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PROCESS OF SUPPORTED CATALYST ROR THE SYNTHESI S OF METHACROLEI N ANP,
METHACRYLI C ACID Technical Field The present invention
relates to a process for the preparatioid of a supported catal yst used
for the - synthesis of nethacrolein and nethacrylic acid through 5 gas
phase catal ytic oxidation of isobutylene or tertiary butanol with

nol ecul ar oxygen. Background Art Many proposal s have
been made (JP-A-55-127328, JP- A- 56 DBSERIRIPON 435, 404, US- A- 4, 446, 328,

JP-A-59- 10 31727, etc.) regarding the catalysts used in the

preparation of nethacrolein and methacrylic acid through

PREPARATION PROCESS OF SUPPORTED CATALYST ROR THE

SYNTHESIS OF METHACROLEIN AND METHACRYLIC ACID

Technical Field

The present invention relates to a process for

.the preparation of a supported catalyst used for the

synthésis of methacrolein and methacfylic acid through

5 gas phase catalytic oxidation of isobutylene or tertiary

butanol with molecular oxygen.

Background Art

Many proposals have been made (JP-A-55-127328,

. JP-A-56~2926, US-A-435,404, US-A-4,446,328, JP-A-59-

10 31727, etc.) regarding the catalysts used in the

preparation of methacrolein and methacrylic acid through

catalytic oxidation of isobutylene or tertiary butanol

in a high—température gaseous phase. These proposals,

however, mostly concern the catalyst components and

15 their ratios. Few of these proposals make mention of

preparation process of supported catalyst, and none of

them refers to particulars of the catalytic active

substance to be supported, such as particle size thereof

and calcination conditions for the production of such

20 substance..



catal ytic oxidation of isobutylene or tertiary butanol in a

hi gh-tenperature gaseous phase. These proposals, - however, nostly
concern the catal yst conponents and 15 their ratios. Few of these
prdposal s make nention of prepar ati on—pfotess of supported catal yst,
and none of themrefers to particulars of the catal ytic active
substance to be supportedInstibe Byogictioneofi aecakalyst usedyfigr the
cal cination conditions for the production of such 20 sybstancge.
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control I'ing the L ckn8SS YeddlQ ilid Yellotidialid TypEd At is desirable
to bulk up the catalytic active substance while
controlling the thickness of the catalyst layer to avoid
the undesirable rise of temperature due to build-up of
heat in the catalyst layer. Control of the thickness of
10 the catalyst 1éyer is also desirable for inhibiting the
consécutive reactions of the product. Therefore, use of
a supported catalyst having a catalytic active substance
supported on a carrier and the controlled thickness of
the catalyst layer often prove to be favorable for the
15 selectivity of the objective product.
JP-A-2-25443 discloses a production process of
a supported catalyst used for the preparation of
agrolein, according to which a catalytic active
substance precursor ground to a particle size of about
20 400 um is supportéd on an inert carrier. JP-A-58-930
discloses a production process of a supported catalyst
used for the preparation of acrolein or methacrolein,
and in an embodiment thereof, there is shown a method
for supporting a catalytic active substance piecursor
25 ground to a particle size distribution of around 2-80
um, with the mode of the particles falling in a range of
about 10-30 um, on an inert carrier. Aécording to this

method, the primary calcination for obtaining a



the undesirable rise of tenperature due to build-up of heat in the
catal yst layer. Control of the thickness of 10 the catalyst layer is also
desirable for inhibiting the consecutive reactions of the product.
Therefore, use of a supported catal yst $having a catal ytic active

subst ance orted on a ,carrier and the control|ed thickpess of
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falling in a range o about 10-30 [err]m on an inert carrier.

According to thuasatisfactory for 1ndustr1a1 use in such respects as
catalytic activity, select1v1ty of the objective product
and mechanical strength, and further improvements have

10 been desired from the industrial standpoint.

Disclosure of Invention

The present invention has an object to provide
a novel production process of a catalyst for the
synthesis of methacrolein and methacrylic aéid,

15. specifically a supported catalyst used for the synthesis
of methacrolein and methacrylic acid through gas phase
cataiytic oxidation of isobutylene or tertiary butanol
with molecular oxygen.

According to the present invention, there is

20 provided a process for producing a supported catalyst
for the synthesis of methacrolein and methacrylic acid,
said supported catalyst having a catalytic active
substance incorporated on the inside surface and/or the
outside surface of an inert carrier, said catalytic

25 active substance'comprising a composite oxide containing
molybdenum and bismuth as essential components, which

process comprises the steps of drying a mixed solution



néuhody-the primary cal cination for obtaining a

- 3 - catal ytic active substance precursor is carried out at ar ound
500[ err] C, and the secondary cal ci nati on conduct ed after the supporting
op€ration is carried out at a t enper atude~whi ch is approxi mately

20[err] C higher than the 5 primary cal cination teqferature. The supported
catal ysts obt ai I 3 AHUIRE i L rtdhe igampoundsy, pfythhe tsor
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net hacrol ein an
' 5 catalytic active substance precursor, comminuting the

thus obtained precursor to such an extent point that the
medium particle size in the volume-based particle size
distribution becomes 10 um or less, pfeferably 5 um or
less, supporting the obtained comminution product on an
10 inert carrier, and subjecting it to a secondary
calcination at a temperature which is 100°C or more

higher than the primary calcination temperature.

Best Mode for Carrying Out the Invention
The catalytic active substance supported on
15 the inside surface and/or the outside surface of an
inert carrier preferably comprises a composite oxide

represented by the following formula:
MoaBipFecAqXeY£ZgOn

wherein Mo, Bi, Fe and O represent molybdenum, bismuth,
iron and oxygen, respectively; 2 represehts nickel

20 and/or cobalt; X represents at least one element
selected from the group consisting of magnesium, zinc,
manganese, tin and lead; Y represents at least one
element selected from the group consisting of

phosphorus, boron, sulfur, tellurium, silicon,



15 specifically a supported catal yst used for the synthesis of
nmet hacrol ein and nethacrylic acid through gas phase catal ytic
oxi dation of isobutylene or tertiary butanol wi t h nol ecul ar oxygen.
According to the present invention, there=i® =20 provided a process for
produci ng a supported catal yst for the synthesis of nethacrolein and
met hacrylic aci germaniugai ¢edimbor Mdebdamal fdtamdWing 23 r€QNANPYi ¢ acti ve
subst ance incorporated on the inside surface and/or the out si_de
surface of an i A\NISEAY @04 andiigioniia 3 wepresents: afe 16a5st QRee edBMENEsi ng
a conposite oxide.contaj nn nol ybdenum and bi smut h _as .essent.i.al
conponents, whi (ﬁ?leCteadp:P(fé’gb§t’(?olﬁ5ﬂ%’e§Wé‘53r‘€§s° PREGSR Ul rPRgdum,
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act]ve subst aCend¥PlAtrdilint tHd'TLLIGH I Atifde 1 2nll rdBpectabel nati on
at a _terrpaé;rature a ingnln_arange ofo%%- [err]Cto@%#ma

elements, wherein when a = 12, 0.1 = b = 5, 0.1 = ¢ =

5, 1 =d4d=12, 0= e =10, 0 = £ = 10 and 0.01 = g

< 3, and h is the number of the oxygen atoms necessary

for satisfying the valences of the respective elements.

10 In the present invention, the starting
materials of the elements constituting the catalytic
active substance are not specified, but usually the
oxides or the chlorides, hydroxides, sulfates, nitrates,
carbonates, ammonium salts or mixtures thereof which can

15 be made into oxides by strong heating are employed.
| The type of the inert carrier used in the
present invention is also not specified; ordinary
carrier materials such silica, alumina, silica-alumina,
magnesia, titania and the like can be used. The shape

20 of the carrier is not defined; it may, for instance, be
spherical, columnar, ring-like or plate-like.

In the preéent invention, various types of
commonly used driers such as box drier, spray drier,
drum drier, slurry drier, etc., can be employed for

25 drying the mixed solution or agueous slurry containing
the compounds of the elements constituting the catalytic

active substance. The term "drying" used in the present

invention means that water is removed from said mixed



5:gatalytic active substance precursor, conmnuting the t hus obt ai ned

precursor to such an extent point that the medi um particle size in the
val ume- based particle size di stribution beconmes 10 [err]mor |ess,
preferably 5 [err]mor | ess, supportingbthe obtained conm nution

product on an 10 _inert carrier, and_subjecting it to a secondary
cal cination at &°Clutpenacyr agueomls BS3urgy[ &°r puchr apppgtent Khgked than the
primary -cal cinati on tenperatu est Mbde for  Carryi

| nvent i on substantiaply %ggépyFﬁéiSEFi¢€e§65§?558§ E_EEgFg§Bt§22515
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instance, be powdery or block-like.

The primary calcination in the present
invention is a step in which the dried product
containing the catalyst components is heat treated to

10 form a precursor structure of the catalytic active

| substance. This primary calcination is carried out in a

temperature range of 200-400°C, preferably 230-360°C.
In case a nitrate or an ammonium salt is used as
starting catalytic material, it is desirable to remove

15 the nitrate group or ammonium group to a certain extent
during the primary calcination, and for this purpose,
the calcination is preferably carried out at a
temperature above 200°C.

The active site of the catalyst produced

20 agcording to the present invention is usually generated
when the catalyst precursor containing the catalyst
components is calcined (heat treated) at 450-600°C. 1In

.. the present invention, the active site of the catalyst
is kept from coming out in the stage of the primary

25 calcination. Therefore, the primary calcination is
carried out at a temperaturelbelow 400°C, preferably

below 360°C. The calcination time is not specified, but

it is preferably in a range of 10 minutes to 5 hours.



sel.ected fromthe group consisting of magnesium zinc, manganese, tin

and lead; Y represents at |east one el enrent selected fromthe group
cansi sting of phosphorus, boron, sulfur, tellurium silicon,

-5 - germani um cerium niobium titanfum zirconium tungsten and
antinony; Z represents at | east one el enent selected fromthe group
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will become 10 um or less, preferably 5 um or less. The
method of comminution is not specified, but wet
comminution using an ordinary homogenizer, attritor or
the like is preferred because of simple operation, easy

10 control of particle size and other factors. It is more
desirable to carry out wet comminution of 100 parts by
weight of the catalytic active substance precursor in a
state of being dispersed in or wetted with 50-200 parts
by weight of a liquid substance, preferably water.

