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DESCRIPTION
Process for Progucing Methacrolein and
h ' Methacrylic A#id |
[utilization Field in Industryl
5  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 subject-
10 ing the startlng material to gas phase catalytic oxi-
dation with molecular oxygen or a molecular. oxygen-—
" containing gas.
[Prlor Art]
' A number of proposals have been made on the

15 catalyst used in production of methacrolein and methacry-
lic'acid by the high-temperaEure gas phase catalytic
oxidation of isobutylene-and/or t-butanol. These pro-
posals relate mainly to the selection of the components
constituting the catalyst and their ratio. '

20 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,

25 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

30 tends to be striking particularly when €he 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,

35 the reaction conditions of the oxidation reaction are

considerably restricted currently.
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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 com-
ponent causes® easy sublimation.

Various proposals have hitherto been made in
order to suppress heat build-up 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 spheri-
cal or columnar shape to ring shape 'in the molded
catalyst conventionally used for oxidation of isobutylene
or t-butanol can suppress'hegt 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.

Further, Japanese Laid-Open Patent Publication
No. 127013/1976 discloses the use of & combination of a
supported 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 methacry-
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licacid from isobutylene. Therefore, it is difficult to
evaluate the effect of the above technique on the produc-
tion of methacrolein and methacrylic acid from iso-
butylene.

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 startlng materials have a methyl group at
the X -position unlike propylene; accordlngly, there
occur many side reactions caused by the presence ef
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 end methacrylic acid
from isobutylene is larger than that for producing acro-
lein and acrylic acid from propylene; this aggravates the
heat build-up in catalyst layer and promotes the for-
" mation of by—preducts by side reactions. Further, metha-
crolein is unstable as compared with acrolein and easily
gives rise to so-called "post-reactions" such as auto-
xidation and the like, worsening thé product yield.

As described above, the reaction for producing
methacrolein and methacrylic acid by oxidation of iso-
butylene, t-butanol or methyl t-butyl ether is complex as
compared with the reaction for producing acrolein and
acrylic acid by oxidation of propylene, making it dif-
ficult to obtain intended products at high yields.
Therefore, the application of the very techniques ob-
tained in the productlon of acrolein, acryllc acid, etc.
to the production of methacroleln and methacryllc acid
has not been suff1c1ently effective, and further study
has been necessary in order to develop a catalyst or
process suitably used for production of methacrolein and
methacrylic acid.

{Problems that the Invention Intends to Solvel
An object of the present invention is to provide
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a process for producing methacrolein and methacrylic acid
at high yields by subjecting at least one material selec-
ted 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 metha-
crylic acid by subjecting at least one material selected
from isobutylevie, t-butanol and methyl t-butyl ether, to
gas phase catalytic oxidation, in which process heat
puild-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
methacrylic 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.

[{Means for Solving the Problems]

.The present inventors found that the above
objects can be achieved by preparing a plurality of
particular molybdenum—based catalysts of different activ-
jties and filling the plurality of molybdenum-based
catalysts into a plurality of reaction zones formed by
dividing the catalyst iayer of reactor~into two or more
portions, in such a way that the activity of filled
catalyst becomes higher as a material gas proceeds from
the inlet to the outlet. The present invention has been
completed based on the finding.

. The present invention relates to a process for
producing methacrolein and methacrylic acid by subjecting
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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-
containing gas using a fixed bed multi-tubular reactor,
which process is characterized in that:
(¢{.) there are used, as catalysts, compound oxides re-
presented by the following general formula (I)

Mo WBBl FedA Bng h i x
(1n 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, D represents
at least one element selected from phosphorus, tel-
lurium, antimony, tin, cerium, lead, niobium, manganese,
arsenic and zinc, B represenfs at least one element
selected from silicon, aluminum, titanium and zirconium,
and O represents oxygen; a, b, ¢, d, e, £, Q, h, i and x
répresént the numbers of atoms of Mo, W, Bi, Fe, A, B, C,
D, E and 0O, respectively;.when a is 12, b = 0-10, c =
0.1-20, d = 0.1-20, e = 2-20, £ = 0-10, g = 0-10, h =
0-4, i = 0-30 and x = a value determined by the oxidation
states of individual elements),
(8) each-.reaction tube has a plurality of reaction zones
formed by dividing the catalyst layer in the reaction
tube into two or more portions in the axial direction of
the tube, and (Y ) the plurality of reaction zones are
filled with catalysts shown in the above ((X.) having
different activities, prepared by varying the types
and/or amounts of the elements constituting the A group,
B group, C group, D groub and E group in the general
formula (I) and/or with catalysts shown in the above (IX)
having different activities, prepared by varying the
amount of at least one element of W, Bi and Fe in the
general formula (I}, in such a way that the activity of

\\_'R_
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filled catalyst becomes highér as a material gas pro-
ceeds from the inlet to the outlet.

The present invention further relates to a
process for producing methacrolein and methacrylic acid,
characterized in that the above-mentioned plurality of
reaction zones are filled with catalysts of different
activities prepared by varying the types and/or amounts
of the elements$ constituting the A group, B group, C
group, D group and E group in the above'general_formula
(1) and further by varying the firing temperature employ-—
ed in catalyst preparation, and/or with catalysts of
different activities prepared by varying the amount of
at least one element of W, Bi and Fe in the general
formula (I) and further by varying the firing temperature
employed in catalyst preparation, in such a way that the
activity of filled catalyst becomes higher as a material
gas proceeds from the inlet to the outlet.

The p;esent'invention is hereinafter described
in detail.

The starting material used in the present
invention is at least one-compound selected from iso-
butylene, t-butanol and methyi 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 (I). The method for preparing the
catalysts and the materials used therefor have no parti-
cular restriction, and the catalysts cah be prepéred 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 (I) are prepared and filled in a
particular arrangement.
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3 . The catalysts of different activities can

3 easily be prepared by varying the types and/or amounts of
the elements constituting the A group, B group, C group,
p group and E 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 nickel, cobalt,-alkali metals, alkaline
earth metals, *thallium, phosphorus, tellurium, antimony,
tin, cerium, lead, niobium, manganese, arsenic, zinc,

30 silicon, aluminum, tin and zirconium [the variation must

be made within the atomic ratio specified by e, £, g, h
and i in the general formula (I)].
The catalysts of different activities can also
be obtained by varying the amount of at least one element
15 of W, Bi and Fe [the variation must be made within the
atomic ratio specified by b, ¢ and 4 in the general
formula (I)l. -
. The catalyst of different activities can also
F & be obtained by varying the types'and/or amount of the
?*' '20 above elements and further by varying the firing tempera-
. _ ture employed in catalyst- preparation. Specifically, the
catalysts of different activities are prepared by varying
the firing temperature (400-600°C) employed in catalyst
preparation, so as to give a firing temperature d4if-
--—95 - ference of at least 5°C between any two different
"7 catalysts. '
The firing tempefature employed in catalyst
preparation in the present invention is, as mentioned
a8 above, 400-600°C, preferably 450-550°C.
E - 30 When the firing temperature-i¥ lower than
3 | 400°C, no sufficient catalyst activity is obtained.
Meanwhile, when the firing temperature is higher than
600°C, the resulting catalyst activity is low owing to
the occurrence of sintering, etc. Therefore, such firing
'35 temperatures are not preferable. When the firing tem-
perature difference is less than 5°C between any two

-—
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catalysts, the resulting catalyst activity difference

caused by the firing temperature difference is insuf-
ficient between these catalysts; therefore, such a firing
temperature difference is not preferable. The firing
temperature difference need not be unnecessarily large

> and is generally 5-100°C, preferably 10-70°C.
3 In the present invention, the preparation of
E: catalysts of different activities and the filling of the
3 catalysts can be specifically carried out by the follow-
j0 ing embodiments.

(1) A plurality of catalysts of controlled
activities are prepared by varying the amount of W ele-
ment in the general formula (I), or by varying not only
said amount but also the firing température employed in

15 catalyst preparation. The'ghus prepared catalysts are
filled into a plurality of reaction zones formed by
dividing the catalyst layer or 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

20 outlet. In this case, the amount of W element used is
preferably such that b = 6.001-10 when Mo = 12 in the
general formula (I).

(2) A plurality of catalysts of controlled

= activities are prepared by varying the amount of Bi

; 1 ""25 element in the general formula (1), or by varying not

3 only said amount but also the firing temperature employed

in catalyst preparation. The thus prepared catalysts are

& filled into reaction zones formed by dividing the

3 SR catalyst layer of each reaction tube, in such a way that

30 the activity of filled catalyst becom@s higher as a
' material gas proceeds from the inlet to the outlet.
L ' {(3) A plurality of catalysts of controlled
T activities are prepared by varying the amount of Fe
: element in the general formula (I), or by varying not _

_ fjﬁ35 only said amount but also the firing temperature employed

3 g - in catalyst preparation. The thus prepared catalysts are

s! - i \
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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.

(4) A plurality of catalysts of controlled
activities are prepared by varying the type and/or amount
of at least ongﬂglement selected from the A group elements
in the generaf formula (I), or by varying not only said
type and/or amount but also the firing Eemperature em—
ployed in catalyst preparation. The thus prepared
catalysts are filled into reaction zones formed by divid-
ing 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.

(5) A plurality of catalysts of controlled

.activities are prepared'by varying the type and/or amount

of at least one element selected from the B group ele-~
ments in the general formula (I), or by varying not only
said type and/or amount but also the firing temperature
employéd in catalyst preparation. The thus prepared
catalysts are filled into reaction zones formed by divid-
ing 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 £ = 0.001-10 when Mo = 12 in the
general formula (I). '

| (6) A plurality of catalysts of controlled
activities are.prepared by varying the Eype and/or amount
of at least one element selected from the C group ele-
ments in the general formula (I), or by varying not only
said type and/or amount but also the firing temperature

- employed in catalyst preparation. The thus prepared

catalysts are filled into reaction zones formed by divid-
ing the catalyst layer of each reaction tube, in such a
way that the activity of filled catalyst becomes higher

This Sheet Has Been Replaced

[




10

15

20

25

- 10 -
as a material gas proceeds from the inlet to the outlet.
In this case, the amount of the C.group element(s) is
p:eferably such that g = 0.001-10 when Mo = 12 in the
general formula (I).

(7) A plurality of catalysts of controlled
activities are prepared by varying the type and/or amount
of at least one element selectéd from the D group elements
in the general fg;ﬁula (I), or by varying not only said
type and/or amount but also the firing temperature em-
ployed in catalyst preparation. The thus prepared
catalysts are filled into reaction zones formed by divid-
ing 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.
I; this case, the amount of the D group element(s) is
preferably such that h = 0.001-4 when Mo = 12 in the
general formula (I).

(8) A plurality of catalysts of controlled
activities are prepared by varying the type and/or amount
of at least one element selected from the E group ele-
ments in the general formuXa (I), or by varying not only
said type and/or amount but also the firing temperature
employed in catalyst preparation. The thus prepared
catalysts are filled into reaction zones formed by divid-
ing 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 E group element(s) is
preferably such that i = 0.001-30 when Mo = 12 in the

..Ap-f"

general formula (I).

{9) At least z_éatalysts selected from the
catalysts of controlled activities mentioned in the above
(1) to (8) 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

—_
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] In the present invention, "activity” refers to
the conversion of starting material.
Of the above embodiments, the method mentioned
in the above (5} is preferable because it gives high

3 g conversion of starting material and high selectivities of
intended products and, as a résults, gives intended
products at hféh yields. In the method mentioned in the

5 above (5), use of a plurality of catalysts prepared by

ty90 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 because it causes no catalyst
deterioration over a long period of time and gives in-
‘15 :ténded products at high yields. 1In this case, the firing
- temperature in catalyst preparation is varied in the
"range of 400-600°C so that the firing temperature dif-
--ference between any two catalysts of the plurality of
catalysts becomes at least 5°C.
' The tungsten component is effective for im-
. provement of catalyst activity, and its use in combina-
: tion with the B group element(s) gives a catalyst of
. significantly improved activity but of no reduced select-
“ivity. The proportion of tungsten used is 0-10, prefer-
25 -ably 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 or by variation of not only catalyst composi-
- tion but also firing témperature havem;ade it possible to
“-produce methacrolein 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.

