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DESCRIP.TION 

. Process for Pr~ing_Methacrolein 

. Methacrylic ~~d 
[Utilization Field in Industry] 

and 

The present invention relates to a process for 

producing methacrolein and me_thacrylic acid by using, as 

a starting material I at least OJ:1e compound selected from 

isobutylene, --t:-l:i'utanol (tertiary butanol) and methyl 

t-butyl eth~r. (~ethyl tertiary butyl ether) and subject-
~· .. . .. . . 

10 ing the starting material to gas phase catalytic oxi-

dation with molecular oxygen or a molecular. oxygen-

containing gas. 
[Prior Art] 

A number of proposals have'been made on the 

15 catalyst used in production of methacrolein and methacry­

lic acid by the high-temperature 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. Thet."efore, 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 therma~ 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.-the concentration 

of material gas is made ~igher 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 condition$ 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 

5 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 
10 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 

15 catalyst conventionally used for oxidation of isobutylene 
or t-butanol can suppress heat build-up in hot spots and 
accordingly an excessive oxidation reaction, and is very 
ef~ective for the improvement of product yield. This 
method certainly has an effect of reducing the thermal 

20 load for catalyst, but gives no sufficient results under 
high-load reaction·condit:ions, in particular. 

Also, a method in which catalysts of different 
activities are fill'ed in a plurality of reaction zones 
formed by dividing th~ catalyst layer of reactor and in . 

25 which an oxidation reaction is carried out in the reaction 
zones, is known. in Japanese Patent Pub~ication No. 
38331/1988 for production of, for example, acrolein and 
acrylic acid from propylene. 

Further, Japanese Laid-Open Patent Publication 
30 No. 127013/1976 discloses the use of er-combination of a 

supported catalyst and a_ molded catalyst essentially of 
the same composition for production of unsatu_rated 
aldehydes and acids from propylene and isobutylene. The 
documen_t shows, in Examples, specific cases of producing 

35 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 st;~ting materials have a methyl group at 
the 0(.-position unlike propylene; accordingly, th~re 
occur many side reactions caused by the presence of 
methyl group, such as parallel reactions, successive 
reactions and the like, producing a number of by-products 
in large amounts. For example, the beat generated in the . 
reaction for producing methacrolein and methacrylic acid 

15 from isobutylene is larger than that for producing acro­
lein and acrylic· acid from pfopylene; this aggravates the 
heat build-up in catalyst layer and promotes the for­
mation of by-products by side reactions. Further, metha­
crolein is unstable as compared with acrolein and easily 

20 gives rise to so-called "post-reactions" such as auto­
xidation and the like, wo-rsening the 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 

25 compared with the reaction for producing acrolein and 
acrylic acid by oxidation ~f propylene, making it dif­
ficult to obtain intended products at high yields. 
Therefore, the application of the very techniques ob-

30 

. . 

tained in the production of acrolein, acrylic acid, etc. _...,, ...... 
to the production of methacrolein and methacrylic acid 
has not been sufficiently effective, and further study 
has been necessary in order to develop a catalyst or 
process suitably used for production of methacrolein and 

methacrylic acid. 
35 [Problems that the Invention Intends to Solve] 

An object of the present invention is to provide 
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a process for producing methacrol~in and methacrylic acid 

at high yields by subjecting at ~east 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 isobutyleiie-;·- t-butanol and methyl t-butyl ether, to 

gas phase catalytic oxidation, in which process heat 

build-up in hot spots in catalyst layer is suppressed to 

improve yields of methacrolein and methacrylic acid, 

prevent catalyst deterioration and enable long stable use 

of catalyst. 
Still another object of the present invention 

15 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 

20 hot spots in catalyst layer is suppressed to improve 

yields of methacrolein ane methacrylic ~cid, prevent 

catalyst deterioration, enable long stable use of 

catalyst and enhance productivity significantly. 

[Means for Solving the Problems] 

... - ·25 .The present inventors found that the above 

objects can be achieved by preparing a plurality of 

particular molybd.enum-based catalysts of different activ­

ities and filling the plurality of molybdenum~based 

catalysts into a plurality of reaction zones formed by 

30 dividing the catalyst layer of reactor-t"nto two or more 

portions, in such a way ~hat the activity.of filled 

catalyst becomes higher as a material gas pro~eeds from 

the inlet to the outlet. The present invention has been 

completed based on the find~ng. 

35 The present ~nvention 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: 
co(.> there are used, as catal¥sts, compound oxides re­
presented by the following general formula CI) 

MoaWb"B"icFedAeBfCgDhEiOx 
Cin 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 

15 at least one element selected from phosphorus, tel­
lurium, antimony, tin, cerium, lead, niobium, manganese, 
arsenic and zinc, E represents at least one element 
selected from silicon, aluminum, titanium and zirconium, 
and O represents oxygen; a, b, c, d, e, f, 9, h, i and x 

20 represent the numbers of atoms of Mo, W, Bi, Fe, A, B, C, 
D, E and o, respectively;_ when a is 12, b = 0-10, c = 
0.1-20, d = 0.1-20, e = 2-20, f = 0-10, g = 0-10, h = 
0-4, · ·i = 0-30 and x = a· value determined by the oxidation 
states of individual elements) , 

25. (~) each·:reaction tube has a· plurality of reaction zones 
formed by dividing the catalyst layer in the reaction 
tube into two or more portfons in the axial direction of 
the tube, and ('() the plurality of reaction zones are 
filled with catalysts shown in the above <Dl> having 

30 different activities, prepared by varyi~g the types 
and/or amounts of the el~ments constituting the A group, 
B group, C group, D group and E group in the general 
formula CI) and/or with catalysts shown in the above (D(,.) 

having different activities, prepared by varying the 
35 amount of at least one element of w, Bi and Fe in the 

general formula CI>, in such a way that the activity of 
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filled catalyst becomes higher 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 varyinq 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 

(I) 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 

15 employed in catalyst preparation, in such a way that the 

activity o.f filled catalyst becomes higher as a material 

gas proceeds from the inlet to the outlet. 

The present ·invention is hereinafter described 

in detail. 

20 The starting material used in the present 

invention is at least one-compound-selected from iso­

butylene, t-buta~ol and methyl t-butyl ether, and is 

subjected to a reaction ordinarily in the form of a mixed 

gas further containing molecular oxygen, steam and an 

·2s inert gas (e.g. ~itrogen, 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-

30 cular restriction, and the catalysts c'a~~be prepared by 

employing the method and_.materials generally used in the 

preparation-of same type catalyst. 

In the present invention, a plurality of 

catalysts of different activities, each represented by 

35 the general formula (~) are prepared and filled in a 

particular arrangement. 
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The catalysts of different activities can 

easily be prepared by varying th~ types and/or amounts of 
the elements constituting the A group, B group, C group, 
D group and E group in the general formula CI). That is, 
the catalysts of different activities can be obtained by 
varying the type and/or amoun~ of at least one element 
selected from nickel, cobalt,· alkali metals, alkaline 
earth metals, --fhallium, phosphorus, tellurium, antimony, 
tin, cerium, lead, niobium, manganese, arsenic, zinc, 
silicon, aluminum, tin and zirconium [the variation must 
be made within the atomic ratio specified by e, f, 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 
of w, Bi and Fe [the variation must be made within the 
atomic ratio specified.by b, c and din the general 

formula CI> l. 
The catalyst of different activities can also 

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 C400-600°C) employed ~n catalyst 
preparation, so as to give a firing temperature dif-

-·-··-·25 · ·- ference of at least 5°C between any two different 
catalysts. 

The firing temperature employed in catalyst 
~repa~ation in the present invention is, as·mentioned 
above, 400-600°C, preferably 450-550°C. 

30 W~en the firing temperature""""±'S' lower than 

35 

400°C, no sufficient ca~alyst 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, ~tc. 
temperatures are not preferable. 
perature difference is less than 

Therefore, such firing 
When the firing tern~ 

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. Th_e firing 
temperature difference need not be unnecessarily large 
and is generally s-100°c, preferably 10-70°C. 

In the present invention, the preparation of ...,. .,,., .. 
catalysts of d1fferent activities and the filling of the 
catalysts can be specifically carried out by the follow­
.ing embodiments. 

Cl) A plurality of catalysts of controlled 
activities are prepared by varying the amoun~ of W ele­
ment in the general formula (I), or by varying not only . 
said amount but also the firing temperature employed in 
catalyst preparation. The· thus prepared catalysts are 
filled into a plurality· of re_action 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 

2o outlet. In this case, the amount of W element used is 
preferably such that b = 0.001-10 when Mo = 12 in the 
general formula (I). 

(2) A plurality of catalysts of controlled 
activities are prepared by varying the amount of Bi 

25 element in the general formula (1), or by varying not 
only. said amount but also ~he firing temperature employed 
in catalyst preparation. The thus prepared catalysts are 
filled into reaction zones formed by dividing the 
catalyst layer of each reaction tube, in such a way that ... 

··. 30 the activity of filled catalyst becomeS-higher as a 

. :.·.--. 

' ...... 

·. ,,.:·35 
. .~ .. 

material gas proceeds from the inlet to the outlet. 
(3) A plurality of catalysts of controlled 

activities are prepared by varying the amount of Fe 
element in the general formula (!), or by varying not 
only said amount but also the firing temperature employed 

in catalyst ~reparation. The thus prepared catalysts are 

This Sheet Has B 

11111111111111n;r 
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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 one element selected from the A group elements _.,.. ....... 
in the general formula (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. 
(5) A plurality of catalysts of controlled 

activities are prepared by v~rying the type and/or amount 
of at least one element selected from the B group ele­
ments in the general formula CI), 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 intc>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 f = 0.001-10 when Mo = 12 in the 
general formula CI). 

(6) A plurality of catalysts of controlled 
activities are prepared by varying the type and/or amount 
of at least one element ~elected f rom--the C group ele­
ments in the general formula CI), 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 
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as a material gas proceeds from the inlet to the outlet. 
In this case, the amount of the C.group element(s) is 
preferably 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 selected from the D group elements 

~_,., 

in the general rormula CI), 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 

I 

as a material gas proceeds from the inlet to the outlet. 
In 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 formu~a CI), 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 f ~lled catalyst becomes higher 
a~ 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 
general formula CI). 

__ .. 
(9) At least 2 _catalysts selected from the 

catalysts of controlled activities mentioned in the above 
Cl) to (8) are filled into ~he ~eaction 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 

I'. 
I 

I 
I 
I• n 
I• r 
!= 

I : 
I 

! 
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outlet. 
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 

conversion of starting materia·1 and high selectivities of 

intended produ<:j:...,.q and, as a results, gives intended ... 
products at high yields. In the method mentioned in the 

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

; 10 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 ~t causes no catalyst 

deterioration over a long period of time and gives in-

· lS tended products at high yields. In this case, the firing 
·· temperature in catalyst prepa.ration 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 irn-

. 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 o .5-io when the proportion of ~olybdenum used is 12. 
The methods spec~f ied by the present invention, 

-:-·described in detail above, i.e .• , the present methods for 

~:~~ontrol of catalyst activity by variation of catalyst 
~ . 

· composition or by variation of not only ~atalyst composi-
... .;_,~. • I'": .... J->.... . .. 

;<;.:":"~:t~·)o · tion but also firing temP.erature have made it possible to 

;·:~:·'·produce rnethacrolein 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 

varying the chemical properties or physical 

both of catalyst. 

possible 
properties 
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control of catalyst activity by composition 

variation is believed to bring about variation of · 

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

material (isobutylene, t-butanol or methyl t-butyl 

ether), or variation of removability of products Cmetha­

crolein and meth~~rylic acid) from catalyst; thus, 
catalyst activity and selectivity are varied. 

Meanwhile, variation of firing temperature is 

believed to contribute not only to variation of chemical 
properties (e.g. crystalline structure, stability) of 

catalyst, but also to variation of physical properties 
(namely, specific surface area, pore.volume, distribution 
of pore diameters) of catalyst. It is ·believed that 

variation of firing temperature has made it possible to 

obtain a catalyst having physigal properties most suit-

"'·.··~:· ~ able for an intended reaction and, as a result, attain 

· high yields~ 
In the reaction for producing methacrolein and 

· :..,;y'.~~~::· .methacrylic acid, a number of by-products are generated 

·~·-:·:·:;·._:":···::··· i.n a large amount, as mentloned previously. .Hence, by 

}~~:~:L:L. preparing catalysts different in chemical properties and 

.·i~;~.;~~'.:'.~·:'::·· preferably even in physical properties, optimization of 
,;::;_;;,::-··: catalysts has been achieved,. whereby high yields and 

:t't;.._1f2s;{ longer catalyst life ~ave been realized • 
..... ;'"":.·-..· ... ; ·.:·:" 

The catalysts use~ in the present invention can 

.:~\.i-i~ffj'..;::.--_· be· made into molded catalysts by an ordinary molding 

.~:-f~ ._.;.~~:..~;.~--~-.c::.:· 

;.;; ·.: ·····'·).·,. method such as extrusion molding method, tablet molding 
··-; ... 
~'*'~· ....... :.::. method· or the like, or into supported catalysts by allow-
. ~ .. ~-~=y:;t;?;_f"~;.;. '."'~. . ~ ... 
;.;.~~>;:;;:~30.'.J ing an ordinary inactive carrier Ce.g. -silicon carbide, 
.~t:;;f±t~£i+ alumina, zirconium oxide,._ ·.titanium oxide) to support a 

. ·~·: . 

:::: catalyst component,. i.e., a compound oxide represented by 
...,:· .. 

~.the general formula CI). 

The types of a plurality of catalysts filled 
zones may be the same or different. When 

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 

invention have no particular re.striction and can be any 

of spherical sha~!' columnar shape, ring shape, etc. The 
use of ring-shaped catalysts, in particular, can give 
various advantages such as prevention of heat build-up 

1~ in hot spots, increased_yield, prevention of catalyst 
deterioration, reduced pressure loss in catalyst layer, 
and the like. Therefore, ring-shaped catalysts can be 
preferably used in the present invention. The preferable 

' dimensions of the ring-shaped catalysts are such that the 
<l-~~--. outside diameter is 3-10 mm, the length is 0 .s-2· times 

-~-- '·-.:·:, · -·· · the outside diameter, and the _inside diameter (the dia-
... ·. -.·~··~~:··:r-···. . 

·<-· _:~~:¥:':'~"· meter of the through-hole formed in the length direction) 
.~;:·._!":_j}~~~~-~-,,: is o .1-0. 7 time the outside diameter. 

