are shown in Table 3-c.  Example 9-c
A suspension was prepared in the same manner as in Example 1-c except that
cobalt nitrate was replaced by 



nickel nitrate, the amount of bismuth nitrate used was changed, cesium
nitrate was replaced by rubidium nitrate and  magnesium nitrate, then
stannic oxide was added in place of tellurium dioxide, and aluminum nitrate
was used in  addition to silica sol. The suspension was subjected to the
same procedure as in Example 2-c to prepare a ring-shaped  catalyst (4-c).
The catalyst (4-c) had the following composition in terms of atomic ratio
excluding oxygen.
Mo[err]W[err]Bi[err]Fe[err] Ni[err]Rb[err]Mg[err]Sn[err]Al[err]Si[err]
A suspension was prepared in the same manner as for the catalyst (4-c)
except that the amounts of stannic oxide  and silica sol used were changed.
The suspension was subjected to the same procedure as in Example 1-c to
prepare  a pellet-shaped catalyst (5-c).      The catalyst (5-c) had the
following composition in terms of atomic ratio excluding oxygen.
Mo[err]W[err]Bi[err]Fe[err] Ni[err]Rb[err]Mg[err]Sn[err]Al[err]Si[err]  



750 ml of the catalyst (4-c) was filled into the gas inlet side of a
steel-made reaction tube of 25.4 mm in diameter.  and 750 ml of the
catalyst (5-c) was filled into the gas outlet side.      A reaction was
carried out in the same manner as in Example 1 -c. The results are shown in
Table 4-c.   Example 10-c       A suspension was prepared in the same
manner as in Example 1-c except that the amount of cobalt nitrate used  was
changed, thallous nitrate, barium nitrate and cerous nitrate were used in
addition to cesium nitrate, no tellurium  dioxide was used, and silica sol
was replaced by aluminum nitrate. The suspension was subjected to the same
pro-  cedure as in Example 2-c to obtain a ring-shaped catalyst (6-c).
This catalyst (6-c) had the following composition in terms of atomic ratio
excluding oxygen.     



-34-
Mo[err]W[err]Bi[err]Fe[err]Co[err]Cs[err]Tl[err]Ba[err]Ce[err]A[err]      A
ring-shaped catalyst (7-c) was prepared in the same manner as for the
catalyst (6-c) except that the amounts of ferric nitrate. cerous nitrate
and aluminum nitrate used were changed. This catalyst (7-c) had the
following compo- 



sition in terms of atomic ratio excluding oxygen.
Mo[err]W[err]Bi[err]Fe[err]Co[err]Cs[err]Ti[err]Ba[err]Ce[err]A[err]
750 ml of the catalyst (6-c) was filled into the gas inlet side of a
steel-made reaction tube 25.4 mm in diameter. and 750 ml of the catalyst
(7-c) was filled into the gas outlet side.     A reaction was carried out
in the same manner as in Example 1-c. The results are shown in Table 4-c.
Example 11-c      A suspension was prepared in the same manner as in
Example 1-c except that the amount of cobalt nitrate used was changed,
cesium nitrate was replaced by potassium nitrate, lithium nitrate and
beryllium nitrate, titanium oxide was used in place of tellurium and silica
sol, and manganese nitrate was used finally.      In this suspension was
immersed 1,600 ml of a spherical carrier of 6 mm in diameter, consisting of
a-alumina. The 



system was heated to a predetermined temperature with stirring, whereby the
carrier was allowed to support the catalyst composition.     The resulting
supported catalyst was fired at 500[err]C for 6 hours in an air stream to
obtain a catalyst (8-c).     The supported oxide catalyst (8-c) had the
following composition in terms of atomic ratio excluding oxygen.
Mo[err]W[err]Bi[err]Fe[err]Co[err]Ko[err]Li[err]Be[err]Mn[err]Ti[err]
The amount of the supported oxide was 20 g per 100 ml of the carrier.     A
suspension was prepared in the same manner as for the catalyst (8-c) except
that the amounts of cobalt nitrate and titanium dioxide were changed and
manganese nitrate was replaced by phosphorus. The suspension was sub-
jected to the same procedure as in Example 1 -c to obtain a pellet-shaped
catalyst (9-c)     The catalyst (9-c) had the following composition in
terms of atomic ratio excluding oxygen.  



