Descri pti on METHOD FOR MANUFACTURI NG CATALYST FOR USE
I N PRODUCTI ON OF METHACRYLIC ACID Field of the
I nvention [0001] The present invention relates
to a nethod for manufacturing a catalyst for use in
the production of methacrylic acid including gas-phase
catal ytic oxidation of nethacrol ein, isobutyral dehyde,
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sel ective heteropol yacileaatigyisin havi ng a suffici ent
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present 1 nventors found that calcination o granHﬁ 3
NoohedPfed>By drying its precursor slurry or aqueous

sol ution, before nol ding remarkably inproves the

nDIdabiIity, to produce a catal yst having industrially

sati sfyi ng nmechani cal stren%th. The present invention

is thus acconplished. Thus, “the present invention

relates to: [0007] (1) a catalyst conprising

essential active conponents of nol ybdenum phosphorus,

vanadi um cesium ammonia, copper, and antinony for



a method for manufacturing the catal yst, conprising

drying a slurry prepared by m xi ng a conmpound(s)

contai ning the essential active conponents with water

and then calcining the resulting dry powder and

nol di ng the cal ci ned powder; (2) a nethod for

manuf acturing a catal yst conprising essential active
conmponent s of nol ybdenum phosphorus, vanadi um
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herei nafter referred to as precal cination), and

nol di ng the precal ci ned powder. A calcination step

(main calcination) may foll ow the nol ding step. [0010]

Furthernore, in the present 3 nvention, a conpound( s)

contai ning the active conmponents in the preparation of

the slurry does not necessarily contain all the active

conponents. Part of the conmponents may be added after



In the present invention, a netallic elenent other

than essential conponents nmay be included as an active

conmponent. Exanples of a netallic element other than

essential conponents include at |east one el enent

selected fromthe group consisting of arsenic, silver,

manganese, zinc, alum num boron, germanium tin,
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antinony is added in the preparation of slurry, it is

added lastly after the other conpounds containing the



[0017] The reason for the inproved noldability
by precalcination is not clear. In general, a partly
neutralized heteropol yacid salt, such as the catal yst
descri bed above, nostly has a so-call ed Dawson
structure when slurry is just dried and the Dawson
structure is converted into a Keggin structure by
heati ng. The present inventors assuned that this
gxorplerse on resthlgtio t heoxdpadvien wol@dbﬂitm@tﬂdﬁﬁdmein,,
The t L.ng,
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D@_ﬁﬁﬁ ﬁ%ﬂ%f%@@@@ﬁék?e%EﬁE@ﬁ&meﬁ&@ not preferred.
(§g§ e 1T1ipbers are generalty used in an anount of 1 to
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the inner bottomof a fixed container so as to stir
St riers in the container vigorously through their
[Oooapatitive rotatory notion and orbital nntion and by

addi Q]ndgkﬁran%Jprtcalc£ngg raﬂuggg a
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precal ci ned granules or the mxture to the wall of the

fi xed contai ner and aggregati on between the

precal ci ned granules or the m xture. [0021]

Bi nders have no linitation o long as it is water

and/or at |east one type of liquid selected froma

group consi sting of organi c conpounds having boiling

poi nt no nore than 150C at one atm By consideration




Wil e coated catal ysts obtai ned as descri bed above may

be used for gas-phase catalytic oxidation reactions as

catal ysts without further nodification, calcination

may sonetinmes preferably increase catalytic activity.

In this case, the calcination tenperature is usually

100-450C, preferably 270-420C and the calcination tine

is 1-20 hours. [0025] Calcination is usually
br@mdthteduunganIimmnbﬁmmﬁki butckelpaydygun, thorium,
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ase catalytic xidatjon o acro
agi‘s%%f%% aargtethg pE8BGr JPfCoRET fRopFrTetred. |
[@®E2F ol | owi ng description, a gas- phase catal ytic

oxi daf| %F]lel ﬁf‘&é%ﬁ@ WMdn P8 15' ! LabRdc! f‘amqf a compound

met hacr e nost pre erab raw material for use
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gér@@%ily 0t 1 Wl @CU|1:§‘Je@§5’agﬁ 0p. Emt%cui’a@ for wvanadium,
co inin as i [ e gas
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a ratl nd I ri refecall y i .
oot - PRI, B e ol gyl M
(M‘mﬂecralhy @omwlmmdeas@ln gagioni vy godap) r aricbgenerady 0.01
td 05 gL f@a@éﬂk?lz)g d nOS’rﬁj@Q '® ﬂgﬁr@ﬁ@llﬁ&?yr eﬂ%'@yrbe and the

snoot hl In addition to ‘oxygen and

af@fﬂi%ﬁ*%ﬁ%ﬁy Pyoﬁéﬁérol%ﬁé‘a%ﬂya?%Y%d?éH“Pﬁl% ér-Syapbeymined as

aﬁ@z@opﬁﬂ\amt@{] Ipaovg@fe @iayaeamyagnhgaﬁﬁg da;ﬁfe:[ﬁlulhq:éxhﬁ)rmance
reactjon such as nitragen rbo oxide a

QLR HTB Phyeart L obEoR e Wi ehoRher ARRyar, Lo used.