;p~ti:·:~o react::: :::::s m:; :ep~~:a~::~ :: ::::~~:::. fi~:: 
·:-.·~:-:~:?.~'tf;~,i;( the number of the reaction- zones is, for example, 2,. good 
...... ,_.., '..(results are obtained by arranging a ring-shaped catalyst 

:in·a reaction zone also functioning as a material gas 
i~ inlet and a pellet-shaped catalyst in a reaction zone 

functi~ning as an outlet •. 
In the present invention, the catalyst layer in 

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 acf'1vlties as men-
- . 
· tioned above, in such a ~ay that the activity of filled 
... catalyst becomes higher as a material gas pro.ceeds from 
:the inlet to the outlet. That is, a catalyst of lowest 

is arranged in the reaction zone also function­
-

1iri9 as a material gas inlet, and a catalyst of highest 

activity is arranged in the reaction zone also function-

iii1illiUf 

I. 
11 
~ 
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1f:fi2~ ·.. .. . a material gas outlet. Such arrangement of a 
-~,:~::r1nCJ as 
_.. >~~ .:... 

1
. ty of catalysts of different activities makes it 

·p1ura i · 
·- "ble to suppress heat build-up in hot spots and 

.:- :,.. P!JSS1 
%:~: ~- .. .-;~,:'· · • n intended products at high yields. _., ..... •3'-~···=-obtai 

;·_-~7/;~~~(~:_:; ... -.. The larger the number of reaction zones formed 
"~:;:~,·-~5~t::·Fe·~'" ... 
:y~;~,~;;,):?Jy.dividing the catalyst layer,_ the easier is the control 

.J~'~:~--~~~;f·of- temperature a~:~ribution in ·reaction zones. However, 
;):-~~~:filt1\:2 ·or 3 reaction "zones can sufficiently attain an intended 
:!~;,~$.£~~\:;·,;:~ffect industrially. The division ratio cannot be speci-

~~j~,i~~~~::,fied in a particular range because it differs by the 
.. f:_i.'.t,~-~:.:~j}~~~:-~0..position, shape, etc. to be possessed by the catalyst 

-..; . . -
f!/::;~;f ?'of each reaction zone. Desirably, the division ratio is 

;;9;':"'• ~".I~ .• '"~r"·•" • 

:?>·;.~rf~·:.>ilppropriately selected so that the overall activity and 
. ., .... ·· .selectivity become optimum. ' 

,.:·,,'.,*fi.s~~~--- The gas phase catalytic oxidation reaction of 
...... j. •.•• • • 