15 The "medium particle size in the volume-based
particle size distribution" in the present invention
designates the particle diameter Dp when the volume of
the ﬁarticles having a diameter of Dp or'greater holds
just 50% of the total volume of the whole particles. 1In

20 the case of the present invention, since the true
specific gravity of each of the catalytic active
substance precursor particles after the comminution is
considered constant regardless of the particle size, the
volume-based particle size distribution may be regarded

25 as synonymous with the mass-based particle size
distribution.

The present inventors found that by subjecting

the catalytic active substance precursor to the above



oiudes;or the chl orides, hydroxides, sulfates, nitrates, car bonat es,
ammoni um salts or m xtures thereof which can 15 be nade into oxides by
st.rong heating are enpl oyed. ' The type of the inert carrier
uséd in the present invention is al so™n& ~specified; ordinary

carrier materials such sjlica, alum na, silica-alumna,, magnesi a
“titania and the 99MRLNGH R treatmene StheLing iy Qfaingd jsuphar
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the catalytic active substance. The ter _"%Hylng' use e present
invention neags 4eivi@} ednd SsePIEVHF ¥ BF SEnél dBjeetive product in the

- present invention is attributable not only to the
increase of specific surface area of the catalytic
active.substance by comminution thereof but also to the
acceleration of the catalytic active site generating
10 reaction which is induced by the secondary calcination
described below due to the increase of contact area
between the particles.

The comminuted catalytic active substance
precursor is supported on an inert carrier and then

15 subjected to the secondary calcination at a temperature
which is 100°C or more higher than the primary
calcination temperature.

The ordinary methods such as impregnation
method, immersion method,.etc., can be used for

20 supporting the comminuted catalytic active substance
precursor on an inert carrier.

In case the precursor is comminuted by the wet
comminution as described above, it is recommended to
employ a supporting method in which the obtained wet

25 comminuted material, or a slurry thereof formed by
adding an appropriate amount of a liquid substance to
said comminuted material, is deposited on an inert

carrier while evaporating away the liquid substance



- sal.ution or aqueous slurry to such an extent that a substantially solid
residue (hereinafter referred to as dried product) can be obtained. The
wat er content of the dried product is not specified. The shape of the

5 dried product is also not specified; it—nByT for i nstance, be powdery
or bl ock-Iike. ) The i mary .cal cination in the present
invention is a §ﬂ@H1ﬁﬁnﬂquﬁ4ﬁ?heT%ﬁiéGQBr igjgubstancgoysglnhgger A6 Botal yst
conponents is heat treated to 10 form a pregursor ,structure gf t he

catal ytic act|v§Pe°1f§G§stén§@ shiance, whigh, 18, ea@sityi vaporakedi 8 out in
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material, it is | | e v th tr 0 r umLgroup
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above 200[err he active 'site of the catalyst produced

20 according to the presenin Itm\éewnm&eusualtlehaqnmagt Be contained
appropriate additives, for example, inorganic salts such
as barium sulfate, ammonium nitrate, etc., organic.
materials such as celluloses, starch, polyvinyl alcohol,

10 stearic acid, etc., hydroxide sols such as silica sol,
alumina sol, etc., and inorganic fibers such as whisker,
glass fiber, carbon fiber, etc., for the purpose of
controlling specific surface area, pore volume and pore
distribution of the catalytic active substance layer

15 with good reproducibility or for enhancing mechanical
strength of said catalytic substance. Of these
additives, glass fiber is preferably used.

The "secondary calcination" in the present
invention is a step in which the catalytic active

20 substance precursor supported on an inert carrier is
calcined (heat treated) to develop the actiQe site of
the catalyst. This sepondary calcination is carried out
at a temperature which is 100°C or more higher than the
primary calcination temperature, preferably in a range

25 of 450-600°C, more preferably 480-550°C.

The reaction that occurs in the secondary
calcination step for de&eloping the active site of the

catalyst is a solid phase reaction. This solid phase



when the catal yst precursor containing the catalyst

the active site of the catalyst is kept from coni ng

conponents is

cal cined (heat treated) at 450-600[err]C In t he prezﬁP.FhE¥§g§%§
P

of the primary 25 calcination. Therefore; the prinmary cal ci hatio

carried out at a tenperature bel ow 400[err]C, preferabl¥
360[ err] C. The &gagtian @radesds dmdahesjasideef pad a
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finely as possible before supporting it on an inert
carrier, the solid phase reaction is promoted.

The secondafy calcination time is not speci-
fied, but it is recommended to continue this treatment
for at least one hour since the solid phase reaction
does not proceed sufficiently if the calcination time is
too short.

On completion of said secondary calcination,
the objective supported catalyst of the present
invention is obtained. '

In production of methacrolein or methacrylic
acid through gas phase catalytic oxidation of iso-
butylene or tertiary butanol with molecular oxygen by
using the supported catalyst obtained according to the

present invention, the molar ratio of isobutylene or

.
w
.

tertiary butanol to oxygen is preferably 1 : 0.5 ~ 1
Isobutylene or tertiary butanol used as starting
material is preferably diluted with an inert gas. The
molecular oxygen used for oxidation may be pure oxygen
gas, but air is preferably used for the industrial
applications. The reaction pressure may range from
normal pressure to several atom. The reaction

temperature is preferably in a range of 300-450°C.
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the like is preferred because of sinple operation, easy 10 control of

particle size and other factors. It is nore desirable to carry out wet
commi nution of 100 parts by wei ght of the catalytic active substance
precursor in a state of being dispersedt}nor wetted with 50-200 parts

by weight of a liquid substance, preferably water. _15 ) The
"medi um particle size in tHe RAGHRNpAIBention ds furdher; d Idustrates on"

O e e
just 50% of the t etg%\é’gé# of ,fl@ee gmiecféa\réilg eéisit{r;ib&ft(%.cm%a se of the

pr esent inventi&%, e true Speci f1°c grav each of the
catalytic activ isqwt r ' : QUgution
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with the nass-based particle size di stribution. The

present invent orgad@ Uiyl ¢4t chYoBARGEEAPIE. The #dtee G AHeddtidiCidf &he
substance precursor to the above '
reaction material isobutylene or tertiary butanol and
the selectivity of the produced methacrolein and

methacrylic acid are defined as follows:

Rate of reaction of reaction material (%) =

Number of moles of the reacted reaction material

- x 100
Number of moles of the supplied reaction material

Selectivity of methacrolein (%) =

Number of moles of the produced methacrolein

100
Number of moles of the reacted reaction material X

Selectivity of methacrylic acid (%) =

Number of moles of the produced methacrylic acid

10
Number of moles of the reacted reaction material X 0

10 The rate of powdering after packing of the
supported catalyst is defined as follows: One thousand
grams 6f the supported catalyst is packed in a 2.75 cm¢
and 6 m long stainless steel-made cylindrical container
set vertically to the horizontal by dropping the

15 catalyst into the container from the top opening
thereof, and then the supported catalyst is recovered

from the bottom of the container. Of the recovered



-8 - - comm nution treatnent, the finally obtained supported
catalyst is inproved in catalytic activity, selectivity of[ ] P——
obj ective product and nmechani cal strength. It was further f%“g(ﬁﬂﬁ%tms BEEN
thé inprovenent of catalytic 5 activity akl Selectivity of tlhe obRERLAGED
product in the present invention is attributable not only to the T
i ncrease of speSUPROISRG fakadiwsd ofthen@ardign mMhdch cagemofe beupassede by
comm nution thereof but also to_the gccel eration of the catalytic

active site gendtdued a d4-0&sh SEEAATHS LSRIRFEATeS) P¥h&Isecondary
~cal cination descri bed bel ow due to the increase of c%;b%ﬁt a&sa
bet ween the particles. . The comm nuted cat alytYd actdi ve
subst ance pr BtEsOF POVSRIIOG: 8Ft6R RACKAES: (8dr Fi et ang gghen  ¥5100
subj ected to the secondary calcination at a tenperature which is
100[err] C or nore higher than the primary

Example 1 (present in&ention)
Three thousands parts of ammonium
5 paramolybdate, 185.5 parts of antimony trioxide, 11.3
parts of titahium dioxide and 4.5 parts of tellurium
dioxide were added to 6,000 parts of water and heated
with stirring to prepare a solution A. Separately from
this operation, 150 parts of a 60% aqueous solution of
10 nitric acid, 686.9 parts of bismuth nitrate, 1,144.1
parts_of ferric nitrate, 411.7 parts of nickel nitrate,
2,883.9 parts of cobalt nitrate, 363.1 parts of
magnesium nitrate and 110.4 parts of cesium nitrate were
added successively to and dissolved in 5,500.parts of
15 water to prepare a solution B. The solution B was added
to the solution A to form a slurry and then heated with
stirring to evaporate away the most part of ﬁater.
The resulting cake was dried at 100°C for 15
hours to obtain a block-like dry product. This dry
.20 product was subjected to primary calcination at 300°C
for 3 hours to obtain a catalytic active substance
precursor. The thus obtained catalytic active substance

precursor had a composition repreéented by the following

composition:
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cal.ci nati on tenperature. The ordi nary nethods such as

| mpregnati on nmet hod, i nmersion nethod, etc., can be used _for 20
supporting the comm nuted catal ytic active substance I

inert carrier. In case the-pk®cursor is come gﬂﬁ%bﬁ%?@& BEEN
wet comm nution as described above, it is recommended i y a
supporting method in whi de12Bé1B8pRi rReyMgaSbo26T tmiFeaue2GBoaPerial, or a
slurry thereof formed by addi ng an appropriate anount of a liquid
substance to said comm nuted material, is deposited on an inert

g Tl VPSR o ISt Bien VSR A i Fer & s Gond O
Foect 1 ed; o S AnEll G IS0 EATR) AR 21 S0 g SRR
ocese be usqel o ML Aim | SanCidGRPIMEIAGH (R QPHA IR AG Gl the
oxygen, respectively; the numbers affixed to the
5 respective symbols indicate the ratios of atoms of the
respective elements; and x is the number of the oxygen
atoms necessary for satisfying the valences of the
respective elements.
Four hundreds parts of the thus obtained

10 catalytic active substance precursor was ground to a
size of 24 meshes or less, dispersed in 500 parts of
water and then wet comminuted for 30 minutes by a
homogenizer. Examining the volume-based parﬁicle size
distribution of the comminuted catalytic active

15 substance precursor, it was found that the medium
particle size was 2.1 um. Then 30 parts of glass fibers
having an average diameter of 10 um and a length of 100-
300 um were added to the wet comminuted product to |
prepare a homogeneous slurry (slurry C-1).