Theetataorial ebnivaycbepsapplved af zacgaetsxqum“tadﬂe@rhb@m in the
Py eréjx‘?% 19{Q7e9{t o%oglét %fa%geln L8Id P anale snd wel Byl naterials

utyl e reaction
andrRe At @@ﬂ%§§@30§h6§@ catal yti c oxidation

[d@egfion is usually 200 4OOC preferably 250-360C and

t he anmount, s lied o naf.er i pre sed _
e spieearabentl e 1 B iR Tl Bedfn i The Steps
degef B5ead| 3b309- 3000 hr-l. [0032] The catal ytic

Pfgﬂé%ﬂl(g]r Pction can be conducted under either
créggb&lpress ufe"dr reduced pressure, however,
pressmWetaeoumueaenbsphevemtxwmssuneﬂmsugeneﬁhlay compound

co?rH'latﬂ‘p.JLﬁg a"f-f(%'&ll%e EQQ\%%]nent for use in the preparation of
a catalyst include a chloride, a sulfate, a nitrate, an oxide,
or an acetate of-an active component element. Specifically,
preferred examples of a compound containing an active
component include a nitrate, such as potassium nitrate or
cobalt nitrate, an oxide, such as molybdenum oxide, vanadium
pentoxide, antimony trioxide, cerium oxide, zinc oxide, or
germanium oxide, and an acid (or salt thereof), such as

orthophosphoric acid, phosphoric acid, beric acid, aluminum



The present invention will now be described nore
specifically by way of the exanples, however, the
invention is not limted to the exanples. [0034]
Conversion rate, selectivity and yield are defined as

fol |l ows. Conversion rate = nol e nunber of
met hacrol ein reacted / nol e nunmber of nethacrol ein
supplied x 100 Selectivity = nol e nunber of
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preferably heated to a temperature at Wthh a compound
containing molybdenum, phosphorus, wvanadium, and another
optional metallic element can be dissolved sufficiently. The
temperature at which a compound containing cesium and a
compound containing ammonium are added is generally 0°C to 35°C,
preferably about 10°C to about 30°C. This tends to provide a
catalyst having a higher activity. Thus, the temperature is
preferably decreased to 10°C to 30°C. The amount of water in
the slurry is not limited, provided that the whole guantity
of compounds used in the slurry can completely be dissolved
or uniformly be -mixed, and 1s determined as appropriate in

consideration of a drying method or drying conditions. In



Mb10VO. 8 PLI 5Cu04Cs0. 3( NH4) 2. 3SI D1A. [0040] 2)

Catal ytic oxidation reaction of nethacrolein

10.3 nL of the resulting coated catal yst was filled in

a stainless steel reaction tube having an inner

diameter of 18.4 mm Oxidation reaction of

nmet hacrol ein was perfornmed at a raw nmateri al gas

conmposition(nol e ratio)of methacrol ei n: oxygen: wat er
gemporl nithrrogmpunt 1o P Watks: 6), tlae eayiaxxerwelsoa;bcwt 2B\ tof2000

p&.ﬁggrﬂéfa I:Lgﬁ@s\%érrﬂ?ﬁ? é-bﬁk rcﬁﬁt "tl.'h% Qgtgio&vmpounds

S per reacti on
a&flqm@é toe ﬁﬂﬂdééYhoWhélan@I I pegentampunt

of %ectéxomapa&@ drimehat 4k8e951380imb @it x haues EhDLSs many
treatnent is hereinafter referred to as
demeght § e AR &1 eRAEETS ACatRENENEFIY FRELr @A i HRving
stesudtd wassdef eeheneddaiing thetheaeluemybat h
[ rature was decreased to 310C. [0041] Table 1
sho the results. [0042] Measurenent of strength
DBQing of the resulting coated catal yst was charged into

a cylindi gale rs%etfweo%%w ne Eﬂ&' Qeeg aesey§b85 HMove is

cm and having a baff t her el n.