· ·· :.the present invention may be cc:_rried out by an ordinary 

~~lngle-pass method or a recycle method. The oxidation 
~~~action can be effected under the conditions generally 

,_employed in similar reactions. For example, a starting 
.. ;ilaterial, i.e. a mixed gas consisting of 1-10% by volume 

~'.·of rat least one compound selected from isobutylene, 

-.f't-butanol and methyl t-butyl ether, 3-20% by volume of 

.}~olecular oxygen, 0-60% by volume of steam, 20-80% by 
~volume of an inert gas (e.g. nitrogen, carbon dioxide), 

:~:'.etc. is introduced into the above-mentioned reaction 
~~·· . 
;zones at a temperature range of 250-450°C at a pressure 
~ . 
·:·of normal pressure to 10 atm. at a space velocity (SV) of 

)oo-s ,ooo hr-~ CSTP>. 
:.:·:·. 

In the.present process, as compared with con­

·,,.''"ventional processes, particularly excelI-ent results can 

}: be obt~ined under high-loacf reaction conditions employed 

',:.:for higher productivity, for example, under the .condi-
f tions of higher material concentration or higher space 

't:. V,eloci ty. 
~ ~-· . 

[Effects of the Invention] 

In the present invention, various meritorious 
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-·~£ects such as mentioned below- can be obtained by f il-

·~ - a plurality of particular molybdenum-based catalysts 
in9 · 

~f~different activities into a plurality of reaction 
r~a· 

5 
formed by dividing the catalyst .layer in each 

,. -::: ... zone . 
ji'Jjff}~eaction tube, in such a way that the activity of filled 

.. .At:·:;~·catalyst becomes higher as a material gas proceeds from 
~~$.r';f:·" '···"·· .,, ... ~.~ ,....,.. t the outlet 
~'.;.,,.::< .. ·· . the inlet o • 
·.:~:~'.:.:. -~~~ .:.. .. .,.,, .. 
. -~~1~~~·\i".·'': Ca> •r(et~acrolein and methacrylic acid can be 
·i:{-~ .. ·.::~fii··~\.. . . 
_-;:J=SSdoi~,~-,~i.~tained at high yields. 

~li~ed effect~::ly~eat build-up in hot spots can be suppres-
i~i~=·~s can ~=) pr~=:n::~:s:~:e i::~::~ 0:e:::::~~:i~ n a::t 
·./"::::: :'f:iaethacrylic acid can be obtained at high yields. 

·;!_~:,,, ~~:'..~- .. - Cd) Catalyst deterioration due tp thermal load 
~t:f .. U..;..;.;. 

be prevented and stable use of catalyst over long 

is possible. 
Ce) Intended methacrolein and methacrylic acid 

S~an _be obtained at high yields even under high-load 

:t\:·~·reaction conditions (e.g. high material concentration, 

~ifhigh space velocity). As a result, significantly in­

~·-:icreased productivity can be obtained. 

Further, the following effect can additionally 

.:~~:,be obtained by th~ use of· ring-shaped catalyst. 
'..J,'':;~~ • '· 

,.... Cf) Pressure loss in c~talyst layer is re-

whereby electricity consumption can be lowered. 

Thus, the process of the present invention is 

~:·.$very useful for industrial production of methacrolein and 

0
::methacrylic acid. 
~[Examples] ____ ...... 

); The present inv~ntion is hereinafter described 

more specifically with reference to Examples •. 

. t · · Conversion, selectivity and total per-pass 

yield are defined by the following formulas. 
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conve~sion (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-pass yield (mole %) 

1 

(moles of methacrolein and methacrylic acid 

formed) ~ (moles of starting material fed) 

x 100 

1,456 g of cobalt nitrate and 202 g of ferric . 
were dissolved in 1,000 ml of water. 243 g of 

nitrate was dissolved in an aqueous nitric acid 

~·solution consisting of 30 .. ml o{ concentrated nitric acid 

·and 120 ml of water. 
Separately, 1,059 g of ammonium paramolybdate 

g of ammonium paratungstate were dissolved in 

·3:000 ml of water with heating. To the resulting aqueous 

"' .. solution were dropwise addE!"d the above prepared two 

·.aqueous solutions, and mixing was carried out. Thereto 

~ere added· an aqueous solution obtained by dissolving 

~~.3.g of cesium nitrate in 200 ml of water, and 203 g of 

·siiica ·sol of 20 weight % concentration in this order, 

and mixing was carried out. 

The thus obtained suspension was stirred with 

and subjected to evaporation to dryness. The 

"':''eiidue was molded into pellets of 6 mm in outside dia-
:' . ..-...,. ..... ~ .. .....,.,,., ~ 

·.:nieter and 6.6 mm in length. The pellets were fired at 
~ 

. 
~500°C for 6 hours in an air stream to obtain a catalyst 

-;.i_c'l:) •· · This catalyst CI> had the following composition in 

_:~~terms· of atomic ratio excluding oxygen. 

Mo12W2Bi1Fe1Co10Cso.1Sil.35 
A catalyst (2) was prepared in the same manner 

in the preparation of the catalyst (!) except that the 
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JF~·:: .. _ -. amount of cesium nitrate was changed to 9. 8 g. This 

'~!~--~,.: .. talyst (2) had the following c~mposi ti on in terms of 
~" .,., •.. -4 ca 

·~H:f!.o'.:_. -· • c ratio excluding oxygen. 
. . .. >.::"atomi 

:f'·:-.--~- Mo12W2Bi1 Fel Co10Cso .1 Sil .35 

.,.;.•, 

... --i.:-:· . 

:::. ..... 
With respect to the activities of the catalysts 

Cl) and (2), the catalyst (2) ~as a higher activity than 

h catalyst (1), as is . t e 
.. parative Exampres l and 

750 ml of the 

clear· from the results of Com-

2 shown later • 

catalyst Cl) was filled into the 

:material gas inlet portion of a steel-made reaction tube 

.:;':·t:~t-°-.- .. of 25 .4 mm in diameter, and 750 ml of the catalyst (2) 
. 
~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, 

·~<:;-~>;is '.10 ' by volume of steam and 70.8 % by volume of nitrogen 

·.····~~!::-:,·· .. was introduced from the inlet of the reaction tube, and a 
:.:..::~~~:;·t~i.~~ .· .: ..t -

:S~'L~f;:-<;· : reaction was carried out at a reaction temperature of 

-~;:;~ ··_-;_;. :-:.340°C at a space velocity (SV) of 1,600 hr-l The re-

'.'.~::,:,. ; sul ts are shown in Table 1. 
~--··· . 

. o'-= ~Comparative Example 1 

.. ,, A reaction was .carried out in the same manner 
'•" ~ - . 

in Example 1 except that no catalyst (2) was used and 

:~~- .s':-~nly the catalyst Cl) (1,500 ml) was filled. The results 

.( :.are shown in Table 1. 

'5 :.Comparative Example 2 
A reaction was.carried out in the same manner 

as in Example l except that no catalyst (1) was used and 

t only the catalyst (2) Cl ,500 ml) was filled. The results 

~-/. ~are sho~n in Table 1. 

'
7
(,- ·".'Comparative Example 3 

~. · A catalyst (3) ·was prepared in the same manner 

:as for the catalyst Cl) 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. 

Mo12W2Bi1Fe1ColOCso.4 Sil .35 



- 18 -

A reaction was carried out in the same manner 

~in Example l except that only the catalyst (3) (1,500 

·Jaij was filled into the reaction tube. The results are 

~I.awn in Table 1. 
It is appreciated from the results of Example 1 

-~d ··comparative Examples 1-3 that the catalyst Cl) has a 

._,.,;:;"-~·.: . .,.u iow activity, the catalyst· (2) has a high activity, 

ve .. .1 ~~--·· 

z:d both of them give a low total per-pass yield while 

an . 
:die catalyst system of the present invention which is a 

;~~ination of the catalysts Cl) and (2) , gives a high 

:_total per-pass yield and produces intended methacrolein 

~;nd methacrylic acid at high yields. 

When the catalyst (3) having a composition 

intermediate between those· of the catalysts (l) and (2) 

ts;compared with the catalyst system of the present 

invention which is a combinati~n of the catalysts (1) and 

.'(2)~ .the catalyst (3) gives a low total per-pass yield 

and a very large temperature difference ( a very large 

·6.T>- between the reaction temperature and the hot spots 

.:=. ~ 

. temperature. Therefore, it is thought that catalyst 

l~~ . 

?.·:_deterioration due to thermal load is striking in the 

'catalyst (3). Accordingly, it is appreciated that the 

jingle use of the catalyst (3) having substantially the 

.~ame composition as the present catalyst system is unable 

· f() ·achieve the effect of the present invention. 

_;. 

_Example 2 
A reaction was carried out in the same manner 

'·as in Example 1 except that both the catalyst (1) and the 

,catalyst C2> were molded into rings of 6 mm in outside 

· •··~ diameter, 6. 6 mm in length and 1 mm iirt1lside diameter of 
. 

. : __ -through-hole. The results are shown in Table 1. 

·:Comparative Example 4 

A reaction was carried out in the same manner 

;~as in Comparative Example 1 except that the catalyst (1) 

-'~was molded into rings .of 6 mm in outside diameter, 6.6 mm 

length and 1 mm in inside diameter of through-hole. 
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are shown in Table 1. 

Example 5 

reaction was carried out in the same manner 

.. ;·i·"''-'. comparative Example 2 except that the catalyst (2) 

. n 
as~~olded into rings of 6 mm in outside diameter, 6.6 mm 

·g:·~ 1;~gth and 1 mm in inside diameter of through-hole • 

.!~ . 
-. e results are shown in Table-1 • 

. ,........~.. · Excrnfp>le 6 
··Olllparative 

. A reaction was carried out in the same manner 

·C!'. ' •. 

' ~-i~ comparative Example 3 except that the catalyst (3) 

~o:.·:·· 

,.as •. molded into rings of 6 mm in outside diameter, 6 .6 mm 

~~i~ngth and 1 mm in inside diameter of through-hole. 

~-~i.,.Q::.: ·:' .. -

e results.are shown in Table 1. 

In Example 2 and Comparative Examples 4-6, the 

shapes of the catalysts (1) to (3) were changed from 

·-~i~~~s to rings. It is· appre_ciated from the results of 

Table.1 that the change of catalyst shape to rings gives 

- .=.;........: .. ·:: . 

inpr~vement in yiled and reduction in 6. T in all of the 

1--···' , .. 
atalyStS (1) tO (3) I but the Catalyst System Of the 

r"esent invention using the catalysts (1) and (2) in 

.ifC·;: .. 

combination gives a ~igher_yield and a lower 6 T than the 

'=·~; \.. ..:."'o.;· ,. • . 

singie use of the catalyst Cl) I (2) or (3). 

·.:q.:_ 

~xample 3 
A reaction was carried out in the same manner 

Example 1 except that the reaction was carried out 

long period of time (4,000 hours). The results are 

in Table 1. 

It is appreciated from the results of Table 1 

.that activity reduction is very low even after the re-
.. _.·"-... _ 

'a~tion 4,000 hours, yield reduction is..aubstantially 

.'negligible, and the catalyst system of the present inven­

: ~i,on enables very stable operation over a long period of 

i;;. Comparative Example 7 
~ .. :-. . 

.;-· 
.;:). 

A reaction was carried out in the same manner 

:-'· as in Comparative Example 3 except that the reaction time 

I 
I 
~ 
l 
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;;_,... changed to 4,000 hours. The results are shown in 
~.-. ..,as 
'!;$:.. . 

':'.·:.·:~able 1. 
~;;~1:~~;;_:; .. It is appreciated f ram the results. of Table 1 

/~ffe~~~~·that in Comparative Example 7, as compared with Example 
:·;;_~1~¥;.;_ 3 activity reduction and yield reduction are both large 
:it~·:f •. )1. 5 ·.v··· , ... ~i~~ri~·and the catalyst has a problem ·in stability. 
~-- '·"' ., . ~\Example 4 ._ ~~-.· 

A reaction was carried out in the same manner 

as in Example 2 except that the reaction temperature was 

>~banged to 360°C and the space velocity was changed to 
.-3 ,ooo hr-l The results are shown in Table l. 

Comparative Example 8 

A reaction was carried out in the same manner 
... . 

as;in Comparative Example 4 except that the reaction 

t~mperature was changed to 360°C and the space velocity 
~~s-_changed to 3 ,000 hr..;.1 • The results are shown in 

"~ble 1. 
Example 9 

reaction was carried out in the same manner 
: ~:::in Comparative Example 6 except that the reaction 

was changed to 360°C and the space velocity 
to 3,000 hr~1 • The results are shown in 

It is apprec~ated from the results of Example 4 

nd~Comparative Example 8 and 9 that even when space 
eiocity is increased, the catalyst system of the present 

~... . . . 
vention using the catalysts Cl> arid (2) in combination 
~--0ws·superiori~y in activity and yield, over the 

catalyst (1) or (3). 
·~.:. .. - ~.,,,. .. 
. ample 5 

A reaction was-carried out in the same manner 

-~~in Example 2 except that the proportions of iso­
·~utylene and nitrogen in material gas were changed to 7 % 

by.-.volume and 69.8 % by volume, respectively. The re-
~,··.... . 
.. lts are shown in Table 1. 
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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 

5 to 7 % by volume and 69.8 % by volume, respectively. The 
results are shown in Table 1. 
comparative Exa~pJ.e 11 ... 

A reaction was carried out in the same manner 
as in Comparative Example 6 except that the proportions 

lO 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-

15 butylene concentration i_s increased, the catalyst system 
of the present invention usins the catalysts Cl) and (2) 
in combination shows superiority in yield and 6T over 
the catalyst Cl) or (3). The present catalyst system, as 
compared with the single use of the catalyst Cl) or (3), 

20 gives a considerably small increase in t:J. 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. 

25 Example 6 

30 

35 

A reaction was carried out in the same manner . . . 
as in Example l except that isobutylene was replaced by 
t-butanol. The results are shown in Table 2. 
Comparative Exampl~ 12 __ ... 

A reaction was ~arried out in 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. 

I 
l 
I 
; 
i 

I 
H 
i 

II 
'I I! ., 
!1 
I 
I 

I. 
!i 
fl 
ii 
il 
j; 

L 
t 
i: 
I 
H 
i 
r 

l 

. 
J • i 
l 

! 



- 22 -
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 

5 (MTBE), 13.2 % by volume of oxygen, 10 % by volume of 

steam and 71.8 % by volume 

temperature was changed to 
was changed to"'l:·ooo hr-1 • 

Table 3. 

of nitrogen, the reaction 

360°C and the space velocity 

The results are shown in 

lO Comparative Example 14 
A reaction was carried out in the same manner 

as in Comparative Example 4 except th~t there was used a 

material gas consisting of 5 % by volume of MTBE, 13.2 % 

by volume of oxygen, 10 % by volume bf steam and 71.8 % 

l5 by volume of nitrogen, the reaction temperature was 

changed to 360°C and the space velocity was changed to 
-1 . -

1,000 hr • The results are shown in Table 3. 

Comparative Example 15 

A reaction was carried out in the same manner 

2o as in Comparative Example 6 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 

25 1,000 hr-1 • The results are shown in Table 3. 

Example 8 
A catalyst (4) was prepared in the same manner 

as in Example l except that nickel nitrate was used in 

place of cobalt nitrate, phosphoric acid was added after 

30 the addition of ammonium paratungstate';-rubidium 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 sol. 

This catalyst (4) had the following composition 

35 in terms of atomic ratio excluding oxygen. 

Mo12W2Bi3Fe1Ni7Rb1Po.2Sna.sAl1 
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A catalyst (5) was prepared in the same manner 

as for the catalyst C4) except ~hat the amount of 

rubidium nitrate used was changed. 
This catalyst CS) had the following composition 

5 in terms of atomic ratio excluding oxygen. 

Mo12w2Bi3 Fe1 Ni 7Rb0 •2P0 •2sn0 .sA11 
750 ml of the catalyst (4) was filled into the 

gas inlet portron of a steel-made reaction tube of 25.4 

mm in diameter, and 750 ml of the catalyst (5) was filled 

10 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 

i A reaction was carried oue in the same manner 

15 as in Example 8 except that no catalyst (5) was used and 

only the catalyst (4) Cl,500 ml) was filled. The results 

are shown in Table 4. 

Comparative Example 17 
A reaction was carried out in the same manner as 

20 in Example 8 except that no catalyst (4) was used and 
only the catalyst (5) Clr500 ml) was filled. The results 