20 _ Five hundreds parts of 4.5 mm-diameter
spherical granules of an alumina carrier were introduced
into the rotating drum and the slurry C-1 was sprinkled
over the carrier gradually while simultaneoﬁsly heating
them by a gas burner from the outside of the drum to

25 evaporate away water. The resulting product was
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I n .the.comminuted material nmay be contai ned appropriate additives, for

exanpl e, inorganic salts. such as bariumsulfate, amoniumnitrate,

etc., organic mat erials such as cellul oses, starch, polyvinyl alcohol,
10°stearic acid, etc., hydroxide sols suchléb'5|llca soI al um na sol,
etc., and inorganic- flbers such as whi sker, gl ass flber carbon fiber,
etc., for the peupiested to sesondaryi ﬁ@1§b@é¢ﬂP@ atir F208CafeE, 2pBPETS0l une
and pore dlstrl utlon of t he catal tlve substance layer 15 with
good reproduci bitP; %l cal strength of said

aed, 1 © Supstance ?Z’?eﬁagﬁy%gg'“ S mettfep, S8hpadel o8 Y
nvention 15 2 Setidd il heinuRU steel 30t or? QuBIBANGC sRESRITCT

SUppOI’tEd on an“inert carrie eat treate eve

the active sige g%seous & G Y Hy oFNiBohrEy 1N, QQ|%Cb'faUx9@eh5 995/ | ed

out at at erature which is 100[err] C of nore higher than t
prinmary cal ci nalgfoRat@T &atd @and r7¥e /o0 Ind tirdbgen #age padsed through

450-600[err] C, nore preferably 480-550[err]C.
the catalyst layer for a contact time of 4.5 seconds and
reacted at 350°C. The reaction gave the following
results: the rate of reaction of isobutylene = 96.2%;
10 selectivity of methacrolein = 88.1%; selectivity of

methacrylic acid = 5.3%; the rate of powdering after

packing = 0.2%, as shown in Table 1.

Example 2 (present invention)
The procedure of Example 1 was carried out
. 15 except for use of an attritor in place of the

homogenizer for wet comminution. Examination of the
particle size distribution of the wet comminuted
catalytic active substance precursor showed that this
precursor had a medium particle size of 7.2 um. Then

20 glass fibers were added to said comminuted precursor in
the same was as in Example 1 to form a slurry C-2. By
using this slurry, a supported catalyst was prepared in
the same way as in Example 1, followed by the same
reaction procedure as in Example 1. The results are

25 sghown in Table 1. The catalytic performance of the
obtained supported catalyst was substantially equal to

that of the catalyst obtained in Example 1.



The reaction that occurs in the secondary cal cination step for

devel oping the active site of the catalyst is a solid ph t-oh:
Thi s solid phase | - 10 - Wﬂnm\s BEEN

proceeds in the

particles of catalytic active

insi de of and at the contact® = areas betweeh t he REPLACED

carrier. Thaxanpke 3 f(presenhtirventia@n) bet ween said precusor 5
particles are enlarged by commi nuti t he precusor _as fi_nely, as
possi bl e before supportingh® HﬁP%ﬁA&%ﬁan Eanﬁi%i%ﬂWa%tﬁ9¥$ﬂﬂ Frespt

reaction is pro

d. .
Cpaci - S PLaEHAY  the | mr imany RAAEAPATL G, S STRRI A RS A GRARSe

The secondary cal ci hation.,ti rredlg__ not

(?Or

I h ' ' : ' . d
oL heest one holgaguocts U aeh 4 haesy 608! Weyng HIES IRy 0500

sufficiently if

atl on

conpl etion ofs S EhSEFOREat Yt &Py &L s Prepared in the same way as in

10

15

20

25

Example 1, followed by the same reaction process as in
Example 1. The results are shown in Table 1. The
obtained supported catalet showed the same performance

as the catalyst obtained in Example 1.

Example 4 (present invention);

The procedure of Example 1 ﬁas followed except
thaf the primary calcination was carried out at 360°C to
obtain a slurry C-4. Using this slurry C-4, a supported
catalyst was prepared in the same way as in Example 1,
followed by the same reaction process as conducted in
Exampie l. The results are shown in Table 1. The
obtained carried catalyst showed the same performance as

the catalyst obtained in Example 1.

Example 5 (comparative)

Four hundreds parts of a catalytic active
substance precursor obtained in the same way as Example
1l was dry ground by a drag mill. Examining the volume-
based particle size distribution of the ground
precursor, it was found that the medium particle size

was 30.3 uym. Then 30 parts of glass fibers having an

This Sheet Has Been Reﬂlaced

substance precursor supported on an I1nert



t he. objective supported catal yst of the present 15 invention is obtained.
I n production of nethacrolein or nethacrylic acid through_gas phase

catal ytic oxidation of iso- butyl ene or tertiary butanol yvq'ms tEeCHAS'BEEN
oxygen by. usi ng the supported catal yst b®tai ned accordi ngjt PLK@ D

present invention, the nolar ratio of isobutylene or tert!
to oxygen is praverage diametey of 1@ um and sbangtdn©Lorl0en3AGaym but anol
used as starting material is preferably diluted with an inert gas. The
nol ecul ar oxygeWek®R4dHd 5@ dehe FFreuRd REGANYE ARG dhe Mixjdre MAS air is
preferably used({or the |ndustr|al é%spllcatlons The reaction pressure

may range from GiSBRESRE iR 20QRAREE Q& diafien iR SAFM & hompgenequs on

tenperature is preferab in a e of 300-450[err]C.
The present i nveﬁﬁ‘fw i Js!]f‘lﬁﬁ%e#'a‘?ﬂ ust r at ed

5 Using this slurry C-5, a supported catalyst

was prepared in the same way as in Example 1, followed
by the same reaction process as in Example 1. The
results are shown in Table 1. The obtained supported
catalyst was inferior in performance to the catalyst of
10 Example 1 in many respects such as catalytic activity,
selectivity of the objective product and mechanical

strength.

Example 6 (comparative)
The procedure of Example 1 was followed except
15 the primary calcination was carried out at 450°C to
obtain a slurry C-6. Using this slurry, a supported
catalyst was prepared in accordance with Example 1,
followed by the same reaction process as conducted in
Example 1. The results are shown in Table 1. The
20 perfofmance of the obtained supported catalyst was
inferior in many respects to that of the catalyst

obtained in Example 1.

Example 7 (present invention)
Three thousands parts of ammonium
25 paramolybdate, 85.1 parts of silicon dioxide and 184.8

parts of ammonium paratungstate were added to 6,000

This Sheet Has. Been Re ﬂ
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by:i.the-foll ow ng Exanples. In the Exanples, all "parts"” are by weight.
The particle size distribution was determ ned by a laser diffraction
type particle size 5 distribution neter, and the reaction test analysis
was made by gas chromatography. The raté7of reaction of the

reaction material isobutylene or tertiary butanol and the selectivity
of the produced PRERSCPH| Bakennand heﬂ%?%aﬁ%?hi%thEFHn%r%PcEﬁ¢R%ﬁPa%

fol | ows: [ ctivity of methacrylic fggclfgg =

Ninberof ol es) SPL¥FEOP BeucSAPRERRALY yFFaRAERE Above operat
000 o of Mmoo fhe "Bk o, Bha RERESTS ' FietEECULR SBIGLLEN, 6282 pares
of bismuth nitrate, 1,258.5 parts of ferric nitrate,
5 1,646.7 parts of nickel nitrate, 824.0 parts of cobalt
nitrate, 631.8 parts of zinc nitrate, 123.0 parts of
cerium nitrate, 41.8 parts of rubidium nitréte and 28.6
parts of potassium nitrate were added successively to
5,500 parts of water and heated with stirring to prepare
10 a solution E. The solution E was added to the solution
D to form a slurry and heated with stirring to evaporate
away the most part of water.
The resulting cake was dried at 100°C for 15
hours to obtain a block-like dry product. This dry
15 product was subjected to primary calcination at 270°C
for 3 hours to obtain a catalytic active substance

precursor of the following composition:
Moj2Bij,2Fe2,.2NisCo22n),55i1Ceq, 2Wo, 5sRbg, 2Kg, 20x

wherein Mo, Bi, Fe, Ni, Co, 2Zn, Si, Ce, W, Rb, K and O
represent molybdenum, bismuth, iron, nickel, cobalt,

20 zinc, silicon, cerium, tungsten, rubidium, potassium and
oxygen, respectively; the numbers affixed to the
respective elemental symbols indicate the ratios of
atoms of the respective elementé; and x is the number of
the oxygen atoms necessary for satisfying.the valences