"I
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Control of catalyst activity by composition

riation is believed to bring about variation of
Such variation gives

chemical properties of catalyst.
rise to variation of catalyst adsorbability for starting

s material (isobutylene, t-butanol or methyl t-butyl
ether), Or variation of removability of products (metha-
crolein and methacryllc acid) from catalyst; thus,
catalyst act1v1ty and selectivity are varied.

Meanwhile, variation of firing temperature is

10 pelieved 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
It is believed that

of pore diameters) of catalyst.
-- gariation of firing temperature has made it possible to

obtain a catalyst having physical properties most suit-
" able for an intended reaction and, as a result, attain

Tl?'high yields.
S In the reaction for producing methacrolein and

j methacry1ic acid, a number of by-products are generated

':ih a large amount, as mentioned previously.  Hence, by

.. preparing catalets 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

ﬂbe made into molded catalysts by an ordinary molding

.method such as extrusion molding method, tablet molding

imethcd'or the like, or into supported catalysts by allow-

ing an ordinary inactive carrier (e.g."Efiicon carbide,

“alumina, zirconium oxide,:fitanium oxide) to support a

~catalyst component, i.e., a compound oxide represented by

.the general formula (I).
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
- -
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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

> jnvention have no particular restriction and can be any
of spherical shagf. columnar shape. ring shape, etc. The
use of rlng-shaped catalysts, in particular, can give
various advantages such as prevention of heat build-up
10° n 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 1nvent10n. The preferable
. dimensions of the ring-shaped catalysts are such that the
Mﬁlout51de diameter is 3-10 mm, the length is 0.5-2 times
- the outside diameter, and the inside diameter (the dia-

* meter of the through-hole formed in the length direction)
% is 0.1-0.7 time the outside diameter.
The shapes of a plurality of catalysts filled
jnto reaction zones may be the same or different. When
the number of the reactiom 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. .
pIoH 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 adeVities as men-
tioned above, in such a uéy that the activity of filled
éatalyst 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'function-
1iiﬁg as a material gas inlet, and a catalyst of highest
éctivity is arranged in the reaction zone also function-
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aterial gas outlet. Such arrangement of a

jurality of catalysts of different activities makes it

ss;ble to suppress heat build-up in hot spots and
in jntended products at high yields.

reasi The larger the number of reaction zones formed
L

4bY dividin

of . temperatur
2 or 3 reaction ~zones can sufficiently attain an intended

g the catalyst layer,.the easier is the control
e distribution in ‘reaction zones. However,

effect jndustrially. The division ratio cannot be speci-
10 ‘fied in a particular range because it differs by the
omposition, shape, etc. to be possessed by the catalyst
of each reaction zone. De51rably, the division ratio is
appropriately selected so that the oyerall activity and
selectivity become optimum.

; The gas phase catalytic oxidation reaction of

of normal pressure to 10 atm. at a space velocity (sV) of
300-5,000 hr™* (STP). :
In the present process, as compared with con-

ventional processes, particularly excell&ht results can
:be obtained under high-load reaction conditions employed
‘for higher productivity, for example,. under the condi-

“tions of higher material concentration or higher space

'zeloqity. |
[Effects of the Invention]
In the present invention, various meritorious
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such as mentioned below can be obtained by fil-
plurality of particular molybdenum—based catalysts

5k 1in9 a
=T s fferent activities into a plurality of reaction

of dai
fnes formed by dividing the catalyst .layer in each
ction tube, in such a way that the activity of filled

st becomes higher as a material gas proceeds from

t to the outlet.

--‘-.ihe inle
(a) “Methacrolein and methacrylic acid can be

obtalned at high ylelds.
(b) Heat build-up in hot spots can be suppres-

, (c) The excessive oxidation reaction in hot

;s?6£s.can be prevented, and intended methacrolein and

= ethacrylic acid can be obtained at high yields.

15&_‘, . (d) Catalyst deterioration due to thérmal load
can be prevented and stable use of catalyst over long

-

ipgrlod is possible.
(e} Intended methacrolein and methacrylic acid

(£) Pressure loss in catalyst layer is re-

.duced, whereby electricity consumptlon can be lowered.
Thus, the process of the present invention is

jvery useful for industrial production of methacrolein and
-methacrylic acid.

~[Examples]
. The present invention is hereinafter described

.
e

more specifically with reference to Examples.
Conversion, selectivity and total per-pass

yleld are defined by the following formulas.

adr e

This Sheet Has

_

LN




- 16 -.

Conversion (mole %) =
(moles of starting material reacted) + (moles
of starting material fed) x 100

Selectivity (mole %) =
(moles of methacrolein or methacrylic acid
formed) = (moles of starting material reacted)
x 100 ’

Total per—ﬁgés yield (mole %) =
(moles of methacrolein and methacrylic acid
formed) = (moles of starting material fed)
x 100

Example 1
1,456 g of cobalt nitrate and 202 g of ferric

-nitrate were dissolved in 1,000 ml of water. 243 g of
;b1smuth nitrate was dissolved in an aqueous nitric acid
olution con51st1ng of 30 ml of concentrated nitric acid
ﬁ nd 120 ml of water.

o Separately, 1,059 g of ammonium paramolybdate
“and'265 g of ammonium paratungstate were dissolved in
',000 ml of water with heating. To the resulting agueous
‘golution were dropwise added the above prepared two

. rueous solutions, and mixing was carried out; Thereto
ore added an agueous solution obtained by dissolving
'68.3.g of cesium nitrate in 200 ml of water, and 203 g of

‘meter and 6.6 mm in length. The pellets were fired at
00°C for 6 hours in an aii stream to obtain a catalyst
1). - This catalyst (I) had the following composition in
“terms of atomic ratio excluding oxygen.

"y MolzszilFeIColoFso.7811.35 -

_ A catalyst (2) was prepared in the same manner
fas in the preparation of the catalyst (I) except that the

—_—
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" .mount of cesium nitrate was changed to 9.8 g. This
catalyst (2) had the following composition in terms of
... atomiC ratio excluding oxygen.
N M°12W2311Fe1°°1ocso.13i1.35
With respect to the activities of the catalysts
(1) and (2)., the catalyst (2) has a higher activity than
_the catalyst (1), as is clear-from the results of Com-
jve Examples 1 and 2 shown later.
o 750 ml of the catalyst (1) was filled into the
imaterial gas inlet portion of a steel-made reaction tube

.of 25.4 mm in diameter, and 750 ml of the catalyst (2)

- _parat

, 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 8 by volume of steam and 70.8 % by volume of nitrogen
:was introduced from the 1n1et of the reaction tube, and a
- reaction was carried out at a reaction temperature of
. .340°C at a space velocity (SV) of 1,600 hr -1, The re-
.sults are shown in Table 1.
~Comparative Example 1
Lfﬁ. _ A reaction was carried out in the same manner
.as in Example 1 except that no catalyst (2) was used and
gdnly the catalyst (1) (1,500 ml) was filled. The results
-are shown in Table 1. '

-Comparative Example 2
"utn A reaction was. carrled out in the same manner
as in Example 1 except that no catalyst (1) was used and
-only the catalyst (2) (1,500 ml) was filled. The results

-

<30 -Comparative Example 3 et
- s A catalyst (3) was prepared in the same manner
-as for the catalyst (1) of Example 1 except that the
amount of cesium nitrate was changed to 39 g. - This
catalyst (3) had the following composition in terms of
35 - atomic ratio excluding oxygen.

o M°12W2511F31C°10C50.4511.35

“ﬁﬁ'iimi'iifﬁﬁi“uﬁm
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A reaction was carried out
ple 1 except that only the catalyst (3) (1,500

to the reaction tube.

in the same manner

n Exam
jlled in
Table 1.
It is appreciat
omparative Examples
ity, the ca

The results are

ed from the results of Example 1
1-3 that the catalyst (1) has a
_ talyst (2) has a high activity.
ive a low total per—-pass yield while

£ the present invention which is a

talysts (1) and (2), gives a high
ethacrolein

sbown in

e.catalyst system O
on of the ca
-pass yield and produces intended m
ylic acid at high yields.
o Wwhen the catalyst (3) having a composition
;ntermediate petween those of the catalysts (1) and (2)
;compared with the catalyst system of the present

on of the catalysts (1) and

vention which is a combinati
. -the catalyst (3) gives a low total per—pass yield

nd a very large temperature difference ( a very large

DT). between the reaction temperature and the hot spots
Therefore, it is thought that catalyst

e to thermal load is striking in the
it is appreciated that the

(3) having substantially the
t catalyst system is unable

methacr

temperature.

.deterioration du
_catalyst (3). Accordingly,

'single use of the catalyst
ame composition as the presen

“achieve the effect of the present invention.

. Example 2 _
A reaction was carried out in the same manner
both the catalyst (1) and the

as in Example 1 except that
£ 6 mm in outside

catalyst (2) were molded into rings ©
6.6 mm in length and 1 mm imihside diameter of

0. diameter,
The resulté are shown in Table 1.

through-hole.

Comparative Example 4
= A reaction was carried out in the same manner
e catalyst (1)

as in Comparative Example 1 except that th

ed into rings of 6 mm in outsid

35 . was mold
d 1 mm in inside diameter of through-hole.

in length an

I} |
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'esults are shown in Table 1.

" pive Example 3

A reaction was carr
y cative Example 2 except th
-nto rings of 6 mm in outside diameter,

inside diameter of through-hole.

ied 6ut in the same manner
at the catalyst (2)
6.6 mm

gth and 1 mm in
.,h;frésults are shown in Table-1l.

'é:;zéiative Examniple 6

' A reaction was carried out in the same
. e 3 except that the catalyst (3)

comparative Exampl
- ded into rings of 6 mm in outside diameter, 6.6 mm

d 1 mm in inside diameter of through-hole.

manner

n length an
ve results are shown in Table l.
' In Example 2 and Comparative Examples 4-6, the

s £ the catalysts (1) to (3) were changed from
he results of

peiiéts to rings. It is:appreciated from t
iy ange of catalyst shape to rings gives

ble 1 that the ch
provement in yiled and reduction in AT in all of the

s (1) to (3), but the catalyst system of the
jon using the catalysts (1) and (2) in
her.yield and a lower A T than the

pro

;éf;sent invent
'co@pination gives a hig
'iﬁéie use of the catalyst (1), (2) or (3).
¢§Fx§mple 3

A reaction was carried out in the same manner

at the reaction was carried out

g=as in Example 1 except th
0 hours). The results are

ji'a long period of time (4,00

sﬁé%n in Table 1.

It is appreciated from the results of Table 1

very low even after the re-

on isaedbstantially

he present inven-
iod of

% Séfion 4,000 hours, yield reducti

négligible, and the catalyst system of t

tion enables very stable operation over a long per

time.

Comparative Example 7
A reaction was carried out in the same manner

: as in.Comparative Example 3 except that the reaction time

-'This Sheet Has Been Repla
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as changed to 4,000 hours. The results are shown in
“gable 1.

It is appreciated from the results of Table 1
’tha; in Comparative Example 7, as compared with Example
: , activity reduction and yield reduction are both large
nd the catalyst has a problem:in stability.

xample 4 -

A reaction was carried out in the same manner
s in Example 2 except that the reaction'temperature was
hanged to 360°C and the space velocity was changed to

}000 hr"l. The results are shown in Table 1.

mperature was changed to 360°C and the space velocity

s:changed to 3,000 hr 1. The results are shown in

ble 1.