are shown in Table 4. 

Example 9 
A catalyst (6) was obtained in the same manner 

----· · · ·25 - as in Example 1 except that no ammonium paratungstate was 

30 

. ·~ .- .· 

.. 35 

.. ~· .. :-. 

used, cesium nitrate was replaced by potassium nitrate, 

lithium nitrate, magnesium.nitrate and calcium nitrate, 

titanium dioxide was used in place of silica sol, and 
cerous nitrate and niobium pentoxide were used finally. 

This catalyst (6) had the following cdltlposition in terms 

of atomic ratio excludin9 oxygen. 

M012Bi1Fe1Co10K1.2Lio.sca;.2Mgo.2Nbo.sCe1Ti1 
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~ 

Mo12Bi1Fe1co10 K0 _5Li0 •2ca0 •2Mg0 _2Nb0 •5ce1Ti1 
750 ml of the catalyst (6) was filled into the 

gas inlet portion of a steel-made reaction tube of 25.4 ~ 

5 mm in diameter, and 750 ml of the catalyst C7) was filled 
into the gas outlet portion. 

10 

-
A reaction was carried out in the same manner 

as in Example.~1-:· 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 

15 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) Cl,500-ml) was filled. The results 

are shown in Table 4. 
·Example 10 

20 A suspension was prepared in the same manner as 

25 

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 

-30 rings were fired at 500°C for 6 hour..s..-in an air stream to 
obtain a catalyst (8). ·This catalyst (8) had the follow-

-
ing composition in terms of atomic· ration excluding 

oxygen. 

M012Bi1Fe3C07Tlo.7Sro.3Teo.3Pb1Zno.sTi1 
A catalyst (9) was obtained in the same manner 

as for the catalyst (8) 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. 

Mo12si1Fe3co7T10 •05sr0 •3Te0 •3Pb1zn0 •5Ti1 
5 750 ml of the catalyst (8) was filled into the 

gas inlet portion of a steel-ma~e reaction tube of 25.4 

mm in diameter, and 750 ml of the catalyst (9) was filled 

into the gas outfet portion. 

A reaction was carried out in the same manner 

10 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 CS) Cl,500 ml) was' filled. The results 

15 are shown in Table 4. 

Comparative Example 21 -
A reaction was carried out in the same manner 

as in Example 10 except that no catalyst (8) was used and 

only the catalyst (9) Cl ,500 ml) was filled. The results 

20 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, 

25 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 t_he same manner as in Example 10. This 

30 catalyst (10) had the following compositron in terms of 

atomic ratio excluding oxygen. 

Mo12w1 • 5Bi1Fe1 •2co5K1 • 8Ba0 •2Be0 •2sb1 Mn0 • 5zr1 
A catalyst Cll) was obtained in the same manner 

as for the catalyst (19) except that potassium nitrate 

35 was replaced by sodium nitrate. This catalyst (11) had 

the following composition in terms of atomic ratio 

. I 

.,; 
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excluding oxygen. 

Mo12w1 •5Bi1Fe1 •2co5Na1 •0Ba0 •2se0 •2sb1Mn0 •5zr1 
750 ml of the catalyst (10) was filled into the 

gas inlet portion of a steel-made reaction tube of 25.4 

5 mm in diameter, and 750 ml of the catalyst (11) was 

··filled into the gas outlet portion. 

10 

15 

A reaction was carried in the same manner as in 

Example 1. Tha~results are shown in Table 4. 

Comparative Exam~le 22 

A reaction was carried out in the same manner 
as in Example 11 except that no catalyst Cll) was used 

and only the catalyst {10) Cl,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 

and only the catalyst Cll) Cl,~00 ml) was filled. The 

results are shown in Table 4. 
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>''··t:;i;,i·~"f.~.ir.c;:~::~r~~"~f,:' ~ ; '. · ~- .. Method ·of catal st fill in 
l• . . . . . I .\ I . ' 
· · = · 'Irilet Portion I Outlet Portion 

Example 1 Catalyst Cl) pellets I catalyst (2) pellets 
·Comparative Example l Single layer of catalyst Cl) pellets 

2 Single layer of catalyst (2) pellets 
3 

Example 2 

Comparative Example 4 

5 

6 

Example 3 

Comparative Example 7 
Example 4 
Comparative Example 8 

9 

Example 5 

Comparative Exafuple 10 , 

Single layer of catalyst (3) pellets 

Catalyst Cl) rings I catalyst (2) rings 
Single layer of catalyst Cl> rings 
Single layer of catalyst (2) rings 
Single layer of catalyst (3) rings 
Catalyst Cl) pellets I catalyst (2) pellets 

I 
.Single layer of catalyst (3) pellets 
Catalyst Cl) rings I catalyst (2) rings 
Single layer of catalyst Cl> rings 
Single layer of catalyst (3) rings 
Catalyst Cl) rings I catalyst·C2) rings 
Single layer of catalyst (1) rings 

11 I Single layer of catalyst (3) rings 

Reaction 
temperature 

( °C) 

' • 

340 

340 

340 

340 

340 

; 340 

340 

340 

340 

340 

.360 
I 

360 
360 
340 

340 
340 

AT 
(DC) 

70 

70 

92 

85 

61 

62 

84 

76 

52 
65 

63 
65 

80 

66 

66 

81 

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 11 = isobutylene concentration 6 -7 7 % 
by volume 

N 
....i 

·~·. 

., 



;:' · .. , 

~ - .... 
-i:n 

~ 
~ g 
::c 
~ 
txi n g 
~ -"el 
5" -s. 

... ~~-·~·~' 
''l~l!f\":1'.r-"'1°11•¥11ft~t l.vt_J~ ... ~.;.,. ~.,.: 

Table l (Reaction conditions) 

Isobutylene Selectivity <mole %) conversion 
(mole %) Methacrolein Methacrvlic acid 

Example 1 99.0 85.6 3.6 

Comparative Example l 95.9 85.8 3.2 
2 99.5 79.5 5.4 

3 98.3 84.3 3.6 

Example 2 99.5 86.9 3.1 

Comparative Example 4 96.1 86.9 3.0 \ 
~ 

5 99.6 81.5 s.o 
6 99.0 85.5 3.3 

Example 3, 98.5 86.5 3.1 

Comparative Example 1· 95.1 I 84.7 3.4 

Example 4 99.0 86.7 t 3.0 

Comparative Example 8 94.8 a6.3 3.0 

9 97.7 a4.9 3.4 . 
Example 5 . 99.7 86.2 3.3 

Comparative ~xample 10 96.4 85.0 3.4 , 
11 99.3 83.9 3.5 

.. ·-- ... -....... -...... --.;.- . ····· .• ...... -... -······· . ... .. . . ..... ··-~::~:.:::·.. . ...... ;.: :· .. _ ......... _ .. ..:~.:-.: ... ~.-. ·.:::·· ·. . .. ·-- ...... ···::.~~---·- .. 

Total per-pass 
yield 

(mole %) 

88.3 

85.4 
84.5 

86.4 

89.6 

86.4 

86.2 

87. 9 

88.3 

83. 8 

as.a 
' a4.7 

. a6.3 

a9.3 

85.2 

86.8 
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Table 2 (Reaction conditions) 

Method of catalvst f illinq 

Inlet portion I Outlet portion 

Example 6 Catalyst (1) pellets I catalyst (2) pellets 

Comparative Example 12 Single layer of catalyst Cl) pellets 

13 Single layer.of catalyst (3) pellets 

Table 2 (Reaction conditions) 

t-Butanol I 

Per-pass vield (mole %) conversion 
(mole %) I 

Methacrolein Methacrvlic acid 

Example 6 100.0 85.2 3.3 . 
Comparative Example 12 100.0 82.8 2.9 

l 13 100.0 83. 6 3.2 
, 

··········----·-----------···-····-··-··-·--·...:-.... _ ... ····-··· ·-··-· 

Reaction 
temperature 

# 

\ 
i 

( o C) 

340 

340 

340 

6T 
( oc> 

61 

61 

75 

Total per-pass 
yield 

.<mole %) 

88.5 

85.7 
86.8 

N 
l.O 
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Example 7 

Comparative Example 14 
15 

' 

Example 7 

Comparative Example 14 

t 
\ 
r 

15 

Table 3 (Reaction conditions) 

Method of catalvst f illino 

Inlet Portion I Outlet Portion 

Catalyst Cl) rings I catalyst (2) rings 

Single layer of catalyst (1) rings 

Single layer of catalyst (3) rings 

Table 3 (Reaction conditions) 

MTBE Selectivity (mole %) 
conversion , 

Cmole %) Methacrolein Methacrvlic acid 
T 

98.3 82.5 4.3 
-

95.l 82.7 4.5 

97.8 81.2 4.6 

Reaction 
temperature 

' 
' ~ 

( oc> 

360 
360 
360 

6. T 
( oc> 

61 
61 
76 

Total per-pass 
yield 

Cmole %)· 

. 85.6 

82.9 

83. 9 

w 
0 

... ~ ...... 
~ .;i, 
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Example 8 
Comparative Example 16 

17 
Example 9 
Comparative Example 18 

19 
Example 10 
Comparative 'Example 20 

21 
Example 11 
Comparative Example 22 

23 

~ 
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Table 4 (Reaction conditions) 

Method of catalvst f illinq 

Inlet Portion I Outlet oortion 
Catalyst (4) pellets I catalyst (5) pellets 
Single layer of catalyst (4) pellets 
Single·layer of catalyst (5) pellets 
Catalyst (6) pellets I catalyst (7) pellets 
Single layer of catalyst (6) .pellets 
Single layer of catalyst (7) pellets 
Catalyst (8) rings I catalyst (9) rings 
Single layer qf catalyst (8) rings 
Single layer of catalyst (9) rings 
Catalyst (10 > rings I catalyst Cll) rings 
Single layer of catalyst (10) rings 
Single layer of catalyst Cll) rin.gs 

-----~ 

Reaction 
temperature 

( oc> 

340 
340 
340 

' 340 • ' ~ 340 
340 
340 
340 
340 
340 

' 

340 
340 

.6.T 
( OC) 

66 
66 
90 
65 
65 
91 

60 
60 
81 
59 

58 

79 

VJ 
t-.J 
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Example 8 
Comparative Example 16 

17 
Example 9 

·comparative Example 18 

19 
Example 10 

I 

Comparative ~xample 20 
21. 

Example 11 

Comparative Example 22 

t . 
\ , 

23 
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Table 4 (Reaction conditions) 

Isobutylene Selectivity (mole %) 
Total per-pass 

conversion yield 
(mole %) Methacrolein Methacrvlic acid (mole %} 

98.5 84.9 3.3 86.9 

94.6 85.1 3.0 83.3 

99.0 78.2 5.1 82.5 
' 96.8 83.4 3.1 • 83. 7 ' 

92.5 83. 7 2.7 
~ 

79. 9 

97.5 77.l 4.8 79.9 

97.S 86.2 3 .o 87.0 

94.1 86.3 2.8 83.8 

97.8 80 .6 4.9 83. 6 
I 

98.6 84.3 2.9 . 86 .o 
93. 9 84.7 2.6 82.2 

99.1 78.2 4.2 81.7 
-

w 
N 

., 
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Example 1-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 

5 solution consisting of 30 ml of concentrated nitric acid 

and 120 ml of water. 
Separately, 1,059 g 0£ ammonium paramolybdate 

and 265 g of ammQJrium paratungstate were dissolved in 
3,000 ml of water being stirred with heating. To the 

10 resulting aqueous solution were dropwise added the above 
prepared two aqueous solutions, and mixing was carried 
out. Thereto were added an aqueous solution obtained by 
dissolving 68.3 g of cesium nitrate in 200 ml of water, 

I 

and 203 g of silica sol of 20 weight % concentration in 

15 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 

t 2o 510°C for 6 hours in an air stream to obtain a catalyst 
Cl-a). This catalyst Cl-a) ~ad the following composition 
in terms of atomic ratio ex~luding oxygen. 

Mo12W2Bi1Fe1Co10Cso.1Sil.35 . 
A catalyst C2-a) was prepared in the same 

25 manner as in the preparation of the catalyst· Cl-a) except 
that the amount of cesium ~itrate was· changed to 9.8 g 
and the firing te~perature .. was changed to 480°C. 

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

30 Mo12W2B~1 Fel ColOCso .1 Sil .35 ··--' 
With respect to the activities of the catalysts 

Cl-a) and (2-a), the catalyst (2-a) has a higher activity 
than the catalyst Cl-a), as is clear from the results of 
Comparative Examples 1-a and 2-a shown later. 

35 750 ml of the catalyst Cl-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 

C2-a) was filled into the material gas outlet portion. 

A mixed gas of a composition consisting of 6 % 

by volume of isobutylene, 13.2 % by volume of oxygen, 

10 % by volume of steam and 70.8 % by volume of nitrogen 

was introduced from the inlet of the reaction tube, and a 

reaction was carried out at ~ reaction temperature of 

340°C at a SRace velocity (SV) of 1,600 hr-l CSTP). The 

results are shown in Table 1-a. 

Comparative Example 1-a 

A reaction was carried out in the same manner 

as in Example 1-a except that no catalyst (2-a) was used 

and only the catalyst Cl-a) (1,500 ml) was filled. The 

results are shown in Table 1-a. 

lS Comparative Example 2-a 

A reaction was carried out in the same manner 

as in Example 1-a except tha:t no catalyst (1-a) was used 

and only the catalyst (2-a). Cl ,500 ml) was fill ed. The 

results are shown in Table 1-a. 

Comparative Example 3-a 

A catalyst (3-~) was prepared in the same 

manner as for the catalyst Cl-a) of Example 1-a except 

that the amount o~ cesium nitrate was changed to 39 g. 

This catalyst (3-a) had the following composi­

tion in terms of atomic ratio excluding oxygen. 

Mo12W2Bi1Fe1Co10Cso.4Sil.35 
A reaction was carried out in the same manner 

as in Example 1-a except that only the catalyst C3-a) 

Cl,500 ml) was filled into the reaction tube. The re-

sults are shown in Table 1-a. --~~ 

Comparative Example 4-1 -

A catalyst C4~a) and a catalyst CS-a) were 

prepared in the same manners as for the catalyst Cl-a) 

and the catalyst (2-a),. respectively, except that the 

firing temperatures used in the preparations of the 

catalyst Cl-a) and the catalyst (2-a) were both changed 
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to S00°C. 750 ml of the catalyst (4-a) was filled into 

the reaction gas inlet portion, and 750 ml of the 

catalyst (5-a) was filled into the outlet portion. Then, 

a reaction was carried out in the same manner as in 

Example 1-a. The results are shown in Table 1-a. 

It is appreciated from the results of Example 

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

Cl-a) has a very .... ...low activity, the catalyst (2-a) has a 

high activity, and both of them give a low total per-pass 

yield while the catalyst system of the present invention 

which is a combination of the catalysts Cl-a) and (2-a), 

gives high total per-pass yield and produces intended 

methacrolein and methacrylic acid at high yields. 

When the catalyst (3-a) having a composition 

intermediate between those of the catalysts Cl-a) and 

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

invention which is a combinatron of the catalysts Cl-a) 

and (2-a), the catalyst (3-a) gives a low total per-pass 

yield and a very large temperature difference Ca very 

large D.T) between the reaction temperature and the hot 

spots temperature. Therefore, it is thought that 

. catalyst deterioration 

in the catalyst (3-a). 

that the single u~e of 

due to· thermal load is striking 

Accordingly, it is appreciated 

the catalyst (3-a) having sub-

stantially the same composition as the present catalyst 

system in unable to achieve the effect of the present 

invention. 
Further, it is clear that Comparative Example 

4-a is superior. to Comparative Examples 1-a to 3-a in 

yield and 6 T but, inferior to Example __ ]..:a using the 

catalysts of the present invention in said properties. 

Thus, it is appreciated that the variation of the firing 

temperature in addition to the variation of the B group 

elements gives a further improved element. 

Example 2-a 

A reaction was carried out in the same manner 
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as in Example 1-a except that the catalysts Cl-a> and 

:(2-a) were both molded into rings of 6 mm in outside 
:/diameter, 6. 6 mm in length and 1 mm in inside diameter of 

./through-hole. The results are shown in Table 1-a .. 
. ~;::,_comparative Example 5-a 
s 
; A reaction was carried out in the same manner 

as in Comparative Example l-a except that the catalyst 
u-a> was molded .. "into rings of 6 mm in outside diameter, 

6.6 mm in length and 1 mm in inside diameter of through­

hole. The results are shown in Table 1-a. 

comparative Example 6-a 
A reaction was carried out in the same manner 

as in Comparative Example 2-a except tha~ the catalyst 
(2-a) was molde~ into rings of 6 mm ~n outside diameter, 

15 6.6 mm in length and 1 mm in inside diameter of through-

hole. The re~ults are shown in Table 1-a •. 

Comparative Example 7-a 

A reaction was carried out in the same manner 
as in Comparative Example 3-a except that the catalyst 

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 1-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 l mm in inside 

diameter of through-hole. The results are shown in Table 

1-a. 
30 In Examples 2-a and Compara.t.i:ve Examples 5-a to 

8-a, the shapes of the catalysts (1-a) to CS-a) were 

changed from pellets to rings. It is appreciated from 

the results of Table 1-a that the variation of the 