25 of the respective elements.



supported catalyst is defined as foll ows: One thousand grans_of the
supported catalyst is packed in a 2.75 cnferr] and 6 m | onqHIS IHEEFHAS BEj

steel -made cylindrical container set vertically to the ho 'Zontﬁ@PﬂRCFD
dropping the 15 catalyst into the containeit8fromthe top opetirg

t hereof, and then the supported catalyst is recovered fromthe botton1
of the container. O the rEawveruntdreds parts of the thus obtainedpported

catal yst, the portion which can not be passed t hrough a 14-nesh screen

i s represented RASRAYtic aghive gfubgienree r@f?‘f‘!’éﬁm{od&é rsgrqw)ei £q ]g,ar r
oo i S by BETKL s s 2emn, AR HE IR B S a1
of t'tan'un]d'Oxwgtegngné'wepaééﬁml ut gﬁlfbrth minutes by a homo-

5 genizer. Examining the volume-based particle size

distribution of the comminuted cétalystic active
substance precursor, it was found that the medium
particle size was 1.8 um. Then 30 parts of glass fibers
having an average diameter of 10 um and a length of 100-

10 300 pym were added to the obtained wet comminuted product
to prepare a homégeneous slurry (slurry F-1l). |

Four hundreds parts of 4.5 mm~-diameter

spherical alumina carrier granules were introduced into
a rotating drum, and the slurry F-~1 was sprinkled over

15 the carrier gradually while heating it by a gas burner
from the outside of the drum to evaporate away water.
The obtained supported product was subjected to
secondary calcination at 495°C for 2 hours to obtain a
supported catalyst.

20 ‘ Using the thus obtained supported carrier, the
same reaction process as in Example 1 was carried out.
The results are shown in Table 1. The catalyst perform-

ance'was'good as in Example 1.

Example 8 (comparative)
25 The procedure of Example 7 was followed except
that the primary calcination temperature was changed to

470°C to obtain a slurry F-2. Then a supported catalyst

This Sheet Has Been Reﬂ
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dizoxi de were added to 6,000 parts of water and heat ed W th stirring to

prepare a solution A Separately from this operation, 150 ﬁ

60% aqueous solution of 10 nitric acid, 686.9 parts of bismu %g ~L HAS BEEN
1,144.1 parts of ferric nitrate, 411.7 parts of nickel nitrate, PLACED
2,883.9 parts of cobalt nitrate, 363.1 parts of magnesium nitrate and

110. 4 parts of Ceas (preparedeinethe samgdwey agctesBxampletd amd di ssol ved

in 5,500 parts o er to sggre a solution B. The solution B was
o]

f
added to theSBBDﬁ?Fﬁa ot ph & EF%FF§°anHr?ﬁ%ﬁsh%%thﬂ E%QWP e 7.
stirring to evamgéate ana gﬁthe no

resul ti ng cake edfFel 356[%$?Y83f8r8i§¥a f‘hoﬁ?% ?%FEEE@@?F%.of
bl ock-1ike d
cal oi nation ot SoBfeppreined BuppafRel BAFE BE KRR L RERERSE PO LEER tor
t
recur sor had o CaposrTEaL, 25, SxmpEE"D i Frhany) fEePELLY SSSBUETE,
catalytic activity, selectivity of the objective product

and mechanical strength.

Example 9 (present invention)
Three thousands parts of ammonium para-

10 molybdate and 8.7 parts of zirconium dioxide were added
to 6,000 parts of water and heated with stirring to
prepare a solution G. Separately from the above
operation, 150 parts of a 60% aqueous nitric acid
solution, 32.6 parts of an 85% aqueous phosphoric acid

.15 solution, 618.2 parts of bismuth nitrate, 1,430.2 parts
of ferric nitrate, 3,295.8 parts of cobalt nitrate, 81.3
parts of manganese nitrate, 46.9 parts of lead nitrate,
110.4 parts of cesium nitrate and 9.6 parts of sodium
nitrate were added successively to 5,500 parts of water

20 and heated with stirring to prepare a solution H. The
solution H was added to the solution G to form a slurry
and heated with stirring to evaporate away the most part
of water.

The resulting cake was dried at 100°C for 15

25 hours to obtain a block-like dry product. The obtained
dry product was subjected to'primary calcination at
320°C for 3 hours to obtain a catalytic active substance

-
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- 413 -
Nb[err]Bl[err]Fe[err]N|[err]Cb[err]Ng[err]Sb[err] [err]T|[err+7$4#44J344u14____
.[err]Cs[err].[err]O[err] wherein M, Bi, Fe, Ni, Co, WJHISISHEET HABCBEEN
Cs and O represent nol ybdenum bisnuth, 20rnn ni ckel , cobalt, REPLACED :
magnesi um antinony, titanium tellurium ce5|un1and OXYy(germ,
respectively; tRIeCHIRPES. af Th& ceompes heion ¢%s¥i€%t¢bﬁ@§;ﬁﬂ30¢#amlcﬂate t he
rati os of atonms of th reﬁgectlve el enents; and x is the nunber of the
oxygen ator%cwe%%s%%ﬁtéw REFSHIFON 1o SRIRsRLed DY Hee |
respective el ene Four hundred parts of the thus obtaine
10 pcatalytlc acﬁ?@%?%i&%t%ﬁﬁ%yﬁ?9cursor was ground to a size of 24
mesh or | ess, dispersed in 500 parts of wat er and then wet conmm nuted
for 30 ninutes by a honogeni zer.  Exami ni ng the vol une- based particle

b ecursor, i1 was {oung CRaD Ve RCabarg- o e Bibic, B O

Then 30 parts of glass fibers

wherein Mo, Bi, Fe, Co; Mn, Pb, P, Zr, Cs, Na and O
5 represent molybdenum, bismuth, iron, cobalt, manganese,
lead, phosphorus, zircbnium, cecium, sodium and oxygen,
respectively; the figures affixed to the respective
elemental symbols are ratios of atoms of the respective
elements; and x is the number of the oxygen atoms
10 necessary for satisfying the valenées of the respective
| elements. | |
Four hundreds parts of the obtained catalytic
active substance precursor was ground to a size of 24
meshes or less, dispersed in 500 parts of-water and then
15 wet comminuted for 30 minutes using a homogenizer.
Examining the volume-based particle size distribution of
the catalytic active substance precursor particles
produced by wet comminution, it was found that the
medium particle size was 0.9 um. Then 30 parts of glass
20 fibers having'an average diameter of 10 um and a length
of 100-300 um were added to the obtained wet comminuted
product to prepare a homogeneous slurry (slurry I-1).
Into a rotating drum were 285.7 parts of 4.5
mm-diameter spherical alumina carrier granules

25 introduced and the slurry I-l was sprinkled over the

This Sheet Has Been R, fi
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havi ng.an average diameter of 10 [err]mand a | ength of 100- 300

[err]mwere added to the wet comm nuted product to pr epar —
honogeneous slurry (slurry CG1). 20 Fi ve hundred pa.r”f“sS E%EEZIT HAS BEEN
mm-di anet er spherical granul es of an—aRdnrna carrier werelintr HLAGED

into the rotating drumand the slurry G 1 was sprinkl ed. over the T

carrier gradual lganhier graduadbrowsiyehsimuihtaneousiyndnedying ghs byiraer
fromthe outside of the drumto 25 evaporate away water. The resulting

product was gas burner from the outside of théjdrum to evaperaeR to
secondary cal cination a% 510[e5r]C foi 2 hours o0 obtain a supported
cat al yst. away watgh. tfpe pBFULheBYsBPBBPT ERd RIQFYCSE YR8 packed

of ©sobut yl ene, 15655PER%, bEnsdaBatRY Beihibat ln g SAFGSERRi Y HoFegen

was passed thgough obtaiﬂeacéﬁﬁb¥§Eeha¥§£ai9£t? contact tine of 4.5 seconds
and

Using the thus obtained supported catalyst,
the same reaction process as conducted in Example 1 was
carried out. The results are shown in Table 1., The

catalyst showed good performance as in Example 1.

10 Example 10 (comparative)

The procedure of Example 9 was followed except
that the primary calcination temperature was changed to
520°C to obtain a slurry I-2. Using this slurry I-2, a
supported catalyst was prepared in the same way as in

15 Example 9 and subjected to the same reaction process és
in Example 9. The results are shown in Table 1. The
obtained supported catalyst was inferior in performance
to that of Example 9 in many respects such as catalytic
activity, selectivity of the objective product and

20 mechanical strength.

Example 11 (present invention)

Three thousands parts of ammonium para-
molybdate, 38.1 parts of tin oxide and 13.3 parts of
germanium dioxide were added to 6,000 parts of water and

25 heated with stirring to prepare a solution J. Separate-

ly from the above operation, 150 parts of a 60% aqueous

This Sheet Has Been Replaced




reacted at 350[err]C. The reaction gave the foll ow ng results: the rate
of reaction of isobutylene = 96.2% 10 selectivity of nethacrolein =

88. 1% selectivity of met hacrylic acid = 5.3% the rate of powdering

af t'er packing.= 0.2% as shown in Tabte2?. - Exanpl e 2 (present

i nvention) L . The procedure of Exanple 1 was carried out 15
except for use Aliriqtaeidfolutipncedof Pakts of wiemeid, frd \parts
commi nution. Exanination of the particle_size distribution of the wet

comi nut ed 2k FIRFRNBEITCGR SULEVEIR cAPidc f8Brd PRNEH AhARismith
her e added to SaFSCERHR bt 20k PREGR <0F F8ETC R fRAtanol b5 L FaF 88 o e
Lo form & o yobe? pBiare, £549 SRl UE o B AURPRI LA COL g v
(esclon PrOSFOUEes b8 PRk dacd SR ST bLA AT S BRshi 4k o e ©
substantially eoyed 1P0.4 parts of cesium nitrate were added succes-
sively to 5,500 parts of water and heated with stirring
to prepare a solution K. The solution K was added to
the solution J to form a slurry and heated with stirring
10 to evaporate away the most part of water. |
The resulting cake was dried at 100°C for 15
hours to obtain a block-like dry product. The obtained
dry product was subjected to primary calcination at
300°C for 3 hours to obtain a catalytic active substance
15 precursor. The thus obtained catalytic active subétance
precursor had a composition represented by the following

formula:

Moj12BijFe2,1Ni3Co3Zn;15np,2Bo,150.01Ge0.09T10.1Cs0.40x

wherein Mo, Bi, Fe, Ni, Co, Zn, Sn, B, S, Ge, Tl, Cs and
O represent molybdenum, bismuth, iron, nickel, cobalt,

20 zinc, tin, bofon, sulfur, germanium, thallium, cesium
and oxygen, respectively; the figures affixed to the
respective elemental symbols are ratios of atoms of the
respective elements; and x is the number of the oxygen
atoms necessary for satisfying the valences of the

25 respective elements.



that- of the catal yst obtained in Exanple 1.