It is appreciated from the results of Example 4
§t“.ah. Comparative Example 8 and 9 that even when space
velocity is increased, the catalyst system of the present
nvention using the catalysts (1) and (2) in combination
hows superiority in activity and yield, over the

talyst (1) or (3). |
:Example 5 i
E A reaction was-carried out in the same manner

' 'Thls Sheet Has Been
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Comparative Example 10

A reaction was carried out in the same manner
as in Comparative Example 4 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. -

Comparative Example 11 -

A reaction was carried out in the same manner
as in Comparative Example 6 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.

It is appreciated from the results of Example 5
and Comparative Examples 10 and 11 that even when iso-
butylene concentration is increased, the catalyst system
of the present invention using the catalysts (1) and (2)
in combination shows superiority in yield and AT over
the catalyst (1) or (3). The present catalyst system, as
compared with the single use of the catalyst (1) or (3),
gives a considerably small increase in A 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 )

A ;eaction was carried out in the same manner
as in Example 1 except that isobutylene was replaced by
t-butanol. The results are shown in Table 2.

Comparative Example 12 R

A reaction was carried out {; the same manner
as in Comparative Example 1 except that isobutylene was
replaced by t-butanol. The results are shown in Table 2.
Comparative Example 13

A reaction was carried out in the same manner
as in Comparative Example 3 except that isobutylene was
replaced by t-butanol. The results are shown in Table 2.
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Example 7 -

A reaction was carried out in the same manner
as in Example 2 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°C and the space velocity
was changed to 1,000 hr-l. The results are shown in
Table 3. '

Comparative Example 14

A reaction was carried out in the same manner
as in Comparative Example 4 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°C and the space velocity was changed to
1,000 hr™l. The results are shown in Table 3.
Comparative Example 15

A reaction was carried out in the same manner
as in Comparative Example 6 except that there was used a
material gas consisting of 5 % by volume of MTBE, 13.2 3%
by volume of oxygen, 10 % by volume of steam and 71.8 %
by volume of nitrogen, the reaction temperature was
changed to 360°C and the space velocity was changed to
1,000 hr™t. The results are shown in Table 3.

Example 8

A catalyst (4) was prepared in the same manner
as in Example 1 except that nickel nitrate was used in
place of cobalt nitrate, phosphoric acid was added after
the addition of ammonium paratungstate7’§ubidium nitrate
was used in place of cesium nitrate, stannic oxide was
added after the addition of rubidium nitrate, and
aluminum nitrate was used in place of silica éol..

This catalyst (4) had the following composition
in terms of atomic ratio excluding oxygen.

M012W28i3FelNi7Rb1P0.2Sn0.sAl1
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A catalyst (S) was érepared in the same manner
as for the catalyst (4) except that the amount of
rubidium nitrate used was changed.

This catalyst (5) had the following composition
in terms of atomic ratio excluding oxygen.

Moy ,W,BisFe  NioRby ,P) ,Sn) cAly
. 750 ml of the catalyst (4) was filled into the
gas inlet portidn of a steel-made reaction tube of 25.4
mm in diameter, and 750 ml of the catalyst (5) was filled
into the gas outlet portion.

A reaction was carried out in the same manner
as in Example 1. The results are shown in Table 4.
Comparative Example 16

A reaction was carried out in the same manner
as in Example 8 except that no catalyst (5) was used and
only the catalyst (4) (1,500 ml) was filled. The results
are shown in Table 4. B
Comparative Example 17
' A reaction was carried out in the same manner as
in Example 8 except that no catalyst (4) was used and
only the catalyst (5) (1,500 ml) was filled. The results
are shown in Table 4.
Example 9

- A catalyst (6) was obtained in the same manner

as in Example 1 except that no ammonium paratungstate was
used, cesium nitrate was replaced by potassium nitrate,
lithium nitrate, magnesium'nitrate and célcium nitrate,
titanium dioxide was used in place of silica sol, and
cerous nitrate and niobium pentoxide were used finallyQ
This catalyst (6) had the following composition in terms
of atomic ratio eicluding oxygen. -

MO, ,Bi;Fe;Co; oKy ,Lij sCag ,Mgy ,Nby 5CeyTiy

A catalyst (7) was prepared in the same manner
as for the catalyst (6) except that the amounts of potas-
sium nitrate and lithium nitrate were changed. This |
catalyst (7) had the following composition in terms of
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atomic ratio excluding oxygen.

MolzBilFelCOIOKO.SLiO.2ca0.ZMgO.ZNbO.ScelTil

750 ml of the catalyst (6) 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) was filled
into the gas outlet portion.

A reaction was carried out in the same manner
as in Example,1t The results are shown in Table 4.
Comparative Example 18

A reaction was carried out in the same manner
as in Example 9 except that no catalyst (7) was used and
only the catalyst (6) (1,500 ml) was filled. The results
are shown in Table 4. '
Comparative Example 19 '

A reaction was carried out in the same manner
as in Example 9 except that no catalyst (6) was used and
only the catalyst (7) (1,500 ml) was filled. The results

are shown in Table 4.

" Example 10

A suspension was prepared in the same manner as
in Example 1 except that_no ammonium paratungstate was
used, thallous nitrate and strontium nitrate were used in
place of cesium nitrate, then there were added tellurium
oxide, lead nitrate and zinc nitrate, and titanium
dioxide was used in place of silica sol.

_ 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. The
rings were fired at 500°C for 6 hours..in an air stream to
obtain a catalyst (8). -This catalyst (8) had the follow-
ing composition in terms of atomic ration excluding
oxygen. |

MolzBilFe3Co7T10.7Sr0.3Te0_3PblZn0_5Ti1

A catalyst (9) was obtained in the same manner
as for the catalyst f8) except that the amount of thal-
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lous nitrate used was changed. 'This catalyst had the
following composition in terms of atomic ration excluding
oxygen.

MolzBilFe3Co7TloOOSSrO.3Te0_3PblZnO.5Til

750 ml of the catalyst (8) 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 (9) was filled
into the gas outlet portion.

A reaction was carried out in the same manner
as in Example 1. The results are shown in Table 4.
Comparative Example 20

A reaction was carried out in the same manner
as in Example 10 except that no catalyst (9) was used and
only the catalyst (8) (1,500 ml) was'filled. The results
are shown in Table 4.

Comparative Example 21

A reaction was carri;d out in the same manner
as in Example 10 except that no catalyst (8) was used and
only the catalyst (9) (1,500 ml) was filled. The results
are shown in Table 4.

Example 11 -

A suspension was prepared in the same manner as
in Example 1 except that cesium nitrate was replaced by
potassium nitrate, barium nitrate and beryllium nitrate,
then there were added antimony trioxide and manganese
nitrate, and silica sol was replaced by zirconium
nitrate. '

Using this suspension, a catalyst (10) was
prepared in the same manner as in Example 10. This
catalyst (10) had the following composition in terms of
atomic ratio excluding oxygen. .

Mol2wl‘sBilFel.2C05Kl.éBa0_2Be0.2Sban0.SZrl

A catalyst (11) was obtained in the same manner
as for the catalyst (19) except that potassium nitrate
was replaced by sodium nitrate. This catalyst (11) had
the following composition in terms of atomic ratio
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excluding oxygen.
750 ml of the catalyst (10) 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 (11l) was

"filled into the gas outlet portion.

A reaction was carried in the same manner as in
Example 1. Thea-results are shown in Table 4.

Comparative Example 22
A reaction was carried out in the same manner

as in Example 11 except that no catalyst (11) was used
and only the catalyst (10) (1,500 ml) was filled. The
results are shown in Table 4.

Comparative Example 23 _
A reaction was carried out in the same manner

as in Example 11 except that no catalyst (10) was used
(1,500 ml) was filled. The

and only the catalyst (11)
results are shown in Table 4.
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Reaction

''''' o "%?“ééﬁgaﬁgixéatdl¥§ﬁ £illing temperature ﬁig)
' 3 ":Ihlet portion } Qutlet portion (o)
Example 1 Catalyst (1) pellets / catalyst (2) pellets 340 70
‘Comparative Example 1 Single layer of catalyst (1) pellets 340 70
2 Single layer of catalyst'(Z) pellets - 340 92
3 Single layer of catalyst (3) pellets 340 85
Example 2 Catalyst (1) rings / catalyst (2) rings . 340 61
Comparative Example 4 Single layer of catalyst (1) rings : 340 62
5 Single layer of catalyst (2) rings 340 84
Single layer of catalyst (3) rings 340 76
. + | Example 3 Catalyst (1) pellets / catalyst (2) pellets 340 52
Comparative Example 7 | Single layer 5f catalyst (3) pellets 340 65
Example 4 Catalyst (1) rings / catalyst (2) rings 360 63
Comparative Example 8 Single layer of catalyst (1) rings 360' 65
9 Single layer of catalyst (3) rings 360 80
Example 5 ‘ Catalyst (1) rings / catalyst-(2) rings 340 66
Comparative Exaﬁple 10 | Single layer of catalyst (1) rings 340 66
" 11| single layer of catalyst (3) rings 340 81
I Notes: Example 3, Comparative Example 7 = after 4,000 hours of continuous operation
" Example 4, Comparative Examples 8 and 9 = space velocity 1,600 —> 3,000 hr"l
Example 5, Comparative Examples 10 and 1l = isobutylene concentration 6 = 7 %
by volume
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‘Table 1 (Reaction conditions)

éigg:tgisge Selectivity (mole %) Tota;izig—pass
(mole %) Methacrolein | Methacrylic acid (mole %)

Example 1 99.0 85.6 3.6 88.3
Comparative Example 1 95.9 85.8 3.2 85.4
2 99.5 79.5 5.4 B4.5

3 98.3 84.3 3.6 86.4

Example 2 _ _ 99.5 86.9 3.1 89.6
Comparative Example 4 96.1 86.9 3.0 3 86.4
5 99.6 81.5 5.0 86.2

. 6 99.0 85.5 3.3 87.9
Example 3, 98.5 86.5 3.1 88.3
Comparative Example 7° 95.1 ! 84.7 3.4 83.8
Example 4 99.0 86.7 | 3.0 88.8
Comparative Example 8 94.8 86.3 3.0 84.7
9 97.7 84.9 3.4 . 86.3

Example 5 ' 99.7 86.2 3.3 89.3
Comparative éxample 10 96.4 85.0 3.4 85.2
' 11 99.3 83.9 3.5 86.8
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Table 2 (Reaction conditions)

Method of catalyst f£illing

Inlet portion / Outlet portion

Example 6

Comparative Example 12

Catalyst (1) pellets / catalyst (2) pellets
Single layer of catalyst (1) pellets
13 | Single layer of catalyst (3) pellets

Reaction A g B
temperature (°C)
(°C)
340 61
340 61
340 75

Table 2 (Reaction conditions)

——

- 6z -

Z;ﬁg:iggén ‘ Per-pass yield (mole %) Tota;igig-pags
(mole %) Methacroléin Methacrylic écid (mole %)
Example 6 100.0 85.2 3.3 88.5
Comparative Example 12 100.0 82.8 2.9 85.7
§ 13 100.0 83.6 3.2 86.8

14
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Table 3 (Reaction conditions)

Method of catalyst filling remcerature | &7
(°C)
]
Inlet portion / Outlet portion (°c)
Example 7 Catalyst (1) rings / catalyst (2) rings 360 61
Comparative Example 14 | Single layer of catalyst (1) rings 360 61
15 | single layer of catalyst (3) rings 360 76

Table 3 (Reaction conditions)

-conszggion ‘ Selectivity (mole %) Tota;izig—pass
(mole %) Methacrolein | Methacrylic acid (mole 3)
Example 7 08.3 82.5 4.3 85.6
Comparative Example 14 95.1 82.7 4.5 82.9
15 97.8 8l.2 4.6 83.9