catalyst shape into rings gives an improvement in yield 
35 and a reduction in AT in each case of the catalysts. 

Cl-a) to (3-a) and the combined use of the catalysts 

111i1iiUr 
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(4-a} and (5-a}, but the catalyst system of the present 

invention using the catalysts Cl-a) and (2-a) in combina­

tion gives an even better yield ind an even better 6 T. 

Examples 3-a 
A reaction was carried out in the same manner 

as in Example 1-a except that the reaction was carried 

out for a longer period up to _4,000 hours. The results 

are shown in T~bl-e 1-a. 

It is appreciated from the results of Table 1-a 

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 

20 

A reaction was carried out in the same manner as 

in Comparative Example 3-a ex~ept that the reaction was 

carried out for a longer period up to 4,000 hours. The 

results are shown in Table 1-a. 

In each ca~e_of Example 3-a and Comparative 

Example 9-a, the reduction~ 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 Ex~mple 9-a. It is clear therefore 

that the superiority in yield, of Example 1-a of the 

pr~sent invention o~er Comparative Example 4-a appears 

even a~ter 4,000 hours. 

Example 4-a 
A reaction was carried out in the same manner 

as in Example 2-a except that the reaqt,ion temperature 

was changed to 360°C and the space velocity was changed 

to 3,000 hour-l (STP). The results are shown in Table 

1-a. 
Comparative Example 10-a 

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-l CSTP). The results are shown 

in Table 1-a. 
It is appreciated from the results of Example 

4-a and Comparative Example 10-a that the superiority in 
activity and yield, of the ca~alyst system of the present 

. invention using the catalysts Cl-a) and (2-a) in cornbina-
·- . _ti on, over th-e-"-e·atalyst system using the catalysts C 4-a) . 

. and (5-a) in combination appears even when the space 

.. ·velocity is increased. 

Example 5-a 
A reaction was effected in the same manner as 

Example 2-a except that the proportions of isobutylene . 
. _ and nitrogen in material gas were changed to 7 % by 

-'...:: .:... 

5--C_ .. volume and 69.8 % by volume, respectively. The results 
:~-+"\; · ... 

·---:;·'.:__ are shown in Table 1-a • ...... . !', ~ 

f~.Comparati ve Example 11-a 
~~ .... 

·";/Jf» A reaction was effected in the same manner as 
·~:in Comparative Example 4-a except that the proportions of 
d;~isobutylene and nitrogen in material gas were changed to 

·;.~-;:,t:~,··. • 

-~:; .. 7 % by volume and 69.8 % .by volume, respectively. The 
are shown in Table 1-a. 

It is appreciated from the results of Example 
-;~.?-a and Comparative Example 11-:-a that the superiority in 
_~,j yield and AT, of the catalyst system of the present 
tJnvention using the cataly~ts Cl-a) and (2-a) in combi~ 
~:nation, over the catalyst system using the catalysts 
~ -. 

·:~,~~d~-a) and CS-a) in combination appears even when the 
·..:. 

·isobutylene concentration is incerased. 
t.~xample 6-a __ .. 

A reaction was·carried out in the same manner 
~sas in Example 1-a except that t-butanol was used in place 
'~f~isobutylene. The results are shown in Table 2-a. 
k~omparative Example 12-a 

~rf.e:: A reaction ~as 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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A reaction was carried out in the same manner 
as in Example 2-a except that there was used, as the 

5 material gas, a mixed gas consisting of 5 % by volume of 
methyl t-butyl ether CMTBE), 13.2 % by volume of oxygen, 

10 % by volume of steam and 71.8 % by volume of nitrogen, 
the reaction temp~rature was changed to 360°C and the 
space velocity was changed to 1,000 hr-l (STP). The 

10 results are shown in Table 3-a. 
Comparative Example 13-a 

A reaction was carried out in the same manner 
as in Comparativ~ Example 4~a except that there was used, . 
as the material gas, a mixed gas consisting of 5 % by 

15 volume of methyl t-butyl ether CMTBE), 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 
CSTP). The results are shown in Table 3-a. 

20 Example 8-a 
A catalyst (6-a) ..was prepared in the same 

manAer as in Example 1-a except that nickel nitrate was 
used-in place of cobalt nitrate, phosph~ric acid was 

1_ added after ammonium paratungstate, rubidium nitrate-was 

'l .• 

25 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-
30 tion in terms of atomic ratio excludin.g....exygen. 

Mo12W2Bi3Fe1Ni7~b1Po.2Sno.sAl1 
A catalyst (7-a) was prepared in the same 

manner as for 'the catalyst (6-a) except that the amount 
of rubidium nitr~te used was changed and the firing 

35 temperature was change~ to 490°C. 
This catalyst (7-a) had the following composi-
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tion in terms of atomic ratio excluding oxygen. 

Mo12W2Bi3Fe1Ni7Rbo.2Po.2Sno.5Al1 
750 ml of the catalyst (6-a) was filled into 

the gas inlet portion of a steel-made reaction tube of 

5 25.4 mm in diameter, and 750 ml of the catalyst C7-a) was 

filled into the gas outlet portion. 

A reaction was carried out in the same manner 

as in Example 1.--a-:· The results are shown in Table 4-a. 

Comparative Example 14-a 

10 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 CB-a> was filled into the reaction 

15 gas inlet portion, and 750 ml of the catalyst C9-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 

20 A catalyst (10-a) was obtained in the same 

manner as in Example 1-a e!cept.that no ammonium 

paratungstate was used, cerium nitrate was replaced by 

potassium nitratey lithium nitrate, magnesium nitrate and 

calcium nitrate, ~itanium dioxide was used in place of 

25 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. 

30 Mo12Bi1Fe1co10K1 • 2ti0 •5ca0 •2MA;J0: 2Nb0 • 5ce1Ti1 
A catalyst (11-a) was prepared in the same 

-
manner as for the catalyst (10-a) except that the amounts 

of potassium nitrate and lithium nitrate used were 

changed and the firing temperature was changed to 480°C. 

35 . This catalyst Cll-a) has the following composi-

tion in terms of atomic ratio excluding oxygen. 
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"M012Bi1Fe1C010Ko.sLio.2Cao.2Mgo.2Nbo.sCe1Ti1 
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, an~ 750 ml of the catalyst Cll-a> 

5 was filled into the gas outlet portion. 
. .• 

A reaction was carried out in the same manner as 

in Example 1-a. The results are shown in Table 4-a. 

Comparative Exanm,le 15-a .. ~ 
A catalyst (12-a) and a catalyst (13-a) were 

lO prepared in the same manners as for the catalyst (10-a) 
and the catalyst Cll-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 

l5 filled into the rP.action gas outlet portion. A reaction 

was carried out in the same manner as in Example 9-a. 

The results· are shown in Tabl~ 4-a. 

Example 10-a 

A suspension was prepared in the same manner as 

20 in Example 1-a except that no ammonium paratungstate was 
used, thallous nitrate and strontium nitrate were used in 

place of cesium nitrate, thereafter there were added 

tellurium oxide, lead nitrate and zinc nitrate, silica 

sol replaced by titanium dioxide, and the firing tempera-

25 ture was changed to 530°C. 

- 30 

The suspension was stirred with heating and 
subjected evaporation to dryness. The residue was molded 

into rings of 6 mm in outside diameter, 6.6 mm in length 

and 2 mm in ins.ide diameter of through-hole, and fired at 

500°C for 6 hours in an air stream to obtain a catalyst 
-~--.. 

Cl4-a). 
The catalyst Cl4-a) had the following composi­

tion in terms of atomic ratio excluding oxygen. 

Mo12Bi1Fe3co7T10 •7sr0 •3Te0 •3Pb1zn0 •5Ti1 
35 A catalyst (15-a) was prepared in the same 

for the catalyst (14-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. 

Mo12Bi1Fe3co7T10 •05sr0 •3Te0 •3Pb1zn0 •5Ti1 
750 ml of the catalyst (14-a) was filled into 

the gas inlet portion of a steel-made reactor of 25.4 mm .,.. ..... 
in diameter, and 750 ml of the catalyst (15-a) was filled 
into the gas outlet portion. 

A reaction was carried out in the same manner 
~ as in Example 1-a. The results are shown in Table 4-a. 

Comparative Example 16-a 
A catalyst (16-a) and a catalyst (17-a) were 

prepared in the same manners as for'the catalyst (14-a) 
15 and the catalyst (15-a), respectively, except that the 

firing temperatures used in &xample 10-a for the pre­
paration of the catalyst (14-a) and the catalyst (15-a) 
were changed tri 500°C. 750 ml of the catalyst (16-a) was 

. filled into the reaction gas inlet portion, and 750 ml of 
20 the catalyst (17-a) was filled into the reaction gas 

outlet portion. A reaction was carried out in the same 
manner as in Example 10-a. The results are shown in 
Table 4-a. 
Example 11-a 

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

--~~ 

30 firing temperature was c~anged to 530°C. 
Using this suspension, the procedure of Example 

10-a was repeated to prepare a catalyst Cl8-a). 
The catalyst (18-a) had the following composi­

tion in terms of atomic ratio excluding oxygen. 

35 Mo12w1 •5Bi1 Fe1 •2co5K1 •8Ba0 •2ae0 •2sb1Mn0 • 5zr1 
A catalyst (19-a) was obtained in the same 
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manner as for the catalyst Cl8~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-

5 tion in terms of atomic ratio excluding oxygen. 

Mo12W1 _5Bi1 Fel .2coo .5Nal .a Bao .2Beo .2sb1 Mno .5z rl 
750 ml of the catalyst (18-a) was filled into 

the gas inlet p&rtion of .a steel-made reaction tube of 
25.4 mm in diameter, and 750 ml of the catalyst (19-a) 

lO was filled into the gas outlet portion. 
A reaction was carried out in the same manner 

as in Example 1-a. The results are shown in Table 4-a • 

Comparative Example 17-a 
A catalyst (20-a} and a cafalyst (21-a) ~ere 

lS 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 11-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 

20 filled ·into the reaction gas inlet portion, and 750 ml of 
the catalyst (21-a) was f iJled into the gas outlet por­

tion. A reaction was carried out in the same manner as 

in Example 11-a. The results are shown in Table 4-a. 
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Table 1-a (Reaction conditions) 

Reaction 
Method of catalyst f illinq tempera- ~T 

tu re (OC) 
Inlet portion I outlet portion ( oc} 

Example 1-a Catalyst (1-a) Pellets I catalyst (2-a) pellets 340 68 

Comparative Example 1-a Single layer of catalyst Cl-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 I catalyst (5-a) pellets 340 70 
' Example 2-a Catalyst Cl-a) rings I catalyst (2-a) rings\ 340 60 

Comparative Example 5-a Single layer of catalyst (l-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-~) rings I catalyst (5-a) rings 340 61 

Example 3-a Catalyst Cl-a) rings I catalyst (2-a) pellets 340 49 
I 

Comparative Example 9-a Catalyst (4-a) pellets I catalyst CS-a) pellets ' 340 52 
Example 4-a Catalyst Cl-a) rings I catalyst C2-a) rings 360 62 
Comparative Example 10-a Catalyst C4-a) rings I catalyst C5-a) rings 360 63· 

Example 5-a ~ Catalyst Cl-a> rings I catalyst (2-a) rings 340 64 

Comparative Exam~le 11-a Catalyst C4-a) rings I catalyst C5-a) rings 340 66 

Notes: Example 3-a, Comparative Example 9-a = 
Example 4-a, Comparat.ive Examples 10-a 
Example 5-a, Comparative Examples 11-a 

after 4,000 hours of continuous operation 
= space velocity 1,600 ~ 3,000 hr-l (STP) 

= isobutylene concentration 6 ~ 7 % 
by volume 

4=o 
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Example 1-a 

Comparative Example 1-a 

2-a 

3-a 
4-a 

Example 2-a 

Comparative, Example 5-a 

6-a 

7-a 

8-a 

Example 3-a 

Comparative Exa~ple 9-a 

Example 4-a t 
\ . , 

Comparative Example 10-a 

Example 5-a 

Comparative Example 11-a 

Table 1-a (Reaction conditions) 

Isobutylene Selectivity (mole %) 
conversion 

(mole % ) Methacrolein Methacrvlic acid 

99.1 86.6 3.4 

95.2 86.5 3.4 

99.6 79.0 5.6 

97. 8 84.5 3.3 
. 99 .o 85.6 3.6 

99.5 88.0 3.0 

95.5 87.9 2.9 

99.7 1 80 .9 5.3 

98.4 85.6 I 3.1 

99.5 86.9 3.1 

98.4 87.6 2.9 

98.5 86.5 3.1 -
98.8 87.9 2.8 

99.0 86.7 3.0 

99.5 87.2 3.2 

99.7 86.2 3.3 

Total per-pass 
yield 

(mole %) 

89.2 
85.6 

84.3 
~, 

~ 85.9 
88.3 

90.5 

86.7 

85.9 

87.3 

89.6 

89.1 

88.3 

89.6 

88.8 

89.9 

89.3 

.c:.. 
U1 

·:·~~ 
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Table 2-a (Reaction conditions) 

Method of catalvst filling 

Inlet portion·/ Outlet portion 
I»" 
fl 
Q. 

Example 6-a Catalyst Cl-a) pellets I catalyst (2-a) pellets 
Comparative Example 12-a 

' 

Example 6-a 
Comparative Example 12-a 

~ 
\ 

Catalyst C4-a) pellets I catalyst CS-a) pellets 

Table 2-a (Reaction conditions) 

t-Butanol 1 
conversion Per-pass yield (mole %) 

(mole %) Methacrolein Methacrvlic acid 
100.0 86.l 3.1 
100.0 85.2 3.3 

II 

\ 
~ 

Reaction 
tempera- A ·r 
tu re ( oc> 

(OC) 

340 59 

340 61 

Total per-pass 
yield 

(mole %) 

89.2 

88.5 

.c:o. 
O'\ 

. I 

·~"'"""~· :·,~n 

; 
·\ 
\ 

\.,, 

\ 
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Table 3-a (Reaction conditions) 

Method of catalvst f illinq 

Inlet oortion I Outlet Portion 

Example 7-a Catalyst Cl-a) pellets I catalyst (2-a) pellets 

Comparative Example 13-a Catalyst (4-a) pellets I catalyst (5-a) pellets 

Table 3-a (Reaction conditions> 

MTBE Selectivitv <mole %) conversion 
(mole %) Methacrolein Methacrvlic acid 

Example 7-a 98.1 83.6 4.2 

Comparative Example 13-a 98.3 82.5 4.3 . 
t 
\ , 

-

' • \ 

~ 

Reaction 
tempera-
tu re 

( oc> 
360 
360 

l~ ~ 

IJ. T 
( oc> 

60 
61 

Total per-pass 
· y,ield 
<mole %) 

86.l 
85.3 

. .:::.. 
.....i 

• . ' .. , Ytw.\"·l 
·'.:~I 

\ • I 
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Example 8-a 
Comparative Example 14-a 
Example 9-a 
Comarative Example 15-a 
Example 10-a 
Comparative Example 16-a 
Example 11-a, 

Comparative Example 17-a 

~ 
\ , 

Table 4-a (Reaction conditions) 

Method of catalvst f illinq 

Inlet portion I Outlet portion 
Catalyst (6-a) Pellets I catalyst (7-al pellets 
Catalyst (8-a) pellets I catalyst (9-a) pellets 
Catalyst (10-a) pellets/catalyst Cll-a) pelle'l::s 

I 

Catalyst (12-a) pellets/catalyst (13-a) pellefs 
Catalyst (14-1) pellets/catalyst Cl5-a) pellets 
Catalyst (16-a) rings I catalyst (17-a) rings 
Catalyst (18-a) rings I catalyst (19-a) rings 

I 
Catalyst (20-a) rings I catalyst (21-a) rings 

....... - ., . 

Reaction 
tempera- !::::.. 'l' 
tu re Co C) 

(DC) 

340 65 

340 66 
340 64 
340 65 
340 58 

340 60 
340 58 
340 59 

-~ 
CX> 

·-~ 
) . .. 
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Example 8-a 

Comparative Example 14-a 
Example 9-a 
Comparative Example 15-a 
Example 10-a 
Comparative Example 16-a 

Example 11-a· . 

Comparative Example 17-~ 

t 
\ , 

Table 4-a (Reaction conditions) 

Isobutylene Selectivity (mole %) conversion 
(mole %) Methacrolein Methacrvlic acid 

98.4 85.9 3.3 -
98.5 84.9 3.3 
96.5 84.6 3.0 
96.8 83. 4 3.1 
97.2 87.5 2.8 
97.5 86.2 3.0 
98.4 85.4 2.8 

98.6 84.3 2.9 

Total per-pass 
yield 

(mole % ) 

87.8 

86.9 
~ 

·04 .5 • \ 

~ 
83.7 
87. 8 
87.0 
86.8 

86.0 
',j:>. 

•.o 
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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 acid 

5 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 'am;.onium paratungstate were dissolved in· 

3,000 ml of water being stirred with heating. To the 

10 resulting aqueous solution were dropwise added the abov·e 

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.l g of barium 
nitr~te in 400 ml of water, and 203 ~ of silica sol of 20 

15 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 nun in. outside dia-