- 15 - Exanpl e 3 (present invention) The pr qeegte—ok

Exanple 1 was foll owed except that the primry caIC|nat|or.mﬂﬁﬁ%EETG#E;BEEN
was changed to 230[err]C to obtain a s1 &>y C 3. Using thijs sl uREBLACED J
5 supported catal yst was prepared i_n the sane way as in e T

fol l owed by the sane react?Bﬁ rHhyResedgspaRts °fEiﬁﬁp?ﬁtilnqﬂecggéﬁYFécare

h Tabl e 1, d ted cat al howed,t h
borformnce. - BEHiRe sgpg?egpﬁﬁmé‘éﬁ%%rﬁwg%iﬁpés% €0"30S g npFod
(present inventi

except t hat @ﬁéhﬁfiﬁ§r§eégv ﬁ§5%5% %ag §§P|88E§ﬁ gtw§§§?2?5§EL8§ﬁd
obtain a slurry Ged cumnegumasggggpgmgpﬁteg BYPRRLHSYa nomSgLRLYEEL, WS

prepared in the same Wway as
5 Examining the volume-based particle size distribution of

the catalytic active substance precursor particles after
comminution, it was found that the medium particle size
was 1.2 um. Then 30 parts of glass fibers having an
average diameter of 10 uym and a length of 100-300 um

16 were added to the obtained wet communition production to
form a homogeneous slurry (slurry L-1).

Four hundreds parts of 4.5 mm-diameter
spherical granules of an alumina carrier were introduced
into a rotating drum and the slurry L-1 was sprinkled

15 over the carrier while simultaneously heating it by a
gas burner from the outside of the drum to evaporate
away water. The resulting supported product was
subjected to secondary calcination at 500°C for 2 hours
to obtain a supported carrier.

20 | Usihg the thus obtained supported catalyst,
the same reaction process as conducted in Example 1
except for use of tertiary butanol as reaction material

was carried out. The results are shown in Table 2.

Example 12 (present invention)
25 The procedure of Example 1l was followed
except that no glass fiber was used, to obtain a slurry

L-2. This slurry was treated in the same way as in

Thlis IS Ili iet ‘ilii Ir".linl RTi




15, fol } owed by the sane reaction process as conducted in

Exanpl e 1. The

results are shown in Table 1. The obt ai ned carried catal SFHI8 ¢Iy$§BEEN
sare performance as the catal yst obtained in Exanple 1. LA
(conmparative) 20 Four hundred parés of a catalyt| acti

subst ance precursor obtained in the same way as 1 was dr

ground by a drag ﬁFWPleE}énPﬁFﬁgttﬁBa§oFHﬁegarrleBa¥éﬁ B%?@leea§|§@°unt

di stri bution of
particle size

2o alboEaS ke, 1B BEORERE ' hupEer bR Fateysh L ESTEOPRY an

o0 groutyera8s ShaTBhRL 28dcRibRNALRcaLs100- 380aLELLh ™y milhPe el

to the ground pro

erse

water to forma E‘HEDQSEEQ% are §PB€:BV1§15‘IHB'.‘L¥ & 5)Reg§rdmg the US' ng

this slurry G5,
5

10

15

20

25

a supported cata
performance of the obtained supported catalyst, it was

slightly inferior to the catalyst obtained in Example 11
in mechanical strength but equal thereto in catalytic

activity and selectivity of the objective product.

Example 13 (comparative)

Four hundreds parts of a catalytic active
substance precursor obtained in the same way as in
Example 11 was dry ground ﬁsing an attritor. Examining
the volume-based particle size distribution of the
catalytic active substance precursor particles formed by
grinding, it was found that the medium particle size was
16.9 um. Thirty parts of glass fibers having an average
diameter of 10 ym and a length of 100-300 um were added
to the dry ground product and the mixture was dispersed
in 500 parts of water to form a homogeneous slurry
(slurry L-3).

Using this slurry, a supported catalyst was
prepared in the same way as in Example 11 and subjected
to the same reaction process as in Example 1ll. The
results are shown in Table 2. The performance of the
obtained supported catalyst was inferior to that of the

catalyst obtained in Example 11 in many respects such as

This Sheet Has Been Reﬁaced




was- prepared in the sane way as in Exanple 1, followed by the sane

reaction process as in Exanple 1. The results are shown in Table 1. The
obt ai ned support ed catal yst was inferior in performance to the catal yst
of © 10 Exanple 1 in many respects such asc&bdafytic activity,

selectivity of the objectlve product and nmechani cal strength.

Exanpl e 6 (conpaf@Fpy¥fic activity, Se?ﬁétﬁVéEEdBfetBP ER&ﬁﬁFéVE pEeduct

fol |l oned except g the rlnaﬁy gaIC|n ion was carried out at 450[err]Cto
obtain a slurry &% PRGLEALS SEFEPBYN -2 support ed catal yst was
prepared in accordance w th Exanmple 1, foll owed by the sane reaction
process as conducted in Exanple 1. The results are shown in Table 1.
The 20 perfornmapg orted catal yst was inferior in
_many respects to t ggggﬁgthe ?g?g géﬁggg obtained in Exanple 1.

Eﬁﬁgﬁlﬁn1 (present inventi ABkording to the pFBEESstBEUERABUpPEEESL Oinven-
5 tion, it is possible to produce a supported catalyst for
the synthesis of methacrolein and methacrylic acid,
which is excellent in catalytic activity, selectivity of
the objective product and mechanical strength, with ease

and good reproducibility.



25. par anol ybdat e, 85.1 parts of silicon di oxide and 184.8
anmoni um par at ungstate were added to 6,000

parts of

- A7 - parts of water and heated with stirring to prepare a
sol'ution D. Separately fromthe above opera®6or, 150 parts of a 60%
aqueous nitric acid solytion, 824.2 pprts' of bismuth nitrate, 1,258.5
parts of ferric ptgate 5 6367 partjof—recketr—nittrate—82410—pa t s
of cobalt nj.Erate, |631.B pafts of zimfc niftrate, 123.0 parts ¢f
ceriumnitrate, . parfts of rubidiumnifratg and|28. 4 partgq of
pot assi um ni trat mv%r“e gdded} sucgessijely]|to b, 500 parfs of water| and
heated with stirfo@u-e|preppre |10 Ja sofjutign E.| The solption K was|
added to the sol pfirod 2 Oto flormja sl@rry jJand heatgd wifh stinring| to
evapor at e y P |nost| parf of pwatef. The result ng
cake was dried 3ﬂwcgfor 1b hours §o oltainjfa bllock-|ike diy o
product. This dry30“6>. cleoeleoeleolel|loalg]ls o o | ©
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15. product was subjected to primary calcination at 270[err]C for 3
hours to obtain a catalytic active substance precursor of the
foll owi ng conposition:
Mo['err]Bi[err].[err] Fe[er

rl.[err]Ni[err]Cof & }-Zn[err].[err]Si[err]Ce[err].
[err]Werr].[err]Rbo[err].[err

]Klerr].[err]Of[err] wherein Mo, Bi, Fe,
Ni, Co, Zn, Si, Ce, W Rb, Kand O represent nol ybdenum bi smut h,
iron, nickel, cobalt, 20 zinc, silicon, cerium tungsten, rubidium
pot assi um and oxygen, respectively; the nunbers affixed to the
respective elenental synbols indicate the ratios of atons of the
respective elenents; and x is the nunber of t he oxygen atons necessary
for satisfying the valences 25 of the respective el enents.
- 18 - Four hundred parts of the thus obtained catal ytic

active substance precursor was ground to a
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si‘ze.of 24 neshes
comm nuted for 30
particle size

subst ance precursor,

or |ess,
m nutes by a hono-

di spersed in 500 parts of
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wat er and wet

Exam ni ng the vol une- based

di stribution of the comm nuted catal ystic active
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ange~was good as in Exanple 1. Exanpl e 8 (conparative) 25

The procedure of Exanple 7 was foll owed except that the primry

cal cination tenperature was changed to 470[err]C to obtai hyg

F-Z. Then a supported catal yst - 29 - ISSH %ZHAS BEEN
was prepared in the sane way as in Exanple 7 and subjectei iR
reaction process as in Exanple 7. - TheCilddMSt s are shown in Table 1. The
per f or mance of t he obtained supported catalyst was inferior to_that of

5 the catal yst &f Exanpl eA7PrAcRERyfPEsPEAYCENighaagupPPorted argtatyst
activity, selectivity of the objective product |, and nmechani cal strength.
Exanpl e 9 (preseﬁPri¥98n5V85?951s of methacrejeip PHGU@ﬁﬁHaEEY%éco?C18

anmoni um para- . . s : -
P in which a catalytic active substance comprising a

5 composite oxide containing molybdenum and bismuth as
essential components is supported on the inside surface
and/or the outside surface of an inert carrier, which
comprises drying a mixed solution or an aqueous slurry
containing the compounds of the elements constituting

10 said catalytic active substance, subjecting the dry
product to a primary calcination at a'temperature in a
range of 200-400°C to form a catalytic-active substance
precursor, comminuting the obtained catalytic active
substance precursor to such an extent that medium

15 particle size in volume-based particle size distribution
becomes 10 um or less, supporting the resulting comminu-
tion product on an inert carrier, and subjecting it to a
secondary calcination at a temperature which is 100°C or
more higher than the primary calcination temperature.