Mo[err]W[err]Bi[err] Fe[err] Co[err]Ko[err]Li[err]Be[err]P[err]Ti[err]
900 ml of the catalyst (S-c) was filled into the gas inlet side of a
steel-made reactor of 25.4 mm in diameter. and 600 ml of the catalyst (9-c)
was filled into the gas outlet side. A reaction was carried out in the same
manner as in Example 1-c except that the reaction temperature was changed
to 350[err]C. The results are shown in Table 4-c.  Example 12-c      A
suspension was prepared in the same manner as in Example 1 -c except that
the amounts of ammonium para- tungstate, ferric nitrate and cobalt nitrate
were changed, calcium nitrate was used in addition to cesium nitrate, then
zinc nitrate was added, and zirconium nitrate was used in place of
tellurium dioxide and silica sol.     There were measured 1,600 ml of a
ring-shaped carrier of 6 mm in outside diameter. 5 mm in length and 3 mm in
inside diameter of through-hole, consisting of silica-alumina. Using this
carrier, a supported catalyst (10-c) was prepared in the same manner as for
the catalyst (8-c) of Example 11-c. 



The catalyst (10 -c) had the following composition in terms of atomic ratio
excluding oxygen.
Mo[err]W[err]Bi[err] Fe[err]Co[err]Cs[err] Ca[err]Zn[err]Zr[err]       The
amount of the supported oxide was 24 g per 100 ml of the carrier     A
suspension was prepared in the same manner as for the catalyst (10-c)
except that the amounts of ammonium paratungstate, bismuth nitrate, zinc
nitrate and zirconium nitrate used were changed. Using this suspension, a
ring- shaped catalyst (11 -c) was obtained in the same manner as in Example
2-c.      



-35-      The catalyst (11 -c) had the following composition in terms of
atomic ratio excluding oxygen.
Mo[err]W[err] Bi[err]Fe[err]Co[err]Cs[err]Ca[err]Zn[err]Zr[err]       1,000
ml of the catalyst (10-c) was filled into the gas inlet side of a
steel-made reaction tube of 25.4 mm in diameter, 



and 500 ml of the catalyst (11-c) was filled into the gas outlet side. A
reaction was carried out in the same manner as in Example 1-c except that
the reaction temperature was changed to 350[err]C. The results are shown in
Table 4-c.  Example 13-c      A catalyst (12-c) was prepared in the same
manner as in Example 1-c except that the amounts of ammonium paratungstate
and cobalt nitrate were changed, sodium nitrate was used in addition to
cesium nitrate, then lead nitrate and tellurium dioxide were added, and
firing was cardied out at 530C for 6 hours in an air stream.     The
catalyst (12-c) had the following composition in terms of atomic ratio
excluding oxygen.
Mo[err]W[err]Bi[err]Fe[err] Co[err]Cs[err]Na[err]Pb[err] Te[err]Si[err]
A catalyst (13-c) was prepared in the same manner astor the catalyst (12-c)
except that the amounts of lead nitrate and tellurium dioxide were changed,
antimony trioxide was used, and firing was carried out at 450[err]C. 



The catalyst (13-c) had the following composition in terms of atomic ratio
excluding oxygen.                                   Mo[err]W[err]Bi[err]
Fe[err]Co[err]Cs[err]Na[err]Pb[err]Te[err]Sb[err]Si[err]       750 ml of
the catalyst (12-c) was filled into the gas inlet side of a steel-made
reaction tube of 25.4mm in diameter, and 750 ml of the catalyst (1 3-c) was
filled into the gas outlet side. A reaction was carried out in the same
manner as in Example 1-c. The results are shown in Table 4-c.  Example 14-c
A suspension was prepared in the same manner as in Example 1-c except that
cobalt nitrate was replaced by nickel nitrate, cesium nitrate was replaced
by rubidium nitrate and strontium nitrate, the amount of teliurium dioxide
was changed, and niobium pentoxide was used. The suspension was subjected
to evaporation to dryness. The residue 