)
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Table 4 (Reaction conditions)

Method of catalyst filling %Z;ggigture fig)
Inlet portion / Outlet portion (°C)

Example 8 Catalyst (4) pellets / catalyst (5) pellets 340 66
Comparative Example 16 | Single layer of catalyst (4) pellets 340 66
17 | Single -layer of catalyst (5) pellets 340 90

Example 9 Catalyst (6) pellets / catalyst (7) pellets + 340 65
Comparative Example 18 | Single layer of catalyst (6) pellets ; 340 65
19 | Single layer of catalyst (7) pellets 340 91

Example 10 Catalyst (8) rings / catalyst (9) rings 340 60
Comparative 'Example 20 | Single layer of catalyst (8) rings 340 60
21 | Single layer of catalyst (9) rings 340 81

Example 11 Catalyst (10) rings / catalyst (1ll) rings 340 59
Comparative Example 22 | Single layer of catalyst (10) rings 340 58
23 | Single layer of catalyst (11) rings 340 79
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Table 4 (Reaction conditions)

gggsgtgigge Selectivity (mole %) Tota;izié—pass
(mole %) Methacrolein | Methacrylic acid (mole $%)

Example 8 98.5 84.9 3.3 86.9
Comparative Example 16 94.6 85.1 3.0 83.3
_ 17 99.0 78.2 5.1 82.5
Example 9 96.8 83.4 3.1 Y 83.7
‘Comparative Example 18 92.5 83.7 2.7 k 79.9
19 97.5 77.1 4.8 79.9
Example 10 97.5 86.2 3.0 87.0
Comparativé'Example 20 94.1 86.3 2.8 83.8
21° 97.8 80.6 4.9 83.6
Example 11 98.6 84.3 2.9 . 86.0
Comparative Example 22 93.9 84.7 2.6 82.2
23 99.1 78.2 4.2 81.7

o

_.ZE._



-

- 33 -
 Example l-a ’

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

5
and 120 ml of water. ]
Separately, 1,059 g of ammonium paramolybdate
and 265 g of ammamnium paratungstate were dissolved in '
3,000 ml of water being stirred with heating. To the f
10 resulting aqueous solution were dropwise added the above h

prepared two agueous solutions, and mixing was carried i
o 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 weighé % concentration in

this order, and mixing was carried out. . §

_ (1-a). This catalyst (1-a) had the following composition
: in terms of atomic ratio excluding oxygen.

15
The thus obtained suspension was stirred with i

heating, and subjected to evaporation to dryness. The

residue was molded into pellets of 6 mm in outside dia-
meter and 6.6 mm in length. The pellets were fired at |
20 510°C for 6 hours in an air stream to obtain a catalyst j
l
I
|

3 Mo, ,W,Bi, Fe;Co) oCsy 55y 35 -

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°C.

This catalyst (2-a) had the following composi-
tion in terms of atomic ratio excluding oxygen.

Mo, ,W,BijFe CoyCsy 151y 35 -

With respect to the activities of the catalysts
(1~a) and (2-a), the catalyét (2-a) has a higher activity

than the catalyst (l1-a), as is clear from the results of

Comparative Examples l-a and 2-a shown later.
750 ml of the catalyst (l-a) was filled into

the material gas inlet portion of a steel-made reaction

) \
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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,

5 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 é reaction temperature of
340°C at a space velocity (SV) of 1,600 he~l (STP). The
results are shown in Table l-a.

10 Comparative Example l-a

A reaction was carried out in the same manner
2 as in Example l-a except that no catalyst (2-a) was used
i and only the catalyst (1-a) (1,500 ml) was filled. The

results are shown in Table l-a. ‘

15 Comparative Example 2-a

A reaction was carried out in the same manner
as in Example l-a except that no catalyst (l-a) was used
and only the catalyst (2-a) (1,500 ml) was filled. The

results are shown in Table l-a.

Comparative Example 3-a

A catalyst (3-a) was prepared in the same
manner as for the catalyst (l-a) of Example l-a except
that the amount of cesium nitrate was changed to 39 g.

This catalyst (3~a) had the following composi-
tion in terms of atomic ratio excluding oxygen.

Mo, ,W,Bi,Fe;Co, (CSy ,6i; 35

A reaction was carried out in the same manner
as in Example l-a except that only the catalyst (3-a)
(1,500 ml) was filled into the reaction tube. The re-
sults are shown in Table l-a. R
Comparative Example 4-1 .

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 (l1-a) and the catalyst (2-a) were both changed

- —
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~ 35 -~
to 500°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

2 f:' gxample 1l-a. The results are shown in Table l-a.
2 It is appreciated from the results of Example

1-a and Comparative Examples l-a to 3-a that the catalyst

(1-a) has a very-dow activity, the catalyst (2-a) has a

high activity, and both of them give a iow 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) haVving a composition

intermediate between those of the catalysts (l1-a) and

(2-a) is compared with the catalyst system of the present

invention which is a combination of the catalysts (l-a)

and (2-a), the catalyst (3-a) gives a low total per-pass
yield and a very large temperature difference (a very
o large AT) 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 l-a to 3-a in i
yield and AT but, inferior to Example l-a using the §
catalysts of the present invention in said properties. é
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
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~,s in Example l-a except that the catalysts (l-a) and
_a) were both molded into rings of 6 mm in outside

6.6 mm in length and 1 mm in inside diameter of

T diameter r
through-hole. The results are shown in Table 1l-a.

Comparative Example 5-a
A reaction was carried out in the same manper
as in Comparative Example l-a except that the catalyst
(1-a) was moldedinto 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 l-a.
comparative Example 6-a
A reaction was carried out in the same manner
as in Comparative Example 2-a except that the catalyst
<4 (2-a) was molded into rings of 6 mm 'in outside diameter,
Eu 15 6.6 mm in length and 1 mm in inside diameter of through-
hole. The results are shown in Table l-a..
Comparative Example 7-a
A reaction was carried out in the same manner
as in Comparative Example 3-a except that the catalyst
20 (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 l-a.
Comparative Example 8-a .
A reaction was: carried out in the same manner
25 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. | S
30 In Examples 2-a and Comparatiwve Examples 5-a to
8-a, the shapes of the catalysts (l1-a) to (5-a) were
changed from pellets to }ings. It is apprecigted from
the results of Table l-a that the variation of the
catalyst shape into fings gives an improvement in yield
35 and a reduction in'[&? in each case of the catalysts.
(1-a) to (3-a) and the combined use of the catalysts

-
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(4-a) and (5-a), but the catalyst system of the present

invention using the catalysts (l1-a) and (2-a) in combina-
tion gives an even better yield and an even better A T.
Examples 3~a
5 A reaction was carried out in the same manner
as in Example l-a except that the reaction was carried
out for a longer period up to 4,000 hours. The results
are shown in Tagbhle l-a. |
It is appreciated from the results of Table l-a
0 that even after the reaction of 4,000 hours, the'reduc—
tion 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.
15 Comparative Example 9-a
A reaction was carried out in the same manner as
in Comparative Example 3-a except that the reaction was
carried out for a longer period up to 4,000 hours. The
results are shown in Table l-a. '
20 In each case of Example 3-a and Comparative
Example 9-a, the réductioqf 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
-;m_gs ~that the superiority in yield, of Example l-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
30 as in Example 2-a except that the reaction temperature
- was changed to 360°C and the space velocity was changed
to 3,000 hour ! (STP). The results are shown in Table
l-a.
_ Comparative Example 10-a
:35 A reaction was carried out in the same manner
_ as in Comparative Example 4-a except that the reaction
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. temperature was changed to 360°C and the space velocity
‘was changed to 3,000 hour -1 (STP). The results are shown

B

in Table l-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 present
.-invention using the catalysts (1-a) and (2-a) in combina- i
t.tionr over the-tatalyst system using the catalysts (4-a)
: and (5-a) in combination appears even when the spaée

;fvelocity is increased.

P;fgxample 5-a

N 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 cﬁanged_to 7 % by
;volume and 69.8 3% by volume, respectively. The results
\;re shown in Table l-a.

__Comparative Example ll-a

s A reaction was effected in the same manner as
;n Comparative Example 4-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.

- It is appreciated from the results of Example

5-a and Comparative Example ll-a that the superlorlty in

yield and AT, of the catalyst system of the present

nvention using the catalysts (1-a) and (2-a) in combi-

nation, over the catalyst system using the catalysts

{4-a) and (5-a) in combination appears even when the

.ﬁsobutylene concentration is incerased.

e
'~.
.J

. £

-

xample 6-a b

N A reaction was ‘carried out in the same manner
as in Example l-a except that t-butanol was used in place
: f- isobutylene. The results are shown in Table 2-a.
'gomparative Example l12-a

e 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

—
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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 temp&fature was changed to 360°C and the
space velocity was changed to 1,000 he™l (STP). The
results are shown in Table 3-a. '
Comparative Example 13-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 codsisting of S % 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°C and the space velocity was changed to 1,000 hr
(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 l1-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°C. |
This catalyst (6-a) had the following composi-
tion in terms of atomic ratio excluding..exygen.
M012W2313Fe1Ni73b1P6.ZSno.SAll
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°C.
This catalyst (7-a) had the following composi-
ﬁﬁﬁ‘“\\~\;~\§““ﬁ\“~
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tion in terms of atomic ratio excluding oxygen.

M012W2813Fe1Ni7Rb0.2P0.2Sn0.5All

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 l«a?  The results are shown in Table 4-a.
Comparative Example l4-a

A catalyst (8-a) and a catalyst (9-a) were
prepared in the same manner as for the catalyst (6-a) and
the catalyst (7-a), respectively, except that the firing
temperature was changed to 500°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 (l10-a) was obtained in the same
manner as in Example l-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°C. '

This catalyst (10-a) had the following composi-
tion in terms of atomic ratio excluding oxygen.

Mo, ;BijFeyCo oKy Eig 5C30. 218020 . 5Ce THy

A catalyst (ll1-a) was prepared in the same
manner as for the catalysi (10-a) except that the amounts
of potassium nitrate and lithium nitrate used were
changed and the firing temperature was changed to 480°C.

. This catalyst (ll-a) has the following composi-
tion in terms of atomié ratio excluding oxygen.

i
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'“°12311FQ1C°10K0.sLio.zcao.zmgo.szo.scelTil

750 ml of the catalyst (10-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 (ll-a)
was filled into the gas outlet portion.

A reaction was carried out in the same manner as
in Example l-a. The results are shown in Table 4-a.
Comparative Examgle 15-a

A catalyst (12-a) and a catalyst (13-~ 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°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 l-a except fhat 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 tempera-
ture was changed to 530°C. '

The suspension was stlrred 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°C for 6 hours in an air stream to_obtain a catalyst
(14-a). .

The catalyst (X4-a) had the following composi-
tion in terms of atomic ratio excluding oxygen.

MolzBilFe3Co7T10.7Sr003Te0.3Pblzn0_5Ti1

A catalyst (l5-a) was prepared in the same

__‘\hhﬂiﬁfff‘ifxfgi_the catalyst (l14-a) except that the amount
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of thallous nitrate was changed and the firing tempera-
ture was changed to 480°C.

The catalyst (15-a) had the following composi-

"tion in terms of atomic ratio excluding oxygen.

12311Fe3Co7T10 05Sr0 3 eg. 3Pb12n0.5Til
750 ml of the catalyst (l4-a) was filled into
the gas inlet portlon 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 l-a. The results are shown in Table 4-a.
Comparative Example l6-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 (15-a), respectively, except that the
firing temperatures used in Example 10-a for the pre-
paration of the catalyst (l4-a) and the catalyst (15-a)
were changed to 500°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 ll-a

A suspension was prepared in the same manner as
in Example l1-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 530367

Using this suspension, the procedure of Example
10-a was repeated to prepare a catalyst (18-a).