20 2, The process according to Claim 1, wherein said
catalytic active substance precursor ié wet comminuted
in a state of being dispersed in or wetted with a liquid
substance when said catalytic active substance precursor
is comminuted.

25 3. The process according to Claim 1 or 2, wherein
glass fiber is used as support reinforcement when said

comminution product is supported on an inert carrier.

“‘”ﬁ*"iﬁt"imﬁmm"r“ QUL —



10..-nolybdate and 8.7 parts of zirconi um di oxi de were added to 6,000
parts of water and heated with stirring to prepare a solution G
Separately fromthe above operation, 150 parts of a 60% aqueous nitric
aci'd solution, 32.6 parts of an 85@6aqué@us phosphoric acid 15
solution, 618.2 parts of bismuth nitrate, 1,430.2 parts of ferric
nitrate, 3,295 84parts of BBBaPFORPEFagecopding to Ghaim bi AePfadese
nitrate, 46.9 parEs of lead_nitr rts of cesiumnitrate and

9.6 parts of sodFifiFein ﬁPPﬁaFétﬁéYEISdaﬁﬂ1¥Gc§§g§F§EF? FOMBIEBBS pArt s of
t 20 d heated h ti
o " 23 3 egtEiAAD ST PRk oRERLfasAE 5 B Bt

with stirring to evaporate away the nost part of water.
The resulting cake was dried at 100[err]C for 15 25 hours to obtain a

bl ock-11i ke dry product. The obtaine : r I was subjected to
ook, ke dry b Goupap e PBh 15 -

primary cal ci nation at 320[ err btain a catalytic
active substance

_ wherein Mo, Bi, Fe and O represent molybdenum,.bismuth,
5 iron and oxygen, respectively; A represents nickel
and/or cobalt; X represents at least bne element
selected from the group consisting of magnesium, zinc,
manganese, tin and lead; Y represents at least one
-element selected from the group consisting of
10 phosphorus, borbn, sulfur, tellurium, silicon,
germanium, cerium, niobium, titanium, zirconium,
tungsten and antimony; Z represents at least one eiement
selected from the group consisting of potassium, sodium,
rubidium, cesium and thallium; and a, b, ¢, d, e, £, g
15 and h represent the ratios of atoms of the respective
elements, wherein when a = 12, 0.1 = b = 5, 0.1 = ¢ =
5,1 =d=12,0=e = 10,0 = £ = 10, and 0.0l = g
= 3, and h is the number of the oxygen atoms necessary

for satisfying the valences of the respective elements.

A
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- 20+ precurso . The conposition of the obtained catalytic

~active substance precursor is represented Byt he follow ng formula:
Moferr]Bi[err].[err]Fe[err].[err]Co[err]M[err].[err]Pb[err].[err]P[err].[e
rr]Zrferr].[err]CS[err].[err]Na[err]. [errrCFérr] wherein M, Bi, Fe,
Co, Mn, Pb, P, Zr, Cs, Na and O 5 represent nol ybdenum bi smuth, iron,
cobal t, manganese, Iead phosphor us ABSTRASRi um cesi um sodi um and

oxygen, respectively; the fi s affixed, to the res ective
el emental synbols are ratid ?cﬁg n€°5fpfﬂéu?b§?)e%t?%@° éeq’%m%t and

ot AR e AR e AABSESELE A5 AP i
ze of a0 EAfALbhla, catalitiuCalkEoL RARRELAEY SO S S0  hen ©
15 wet CO”“19Ut66m§Q§1§Q 8k D8k C8oHEA N1 fig "REPYEALAGH and bismuth as
essential components is supported on the inside surface
and/or the outside surface of an inert carrier, which
comprises the steps of drying a mixed solution or an
équeous slurry containing the compounds of the elements
10 constituting the catalytic active substance, subjecting
the dried product to a primary calcination at a temper-
ature in a range of 200-400°C to form a catalytic active
substance precursor, comminuting the obtained catalytic
active substance precursor to such an extent that the
15 medium particle size in the volume-based particle size
distribution becomes 10 um or less, supporting the
comminution product on an inert carrier, and subjecting
it to a secondary calcination at a temperature which is
100°C or more higher than the primary calcination

20 temperature.




Exani ni ng t he voIune-?%gﬁdﬂaﬁﬁgﬂgﬁgﬂEEE di stribution of the catal ytic

active substance precgr produced by wet comm nution, it
was found that the : size was 0.9 [err]m Then 30 parts
of glass 20 fibers k i anej er of 10 [ err]|Substitute sheegt h
of 100-300 [err]m wer¢ « i ned~%eT comi nut ed 10 JuRé 988 to
prepare a honngeneogz.slurr 0 a rotating

e s I .nt '
drum 285. 7 partsZt&f dnntde £ Aids trclh? T3 anul es
were 25 introdu | yrry -1 was ' £ '

ML 2 Mo Srta bt M ear RSB RR Y 4. gas
burner fromthe | téﬁéagygg t iepg N
resul ting suppor%gg’g&%g‘ﬁ:tﬁgv%ﬁw sulbjj“ect edétf;n sae%on arﬁlvwgga clferlg’t i on at

520[err] C for 2 heretord 0 iF0UMN HIURRON{ Féh S Al Wedn said precusor
Usi ng the thus obtai ned supported catal yst,

5 particles are enlarged by comminuting the precusor as

finely as possible before supporting it on an inert
carfier, the solid phase reaction is promoted.

The secondary calcination time is not speci-
fied, but it is recommended to continue this treatment

10 .for at least one hour since the solid phase reaction
does not proceed sufficiently if the calcination time is
too short. |

On completion of said secondary calcination,
the objective supported catalyst of the present

15 invention is obtained.

In production of methacrolein or methacrylic
acid through gas phase catalytic oxidation of iso-
butylene or tertiary butanol with molecular oxygen by
using the supported catalyst obtained according to the

20 present invention, Ehe molar ratio of.isobutylene or
tertiary butanol to oxygen is preferably 1 : 0.5 ~ 1 : 3.
Isobutylene or tertiary butanol used as starting
material is preferably diluted with an inert gas. The
molecular oxygen used for oxidation may be pure oxygen

25 gas, but air is preferably used for the industrial
applications. The reaction pressure may range from

atmospheres

normal pressure to several atem. The reaction

temperature is preférably in a range of 300-450°C.



the same reaction procEE ' %R Exanpl e 1 was carried out.
THe results are shown i able 1 T cat al yst showed good performance
as in Exanple 1. npﬂe1ﬂUN(@8&pdrative) ~ The procedure
of- Exanple 9 was follo ed_except t hat tgg prinmary cal ci Babkfitute sheet
tenperature was changed 520[err]C btain a slurry bngJqu Tgpg hi s
slurry 1-2 ) :

ammHBQamia%J f b g S anp!

The results aret‘-’:{%ﬁ”aTP@lrﬁeéh Joe opLptasdncugPeyteg, catal yst was
inferior in performance to that % nE&%np%g g |% nany§regpects such as
catal ytic activity, selectivity of the objective pro?u&éoandxzo
mechani cal strengidte of owd@gﬁﬁ& g ég%#g nt i an) 100
Three thousand parts of éﬁnnnlun1para- b %x[?ﬁ 38.1 ba008 of t|n

oxi de and 13.3 parts of ger mani um di oxi de were added to 6,000 parts of
water and 25 heated with stirring to prepare a solution J. Separate-

Example 1l (present invention)
thousang
Three &housands parts of ammonium
5 paramolybdate, 185.5 parts of antimony trioxide, 11.3
parts of titanium dioxide and 4.5 parts of tellurium
dioxide were added to 6,000 parts of water and heated
- with stirring to prepare a solution A. Separately from
‘this operation, 150 parts of a 60% aqueous solution of
10 nitric acid, 686.9 pafts of bismuth nitrate, 1,144.1
parts of ferric nitrate, 411.7 parts of nickel nitrate,
2,883.9 parts of cobalt nitrate, 363.1 parts of
magnesium nitrate and 110.4 parts of cesium nitrate were
added successively to énd dissolved in 5,500 parts of:
15 water to prepare a solution B. The solution B was added
to the solution A to form a slurry and then heated with
stirring to evaporate away the most part of water.
The resulting cake was dried at 100°C for 15
hours to obtain a block-like dry product. This dry
20 product was subjected to primary calcination at 300°C
for 3 hours to obtain a catalytic active substance
precursor. The thus obtained catalytic active substance

precursor had a composition represented by the followiné -

composition:

8RO REGh cindh dén ROE HEY8Reed o -



LA 0 ot CHRRT
ly.fremthe above operati 150“parfs-3f a 60% aqueous

- 22 - ni-tric acid $ |o q phrts of boric acid, 1.4 parts
1488 ﬁgb t

of concentrated sul furi q of bismuth nitrate, 1,201
parts of ferric nitrate, ??R Q parts bf}_ ni ckel nitraggbsfititésHeet
parts of cobalt nitrate, 421.2 5 parts o Ahe mtrat 37. MOoIune PHOS
thalliumnitrate ar ded succes-
sively to 5 500 parts of Wat&r inc 1as ég wgt’ °r?‘ ‘bow% 86] Of prepare a
solution K. The solution K was added to the solution J to forma
slurry and heated with stirring 10 to evaporate away the nost part -of

wat er . whereihhfol, egllt Fag fakecwasmdr,i g, awlloQEertkCahar015
hours to obtain a bl ock-11ike dry product he obt ai ned dry product was
subj ected to pripepyesenti naliybdeaum, blsﬁﬂQbﬁrﬁanﬂOblakaUf&obﬁlthaln a
catal ytic active substance 15 precursor. The thus obtained catal ytic
active substancemagnesium, antimony, titanium, tellurium, cesium and

oxygen, respectively; the numbers affixed to the

5 respective symbols indicate the ratios of atoms of the
respective elements; and x is the number of the oxygen
atoms necessary for satisfying the valences of the