was molded into rings of 6 mm in outside diameter, 6.6 mm in length and 2.0
mm in inside diameter of through-hole, and fired at 550[err]C for 6 hours
in an air stream to prepare a catalyst (14-c).     The catalyst (14-c) had
the following composition in terms of atomic ratio excluding oxygen.
Mo[err]W[err]Bi[err]Fe[err] Ni[err]Rb[rr]Sr[err]Te[err]Nb[err]Si[err]
A ring-shaped catalyst (15-c) was obtained in the same manner as for the
catalyst (14-c) except that the amounts of ammonium paatunitate, ferric
nitrate, nickel nitrate, telurium doxide and niobium pentoxide were
changed, and the firing temperature was changed to 470[err]C.     The
catalyst (15-c) had the following composition in terms of atomic ratio
excluding oxygen.
MO[err]W[err]Bi,Fe[err]Ni[err]Rb[err]Sr[err]Te[err]Nb[err]Si[err]  



A reaction was carried out in the same manner as in Example 1-c. The
results are shown in Table 4-c.               -36-   
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Claims  1. A process for producing methacrolein and methacrylic acid using
a fixed bed muftitubular reactor said process     comprising the follwing
steps          (a) preparing as catalysts compound oxides having different
activities represented by the following general         fomiula (I)
Mo[err]W[err]Bi[err]Fe[err]A[err]B[err]C[err]D[err]E[err]O[err]
(in the formula. Mo represents molybdenum. W represents tungsten, Bi
represents bismuth, Fe represents          iron, A represents at least one
element selected from nickel and cobalt. B represents at least one element
selected from alkali metals and thalium, C represents at least one element
selected from alkaline earth metals,          D represents at least one
element selected from phosphorus, tellurium, antimony, tin, cerium, lead,
niobium. 



manganese, arsenic and zinc. E represents at least one element selected
from sillcon. aluminum, titanium          and zirconium, and O represents
oxygen; a, b, c, d, e, f, g, h, i and x represent the numbers of atoms of
Mo          W, Bi, Fe, A, B. C, D, E and O, respectively; when a is 12, b =
0-10, c = 0.1-20, d = 0.1-20,e = 2-20. f =          0.001-10, g=0-10, h
=0-4. i=0-30andx= avaluedetermined bythe oxidation statesof individual
elements)          by vawying the types and/or amounts of the elements
constituting the B group in the general formula (1) and          further by
varying the firing temperature employed in catalyst preparation. said
firing temperature being in the          range of 400 to 600[err]C so that
the firing temperature difference between any two catalysts of the
plurality of          catalysts becomes at least 5[err]C.          ([err])
arranging the catalysts in the axial direction of the reaction tube in such
a way that the activity of filled          catalyst becomes higher as a
material gas proceeds from the inlet to the outlet, and          ([err])
subjecting at least one material selected from isobutylene, t-butanol and
methyl t-butyl ether to gas phase          catalytic oxidation with
molecular oxygen or a molecular oxygen-containg gas.  2. The process for
producing methacrolein and methacrylic acid according to claim 1, which
uses catalysts of the     general formula (1)(wherein when a is 12. b =
0-10, c = 0.1-10, d = 0.1-20. e = 2-20. f = 0.00-10. g = 0-10, h = 



0-4, = 0-30 and x = a value determined by the oxidation states of
individual elements)  3. The process for producing methacrolein and
methacrylic acid according to any of claims 1 to 2, wherein the number
of the reaction zones is 2 or 3.  4. The process for producing methacrolein
and methacrylic acid according toany of claims 1 to 3. wherein the
catalysts     are ring-shaped catalysts with a through-hole in the length
direction, having an outside diameter of 3-10 mm. a     length of 0.5-2
times the outside diameter and an inside diameter (the diameter of the
through-hole) of 0. 1 0.7     times the outside diameter    
