The catalyst (18-a) had the following composi-
tion in terms of atomic ratio excluding oxygden.

Mo, Wy gBijFe; ;CogK; gBag oBeg pSbyMng g2r)

A catalyst (19-a) was obtained in the same
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manner as for the catalyst (18-a) except that potassium
nitrate was replaced by sodium nitrate and the firing
temperature was changed to 470°C.

The catalyst (19-a) had the following composi-
tion in terms of atomic ratio excluding oxygen.

”°12W1.5311F91.2C°0.sNal.oBao.zBeo.zsblmno.52‘1

750 ml of the catalyst (18-a) was filled into
the gas inlet pertion 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 portion.

A reaction was carried out in the same manner
as in Example l-a. The results are shown in Table 4-a.
Comparatlve 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 (19-a), respectively, except that the

. firing temperatures used in Example ll-a for the pre-

paration of the catalyst (18-a) and the catalyst (19-a)
were changed to 500°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 por-
tion. A reaction was carried out in the same manner as
in Example ll-a. The results are shown in Table 4-a.
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Table l-a (Reaction conditions)

_bv._

Notes:

Reaction
Method of catalyst filling tempera- | A T
ture (°C)
Inlet portion / Outlet portion (°C)
Example l-a Catalyst (l-a) Pellets / catalyst (2-a) pellets 340 68
Comparative Example l-a | Single layer of catalyst (l-a) pellets 340 68
2-a Single layer of catalyst (2-a) pellets 340 93
3~-a | Single layer of catalyst (3-a) pellets 340 84
4~a | Catalyst (4-a) pellets / catalyst (5-a) pellets 340 70
Example 2-a Catalyst (l-a) rings / catalyst (2-a) ringsE 340 60
Comparative Example 5-a | Single layer of catalyst (1-a) rings ' 340 61
6~a | Single layer of catalyst (2-a) rings 340 85
7-a Single layer of catalyst (3-a) rings 340 74
8~a | Catalyst (4-a) rings / catalyst (5-a) rings 340 61
Example 3-a Catalyst (1-a) rings / catalyst (2-a) pellets 340 49
Comparative Example 9-a Catalyst (4-a) pellets ) catalyst (5-a) pellets 340 52
Example 4-a Catalyst (l1-a) rings / catalyst (2-a) rings 360 62
Comparative Example 10-a | Catalyst (4-a) rings / catalyst (5-a) rings 360 63
Example 5-a { Catalyst (l-a) rings / catalyst (2-a) rings 340 64
Comparative Examble ll-a | Catalyst (4-a) rings / catalyst (5-a) rings 340 66
Example 3-a, Comparative Example 9-a = after 4,000 hours of continuous operation

Example 4-a, Comparative Examples 10-a =
Example 5-a, Comparative Examples ll-a =

by volume

space velocity 1,600 — 3,000 hr t (STP)
isobutylene concentration 6 — 7 %
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Table 1-a (Reaction conditions)

iiﬁsggiigﬁe _Selectivity (mole %) Tota;igié—pass
(mole &) Methacrolein | Methacrylic acid (mole 3)

Example l-a 99.1 86.6 3.4 89.2
Comparative Example 1l-a 95.2 86.5 3.4 85.6
. 2-a 99.6 79.0 5.6 \ 84.3
3-a 97.8 84.5 3.3 ! 85.9
4-a " 99,0 85.6 3.6 88.3
Example 2-a 99.5 88.0 3.0 90.5
Comparative Example 5-a 95.5 87.9 2.9 86.7
- 6-a 99.7 80.9 5.3 85.9
7-a’ 98.4 85.6 3.1 87.3
8-a 99.5 86.9 3.1 89.6
Example 3-a 98.4 87.6 2.9 89.1
Comparative Example 9-a 98.5 86.5 i 3.1 88.3
Example 4-a | 98.8 87.9 2.8 89.6
Comparative Exaﬁple 10-a 99.0 86.7 3.0 88.8
Example 5-a 99.5 87.2 3.2 89.9
Comparative Example ll-a 99.7 86.2 3.3 89.3
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Table 2-a (Reactioh'conditions)
: Reaction
Method of catalyst filling tempera- | AT
ture (°C)
Inlet portion'/ Outlet portion (°C)
Catalyst (l-a) pellets / catalyst (2-a) pellets 340 59
340 61

Example 6-a

Comparative Example 12~a

Catalyst (4-a) pellets / catalyst (5-a) pellets

Table 2-a (Reaction conditions)
t-Butanol _ . Total per-pass
conversion‘ Per-pass yield (mole %) yield
(mole %? Methacrolein { Methacrylic acid (mole %)
Example 6-a 100.0 - 86.1 3.1 89.2
Comparative Example l2~a 100.0 85.2 3.3 88.5

t
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Table 3-a (Reaction conditions)
Reaction
Method of catalyst filling tempera- | A T
ture (°C)
Inlet portion / Outlet portion (°C)
Example 7-a Catalyst (l-a) pellets / catalyst (2-a) pellets 360 60
Comparative Example 13-a | Catalyst (4-a) pellets / catalyst (5-a) pellets‘ 360 61
. “i
Table 3-a (Reaction conditions)
MTBE - Total per-pass
conversion Selectivity (mole %) . yield
(mole %) Methacrolein | Methacrylic acid (mole %)
Example 7-a 98.1 83.6 4.2 86.1
Comparative Example 1l3-a 98.3 82.5 4.3 85.3
t .
\
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Table 4-a (Reaction conditions)
Reaction
Method of catalyst filling tempera- (& T
ture (°C)
Inlet portion / Outlet portion (°C)
Example 8-a Catalyst (6-a) Pellets / catalyst (7-a) pellets 340 G5
Comparative Example 14-a | Catalyst (8-a) pellets / catalyst (9-a) pellets 340 66
Example 9-a , Catalyst (10-a) pellets/catalyst (ll~-a) pellets 340 64
Comarative Example 15-a | Catalyst (12-a) pellets/catalyst (13-a) pellefs 340 65
Example 10-a Catalyst (14-1) pellets/catalyst (l5-a) pellets 340 58
Comparative Example 16-a | Catalyst (16-a) rings / catalyst (l17-a) rings 340 60
Example ll-a, Catalyst (18-a) rings / catalyst (19-a) rings 340 58
' ]
Comparative Example 17-a | Catalyst (20-a) rings / catalyst (21-a) rings 340 59 | ,
' e
[e0)
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Table 4-a (Reaction conditions)

éiggggg}gﬁe Selectivity (mole %) Tota;izié-pass

(mole %) Methacrolein | Methacrylic acid {mole %)
Example 8-a 98.4 85.9 _ 3.3 . 87.8
Comparative Example l4-a 98.5 84.9 3.3 86.9
Example 9-a 96.5 84.6 3.0 "1 84.5
Comparative Example 15-a 96.8 83.4 3.1 ' 83.7
Example 10-a 97.2 87.5 2.8 87.8
Comparative Example l6-a 97.5 86.2 3.0 87.0
Example 1ll-a: 98.4 85.4 2.8 86.8
Comparative Example 17-a 98.6 84.3 2.9 86.0
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Example 1-b

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 aciqd
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 “dmmonium paratungstate were dissolved in-
3,000 ml of water being stirred with héating. 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 dia-
meter and 6.6 mm in length. The pellets were fired at
500°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 excluding oxygen.

Mo, ;W,BijFeyCoygCsp _7Bag 151 35

A catalyst (2-b) was prepared in the same
manner as in. the preparation of the catalyst (1-b) except
that the amount of barium nitrate was changed to 65.3 gq.
This catalyst (2-b) had the following composition in
terms of atomic ratio excluding oxygen.

MolzszilFelCOIOCso.7Ba0.GSTI:35

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 l-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
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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,
5 10 % by volume of steam and 70.8 % by volume of nitrogen
was introduced from the inlet of the reaction tube, and a
X reaction was carried out at a reaction temperature of
?‘ 340°C at a spgée velocity (SV) of 1,600 hr -1 (STP). The
] results are shown in Table 1l-b. |
jo 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 l-b. '
15 Comparative Example 2-b
A reaction was carried out in the same manner
as in Example l-b except that no catalyst (l1-b) was used
and only the catalyst (2-b) (1,500 ml) was filled. The
results are shown in Table 1l-b.
‘20 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 gq.
This catalyst (3-b) had the following composition in
25 terms of atomic ratio excluding oxygen.
Mo, ,WyBijFeyCoyCsy 7830 3551y .35
A reaction was carried out in the same manner
- as in Example l1-b except that only the catalyst (3-b)
%i (1,500 ml) was filled into the reaction tube. The re-
23 30 sults are shown in Table l-b. -
;2 It is appreciéted from the results of Table 1-b
% that the catalyst (l1-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
_g' 35 the catalyst system of the present invention which is a
% combination of the catalysts (1-b) and (2-b), gives a .
'RK*_
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high total per-pass yield and produces intended metha-
crolein and methacrylic acid at high yields. .

When the catalyst (3-b) having a composition
intermediate between those of the catalysts (l1-b) and
(2-b) is compared with the catalyst system of the present
invention which is a combination of the catalysts (1-b)
and (2-b), thgvgatalyst (3-b) gives a low total per-pass
yield and a very large temperature difference ( a very
large A T) 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 l-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 1ength and 1 mm in inside diameter of
through-hole. The results are shown in Table 1l-b.
Comparative Example 4-b

A reaction was carried out in the same manner
as in'Comparative Exémple 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 l-b.

Comparative Example 1-b ar

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 1l-b.

Comparative Example 6-b

A reaction was carried out in the same manner
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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 1l-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 (l1-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 A 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 l-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 1l-b.

It is appreciated from the results of Table 1-b
that activity reduction is very low even after the re-
action of 4,000 hours, yield reduction is substantially
negligible, and the catalyst system of the present inven-
tion 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 chahged to 4,000 hours. Therresults are shown
in Table 1-b. . -

It is appreciated from the results of Table 1l-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 stability.
Example 4-b

A reaction was carried out in the same manner
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as in Example 2-b except that the reaction temperature
was changed to 360°C and the space velocity was changed
to 3,000 hr % (STP). The results are shown in Table l-b.
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°C and the space velocity

" was changed £o 3,000 he! (STP). The results are shown

in Table l-b.
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°C and the space velocity
was changed to 3,000 hr-l (STP) . Tﬂe results are shown
in Table 1l-b. ;

It is appreciated from the results of Example
4-b and Comparative Examples 8-b and 9-b that the super-
iority 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 épace 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 iso-
butylene and nitrogen in material gas were changed to 7 %
by volume and 69.8 % by volume, respectively. The re-—
sults 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 présgktions of iso-
butylene and nitrogen in.material gas were changed to 7 %
by volume and 69.8 ¥ by volume, respectively. The re-
sults are shown in Table 1-b.
Comparative Example 1ll-b

A reaction was carried out in the same manner

as in Example 6-b except that the proportions of iso-

I
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butylene and nitrogen in matérial gas were changed to 7 %
by volume and 69.8 % by volume, respectively. The re-
sults are shown in Table 1-b.

It is appreciated from the results of Example
5-b and Comparative Examples 10-b and 1ll-b that the
superiority in yield and A T, of the catalyst system of
the present invention using the catalysts (1-b) and (2-b)
in combinatiof, 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 AT 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 ca;ried out in the same manner
as in Example l-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 1l-b except that isobutylene
was replaced by t-butanol. The results are shown in
Table 2-b. -

Comparative Example 13-b o _ _

A reaction was-carried out in the same manner
as in Comparative Example 3-b except that isobutylene was
replaced by t-butanol. The results are shown in Table
2-b.