20 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 
Cl-b). This catalyst Cl-b) had the following composition 

in terms of atomic ratio ex~luding oxygen. 

Mo12W2B~1Fe1Co10Cso.1Bao.1Sil.35 
25 A catalyst (2-b) was prepared in the same 

30 

35 

manner as in~_the preparation of the catalyst Cl-b) except 

that the amount of barium nitrate was changed to 65.3 g. 

This catalyst (2-b) had the following composition in 

terms of atomic ratio excluding oxygen • ... . ~-
Mo12W2B11Fe1 Col O Cs a. 1Bao.6S1l.35 
With respect tD the activities of the catalysts 

(1-b) and (2-b), the catalyst (2-b) has a hig~er activity 

than the catalyst Cl-b), as is clear from the results of 

Comparative Examples 1-b and 2-b shown later. 
750 ml of the catalyst Cl-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 

C2-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 

reaction was carried out at a reaction temperature of 

340°C at asp;~~ velocity (SV) of 1,600 hr-l CSTP). The 

results are shown in Table 1-b. 

10 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 Cl-b) Cl,500 ml} was filled. The 

results are shown in Table 1-b. 

15 Comparative Example 2-b 
A reaction was ca~ried out in the same manner 

as in Example 1-b except that no catalyst Cl-b) was used 

and only the catalyst C2-b) Cl,500 ml) was filled. The 

results are shown in Table 1-b. 

20 Comparative Example 3-b 

A catalyst (3-b) was prepared in the same 

manner as for the catalyst Cl-b) of Example 1-b except 

that the amount of barium nitrate was changed to 39.2 g. 
. . 

This catalyst (3-b) had the following composition in 

25 terms of atomic ratio excluding oxygen. 

Mo12W2Bi1 Fel Co1oc_so. 7Bao .·35sir .35 
A reaction was carried out in the same manner 

as in Example 1-b except that only the catalyst (3-b) 

Cl,500 ml) was filled into the reaction tube. The re-
... .N> ..... 

30 sults are shown in Table 1-b. 
It is appreciated from the results of Table 1-b 

that the catalyst Cl-b) has a very low activity, the 

catalyst C2-b) has a high activity but a low selectivity, 

and both of them give a low total per-pass yield while 

35 the catalyst system of the present invention which is a 

combinati.on of the catalysts Cl-b) and (2-b), 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-b) having a composition 

intermediate between those of the catalysts Cl-b) and 

5 (2-b) is compared with the catalyst system of the present 

invention which is a combina~ion of the catalysts Cl-b) 

and (2-b), th~~~c.atalyst (3-b) gives a low total per-pass 

yield and a very large temperature difference C a very 

large 6,T) between the reaction temperature and the 

10 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 cata-lyst (3-b) 
' 

having substantially the same composition as the present 

15 catalyst system is unable to achieve the effect of the 

present invention. 

Example 2-b 

A reaction was carried out in the same manner 

as in Example 1-b except that the catalysts (1-b) and 

20 (2-b) were both molded in~o rings of 6 mm in outside 
/ 

diameter, 6.6 mm in length and 1 mm in inside diameter of 

through-hole. The results are shown in Table 1-b. 

~ Comparative Exampl~ 4-b 
·;. 

~ A reaction was carried out in the same manner 

-~ 25 as in Comparative Example 1-b except tha17 the catalyst 

Cl-b) was molded into ring~ of 6 mm in outside.diameter, 

6.6 mm in length and 1 mm in inside diameter of through­

hole. The results are shown in Table 1-b. 

Comparative Exampl~ 1-b 

30 A reaction was carried out in the same manner 

as in Comparative Example- 2-b except that the catalyst 

C2-b) was molded into rings of 6 mm in outside diameter, 

6.6 mm in length and 1 mm in inside diameter of through­

hole. The results are shown in Table 1-b. 

35 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 1-b. 

5 In Example 2-b and Comparative Examples 4-b to 
6-b, the shapes of the catalysts Cl-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 

10 in 6. T in all of the catalysts Cl-b) to C3-b) , but the 
catalyst system of the present invention using the. 
catalysts Cl-b) and (2-b) in combination gives a higher 
yield and a lower6 T than the single use of the catalyst 

' 
Cl-b), (2-b) or C3-b). 

15 Example 3-b 

20 

25 

30 

A reaction was c~rried out in the same manner 
as in Example 1-b except that the reaction was carried 
out for an extended period of time up to 4,000 hours. 

The results are shown in Table 1-b. 
It is appreciated from the results of Table 1-b 

that activity reduction is very low even after the re­
action of 4 ,000 ho·urs, 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 Exampl~ 7-b 

A reaction was 
as in Comparative Example 
time was changed to 4,000 

in Table 1-b. 

carried out in the same manner 
3-b except that the reaction 
hours. The results are shown ... ~.,,. .. ' 

It is appreciated from the results of Table 1-b 

that in Comparative Example 7-b, as compared with Example 
3-b, activity reduction and yield reduction are both 
large and the catalyst has a problem in stability. 

35 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-l (STP). The results are shown in Table 1-b. 

Example 8-b 

5 A reaction was carried out in the same manner 

as in Comparative Example 4-b except that the reaction 

temperature was changed to i60°C and the space velocity 

was changed io~3,ooo hr-1 CSTP). The results are shown 

in Table 1-b. 

10 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 sp~ce velocity 

was changed to 3,000 hr-l (STP). The results are shown 

15 in Table 1-b. 

20 

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 Cl-b) and (2-b) 

in combination, over the catalyst (1-b) or (3-b) appears 

even when space velocity-is increased. 

Example 5-b 
A reaction was carried out in the same manner 

as in Example 2-b except that the proportions of iso-

25 butylene and nitrogen in material gas were changed to 7 % 

by volume and 69.8 % by vo~ume, respectively. The re­

sults are shown in· Table 1-b. 

Comparative Example 10-b 
A reaction was carried out in the same manner .. .. ..,,..,.,. 

30 as in Example 4-b except that the proportions of iso-

35 

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 11-b 
A reaction was carried out in the same manner 

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

It is appreciated from the results of Example 

5 5-b and Comparative Examples 10-b and 11-b that the 

superiority in yield and/:::,.. T, of the catalyst system of 

the present invention using the catalysts Cl-b) and (2-b) 

in combinatic>n;·· over the catalyst Cl-b) or (3-b) appears 

even when isobutylene concentration is increased. The 

10 present catalyst system, as compared with the single use 

of the catalyst Cl-b) or (3-b) , gives a considerably 

small increase in ~ T of catalyst layer, in particular. 

Therefore, it is thought that catalyst arrangement as in 

the present invention is effective for_ minimization of 

15 catalyst deterioration caused by thermal load. 
Example 6-b -

A reaction was carried out in the same manner 

as in Example 1-b except that isobutylene was replaced 

by t-butanol. The results are shown in Table 2-b. 

20 Comparative Example 12-b 
A reaction was-carried out in the same manner 

as in Comparative Example 1-b except that isobutylene 

was replaced by t-butanol. The results are shown in 

Table 2-b. 

25 Comparative Exampl~ 13-b 

30 

35 

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 ..~--·"' 

A reaction was carried out in the same manner 

as in Example 2-b except that there was used a material 

gas consisting of 5 % by volume of methyl t-butyl ether 

CMTBE), 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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was changed to 1,000 hr-l (STP). The results are shown 
in Table 3-b. 
Comparative Example 14-b 

A reaction was carried out in the same manner 
as in Comparative Example 4-b except that there was used 
a material gas consisting of-5 % by volume of MTBE, 
13.2 % by volume of oxygen, 10 % by volume of steam and 
71.8 % by volume of nitrogen, the reaction temperature 
was changed to 360°C and the space velocity was changed 
to 1,000 hr-l CSTP). The results are shown in Table 3-b. 
Comparative Example 15-b 

A reaction was carried out in the same manner 
as in Comparative Example 6-b except that there was used 
a material gas consisting of 5 % by volume of MTBE, 
13.2 % by volume of oxygen, 10 % by volume of steam and 
71.8 % by volume of nitrogenJ the reaction temperature 
was changed to 360°C and the space velocity was changed 
to 1,000 hr-l CSTP). The results are shown in Table 3-b. 
Example 8-b 

20 A catalyst C4-b) was prepared in the same 

·25 

30 

manner as in Example 1-b-except that cobalt nitrate was 
replaced by nickel nitrate, phosphoric acid was added 
after ammonium paratungstate, there were used thallous 
nitrate and strontium nitrate 1n place of cesium nitrate 
and barium nitrate, then stannic oxide was added, and 
silica sol was replaced by ammonium nitrate. 

The catalyst (4-b) had the following composi­
tion in terms of atomic ratio excluding oxygen. 

M012W2Bi3Fe1Ni7T10.68ro.1Po.2~~0.5Al1 
A catalyst C5-b) was prepared in the same 

manner as for the cataly$t (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 Mo12w2Bi3Fe1Ni7T10 _6sr0 •5P0 •2sn0 •5A11 
750 ml of the catalyst (4-b) was filled into 

11iffiHf 
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the gas inlet side of a steel-made reaction tube of 25.4 
mm in diameter, and 750 ml of t~e catalyst (5-b) was 

filled into the gas outlet side. 

A reaction was carried out in the same manner 

s as in Example 1-b. The results are shown in Table 4-b. 
Comparative Example 16-b 

A reaction was carried out in the same manner 
as in Example·~=b except that no catalyst (5-b) was used 

and only the catalyst (4-b) Cl,500 ml) was filled. The 

10 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 

I 

and only the catalyst (5-b) Cl,500 ml) was filled. The 

15 results are shown in Table 4-b. 

Example 9-b 

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

manner as in Example 1-b except that no ammonium para­
tungstate was used, cesium nitrate was replaced by potas-

20 sium nitrate and sodium nitrate, barium nitrate was 
replaced by calcium nitra.te 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 

25 ratio excluding oxygen. 

Mo12 Bi1 F~1co6K0 • a.N.a0 • 2 ca0 • l ae0 • l Nb0 • 5 ce1Ti1 
A. catalyst (7-b). was prepared in the same · 

manner as for the catalyst (6-b) except that the amounts 
of calcium nitrate and beryllium nitrate.were changed. 

30 The catalyst (7-b) had the foflowing ·c-6fuposition in terms 

of atomic ratio excludin9 oxygen. 

35 

Mo12Bi1 Fe1 co6K0 _ 8Na0 • 2ca0 • 7ae0 • 3Nb0 ~ 5ce1 Ti1 
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, ~nd 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 1-b. The result~ are shown in Table 4-b. 
Comparative Example 18-b 

A reaction was carried out in the same manner 
5 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 BJCample 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) Cl,500 ml) was filled. The 
results are shown in Table 4-b. 
Example 10-b 

A suspension was prepared in the same manner as 
15 in Example 1-b except that no ammonium paratungstate was 

20 

25 

30 

used, cesium nitrate was replaced by rubidium nitrate, 
magnesium nitrate was used together with barium nitrate, 
then there were added tellurium dioxide, lead nitrate and 
zinc nitrate, and silica sol was replaced by titanium 
dioxide. 

The suspension-was stirred with heating and 
subjected to evaporation to dryness. The residue was 
molded into rings of 6 mm in outside diameter, 6.6 mm in 
length and 2 mm in insi~e diameter of through-hole, and 
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. 

Mo12si1 ~e3 co7Rb0 • 5sa0 • 1Mg0 • 1 Te0 • 3 Pb1 zn0 • 5Ti1 
A catalyst C9~b) was obtained in the same 

manner as for the catalyst ·(8-b) excepf~that the amounts 

of barium nitrate and ma9nesium nitrate were changed. 
The catalyst had the following composition in terms of 
atomic ratio excluding oxygen. 

Mo
12

si1Fe3co7Rb0 _5Ba0 _2Mg1 _0 Te0 •3Pb1 zn0 •5Ti1 
35 750 ml of t~e 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 in 

the same manner as in Example 1-b except that the re­

action temperature was changed to 350°C. The results are 
5 shown in Table 4-b. 

Comparative Example 20-b 

A reaction was cacried out in the same manner 

as in Examp],e-"'10-b except th.at no catalyst C9-b) was used 

and only the catalyst (8-b) Cl,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) Cl,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 nit.rate, 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 ClO-b) had the following composition in terms of 

atomic ratio excluding oxygen. 

Mo12w1 •5si1Fe1 •2co5cs0 •4Li0 •1ca0 •2sh1Mn0 •5zr1 
A catalyst Cll-b) was prepared in the same 

manner as for the catalyst ClO-b) except that calcium 

30 nitrate was replaced by magnesium n~t'I."ate. The catalyst 

Cll-b) had the following composition in terms of atomic 

ratio excluding oxygen. 

Mo12w1 •5si1Fe1 •2co5cs0 _4Li0 •1Mg0 •8sb1Mn0 •5zr1 
750 ml of the catalyst (10-b) was filled into 

35 the gas inlet porti~n of a steel-made reaction tube of 

25.4 mm in diameter, and 750 ml of the catalyst (11-b) 
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was filled into the gas outlet side. 

A reaction was carried out in the same manner 

as in Example 1-b. The results are shown in Table 4-b. 

comparative Example 22-b 
A reaction was carried out in the same manner 

as in Example 11-b except tha~ no catalyst Cll-b) was 

used and only the catalyst (10-b) (1,500 ml) was filled. 

The results arl?"~shown in Table 4-b. 
Comparative Example 23-b 

A reaction was carried out in the same manner 
as in Example 11-b except that no catalyst (10-b) was 
used and only the catalyst Cll-b) Cl,500 ml) was filled. 

The results are shown in Table 4-b. 

..,.., .... -
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Table 1-b (Reaction 

Method of catalvst f illinq 

Inlet portion I Outlet portion 

Example 1-b Catalyst Cl-b) Pellets I catalyst (2-b) pellets 

Comparative Example 1-b Single layer of catalyst (1-b) pellets 
2-b Single layer of catalyst (2-b) pellets 

3-b Single layer of catalyst (3-b) pellets 

Example 2-b Catalyst Cl-b) rings I catalyst (2-b) rings ' 
\ 

Comparative Example 4-b Single layer of catalyst Cl-b) rings ~ 

5-b Single layer of catalyst (2-b) rings 

6-b Single layer of catalyst C3-b) rings 

Example 3-b Catalyst Cl-b) pellets I catalyst (2-b) pellets 
' 

Comparative Example 7-b Single layer' of catalyst (3-b) rings 
Example 4-b . Catalyst Cl-b) rings Ii catalyst (2-b) rings 

Comparative Example 8-b Single layer of catalyst (1-b) rings 

9-b Single layer of catalyst C2-b) rings 
Example 5-b Catalyst Cl-b) rings I cataly.st (2-b) rings 

Comparative Exam~le 10-b Single layer of catalyst Cl-b) rings , , 
11-b Single layer of catalyst (3-b) rings 

Reaction 
tempera-
tu re 

(OC) 

340 
340 

. 3 40 

3 40 
340 
340 
340 
3 40 
3 40 
340 
360 . 
360 
360 
340 

340 
340 

6T 
( o C) 

71 
72 
94 
86 
63 

63 
85 
78 
52 
66 
64 

65 
82 
67 
67 
83 

. 0\ 
I-' 

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-l CST~) 

Example 5-b, Comparative Examples 11-b and 11-b = isobutylene concentration 6 ~ 7 % 
by volume 
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Example 1-b 
Comparative Example 1-b 

2-b 
3-b 

Example 2-b 

Comparative Example 4-b 
5-b 

I 6-b 
Example 3-b 

Comparative Example 7-b 
Example 4-b 

Comparative Example 8-b 

t 9-b 
Example 5-b \ , 
Comparative Example 10-b 