! respective elements.
Four %“ér;iés- parts of the thus obtained

10 catalytic actlve substance precursor was ground to a
size of 24 égiﬁes or less, dispersed in 500 parts of
water and then wet comminuted for 30 minutes by a
homogenizer. Examinihg the volume-based particle size
distribution of the comminuted catalytic active

15 substance precursor, it was found that the medium
particle size was 2.1 um. Then 30 parts of glass fibers
having an avérage diameter of 10 um and a length of 100~
300 um were added to the wet comminuted product to
prepare a homogeneous slurry (slurry C-1l).

hundred

20 Five hundreds. parts of 4.5 mm-diameter
spherical granules of an alumina carrier were introduced
into the rotating drum and the slurry C-1 was sprinkled
over the carrier gradually while simultaneously heating

them by a gas burner from the outside of the drum to

25 evaporate away water. The resulting product was



precursqor had a conposr ¢4 Tadibe éc by the foll ow ng f or mul a:
Mi[err]Bi[err]Fe[err]i[lerr]Ni[err] Co[iedr]Zn[err]Sn[err].[err]B[err].[err] 9
err].[err]CGe[err].[er ]T1He1dLNr§98] lerr].[err]derr] wher ei n M,
Bi, Fe, Ni, Co, Zn, 1B, S G, Tl Cs ahdg . O represesnbgﬂhnbdﬁmmm
bi smuth, iron, nickelj cobalt, 20 zinc, t|n boron, sulfur, peUIRe 1998
thallium cesiunggam Iy the figures affixed to the
respective el ement al synbols are rati os o% atonB of the respective

el enents; and x is the numpge piobaaueéysenzxamplatQnﬁaaeﬁeiiaﬁﬁdfe&cept

—

satlsfylng t he val ences of the 25 respective elenents _
- 23 - that Eberphindrgdsapeinatibnt hempetrained eakakhanged to
active substance precursor was ground to a size of 24 meshes or | ess,

di spersed in 5002p@PE€stof ohkrén andlumey C-3.weUséognithdseslugry30ani nutes

by USing a hogngggpég;ted catalyst was prepared in the same way as in
Example 1, followed by the same reaction process as in
Example l. The results are shown in Table 1. The
obtained supported catalyst showed the same performance

as the catalyst obtained in Example 1.

10 Example 4 (present invention)

The procedure of Example 1 was followed except
that the primary calcination was carried out at 360°C to
obtain a slurry C-4. Using this slurry C-4, a supported
catalyst was prepared in the same way as in Example 1,

15 followed by the same reaction process as conducted in
Example 1. The results are shown in Table 1. The
obtained carried catalyst showed the same performance as

the catalyst obtained in Example 1.

Example 5 (comparative)

20 Four-ﬁ%%gggée parts of a catalytic active
substance precursor obtained in the same way as Example
1 was dry ground by a drag mill. Examining the volume-
based particle size distribution of the ground
precursor, it was found that the medium particle size

25 was 30.3 um. Then 30 parts of glass fibers having an



5 Exam ning the volﬁﬁgvhégﬁﬁﬁﬁﬁﬁéﬂgﬂg size distribution of t he

catal ytic active subst[@ice precurso articles after comm nution, it
was found that the 'UW‘PQUN“@bﬁ qi 4e was 1.2 [err]m Then 30 parts
of " glass fibers havijng an aver 4g¢ di amgler of 10 [err] Substitutel shwsth
of 100-300 [err]m 1 't le obtained wet communit{@nypeCfggsi on

to forma : M {1 hnd) a length of 100- -5y’ Hundreds
parts of 4.5 mmdia spheri cal granules of “an al um na carr|er wer e

I ntroduced wete addeaatbnﬁhdrgfrbaﬂd pbedatur aidltlevaExeRELNEhgd 15
over the carrier while sinultaneously heating it by a gas burner from
the outside of tdispensedoinvepOrpacts of waG¥rwWebeformhg hémogbhBBus
supported product was subj ected to secondary cal cination at 500[err]C
for 2 hours slwroppt bshunrguPpbited carrier. 20 - Usi ng t he

t hus obtained supported catal yst, the sane reaction process as
conducted in Exanple 1 UsiRgebhis oplurny of-Serd | supportedotabalyshct i on

mat eri al was carri ed ogt The results are shown in Table 2
was prepared in the same way as in Example 1, followed

by ﬁhe same reaction process as in Example 1. The
results are shown in Table 1. The obtained supported
catalyst was inferior in performance to the catalyst of
{ 10 Example 1 in many respects such as catalytic activity,
selectivity of the objectiﬁe product and mechanical

strength.

Example 6 (comparative)
The procedufe of Example 1 was followed except
15 the primary calcination was carried out at 450°C to
 obtain a slurry C-6. Using this slurry, a supported
catalyst was prepared in accordance with Example 1,
followed by the same reaction process as conducted in
Example 1. The results are shown in Table 1. The
20 performance of the obtained supported catalyst was
inferior in many respects to that of the catalyst

obtained in Example 1.

Example 7 (present invention)
thousand
Three thousands- parts of ammonium
25 paramolybdate, 85.1 parts of silicon dioxide and 184.8

parts of ammonium paratungstate were added to 6,000



Exanple 12 (present in 5@? B ilSﬁEET The procedure of Exanple 11
was followed - = except fthat no gl ass {fijber was used, to obtain a slurry
L-2. This slurry was triegted 1dUNH898arfe {way as in _

- 24 - Exanpl e 11 exclept that the da rlip was used i n agubstitute sheetof
800 parts, to prepare a support-_ al yq4t, 4l owed by t@ Jemee1998
reaction process as cong ' n_;-r:: sult are ahomn in

Table 2. Regarding the 5 | it 'p?HESOBFaFﬁsdEEHBp8 Ea4nedt al yst,
it was sllgéakxlxegeraeeibg EEBsE?BQFyBEeQBFQBQeQaEnggéﬁgﬁbgolﬁ

I n mechani cal strengt ut equa ere cata 'ty and
sel ectivity of tgezabpecbiyvaeBhagUst: less, deﬁa%BEa 13 6e0npardki yg) 10
Four hundreds parts of a catalytic active substance precursor obtai ned

in the same way @atep and wet comminuted for 30 minutes by a homo-

5 genizer. Examining the volume-based particle size
distribution of the comminuted catalystic active
substance precursor, it was found that the medium
particle size was 1.8 um. Then 30 parts of glass fibers
having an average diameter of 10 um and a length of 100-

b 10 300 um were added to the obtained wet comminuted product
to prepare a homogeneous slurry (slurry F-1).

hundred
Four hundseds- parts of 4.5 mm-diameter
spherical aluﬁina carrier granules were introduced into
a rotating drum, and the slurry F-1 was sprinkled over
15 the carrier gradually'while heating it by a gas burner

from the outside of the drum to evaporate away water.
The obtained supported product was subjected to |
secondary calcination at 495°C for 2 hours to obtain a
supported catalyst.

20 | Using the thus obtained supported carrier, the
same reaction process as in Example 1 was carried out.
The results are shown in Table 1. The catalyst perform-

ance was good as in Example 1.

Example 8 (comparative)
25. The procedure of Example 7 was followed except
that the primary calcination'temperature was changed to

470°C to obtain a slurry F-2. Then a supported catalyst



REVLACE sy SHERTI

Exanpl e 11 was dry gr GLGLG:;HQJAﬁ AT tor. Exani ni ng t he

vol une- based particlejsiize ggﬁjributian of the catal ytic active

subst ance precursor par i cf h ARy byl 15 grinding, it was found that the
medi um particle size 16.9 [errjm. i cty parts of Substitute sheet

errlmand a | ength of 100uR®A998 r] m
vere added w&s L peepaye 6t wapdakhennexhrpeeWasadgsper sed

in 500 parts of water to form a honogeneous slurry 20 (slurry L-3).

Using this slurrgubfeste@otbethéasah¥stention prpeepsrad in Ekampaegevay
as in Exanple 11 and subjected to the sanme reaction process as in
Exanpl e 11. The The ressltssaaeeshbonninnTabhbeel2. The performance of the
25 obt ai ned supported catal yst was inferior to that of the cat al yst
obt ai ned in Exanphe obtainednguppopbedscatahyst was inferior to that of

- 25 - catalgtic activity, selectivity of the objective product
5 he catalyst’  of Example 7 in many respects such as

havi ng an aver age di aneter of 10 |

o

catalytic activity, selectivity of the objective product

and mechanical strength.

Example 9 (present invention)
thousand '
Three -thousands- parts of ammonium para-

10 molybdate and 8.7 parts of zirconium dioxide were added
to 6,000 parts of water and heated with stirring to
prepare a solution G. Separately from the above
operation, 150 parts of a 60% aqueous nitric acid
solution, 32.6 parts of an 85% aqueous phosphoric acid

15 solution, 618.2 parts of bismuth nitrate, 1,430.2 parts
of ferric nitrate, 3,295.8 parts-of cobalt nitrate, 81.3
parts of manganese nitrate, 46.9 parts of lead nitrate,
110.4 parts of cesium nitrate and 9.6 parts of sodium
nitrate were added successively to 5,500 parts of water

20 and heated with stirring'to prepare a solution.H. The
solution H was added to the solution G to form a slurry
and heated with stirring to evaporate away the most part
qf water.