Example 8-b waeen®

A reaction was carried out in the same manner
as in ﬁkample 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°C and the space velocity

-
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~l (sTP). The results are shown

was changed to 1,000 hr
in Table 3-b. )
Comparative Example l4-b

A reaction was carried out in the same manner

5 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
71.8 % by volime of nitrogen, the reaction temperature
was changed to 360°C and the space velocity was changed

10 to 1,000 hr™! (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,

15 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°C and the space velocity was changed
to 1,000 hr ! (STP). The results are shown in Table 3-b.
Example 8-b

20 A catalyst (4-b) was prepared in the same
manner as in Example l-b-except that cobalt nitrate was
replaced by nickel nitrate, phoéphoric acid was added
after ammonium paratungstate, there were used thallous
nitrate and strontium nitrate in place of cesium nitrate

.25 and barium nitrate, then stannic oxide was added, and
silica sol was replaced by ammonium nitrate.

The catalyst (4-b) had the following composi~-
tion in terms of atomic ratio excluding oxygen.
Mo, pWyBizFe; NigT g 65r0.1P0,2500 550

30 A catalyst (5-b) was prepared in the same
manner as for the catalyét (4~b) except that the amount
of strontium nitrate used was changed. '

The catalyst (5~b) had the following composi-

‘ tion in terms of atomic ratio excluding oxygen.

35 Mo, ,W,Bi,Fe Ni,Tl, Srgy sPg ,5n; gAly

750 ml of the catalyst (4-b) was filled into
. [ —
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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 l-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) w;s obtained in the same
manner as in Example 1l-b except that no ammonium para-
tungstate was used, cesium nitrate was replaced by potas-
sium 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 pentoxide were used finally. The catalyst
(6-b) had the following composition in terms of atomic
ratio excluding oxygen.

Mo, ,Bi;Fe,CogRy gNag ,Cag 1Bep 3NPg 5C&;Tiy
A catalyst (7-b) was prepared in the same

manner as for the catalyst (6-b) except that the amounts
of calcium nitrate and berfllium nitrate were changed.
The catalyst (7-b) had the foIlowing'dﬁﬁbosition in terms
of atomic ratio excluding oxygen.

MolzBilFe1C05Ko_SNao_ZCao.7Beu.3Nb0._5Ce1Ti1

750 ml of the catalyst (6-b) 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-b) was
filled into the gas outlet portion.
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/ A reaction was carried out in the same manner
as in Example l1-b. The results are shown in Table 4-b.
Comparative Example 18-b

A reaction was carried out in the same manner
S 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 Bxample 19-b
A reaction was carried out in the same manner

10 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.

ﬁ Example 10-b

A suspension was prepared in the same manner as

15 in Example l-b except that no ammonium paratungstate was
used, cesium nitrate was replaced by rubidium nitrate,
magnesium nitrate was used £bgether with barium nitrate,
then there were added tellurium dioxide, lead nitrate and
zinc nitrate, and silica sol was replaced by titanium

20 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
25 fired at 500°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.
M°123i1?e3C°7Rb0.SBao.1Mgo.1Te0.3Pblzn0.STil
A catalyst (9-b) was obtained in the same
30 manner as for the catalyst -(8-b) exééﬁf‘that the amounts
of barium nitrate and magnesium nitrate were changed.
The catalyst had the following composition in terms of
atomic ratio excluding oxygen.
MolzBilFe3Co7Rb0.sBao.2Mg1.0Teo.3Pb12n0.5Ti1

35 750 ml of the catalyst (8-b) was filled into the
gas inlet side of a steel-made reactor of 25.4 mm in
-
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diameter, and 750 ml of the'catalyst (9-b) was filled
into the gas outlet side. A reaction was carried out
the same manner as in Example l-b except that the re-
action temperature was changed to 350°C. The results
5 shown in Table 4-b.

in
are

Comparative Example 20-b )

A reaction was carried out in the same manner
as in Example710-b except that no catalyst (9-b) was used
and only the catalyst (8-b) (1,500 ml) was filled. The

10 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
15 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
20 by calcium nitrate, then there were added antimony tri-
oxide and manganese 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
25 catalyst (10-b) had the followihg composition in terms of
atomic ratio excluding oxygen.
Mo, W, Bi,Pe; ,Co.Csy ,Lij ,Cay ,SbyMng g2ry
A catalyst (l11-b) was prepared in the same
manner as for the catalyst (10-b) except that calcium
309 nitrate was replaced by magnesium nitrate. The catalyst
(11-b) had the following composition in terms of atomic
ratio excludlng oxygen.
Mo, Wy sBijFe; ,Co5Csy 4Lig Mdg, BSblmno 540
750 ml of the catalyst (10-b) was filled into
35 the gas inlet pottipn of a steel-made reaction tube of
25.4 mm in diameter, and 750 ml of the catalyst (11l-b)

—_—
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was filled into the gas outlet side.

A reaction was carried out in the same manner
as in Example l-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 ll-b except that no catalyst (1l-b) was
used and only the catalyst (10-b) (1,500 ml) was filled.
The results ar®¥ shown in Table 4-b.

Comparative Example 23-b

A reaction was carried out in the same manner
as in Example ll-b except that no catalyst (10-b) was
used and only the catalyst (1l1-b) (1,500 ml) was filled.
The results are shown in Table 4-b.
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Table 1-b (Reaction conditions)

Reaction
Method of catalyst filling tempera- | AT
ture (°C)

Inlet portion / Outlet portion (°C)

Example 1-b Catalyst (1-b) Pellets / catalyst (2-b) pellets 340 71
Comparative Example 1-b Single layer of catalyst (1-b) pellets 340 72
2-b Single layer of catalyst (2-b) pellets "~ 340 94
3-b Single layer of catalyst (3-b) pellets 340 86
Example 2-~b Catalyst (1-b) rings / catalyst (2-b)rings ‘ 340 63
Comparative Example 4-b Single layer of catalyst (1-b) rings 3 340 63
5-b Single layer of catalyst (2-b) rings 340 85
6-b | Single layer of catalyst (3-b) rings 340 78
Example 3-b Catalyst (1-b) pellets / catalyst (2-b) pellets 340 52
Comparative ﬁthple 7-b Single layer' of catalyst (3-b) rings 340 66
Example 4-b i Catalyst (1-b) rings 4 catalyst (2-b) rings 360 64
Comparative Example 8~b | Single layer of catalyst (l1-b) rings 360 65
_ 9-b | Single layer of catalyst (2-b) rings 360 82
Example 5-b Catalyst (1-b) rings / catalyst (2-b) rings 340 67
Comparative Examéle 10-b | Single layer of catalyst (l1-b) rings 340 67
’ 11-b | Single layer of catalyst (3-b) rings 340 83

Notes: Example 3-b, Comparative Example 7-b = after 4,000 hours of continuous operation

Example 4-b, Comparative Examples 8-b and 9-b = space velocity 1,600 — 3,000 hr

1

- 19 -

(8ST2)

Example 5-b, Comparative Examples 11-b and 1ll-b = isobutylene concentration 6 — 7 %

by volume
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Table 1-b (Reaction conditions)

iigg:ig%gge Selectivity (mole %) Tota;izig-pass
(mole %) Methacrolein | Methacrylic acid (mole &)

Example 1l-b 98.8 85.2 3.5 87.6
Comparative Example 1-b 95.3 85.4 3.2 84.4
2-b 99.1 79.0 5.2 83.4
3-b 98.0 83.9 3.4 Y 85.6
Example 2-b . 99,1 86.6 2.9 K 88.7
Comparative Example 4-~b 95.7 86.6 2.9 85.7
5-b 99.4 8l.1 4.7 85.3
. ' 6-b 98.7 | 85.3 3.1 87.3
Example 3-b ) 98.1 86.0 3.1 87.4
Comparative Example 7-b 94.1 84.4 ' 3.4 82.6
Example 4-b 98.7 86.2 2.9 87.9
Comparative Example 8-b 94.3 85.7 i 3.0 83.6
{ 9-b 97.5 84.6 3.2 85.6
Example 5-b Y 99.3 85.9 3.0 88.3
Comparative Example 10-~b 96.2 85.7 3.1 85.4
' 11-b 99.1 83.6 3.3 86.1
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Table 2-b (Reaction conditions)

- Reaction
Method of catalyst filling tempera- | AT
ture (°C)
Inlet portion / Outlet portion (°C)
Example 6-b Catalyst (1-b) pellets / catalyst (2-b) pellets 340 63
Comparative Example 12-b | Single layer of catalyst (1-b) pellets 340 63
~ 13-b | Single layer of catalyst (3-b) pellets ‘ 340 76

. - - Table 2-b'(Reaction conditions)

Z;ﬁgg?:gin Per-éass ield (mole %) Topa;igig—pass
(mole %) Methacrolein | Methacrylic acid (mole %)
Example 6-b ©100.0 84.7 3.2 87.9
Comparative Example 12-b . 100.0 82.3 2.9 85.2
x 13-b 100.0 83.2 3.1 86.3

o,
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Table 3-b (Reaction conditions)

i

Reaction
Method of catalyst filling tempera- | A T
ture (°C)
Inlet portion / Outlet portion (°C)
Example 7-b " | catalyst (1-b) rings / catalyst (2-b) rings 360 63
Comparative Example 14-b | Single layer of catalyst (1-b) rings 360 62
15-b | Single layer of catalyst (3-b) rings x 360 76
Table 3-b (Reaction conditions)
t
conﬂggiion Selectivity (mole %) Tota;izié—pass
(mole %) Methacrolein | Methacrylic acid (mole %)
Example 7-b ) 98.1 82.1 . 4.2 84.7
Comparative Example 14-b 95 .0 82.4 4.3 82.4
15-b 97.5 80.8 4,5 83.2
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Table 4-b (Reaction cohditions)

Reaction
Method of catalyst filling tempera- {A T
ture (°C)

Inlet portion / Outlet portion (°C)

Example 8-b Catalyst (4-b) Pellets / catalyst (5-b) pellets 340 66
Comparative Example 16-b | Single layer of catalyst (4-b) pellets ' 340° 66
17-b | Single layer of catalyst (5-b) pellets . 340 91
Example 9-b | Catalyst (6-b) pellets / catalyst (7-b) pelle%s 340 65
Comparative Example 18-b | Single layer of catalyst (6-b) pellets 340 64
19-b | Single layer of catalyst (7-b) pellets 340 93
Example 10-b Catalyst (8-a) rings / catalyst (9-b) rings 340 60
Comparative éxample 20-b | single layer'of catalyst (8-b) rings 340 61
21-b Single layer of catalyst (9-b) rings 340 82
Example 1l-b Catalyst (10-b) rings / catalyst (1l-b) rings 340 59
Comparative Example 22-b { Single layer of catalyst (10-b) rings 340 59
340 79

23-b

Single layer of catalyst (1l-b)- rings

-t
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Table 4-b (Reaction conditions)

gggsgsgigge Selectivity (mole %) Tota;igig—pass
(mole %) Methacrolein | Methacrylic acid (mole %)

Example 8-b 28.2 84.3 3.2 85.9
Comparative Example 16-b 94,2 84.5 3.0 82.4
| 17-b 98.7 77.6 5.0 Y o8L.s
Example 9-b 96.3 82,9 3.0 82.7
Comparative Example 18-b 92.1 83.1 2.6 78.9
' 19-b 97.0 76.6 4.8 79.0
'Example 10-b 97.2 v 85.7 2.9 86.1
Comparative Example 20-b 93.7 85.6 2.8 82.8
21-b 97.5 79.9 4.8 ' 82.6
Example 1l-b 98.1 83.9 2.9 85.2
Comparative Example 22-b 93.4 84.1 2.5 80.9
i 23-b 98.5 77.17 " 4.0 80.5

3
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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 é of ammonium paramolybdate
and 265 g of .ammonium paratungstate were dissolved in
3,000 ml of water being stirred with heating. To the
resulting agqueous solution were dropwise added the above
prepared two aqueous solutions, and mixing was carried
out. Thereto were added an agueous solution obtained by
dissolving 9.8 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 dia-
meter and 6.6 mm in length. The pellets were fired at
500°C for 6 hours in an air stream to obtain a catalyst
(1~c). This catalyst (1-c) had the following composition
in terms of atomic ratio excluding oxygen.