11-b 

Table 1-b (Reaction conditions) 

Isobutylene Selectivity (mole %) conversion 
(mole %) Methacrolein Methacrvlic acid 

98.8 85.2 3.5 

95.3 85.4 3.2 

99.l 79.0 5.2 
98.0 83 .9 3.4 

. 99 .1 86.6 2.9 
95.7 86.6 2.9 
99.4 81.l 4.7 
98.7 

I 
85.3 3.1 

98.l 86.0 3.1 
94.1 84.4 I 3.4 
98.7 86.2 2.9 
94.3 85.7 3.0 -
97.5 84.6 3.2 
99.3 85.9 3.0 
96.2 85.7 3.1 
99.l 83 .6 3.3 

~ 

.... ~ ~ 

Total per-pass 
yield 

(mole %) 

87. 6 
84.4 

83.4 
85.6 
88.7 

85.7 
85.3 

87.3 
87. 4 

' 82.6 
87.9 
83. 6 
85.6 
88.3 

85.4 
86.l 

O'\ 
N 

........ ···----·---------------....;.;... 
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Example 6-b 

Comparative Example 12-b 

13-b 

Example 6-b 

Comparative Ex~mple 12-b 
\ 
, 13-b 

Table 2-b (Reaction conditions) 

Method of catalyst f illinq 

Inlet portion I Outlet portion 

Catalyst Cl-b) pellets I catalyst (2-b) pellets 

Single layer of catalyst Cl-b) pellets 

Single layer of catalyst C3-b) pellets ' \ 
~ 

Table 2-b ,<Reaction conditions) 

t-Butanol Per-~ass vield (mole %) 
conversion 

Cmole %) Methacrolein Methacrvlic acid 

100.0 84.7 3.2 -
. 100.0 82.3 2.9 

100.0 83.2 3.1 

Reaction . 
tempera- .!'.). T 
tu re (OC) 

( oc> 
340 63 

340 63 

340 76 

Total per-pass 
· yield 

(mole %) 

87.9 

85.2 
86.3 

°' w 
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Table 3-b (Reaction conditions> 

Reaction 
Method of catalvst f illinq tempera- AT 

tu re (°C) 

Inlet oortion I Outlet portion ( oc> 

Example 7-b Catalyst (1-b) rings I catalyst (2-b) rings 360 63 

Comparative Example 14-b Single layer of catalyst Cl-b) rings 360 62 
' 

15-b Single layer of catalyst (3-b) rings \ 360 76 
~ 

Table 3-b (Reaction conditions> 

I 

MTBE . . Tota-1 per-pass 
conversion Select1v1tv (mole %) yield 

(mole % ) • · • • (mole % ) 
Methacrole1n Methacrvlic acid 

Example 7-b : 98.1 82.l . 4.2 84.7 

• t 
Comparative Example 14-b 95.0 82.4 4.3 82.4 

15-b 97.5 80.8 4.5 83.2 

C'I 
.::. 
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Example 8-b 

Comparative Example 16-b 
17-b 

Example 9-b 

Comparative Example 18-b 
19-b 

Example 10-b 
' 

Comparative Example 20-b 
21-b 

Example 11-b 

Comparative Example 22-b 

t 
\ , 

23-b 

~ 

Table 4-b (Reaction cohditions) 

Method of catalyst f illinq 

Inlet portion I Outlet portion 

Catalyst C4-b) Pellets I catalyst (5-b) pellets 

Single layer of catalyst C 4-b) pellets 

Single layer of catalyst (5-b) pellets ' \ 
Catalyst (6-b) pellets I catalyst (7-b) pelleqs 

Single layer of catalyst (6-b) pellets 

Single layer of catalyst C7-b) pellets 

Catalyst (8-a) rings I catalyst (9-b) rings 

Single layer 1 of catalyst C8-b) rings 

Single layer of catalys~ (9-b) rings 

Catalyst ClO-b) rings I catalyst Cll-b) rings 

Single layer of catalyst ClO-b) rings 

Single layer of catalyst (11-b~ rings 

Reaction 
tempera-
tu re 

( oc> 
340 
3 40. 

340 
340 
3 40 
340 
340 
340 
340 
340 
340 
340 

6.T 
( oc) 

66 

66 
91 

65 
64 
93 
60 
61 
92 
59 
59 
79 

O'\ 
U1 

... !,.~ . , 
.... 
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Example 8-b 
Comparative Example 16-b 

17-b 
Example 9-b 
Comparative Example 18-b 

19-b 
Example 10-b ' 

Comparative Example 20-b 
21-b 

Example 11-b 
Comparative Example 22-b 

' 23-b \ , 

:::<!!, • 
• I . l . .IJ., 

.. 

Table 4-b (Reaction conditions) 

Isobutylene Selectivity (mole %) conversion 
(mole %) Methacrolein Methacrvlic acid 

98.2 84.3 3.2 
94.2 84.5 3.0 
98.7 77.6 5.0 
96.3 82.9 3.0 
92.1 83.1 2.6 

97.0 76.6 4.8 
97.2 I 85.7 2.9 

93.7 85.6 2.8 
I 

97.5 79.9 4.8 
98.1 83.9 2.9 
93. 4 84.1 2.5 
98.5 77.7 

. 
4.0 

Total per-pass 
yield 

(mole %) 

85.9 
82.4 

" • 81.5 \ 

~ 
82.7 
78.9 
79.0 
86.l 
82.8 
82.6 
85.2 
80.9 
80.5 

O"I 
O"I 



$ 
i 

- 67 -
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 

s solution consisting of 30 ml of concentrated nitric acid 
and 120 ml of water. 

-
Separately, 1,059 g of ammonium paramolybdate 

and 265 g of ~ammonium paratungstate were dissolved in 
3,000 ml of water being stirred with heating. To the 

10 resulting aqueous solution were dropwise added the above 
prepared two aqueous solutions, and mixing was carried 
out. Thereto were added an aqueous solution obtained by 
dissolving 9.8 g of cesium nitrate in 30 ml of water, 
79.8 9 of tellurium dioxide and 203 ~ of silica sol of 20 

15 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-

20 meter and 6.6 mm in length. The pellets were fired at 

25 

30 

500°C for 6 hours in an11ir stream to obtain a catalyst 
Cl-c). This catalyst Cl-c) hc:t-d the following composition 
in terms 

manner as 
that the 

9· This 

terms of 

Cl-c) and 

of atomic ratio excluding oxygen. 

Mo12W2B~1Fe1Co10Cso.1Te1.0Sil.35 
A catalyst (2-c>. was prepared in the same 
in,·the preparati<:>n of the catalyst.- Cl-c) except 

amount of teliu~ium dioxide was changed to a.o 
catalyst (2-c) had the following composition in 
atomic ratio excluding oxygen. 

Mo12W2Bi1Fe1Co10Cso.1Teo.iiS.ii~.35 
With respect to the activities of the catalysts 
(2-c), the catalyst (2-c>. has a higher activity 

than the catalyst Cl-c) ., as is clear from the results of 
Comparative Examples 1-c and 2-c shown later. 

35 750 ml of the catalyst Cl-c) was filled into 
the material gas inlet portion of a steel-made reaction 

i1liii1nr 
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tube of 25.4 mm in diameter, and 750 ml of the catalyst 

(2-c) was filled into the mate~ial gas outlet portion. 

A mixed gas of a composition consisting of 6 % 

by volume of isobutylene, 13.2 % by volume of oxygenr 

5 10 % by volume of steam and 70.8 % by volume of nitrogen 

was introduced from the inle~ of the reaction tube, and a 

reaction was carried out at·a reaction temperature of 

340°C at a s.pa~e velocity CSV) of 1,600 hr-l (STP). The 

results are shown in Table 1-c. 

10 Comparative Example 1-c 

A reaction was carried out in the same manner 

as in Example 1-c except that no catalyst (2-c) was used 

and only the catalyst (1-c) (1,500 ml) was filled into 
I 

the reaction tube. The results are shown in Table 1-c. 

15 Comparative Example 2-c 

A reaction was carried out in the same manner 
-

as in Example 1-c except that no catalyst Cl-c) was used 

and only the catalyst (2-c) Clr500 ml) was filled into 

the reaction tube. The results are shown in Table 1-c. 

20 Comparative Example 3-c 

A catalyst. (3-:.e) was prepared in the same 

manner as for the catalyst Cl-c) except that the amount 

of tellurium dioxide used was changed to 43.9 g. 

The catalyst (3-c) had the following composi-

25 tion in terms of atomic ratio exc.luding oxygen. 

Mo12W2Bi1 Fel colO~so .1 Teo .s5Si1·.35 
A reaction was carried out in the same manner as 

in Example 1-c except that only the catalyst (3-c) Cl,500 

ml) was filled into the reaction tube. The results are 

30 shown in Table 1-c. 
It is appreciated from the results of Table 1-c 

that the catalyst Cl-c) has a very low activityr the 

catalyst (2-c) has a high activity· but a low selectivity, 

and both of them give a low total per-pass yield while 

35 the catalyst system o_f the present invention whlch is a 

combination of the catalysts (1-c) and (2-c), gives a 
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high total per-pass yield and produces intended metha­
c rolejn and methacrylic acid at high yields. 

When the catalyst {3-c) having a composition 
intermediate between those of the catalysts Cl-c} and 

5 (2-c) is compared with the catalyst system of the present 
invention which is a combination of the catalysts {1-c) 
and (2-c), the catalyst C3~c).gives a low total per-pass 

-~· yield and a very large temperature difference (a very 
large .6.T) between the reaction temperature and the 

10 highest temperature in catalyst layer. Therefore, it is 
thought that catalyst deterioration due to thermal load 
is striking in the catalyst (3-c). Accordingly, it is 
appreciated that the single use of the catalyst (3-c) 
having substantially th~ same composition as the present 

15 catalyst system is unable to achieve the effect of the 
present invention. It can b~ 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 

20 A reaction was carried out in the same manner 
as in Example 1-c except ~hat both of the catalysts Cl-c) 
and C2-c) were molded into rings. of 6 nun in outside 
diameter, 6.6 mm in length and 1 nun in inside diameter of 
through~hole. The results are shown in Table 1-c. 

25 Comparative Exampl~ 4-c 
A reaction was carried out in the same manner 

as in Comparative Example 1-c except tha~ the catalyst 
Cl-c) was molded into rings of 6 nun in outside diameter, 

. . 
6.6 mm in length and 1 nun in inside diameter of through-.. .., ...... 

30 hole. The results are shown in Table 1-c. 
. . 

Comparative Example 5-c -
A reaction was carried out in the s.ame manner 

as in Compar~tive Example 2-c except .that the catalyst 
(2-c) was molded into rings of 6 mm in outside diameter, 

35 6.6 mm in length and l mm in inside diameter of through­

hole. The results are shown in Table 1-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, 

5 6.6 mm in length and 1 mm in inside diameter of through­

hole. The results are shown· in Table 1-c. 

In-Example 2-c and Comparative Examples 4-c to 
~ ,..,,.._, ... 

6-c, the shapes of the catalysts Cl-c) to (3-c) were 

changed from pellets to rings. It is appreciated from 
10 the results of Table 1-c that the change of catalyst 

shape to rings gives improvement in yield and reduction 
in b. Tin all of the catalysts Cl-c) to (3-c), but the 
catalyst system of the present invention using the . 
catalysts Cl-c) and (2-c) in combination gives a higher 

15 yield and a lower ~ T than the single use of the catalyst 
Cl-c) , (2-c) or (3-c). 

Example 3-c 

A reaction was carried out in the same manner 
as in Example 1-c except that the catalyst Cl-c) was 

20 molded into rings of 6.0 mm in outside diameter, 6.6 mm 

in length and 1.9 mm in lnside diameter of through-hole. 

The results are shown in Table 1-c. 

It was found that the change of "the catalyst 
filled into the inlet portion of the reaction tube, from 

, 25 pellet shape to ring-shape gives further improvement in 
per-pass yield and reducti~n in ~T and accordingly the 

combination of ring-shaped catalysts gives superior 
results than the co~bination of pellet-shaped catalysts. 

30 

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

as in Example 1-c except that the reaction was carried 

out for an extended period of time up to 4,000 hours. 

The results are shown in Table 1-c. 

It is appreciated from the results of Table 1-c 
35 that activity reduction is very low even after the re-

! action of 4,000 hours, yield reduction is substantially 
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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 
5 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 hours. The results are shown 
~ .......... 

in Table 1-c. 
It is appreciated from the results of Table 1-c 

10 that in Comparative ~xample 7-c, as compared with Example 
4-c, activity reduction and yield reduction are both 

la.rge and the catalyst has a problem in stability. 

Example 5-c . 
A reaction was carried out in the same manner 

15 as in Example 2-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 1-c. 

Example 8-c 
A reaction was carried out in the same manner 

20 as in Comparative Example 4-c except that the reaction 

temperature was changed fo 360°C and the space velocity 

was changed to 3·;000 hr-l CSTP). The results are shown 

in Table 1-c. 
Comparative Example 9-c 

25 .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-l CSTP). The results are shown 

in Table 1-c. .. __ .... 
30 It is apprecia~ed from the results of Example 

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 Cl-c) and (2-c) 

in combination, over the catalyst Cl-c) or (3-c) appears 

.35 even when space velocity is increased~ 
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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 % 

s by volume and 69.8 % by volume, respectively. The re­

sults are shown in Table 1-c. 
Comparative Example 10-c 

A~reaction was carried out in the same manner 
as in Example 4-c ex9ept that the proportions of iso-

10 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-c. 
Comparative Example 11-c 

A reaction was carried out in the same manner 
15 as in Example 6-c except that the proportions of iso­

butylene and nitrogen in ma~erial gas were changed to 7 % 

by volume and 69.8 % by volume, respectively. The re­

sults are shown in Table 1-c. 

It is appreciated from the results of Example 
20 6-c and Comparative Examples 10-c and 11-c that the 

superiority in yield ana AT, of the catalyst system of 
the present invention using the catalysts (1-c) and (2-c) 

in combination, over the catalyst (1-c) or (3-c) appears 

even when isobutylene concentration is increased. The 
25 present catalyst system, as compared with the single use 

of the catalyst (1-c) or <3."'.".c> , gives a considerable 
small increase in.L'.!t. T of catalyst layer, in particular. 

Therefore, it is thought that catalyst arrangement as in 
the present i·nvention is effective for minimization of 

.. .,,., ...... 
30 catalyst deterioration caused by thermal load. 

Example 7-c 
A reaction was carried out in the same manner 

as in Example 2-c except that isobutylene was replaced by 

t-butanol. The results are shown in Table 2-c. 

35 Comparative Example 12-c · 
A reaction was carried out in the same manner 

llli1Mii 
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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. 

Example 8-c 

10 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 
CMTBE), 13.2 % by volume of oxygen, 10 % by volume of 

' steam and 71.8 % by volume of nitrogen,- the reaction 
15 temperature was changed to 360°C and the space velocity 

was changed to 1,000 hr-l CSTP). The results are shown 
in Table 3-c. 
Comparative Example 14-c 

A reaction was carried out in the same manner 
20 as in Comparative Example 4-c except that there was used 

a materi~l gas ~onsisting 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 

25 to 1,000 hr-l (STP). The results are shown in Table 3-c. 
Comparative Exampl~ 15-c 

A reaction was carried out in the same manner 
as in Comparative Example 6-c except that there was used 
a material gas consisting of 5 % by volqme of MTBE, .. ~ ..... 

30 13.2 % by volume of oxygen, 10 % by volume of steam and 
71.8 % by volume of nit~ogen, the reaction temperature 
was changed to 360°C and the space velocity was changed 
to 1·,000 hr-l CSTP). The results are shown in Table 3-c. 
Example 9-c 

35 A suspension was prepared in the same manner as 
in Example 1-c except that cobalt nitrate was replaced by 

iiHiiliiiMir 
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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 ~as used 

5 in addition to silica sol. The suspension was subjected 
to the same procedure as in_ ·Example 2-c to prepare a 
ring-shaped catalyst C4-c) • ........ 

The catalyst (4-c} had the following composi-
tion in terms of atomic ratio excluding oxygen. 

10 Mo12W2Bi1 .2Fe1 Ni7Rbo .1 Mgo .5Sn1 .0Al1 .• 0Si1 .35 
A suspension was prepared in the same manner as 

for the catalyst (4-c) except that the amounts of stannic 
oxide and sili~a sol used were chan9ed. The suspension 
was subjected to the same procedure as in Example 1-c to 

15 prepare a pellet-shaped catalyst (5-c). 

20 

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

Mo12W2Bi2.0Fe1Ni7Rbo.1M90.sSno.1Al1.0Sio.s 