The resulting cake was dried at 100°C for 15

25 hours to obtain a block-like dry product. The obtained

dry product was subjected to primary calcination at

320°C for 3 hours to obtain a catalytic active substance



and. nechani cal strength. REPLACEM%Eﬂ%S}. rI‘Aloplicability

According to the processjof the present |[irfjven- 5 tion, it is possible to
produce a supported catal ypt ¥ dJUN 1998hg dynt hesi s of methacrol ein and
met hacrylic acid,- which is excellent] in,gatal ytic activBupstitekeestieetity

of the objective profuct and mechanicgl "strength, with eab® June P998
good reproduci bi pté¥ursor+—rhe—composttion of the obtainéf czatalytic

active substance precursor is represented by the

following formula:

Mo12Big, 9Fe2,5C0ogMng, 2Pbg,1Pg.22r0.05CS0.4Nag. 080x

wherein Mo, Bi, Fe,.Co, Mn, Pb, P, Z2r, Cs, Na and O

5 represent molybdenum, bismuth, %ron, cobalt, manganese,

cesium

lead, phosphorus, zirconium, eeeium, sodium and oxygen,
reséectively; the figures affixed to the respective
elemental symbbls are ratios of atoms of the respective
elements; and x is the number of the oxygen atoms

10 necessary for satisfying the valences of the respective
elements.

undred
Four hundreds parts of the obtained catalytic

active substance precursor-gggsground to a size of 24
meshes or less, dispersed in 500 parts of water and then
15 wet comminuted for 30 minutes using a homogenizer.
Examining the volume-based particle size distribution of
the catalytic active substance precursor particles
produced by wet comminution, it was found that the
medium particle size was 0.9 um. Then 30 parts of glass
20 fibers having an average diameter of 10 um and a length
of 100-300 um were added to the obtained wet comminuted
product to prepare a homogeneous slurry (slurry I-1).
Into a rotating drum were-285.7 parts of 4.5

mm-diameter spherical alumina carrier granules were,

25 introduced and the slurry I-1 was sprinkled over the



[err]. (REPLACEMENT SHEET a7 Cert]
- 28 -1 [err]

11 JUN 1998 _
- 21 - Substitute sheet

— 10 June 1998
carriL;_g:aduaL;y_wh%%J simultaneously heating it by a

gas burner from the outsiae of the drum to evaporate

away water. The resulting supported product was
subjected to secondary calcination at 520°C for 2 hours
5 to obtain a supported catalyst. |
Using the thus obtained supported catalyst,
the same reaction process as conducted in Example 1 was
carried out. The results are shown in Table 1. The

catalyst showed good performance as in Example 1.

10 Exémple 10 (comparative)

The procedure of Example 9 was followed except
that the primary calcination temperature was changed to
520°C to obtain a slurry I-2. Using this slurry I-2, a
supported catalyst was prepared in the same way as in

15 Example 9 and subjected to the same reaction process as
in Example 9. The results are shown in Table 1. The
obtained supported catalyst was inferior in performance
to that of Example 9 in many respects such as catalytic

activity, selectivity of the objective product and

20 mechanical strength.

Example 1l (present invention)

Three %h;ﬁzaaée parts of ammonium para-
molybdate, 38.1 parts of tin oxide and 13.3 parts of
germanium dioxide were added to 6,000 parts of water and

25 heated with stirring to prepare a solution J. Separate-

ly from the above operation, 150 parts of a 60% agueous



- 29 - REPLACEMENTASREET | A process for
producing a supported |cdqtalyst for th ynthesis of nethacrolein and

met hacrylic acid in wjigh q1qﬁglﬁ%@(:eitlye substance conprising a

conposi te oxide contairfi g nol ybdenum gang bi th as essenigylstie@eEPsHERt S
i's supported on the ingi de—surface—amd/ pr t out si de surfac¢ of rﬁp1gggrt

carrier, which conpriges SQly L% B e A uneeo %_ﬁ AR
cont ai ni ng the conpounds of the elenents cons iFut ng sal 4 L!ll

active substance ackuie Gtk dioedIULICyd® gfoid 1B ) g op ot a

tenperature in a range of 200- 400Cto forma catalytic actlve su ance
precursor, comMim@ghey drha ey Aidiefherdiad Vir %ﬁﬁtﬁé&%sﬂ&ﬁt@é\?& dHE LHSPT

to such an extend that nedian particle size distribution by volune becones
10 [err]mor |eswetscommrinuted tfor 35 Winutes BPiusindm Hobydn iYemn
inert carrier, and

.5 Examining the volume-based particle size distribution of

14

the catalytic active substance precursor particles After
comminution, it was found that the medium particle size
was 1.2 um. Then 30 parts of glass fibers having an
average diameter of 10 um and a length of 100-300 um
. 10 were added to the obtained wet communition production to
form a homogeneous slurry (slurry L-1).
hundred
Four hundreds- parts of 4.5 mm-diameter
spherical granules of an alumina carrier were introduced
into a rotating drum and the slurry L-1 was sprinkled
15 over the carrier while simultaneously heating it by a
gas burner from the outside of the drum to evaporate
away water. The resulting supported product was
subjected to secondary calcination at 500°C for 2 hours
to obtain a supported carrier.
20 Using the thus obtained supported catalyst,
the same reaction process as conducted in Example 1

except for use of tertiary butanol as reaction material

was carried out. The results are shown in Table 2.

Example 12 (present'inventioh)
25 The procedure of Example 1l was followed
except that no glass fiber was used, to obtain a slurry

L-2. This slurry was treated in the same way as in



subjecting it to a sécd BLACEME@HHSHEFE at a tenperature which is at

| east 100[err] C hi gher |tHan the primar cal cination tenperature. 2.

The process according tlo|C @iqngun 1gd9gereip said catalytic active _
substance precursor ijs| wet conmm nujef _icr?@ State of bei sgbdtiturersirgégti n
or wetted with a |iquijd SubSTance wieh pai d catal ytic activejgukmeases

precursor is comgay d—lﬁawgps—bha-:—ﬂg’ée dHAG%YS v&“scq{s%ndngnt %naft.léux?t or
2, wherein glass fiber is used as support reinforcenent en sal

commi nution prodeEt 809 PaRe,! ed PrePare & lsupPdrt¥d catalyst, followed

- 30 - 4. The process according to Caim1l1, 2 or 3,

wher ei n sai d cat dlyytthe aamev e eadtsion prooesy iz conducted dnp Examplexilde
represented by the follow ng formul a:

MJ err] Bi [ err] Fe[faer rasadiisxfagrer jshos |iz{ dabjle e.r | Regarding the

5 performance of the obtained supported catalyst, it was

U

slightly inferior to the catalyst obtained in Example 11
in mechanical strength but equal thereto in catalytic

activity and selectivity of the objective product.

,'. Example 13 (comparative)
' : hundred
10 Four hundreds parts of a catalytic active
substance preggrsor obtained in the same way as in
Example 11 3§;:dry ground using an attritor. Examining
the volume-based particle size distribution of the
~ catalytic active substance precursor particles formed by
15 grinding, it was found that the medium particle size was
16.9 um. Thirty parts of glass fibers having an average
diameter of 10 um and a length of 100-300 um were added
to the dry ground product and the mixture was dispersed
in 500 parts of water to form a homogeneous slurry
20 (slurry L-3).

Using this slurry, a supported catalyst was
prepared in the same way as in Example 11 and subjected
to the same reaction process as in Example 11. The _
results are shown in Table 2. The performance of the

25 ' obtained supported catalyst was inferior to that of the

catalyst obtained in Example 1l in many respects such as



wherern Mo, Bi, and 0 represent nol ybdenum bismuth, 5 iron and

oxygen, respectl\I@PX nickel- * - and/or cobalt; X represents
at | east one el gngrt ACEMHEL(SE fromthe group consisting of magnesi um

zi nc, mangangse, tin and | ¢aq; Y represents at | east oSebstitutessheatnt
sel ected fromtHe gr&u'bJ'dNrﬂE?&tl ng of _ 1y phosphorus, boron, fuljune 1998
tellurium silido ger maniu cerium niobium titanium zirconium
tungsten and antli nony; Z represen{s atcilzgasd one el ement sel ected from
the group consis _ sodi um rubi dium cesiumand . '
thallium and.,a, b, c, d, e, f, & Pgfocessl borepresertinbhea ratppsroédat ons
‘of the respective el enrents, wherein when a = 12, 0.1 [err] b [err] 5,
0.1 [err] c [catdlyst fofr, the[synthelsierof me2ha@riodedn snflemethdcrplierr] f
[err] 10, and 0.01 [err] g [err] 3, and h is the nunber of the oxygen

at ons necessaqud in ¥whickaai shy-laﬂgtttne ardlisnec egibatange rexpReising a
el enent s.
composite oxide containing molybdenum and bismuth as

essential components is supported on the inside surface
and/or the outside surface of an inert carrier, which
comprises drying a mixed solution or an aqueous slurry
containing the compounds of the elements constituting said
catalytic active substance, subjecting the dry product to
a primary calcination at a temperature in a range of 200-
400°C to form a catalytic active substance precursor,
comminuting the obtained catalytic active substance

precursor to such an extend that median particle size

distribution by volume becomegs 10 um or less, supporting

the resulting comminution product on an inert carrier, and

subjecting it to a secondary calcination at a temperature

which is at least 100°C .hiqher than the primary
calcination temperature. |
2. The process according to Claim 1, wherein
said catalytic 'éctive ‘substance precursor 1is wet
comminuted in a state of being dispersed in or wetted with
a ligquid substance when said catalytic active substance
precursor is comminuted.

3. The process according to Claim 1 or 2,
wherein glass fiber is used as support reinforcement when

said comminution product is supported on an inert carrier.
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