Mo, pWyBijFeyCoi4Csy 1 Tey 05i) .35

A catalyst (2-c) was prepared in the same
manner as in the preparation of the catalyst_ (l-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, ,WyBi)Fe CoyCsp 1 Tep. 281" .35

With respect to the activities of the catalysts
(1-c) and (2-c), the catalyst (2-c) has a higher activity
than the catalyst (l-c), as is clear from the.results of
Comparative Examples l-c and 2-c shown later.

750 ml of the catalyst (l1-c) was filled into
the material gas inlét portion of a steel-made reaction
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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 consisﬁing of 6 %
by volume of isobutylene, 13.2 % by volume of oxygen,
10 3 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°C at a spate velocity (SV) of 1,600 hr -1 (STP) . The
results are shown in Table l-c.
Comparative Example l-c

A reaction was carried out in the same manner
as in Example l-c except that no catalyst (2-c) was used
and only the catalyst (l1-c) (1,500 ml) was filled into
the reaction tube. The results are shown in Table l-c.
Comparative Example 2-c

A reaction was carried out in the same manner
as in Example l-c except that no catalyst (l-c) was used
and only the catalyst (2-c) (1,500 ml) was filled into
the reaction tube. The results are shown in Table 1l-c.
Comparative Example 3-c

A catalyst (3=c) was prepared in the same
manner as for the catalyst (1-c) exceét that the amount
of tellurium dioxide used was changed to 43.9 qg.

' The catalyst (3-c) had the following composi-
tion in terms of atomic ratio excluding oxygen.
Moy ,W,Bi)Fe; Coy4Csq 3T€g 5551135

A reaction was carried out in the same manner as
in Example l-c except that only the catalyst (3-c) (1,500
ml) was filled into the reaction tube. The results are

-
bt

shown in Table l-c.
It is appreciated from the results of Table l-c
that the catalyst (l1-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 (l-c) and (2-c), gives a
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high total per-pass yield and produces intended metha-
crolein and methacrylic acid at high yields.

When the catalyst (3-c) having a composition
intermediate between those of the catalysts (l-c¢) and
(2-c) is compared with the catalyst system of the present
invention which is a combination of the catalysts (1l-c)
and (2-c), the catalyst (3~c) gives a low total per-pass
yield and a very large temperature difference (a very
large A T) 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
appreciafed 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 l-c except that both of the catalysts (l-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 1l-c.
Comparative Example 4-c

A reaction was carrled 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 dlameter 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 l-c.
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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 l-c.

In- Example 2-c and Comparative Examples 4-c to
6-c, the shapes of the catalysts (l1-c) to (3-c) were
changed from pellets to rings. It is appreciated from
the results of Table l-c that the change of catalyst
shape to rings gives improvement in yield and reduction
in A T in all of the catalysts (l1-c) to (3-c), but the
catalyst system of the present invention using the
catalysts (l-c) and (2-c) in combina%ion gives a higher
yield and a lower A T than the single use of the catalyst
(1-¢), (2-c) or (3-c). - |
Example 3-c

A reaction was carried out in the same manner
as in Example l-c except that the catalyst (l-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 l-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 A T and accordingly the
combination of ring-shaped catalysts gives superior
results than the combination of pellet-shaped catalysts.
Example 4-c | T

A reaction was_carried out in the same manner
as in.Example l-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 l-c
that activity reduction is very low even after the re-

~action of 4,000 hours, yield reduction is substantially

miiiiﬂi‘iilfﬁfi‘ i
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negligible, and the catalyst system of the present inven-
tion 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 changed to 4,000 héurs. The results are shown
in Table l-c:w

It is appreciated from the results of Table l-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°C and the space velocity was changed
to 3,000 het (STP). The results are shown in Table 1l-c.
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°C and the space velocity
was changed to 3,000 hr-l (STP). The results are shown
in Table l-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°C and the space velocity
was changed to 3,000 hr"1 (STP). The results are shown
in Table l-c. et

It is appreciated from the results of Examplé
5-c and Comparative Examples 8-c and 9-c that the super-
iority 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 (l1-c) or (3-c) appears
even when space velocity is increased.

il
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Example 6-c

A reaction was carried out in the same manner
as in Example 2-c 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 re-
sults are shown in Table l-c.

Comparative Example l0-c )

A Yeaction was carried out in the same manner
as in Example 4-c 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 re-
sults are shown in Table l-c.

Comparative Example ll-c

A reaction was carried out in the same manner
as in Example 6-c 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 re-
sults are shown in Table l-c.

It is appreciated from the results of Example
6-c and Comparative Examples 10-c and 1ll-c that the
superiority in yield and A T, of the catalyst system of
the present invention using the catalysts (l1-c) and (2-c)
in combination, over the catalyst (l-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 A 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 théfﬁgi 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 was carried out in the same manner

[
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as in Comparative Example 4-c except that isobutylene was
replaced by t-butanol. The results are shown in Table
2~c.
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. T
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 nitroéen,-the reaction
temperature was changed to 360°C and the space velocity
was changed to 1,000 hr—l (STP). The results are shown
in Table 3-c. ' '
Comparative Example l4-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°C and the space velocity was changed
to 1,000 hr™! (STP). The results are shown in Table 3-c.
Comparative Example 1l5-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 J;lume of steam and
71.8 % by volume of nitrogen, the'reaction temperature
was changed to 360°C and the space velocity was changed
to 1,000 hr t (STP). The results are shown in Table 3-c.
Example 9-c

A suspension was prepared in the same manner as
in Example l-c except that cobalt nitrate was replaced by

: _- \ -
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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 composi-
tion in terms of atomic ratio excluding oxygen.

Moy WaBiy oFeyNigRbg Mgy gSny oAl 8i; 35

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 l-c to
prepare a pellet-shaped catalyst (5-c).

The catalyst (5-c) had the following composi-
tion in terms of atomic ratio excluding oxygen.

Moy pWyBly oFeyNijRby Mgy 5Sny 1Al 4Sip g

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 l-c. The results are shown in Table 4-c.
Example 10-c - o

- 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 re-
placed by aluminum nitrate. The suspension was subjected
to the same procedure as in Example 2-c to obtain a
ring—-shaped catalyst (6-c).

This catalyst (6-c) had the following composi-
tion in terms of atomic¢ ratio excluding oxygen.

Ho, ,W,BijFe CosCsy 1Ty B2y 104 2815 ¢
RS
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A ring—éhaped 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 composition in terms of atomic ratio excluding
oxygen.

Moy pWyBijFey 4€06Cs0,1T10.2B%.1%®1212.0

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 l-c. The results are.shown in Table 4-c.
Example 1ll-c

A suspension was prepared in the same manner as
in Example l-c except that the amount of cobalt nitrate
used was changed, cesium nitrate was replaced by potas-
sium 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
¢ -~alumina. The system was heated to a predetermined
temperature with stirring, whereby the carrier was al-
lowed to support the catalyst composition.

_ The resulting supported catalyst was fired at
500°C for 6 hours in an air stream to obtain a catalyst
(8~c).

The supported oxide catalyst (8-c) had the
following composition 1n terms of atomlc ratio excluding
oxygen.

' Mo, ,W,Bi,Fe;CojKoy ,Li; oBey Mn, (Tiy g

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
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nitrate and titanium dioxide'Were changed and manganese
nitrate was replacéd by phosphorus. The suspension was
subjected to the same procedure as in Example l-c to
obtain a pellet-shaped catalyst (9-c).
5 The catalyst (9-c) had the following composi-
tion in terms of atomic ratio excluding oxygen.

MolZWZBilE‘elCosKoo'.2Li1_5Be0.2P0.2Til.0

900 ‘il of the catalyst (8-c) was filled into
the gas inlet side of a steel-made reactor of 25.4 mm in

10 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 l-c except that the re-
action temperature was changed to 350°C. The results are
shown in Table 4-c. '

15 Example 12-c .

A suspension was prepared in the same manner as
in Example l-c except that tﬁe amounts of ammonium para-
tungstate, ferric nitrate and cobalt nitrate were
changed, calcium nitrate was used in addition to cesium

20 hitrate, 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

25 mm in inside diameter of through-hole, consisting of
silica-alumina. Using this carrier, a supported catalyst
(10-c) was prepared in the éame manner as for the
catalyst (8-c) of Example l1ll-c.

The catalyst (10-c) had the following composi-

39 tion in terms of atomic ratio excludfﬁﬁ'Bxygen.

Mol2\?\1:'_8.1'.1Fe1.2_C'205C50.1Ca0‘3'Zn1.02r2.0

The amount of the supported oxide was 24 g per
100 ml of the carrier.

A suspension was prepared in the same manner as

35 for the catalyst (104¢) except that the amounts of
ammonium paratungstate, bismuth nitrate, zinc nitrate and

-
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zirconium nitrate used were éhanged. Using this sus-
pension, a ring-shaped catalyst (l1l-c) was obtained in
the same manner as in Example 2-c.
The catalyst (ll-c) had the following composi-
5 tion in terms of atomic ratio excluding oxygen.
Mo, oWy Biy 4Fey 5C05Csg 1Cag 320y %)
1,000 ml of the catalyst (10-c) was filled into
the gas inlet~§ide of a steel-made reaction tube of 25.4
mm in diameter, and 500 ml of the catalyst (ll-c) was
10 filled into the gas outlet side. A reaction was carried
out in the same manner as in Example l-c except that the
reaction temperature was changed to 350°C. The results
are shown in Table 4-c.
Example 13-c

e oyt DI R A PSR
A

15 A catalyst (12-c) was prepared in the same
manner as in Example l-c except that the amounts of
ammonium paratungstate and ébbalt nitrate were changed,
sodium nitrate was used in addition to cesium nitrate,
then lead nitrate and tellurium dioxide were added, and

20 firing was carried out at 530°C for 6 hours in an air
stream. ' -

The catalyst (12-c) had the following composi-
tion in terms of atomic ratio excluding oxygen.
Mo, W .5Bi Fe;Co,Csy jNay oPbg jTe; 511,35

25 A catalyst (13-c) was prepared in the same
manner as for 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°C. B

30 The catalyst (13-c) had the~following composi-
tion in terms of atomic ratio excluding oxygen.

Mo, oWy 5BiFe,Co,Csq N2y oPby oTep.25Pp. 1515 35
750 ml of the catalyst (12-c) was filled into
the gas inlet side of a steel-made reaction tube of 25.4

35 Rm in diameter, and 750 ml of the catalyst (13-c) was

filled into the gas outlet side. A reaction was carried
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out in the same manner as in Example l-c. The results

are shown in Table 4-c.

Example l4-c

A suspension was prepared in the same manner as

in Example l-c except that cobalt nitrate was replaced by

nickel nitrate, cesium nitrate was replaced by rubidium

nitrate and strontium nitrate, the amount of tellurium

dioxide was c¢hanged, and niobium pentoxide was used. The

suspension was subjected to evaporation to dryness. The

residue was molded into rings of 6 mm in outside dia-

meter, 6.6 mm in length and 2.0 mm in inside diameter of
through-hole, and fired at 550°C for 6 hours in an air
stream to prepare a catalyst {(l4-c).

The catalyst (14-c) had the following composi-

tion in terms of atomic ratio excluding oxygen.