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 C5-c) was 
filled int~ the ga~ outlet side. 

A reaction was carried out in the same manner 
as in Example 1-c. The results are shown in Table 4-c. 
Example 10-c 

· .. A suspensi<?n· was. prepar~d in the same manner as 
in Example·l-c except that the amount of cobalt nitrate 
used was changed, thallous nitrate, barium nitrate and 
cerous nitrate were used in addition to~eesium 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. 

Mo12W2Bi1Fe1Co6Cso.1T10.2Bao.1ceo.2A12.o 
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A ring-shaped catalyst C7-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 

5 following composition in terms of atomic ratio excluding 
oxygen. 

Mo1i"!.2Bi1Fe1.4C05Cso.1T10.2Bao.1Ce1A12.o 
750 ml of the catalyst (6-c) was filled into 

the gas inlet side of a steel-made reaction tube 25.4 mm 
10 in diameter, and 750 ml of the catalyst (7-c) was filled 

into the gas outlet side. 
A reaction was carried out in the same manner 

as in Example 1-c. 
Example 11-c 

The results are shown in Table 4-c. 
' 

15 A suspension was prepared in the same manner as 
in Example 1-c except that ~he 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 

20 sol, and manganese nitrate was used finally. 
In this suspelTSion was immersed 1,600 ml of a · 

spherical carrier ~f 6 mm in diameter, consisting of 
Cl-alumina. The system was heated to a predetermined 
temperature with stirring,. whereby the carrier was al-

25 lowed to support the catalyst composition. 
The resulting supported catalyst was f ire·a at 

500°C for 6 hours in an air stream to obtain a catalyst 
(8-c). 

,The supported oxide catalyst (8-c) had the _ .. 
30 following composition in terms of atomic ratio excluding 

oxygen. 

Mo12W2Bi1Fe1Co3Koo.2Li1.5Beo.2Mn2.0Ti3.o 
The amount of the supported oxide was 20 g per 

100 ml of the.carrier. 
35 A suspension was prepared in the same manner as 

1 for the catalyst (8-c) except that the amounts of cobalt 

11111nm1nr 
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nitrate and titanium dioxide were changed and manganese 

nitrate was replaced by phosphorus. The suspension was 

subjected to the same procedure as in Example 1-c to 

obtain a pellet-shaped catalyst (9-c). 

5 The catalyst (9-c) had the following composi-

tion in terms of atomic ratiQ excluding oxygen. 

Mo12w2ai1Fe1co6Ko0 ~ 2 Li 1 _ 5ae0 • 2P0 _ 2 Ti 1 _ 0 
90~ 4fu~ 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 1-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 1-c except that the amounts of ammonium para­

tungstate, ferric nitrate and cobalt nitrate were 

changed, calcium nitrate was used in addition to cesium 

20 nitrate, then zinc nitrate was added, and zirconium 

·nitrate was used in place of tellurium dioxide and silica 

sol. 

25 

30 

There were measured 1,600 ml of a ring-shaped 

carrier of 6 mm in outside diameter, 5 mm in length and 3 

mm in inside diameter of through-hole, consisting of 

silica-alumina. Using this carrier, a supported catalyst 

ClO-c-) was prepared in the same manner as for the 

catalyst (8-c) of Example 11-c. 

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

tion in terms of atomic ratio excludi"trg~xygen. 
Mo12w1ai1Fe1 .~co5cs0 • 1ca0 _ 3 zn1 _ 0 zr2 _ 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 (10-~) except that the amounts of 

ammonium paratungstate, bismuth nitrate, zinc nitrate and 
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zirconium nitrate used were changed. Using this sus­
pension, a ring-shaped catalyst Cll-c) was obtained in 
the same manner as in Example 2-c. 

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

Mo12w1Bi1 _4Fe1 •2co5cs0 •1ca0 •3zn1 •2zr1 •7 
1,000 ml of the catalyst (10-c) was filled into 

the gas inlet-slde of a steel-made reaction tube of 25.4. 

mm in diameter, and 500 ml of the catalyst Cll-c) was 
10 filled into the gas outlet side. A reaction was carried 

out in the same manner as in Example 1-c except that the 
reaction temperature was changed to 350°C. The results 
are shown in Table 4-c. 
Example 13-c 

15 A catalyst (12-c) was prepared in the same 
manner as in Example 1-c except that the amounts of -ammonium paratungstate and cobalt nitrate were changed, 
sodium nitrate was used in addition to cesium nitrate, 
then lead nitrate ·and tellurium dioxide were added, and 

20 firing was carried out at 530°C for 6 hours 1n an air 
stream. 

The catalyst Cl2-c) had the following composi.­
tion in terms of atomic rati~ excluding oxygen. 

Mo12w1 _5si1Fe1co7cs0 •1Na1 •0Pb0 •1Te1 •0si1 •35 
25 A_ cat~lyst (13-c) was prepared in the same 

30 

35 

manner as for the cataly~t (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. 

The catalyst Cl3-c) ·had the-following composi­
tion in terms of atomic_ ·ratio excluding oxygen. 

Mo12W1.sBi1Fe1Co7Cso.1Na1.0Pb1.0Teo~2Sbo.1Sil.35 
750 ml of the catalyst (12-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 (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 1-c. The results 
are shown in Table 4-c. 

Example 14-c 
A suspension was prepared in the same manner as 

5 in Example 1-c except that cobalt nitrate was replaced by 

nickel nitrate, cesium nitra~e was replaced by rubidium 

nitrate and strontium nitra£e, the amount of tellurium 

dioxide was ~hanged, and niobium pentoxide was used. The 

suspension was subjected to evaporation to dryness. The 

10 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 (14-c). 

The catalyst Cl4-c) had the following composi-

15 tion in terms of atomic ratio excluding oxygen. 

Mo12w2si1Fe1Ni3Rb0 •8sr0 •1Te0 •8Nb0 •2si1 •35 
A ring-shaped catalyst (15-c) was obtained in 

the same manner as for the catalyst Cl4-c) except that 

the amounts of ammonium paratungstate, ferric nitrate, 

20 nickel nitrate, telurium dioxide and niobium pentoxide 
were changed, and the flring temperature was changed to 

470°C. 
The catalyst (15-c) had the following composi­

tion in terms of atomic ratio excluding oxygen. 

25 M0 12w2 ... 4~i1 Fel .2Ni7Rbo .s5 ro .1 Teo .1 Nbo .28 i1 .35 
A reaction was carried out in the same manner 

as in Example 1-c. The results are shown in Table 4-c • 

.... ._ ...... 
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Table 1-c (Reaction conditions) 

Method of catalyst filling 

Inlet portion I Outlet portion 

Example 1-c Catalyst Cl-c) ·Pellets I catalyst (2-c) pellets 

Comparative Example 1-c Single layer of catalyst (1-c) pellets 

2-c Single layer of catalyst (2-c) pellets 

3-c Single layer of catalyst (3-c) pellets 

Example 2-c Catalyst Cl-c> rings I catalyst (2-c) rings ' . \ 

Comparative Example 4-c Single layer of catalyst Cl-c) rings ~ 

5-c Single layer of catalyst (2-c) rings 

6-c Single layer of catalyst C3-c) rings 

·Example 3-c . Catalyst Cl-c) 
1 

rings I catalyst C2-c) pellets 

4-c . Same as above 

Comparative Example 7-c Single layer of catalyst t3-c) pellets 

Example 5-c Catalyst Cl-c> rings I catalyst (2-c) · rings 

Comparative Example 8-c Single layer of catalyst Cl-c) rings 

. 9-C Single layer of catalyst (3-c) rings 
l 

Example 6-c \ Catalyst Cl-c) rings I catalyst (2-c) rings 
• 

Comparative Example 10-c Single layer of catalyst Cl-c) rings 

11-c Single layer of catalyst (3-c) rings 

Reaction 
tempera-
tu re 

( OC) 

340 
340 
340 
340 
3 40 
340 
340 

340 
340 
340 

.. 340 

360 
360 
360 
340 
340 
340 

.6. T 
( oc> 

71 
71 
95 
08 

62 
61 
84 

77 
63 
41 
67 
64 
64 
85 
60 
68 
82 

..J 
. \0 

Notes: 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-1 CSTP) 

Example 6-c, Comparative Examples 10-c and 11-c = isobutylene concentration 6 ~ 7 % 

I 

by volume 
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Example 1-c 
Comparative Example 1-c 

2-c 
3-c 

Example 2-c 
Comparative Example 4-c 

' 5-c 
6-c 

Example 3-c : 

4-c 
Comparative Example 7-c 
Example 5-c 
Comparative ExamJle 8-c , 

9-c 
Example 6-c 
Comparative Example 10-c 

11-c 

. -··-·· .... "'·~······ 

~ 

Table 1-c (Reaction conditions> 

Isobutylene Selectivity (mole %) conversion 
Cmole %) Methacrolein Methacrvlic acid 

98.9 84.9 3.6 
95.4 85.0 3.2 
99.3 78.7 5.3 
98.l 83.5 3.4 
99.2 86.3 3.1 
95.9 86.3 3.1 
99.5 80.8 5.0 

I 

98.9 85.0 3.4 
99.0 86.l I 3.3 
98.l 86.6 3.0 
94.2 84.2 3.5 
9B.4 86.0 . 3. 2 

93.8 85.8 3.2 
96.5 84.3 3.5 
99.3 85.4 3.3 
96.l 85.3 3.3 
99.l 83. 4 3.6 

.- · t'°''"·tt,.*X;.· .. <.s:.:\\, .. \'fi~ ,. 

Total per-pass 

' • \ 

~ 

yield 
(mole %) 

87. 5 
84.l 
83. 4 
85.2 
88.7 
85.7 
85.4 
87.4 

. ·BB .5 

87.9 
82.6 
87. 8 
B3.5 
84.7 
88.l 
85.l 
86.2 

0) 
0 
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Table 2-c (Reaction conditions) 

Reaction 
Method of catalvst f illinq tempera- 6T 

tu re Co C) 
Inlet oortion l Outlet portion ( oc) 

Example 7-c Catalyst Cl-c) rings I catalyst (2-c) rings 340 54 

Comparative Example 12-c Single layer of catalyst Cl-c) rings ' 
340 54 

• 
13-c Single layer of catalyst (3-c) rings \ 340 72 ~ 

I 

Table 2-c (Reaction conditions) 

t-Butanol Per-pass vield (mole %) 
Total per-pass 

conversion yield. 
(mole % ) Methacrolein Methacrvlic acid (mole % ) 

Example 7-c t 100.0 85.5 .. 2. 9 88.4 

Comparative Examble 12-c 100.0 82.2 3.0 85.2 

13-c 100.0 83 .6 3.4 87.0 

·co 
I-' 
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Table 3-c (Reaction conditions) 

Method of catalvst f illina 

Inlet oortion I Outlet oortion 

Example 8-c . Catalyst Cl-c) rings I catalyst (2-c) rings 

Comparative Example 14-c Single layer of catalyst Cl-c) rings 

15-c Single layer of catalyst (3-c) rings 

Table 3-c (R~action conditions) 

MTBE I 

conversion Per-pass Y'ield (mole % ) 

(mole % ) Methacrolein Methacrvlic acid 

Example 8-c 98.0 81.S . 4.7 

Comparative Example 14-c 94.8 81.8 4.8 
\ , 15-c 97.4 80.5 4.9 

-~ - -u;· -.sf'-> 
. !! -::r 
~a = :tF - en 
- b:1 g 
- = 
---=~ =cl --=ii;' 

§. 

Reaction 
tempera- AT 
tu re ( o C) 

(OC) 

360 64 

360 63 

' 360 78 
\ . 

Total per-pass 
yield 

Cmole %) 

84.5 
82.1 
83.2 

co 
·N 
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Example 9-c 
10-c 
11-c 

12-c 

13-c 
; 

14-c 
' 

t 
\ , 

Table 4-c (Reaction conditions) 

Method of catalvst f illinq 

Inlet portion I Outlet oortion 
Catalyst C4-c) rings I catalyst (5-c) pellets 
Catalyst (6-c) rings I catalyst (7-c) rings 

' Catalyst (8-c) spheres supported on carrier I • ' 
catalyst (9-c) pellets ~ 

Catalyst (10-c) rings supported on carrier I 
catalyst Cll-c) rings 

Catalyst (12-c) pellets/catalyst Cl3-c) pellets 
Catalyst (14-d) rings I catalyst Cl5-c) rings 

Reaction 
tempera-
tu re 

(OC) 

340 
340 
350 

350 

340 
340 

AT 
(I) c) 

61 
60 
40 

38 

67 
59 

Q) 
·w 



• . .. ...... ~~r·· . , . . . M!tit"&"st••11st'ePiRkiMM ·. ;, ti# ·rir. . . •. .. ... • i 

------~ =am· 
5 .. ~ 
.::::: ..::::: CD 

-- -~ = ::~ ==- -={12 
=== -= tr1 =- 5§ 
~ ...s~ 
i!!Ziiii-8 
!!!'. ea: S' 

§. 

Example 9-c 
10-c 
11-c 
12-c 
13-c 

14-c I 

t 
\ , 

Table 4-c (Reaction conditions) 

Isobutylene Selectivity (mole %) Total per-pass 
conversion yield 

(mole %) Methacrolein Methacrvlic acid (mole % ) 

98.l 84.2 3.4 85.9 
98.2 85.1 3.0 ~ 86.5 • \ 

97.3 86.4 2.5 ~ 86.5 

97.8 87.0 2.2 87.2 
98.0 83 .8 3.1 85.2 

97.7 84.4 3.3 85.7 
' 

co 
.i:i. 
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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 

molecular oxygen-containing gas using a fixed bed multi­

tubular reactor, which proce~s is characterized in that: 

Ct>(.) there are_used, as catalysts, compound oxides re-... 
presented by the following general formula CI) 

MoaWbBicFedAeBfCgDhEiOx 
Cin 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 ~t least one element selected from 

silicon, aluminum, titanium and zirconium, 

presents oxygen; a, b, c, d, e, f, g, h, i 

present the numbers of atoms of Mo, w, Bi, 

D, E and o, respectively; when a is 12, b = 
0.1-20, d = 0.1-20, e - 2-20, f = 0-10, g = 
0-4, i = 0-30 and x = a value determined by 

states of individual elements), 

and 0 re-
and x re-
Fe, A, B, c, 

0-10, c = 
0-10, h = 
the oxidation 

<fi> 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 c"(> the plurality of ~~9~tion zones are 

filled with catalysts shown in the above <Ol> 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 CI) 

and/or with catalysts shown in the above col) having 

different activities,· prepared by varying the amount of 

.,, 
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at least one element of w, Bi·and Fe in the general 

formula CI), 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 activ~ties prepared by varying the 

types and/or a~~unts of the elements constituting the A .. 
group, B group, C group, D group and E group in the 

general formula CI> 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 w, Bi and Fe in the 

general formula CI) 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, c = 0.1-10, d = 0.1-20, e = 2-20, f = 
0.001-10, g = 0-10, h = 0-4, i = 0-30 and x = a value 

determined by the oxidation states of individual ele-
-

ments) of different activities, prepared by varying the 

type(s) and/or amount(s) of the B group element(s) in the 

general for·mula CI). 

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 CI> and further by varying the firing 

te~perature employed in catalyst preP.~c.&tion. 

5. The process for producing methacrolein.and 

methacrylic acid according to Claim 1, which ~ses 

catalysts of the general formula (I) (wherein when a is 

12, b = 0-10, c = 0.1-10, d = 0.1-20, e = 2-20, f = 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 
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different activities, prepared by varying the typeCs> 
and/or amount(s) of the C group element(s) in the general 
formula CI). 
6. The process for producing methacrolein and 
rnethacrylic acid according to Claim 5, which uses 

catalysts of different activities prepared by varying the 
type Cs) and/or amount Cs) of .the C group element Cs> in the 
general formu~a- CI> and further by varying the firing 
temperature employed in catalyst preparation. 
7. The process for producing methacrolein and 
rnethacrylic acid according to Claim 1, which uses 
catalysts of the general formula {I} (wherein when a is 

12, b = 0-10, c = 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 elements, with a 
proviso that b, h and i do not take a value of O 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 CI), 

and/or catalysts of the general formula CI) ·cwherein 
when a is 12, b = 0-10,_c = 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 
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 CI> • 
8. The process for producing methacrolein and 
methacrylic acid according to Claim 7, which uses 

catalysts of different activitie~ p~e~ared by varying the 
types and/or amounts of the elements constituting the A 

. 
group, D group and E group in the general for~ula (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 w, Bi and Fe in the general formula CI) and 
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further by varying the firing temperature employed in 

catalyst preparation. 

9. The process for producing methacrolein and 

methacrylic acid according to any of Claims 1 to 8, 

wherein the number of the reaction zones is 2 or 3. 

10. The process for producing methacrolein and 
-

methacrylic acid according t.o any of Claims 1 to 9, 

wherein the ~a-balysts are ring-shaped catalysts with a 

through-hole in the length direction, having an outside 

diameter of 3-10 mm, a length of 0.5-2 times the outside 

diameter and an inside di.ameter (the diameter of the 

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