MolZWZBilFelNiBRbQ.8sr0.lTe0.8Nb0.28i1.35
A ring-~shaped catalyst (15~c) was obtained in
the same manner as for the catalyst (14-c) except that

the amounts of ammonium paratungstate, ferric nitrate,

nickel nitrate, telurium dioxide and niobium pentoxide

were changed, and the firing temperature was changed to

470°C.

The catalyst (15-c) had the following composi-
tion in terms of atomic ratio excluding oxygen.

Moy oWy 4BijFey oNigRby g5rg 3Teg 1WPp 251 .35
A reaction was carried out in the same manner

as in Example l-c.

The reéults are shown in Table 4-c.
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Table 1l-c (Reaction conditions)

Reaction
Method of catalyst filling tempera- | AT
_ ture (°C)

Inlet portion / Outlet portion (°C)

Example l-c Catalyst (1-c) Pellets / catalyst (2-c) pellets 340 71
Comparative Example l-c Single layer of catalyst (l-c) pellets 340 71
2-c Single layer of catalyst (2-¢c) pellets 340 95
3-c Single layer of catalyst (3-c) pellets 340 88
Example 2-c ) Catalyst (l-c) rings / catalyst (2-c) rings % 340 62
Comparative Example 4- Single layer of catalyst (1-c) rings ! 340 61
5- Single layer of catalyst (2-c) rings 340 84
6- Single layer of catalyst (3-c) rings 340 77
‘Example 3-c Catalyst (l-c)‘rings / catalyst (2-c) pellets 340 63
4-c ) Same as above 340 41
Comparative Example 7-C Single layer of catalyst {3-c) pellets - 340 67
Example 5-~c Catalyst (l1-c) rings / catalyst (2-¢) rings 360 64
Comparative Example 8-cC Single layer of catalyst (l1-c) rings 360 64
, 9-C Single layer of catalyst (3-c¢) rings 360 85
Example 6-c¢ ' i Catalyst (l-c) rings / catalyst (2-c) rings 340 68
Comparative Example 10-c | Single layer of catalyst (l-c) rings 340 68
' l1-c | Single layer of catalyst (3-c) rings 340 82

Example 4-c, Comparative Example 7-c = after

4,000 hours of continuous operation

Example 5-c, Comparative Examples 8-c and 9-c = space velocity 1,600 — 3,000 hr—l
Example 6-c, Comparative Examples 10-c and ll-c = isobutylene concentration 6 = 7 %

by volume

- éL -

(STP)
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Table l-c (Reaction conditions)

T L W

gggsggg%gge Selectivity (mole %) Tota;izig—pass

_ (mole %) Methacrolein | Methacrylic acid (mole %)
Example l-c _ 98.9 84.9 3.6 87.5
Comparative Example l-¢ 95.4 85.0 3.2 84.1
2-¢c 99.3 78.7 5.3 Q 83.4
3-¢c 98.1 83.5 3.4 ' 85,2
Example 2-C 99.2 86.3 3.1 88.7
Comparative Example 4-c 95.9 86.3 3.1 85.7
5~c 99.5 ‘ 80.8 5.0 85.4
6-¢ 98.9 85.0 3.4 87.4
Example 3-c 99.0 86.1 ! 3.3 88.5
4-c 98.1 86.6 3.0 87.9
Comparative Example 7-c 94.2 84.2 3.5 82.6
Example 5-c : 98.4 86.0 " 3.2 87.8
Comparative Examﬁle 8~-c 93.8 85.8 3.2 83.5
" 9-c 96.5 84.3 3.5 84.7
Example 6-c 99.3 85.4 3.3 88.1
Comparative Example 10-c 96.1 85.3 3.3 85.1
ll-c 99.1 83.4 3.6 86.2

...08_
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Table 2-c (Reaction conditions)

Method of catalyst filling

Inlet portion / Outlet portion

Example 7-c

Comparative Example 12-c

13-¢

Catalyst (l-c) rings
Single layer of catalyst (l-c) rings
Single layer of catalyst (3-c) rings

/ catalyst (2-c) rings

e

Reaction
tempera- [O& T
ture (°C)
(°C)
340 54
340 54
340 72

Ot SBH 199y Sy,

Mo

]
_Table 2-c (Reaction conditions)

._'[8'_.

ggﬁggiggin Per-pass vield (mole %) Tota;igigfpass
(mole $) Methacrolein | Methacrylic acid (mole %)
Example 7-c { 100.0 85.5 --2.9 88.4
Comparative Example 12-c 100.0 82.2 3.0 85.2
13-c 100.0 83.6 3.4 87.0
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Table 3-c (Reaction conditions)
Reaction
Method of catalyst f£illing tempera- | AT
ture (°C)
Inlet portion / Outlet portion (°C)
Example 8-c ' Catalyst (l-c) rings / catalyst (2-c¢) rings 360 64
Comparative Example l4-c | Single layer of catalyst (l1-c) rings 360 63
15-c | Single layer of catalyst (3-c) rings ‘ 360 78
Table 3-c (Repaction conditions)
MTBE ad . Total per-pass
conversion Per-pass vield (mole %) yield
(mole %) Methacrolein | Methacrylic acid (mole %)
Example 8-c 98.0 8l.5 . 4.7 84.5
Comparative Example l4-c 94.8 81.8 4.8 82.1
Y
’ 15-¢c 97.4 80.5 4.9 83.2
____g
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Table 4-c (Reaction conditions)

Reaction
Method of catalyst filling tempera- | A T
ture (°C)
Inlet portion / Outlet portion (°C)
Example 9-c Catalyst (4-c) rings / catalyst (5-c) pellets 340 61
10-c Catalyst (6~c) rings / catalyst (7-c) rings 340 60
ll-c Catalyst (8-c) spheres supported on carrier / % 350 40
catalyst (9-c) pellets
12-c Catalyst (10-c¢) rings supported on carrier / 350 38
catalyst (ll-c) rings
13-c Catalyst (12-c¢) pellets/catalyst (13-c) pellets 340 67
l4-c Catalyst (14-d) rings / catalyst (15-c) rings 340 59
t
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Table 4-c¢ (Reaction conditions)

iggggtzisge Selectivity (mole %) Tota;izig-pass
(mole %) Methacrolein | Methacrylic acid (mole %)
Example 9-c 98.1 84.2 3.4 85.9
10-c 98.2 85.1 3.0 ‘ 86.5
11-¢ 97.3 86.4 2.5 k 86.5
12-c 97.8 87.0 2,2 87.2
13-c 98.0 83.8 3.1 85.2
l4-c, 97.7 84.4 3.3 85.7
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Claims
1. A process for producing methacrolein and metha-

crylic acid by 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
f' molecular oxygen-containing gas using a fixed bed multi-
9 tubular reactor, which process is characterized in that:
k- () there are_.used, as catalysts, compound oxides re-
iﬁ‘: presented by the following general formula (I)

R Mo, Wy,Bi FeqRA BrC Dy E; Oy

(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, 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
silicon, aluminum, titanium and zirconium, and O re-
presents oxygen; a, b, ¢, d, e, £, g, h, i and x re-
present the numEers of atoms of Mo, W, Bi, Fe, A, B, C,

?T D, E and O, respectively; when a is 12, b = 0-10, ¢ =
= 0.1—20’ d = 0.1"‘20' e - 2"20, f = 0_10r g = 0-10' h =
] 0-4, i = 0-30 and x = a value determined by the oxidation

states of individual elements),

gd) each reaction tube has 'a plurality of reaction zones
formed by dividing the catalyst layer in the reaction
tube into two or more portions in the axial direction of
the tube, and (7') the plurality of reaction zones are
filled with catalysts shown in the above (l{) having
different activities, prepared by varying the types
and/or amounts of the elements constituting the A group,
B group, C group and E group in the general formula (1)
and/or with catalysts shown in the above (%) having
different activities, prepared by varying the amount of

eet
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at least one element of W, Bi-and Fe in the general
formula (I), in such a way that the activity of filled
catalyst becomes higher as a material gas proceeds from
the inlet to the outlet.'
2. The process for producing methacrolein and
methacrylic acid according to Claim 1, which uses
catalysts of different activities prepared by varying the
types and/or apaunts of the elements constituting the A
group, B group, C group, D group and E group in the
general formula (I) and further by varying the firing
_ temperature employed in catalyst preparation, and/or

J catalysts of different activities prepared by varying the
amount of at least one element of W, Bi and Fe in the
general formula (I) and further by varying the firing
temperature employed in catalyst preparation.
3. The process for producing methacrolein and
methacrylic acid according to Claim 1, which uses
catalysts of the general formula (I) (wherein when a is
12, b = 0-10, ¢ = 0.1-10, 4 = 0.1-20, e = 2-20, £ =
0.001-10, g = 0-10, h = 0-4, i = 0-30 and x = a value
determined by the oxidation states of individual ele-
ments) of different acti&ities, prepared by varying the
type(s) and/or amount(s) of the B group element(s) in the

general formula (I).

4. - The process for producing methacrolein and
methacrylic acid according to Claim 3, which uses
catalysts different activities prepared by varying the
type(s) and/or amount(s) of the B group element(s) in the
general formula (I) and further by varying the firing
temperature employed in catalyst preparation.

5. The process for producing methacrolein and
methacrylic acid according to Claim 1, which uses
catalysts of the general formula (I) (wherein when a is
12, b = 0-10, ¢ = 0.1-10, 4 = 0.1~-20, e = 2-20, £ = 0-10,
g = 0.001-10, h = 0-4, i = 0-30 and x = a value deter-
mined by the oxidation states of individual elements) of

T
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different activities, prepareéd by varying the type(s)
and/or amount(s) of the C group element(s) in the general
formula (I). '

6. The process for producing methacrolein and
methacrylic acid according to Claim 5, which uses
catalysts of different activities prepared by varying the
type(s) and/or amount(s) of .the C group element(s) in the
general formuia (I) and further by varying the firing
temperature employed in catalyst preparation.
7. The process for producing methacrolein and
methacrylic acid according to Claim 1, which uses

- catalysts of the general formula (I) (wherein when a is
12, b = 0-10, ¢ = 0.1-10, 4 = 0.1-20, e = 2-20, £ = 0-10,
g = 0-10, h = 0-4, i = =30 and x = a value determined by
the oxidation states of individual elements, with a
proviso that b, h and i do not take a value of 0 inde-
pendently) of different activities, prepared by varying
the types and/or amounts of the elements constituting the
A group, D group and E group in the general formula (I},
and/or catalysts of the general formula (I) (wherein
vhen a is 12, b = 0-10, ¢ = 0.1~-10, d = 0.1-20, e = 2-20,
f =0-10, g = 0-10, h = 0-4, i = -30 and x = a value
determined by the oxidation states of individual ele-

ments, with a proviso that b, h and i do not take a value
i of O independently) of different activities, prepared by
’ varying the amount of at least one element of W, Bi and

Fe in the general formula (1) .

8. The process for producing methacrolein and
methacrylic acid according to Claim 7, which uses
catalysts of different activities prepared by varying the
types and/or amounts of the elements constituting the A
‘group, D group and E gioup in the general formula (I) and
further by varying the firing temperature employed in
catalyst preparation, and/or catalysts of different
activities prepared by varying the amount of at least one
element of ¥, Bi and Fe in the general formula (I) and

\
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catalyst preparation.
9. The process for producing methacrolein

methacrylic acid according to any of Claims 1 to
wherein the number of the reaction zones is 2 or
10. The process for producing methacrolein
methacrylic acid according to any of Claims 1 to

diameter of 3-10 mm, a length of 0.5-2 times the
diameter and an inside diameter (the diameter of

_—
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further by varying the firing temperature employed in

and
8,
3.
and
9,

wherein the gatalysts are ring-shaped catalysts with a
through-hole in the length direction, having an outside

outside
the

through-hole) of 0.1-0.7 time the outside diameter.