AdriRGiedoad P Pﬁ’mdleér Ebenslﬁme% .maAef berd@eecé@tyeany method,

p ISR d Warsa tS1 e s Oty tihe o, 'élfje.el vm_slé@asm I@s of a
dbe 49, 8%80 Thus R5,6'}1[1e er enta tached r.
WP HMEEEOLGL R SRR ée%e Wi pora V&iying,

aneferapetrdtol as fa |cai)jriestsy ambmg tthesﬁ,eothm Shatd € dry:.ng is

atzrqgieéi]lea[rl)\émﬁ%égfré&aﬁ? tq{e Sltnvérgtpf@rl Eg(eé? use it

was prepa e 1N he sane nahne
carh dpwairpreeslusxyepnt ® hatbawite progt gireinwadieisoan a short tlme
[demger ature was 290C. Oxidation reaction of
nmet hacr ol ei n was Eerformed and the strength was

meas rsdt eMBEBF 8 LSS NP F 2% Grvd ng| @eaaﬂldee{hﬁhe glurry
co%c@t@#@ioﬂ\@%wtﬁéaféédlfeﬂ@%n%ﬁﬁ% HJBABRL]13§ TO°C to 150°C

el DAL B Gt ot ¥ 8ot FORTB Rbnasy o HALCE has an
avEardgy rlmi:tamjlé hti steeagt Hf w8 tea30bedm. Tabl e 1 shows
[d(ﬁ%]results. [ 0045] Exanple 4

Precalcination

Precalcination of the resulting dry powder remarkably

improves the moldability and the shape and the mechanical
strength of a molded catalyst. The precalcination atmosphere
may be in an air current or in a current of an inert gas, such
as nitrogen. An air current is industrially preferred. The
precalcination temperature is 200°C to 400°C, preferably 250°C
to 380°C, and more preferably 290°C to 310°C. Precalcination
at a temperature less than 200°C tends to have a smaller effect
on the moldability. Precalcination at a temperature more than
400°C has an adverse effect on the catalyst performance. The
precalcination time 1s preferably 3 to 12 hours and more
preferably 5 to 10 hours. While the precalcination time may
be 12 hours or more, the effect consistent with the

precalcination time can hardly be achieved.



A catal yst was prepared in the sane manner as in
Exanple 1 except that the precal cination tenperature
was 250C. Oxidation reaction of methacrol ein was
performed and the strength was neasured. Table 1 shows
the results. [0046] Exanple 5 A catal yst was prepared
in the sane nmanner as in Exanple 1 except that the
precal ci nation tenperature was 380C. Oxi dation
[pedéii on of nethacrolein was perforned and the

strength was.Jmasured,r Takhe 1 showsybhe res¥hbBility by

[0047] Exanple 6 A catal yst was prepared in the same™_
PhanperiastinnEamsitec2eaxcep?t 99NRTBO agPaF Ly amtipesalized
hatéebpbhgadiMi BE1%E eR LN a2 thed At AN IDIYs d #1196 dSbove,

m5£ﬁ¥n1xed bef ore gr cal cination. Oxi atﬁon reactiopn
mRP T hEt A% r 3 BPRCHA eﬁe FOP RS HhACHHES st eligE hitvag 1S Just
dmbadueead. thebllmviscahowsridenresibt eonp@@48d Bxanple Heggin

| yst repa Ln S nner. i n .
SR P e b Lo SRR it et enis
céreennieonfrpen)tandn 8388 gmpioyphermicdalabydridys al uni na
(6eigiers (particle dianeter 3.5 nm) were added during
coating and nol di ng. Oxi dation reaction of
MeddhRagr ol ei n was performed and the strength was
measuriesh, T ek Sihowsy phedsasullest g@489ks are molded as

RPN BT Podg crcar A SEBNGT R BLERALEC, 11 co
gl podl zt ot ceoupasanth, per f an etumOxk dadvdar r eactivad with
oL LSRG Baierlen B A pekiiesor goos
workability. A molding aid is generally used in an amount of
1 to 30 parts by weight per 100 parts by weight of precalcined
granules. Furthermcre, use of inorganic fiber, such as ceramic
fiber oxr whiskers, inert to catalyst components as a
reinforcing material as necessary is useful in increasing the
mechanical strxength of a catalyst. However, fibers that react
with a catalyst component, such as potassium titanate whiskers
or basic magnesium carbonate whiskers, are not preferred.
These fibers are generally used in an amount of 1 to 30 parts
by weight per 100 parts by weight of precalcined granules.
[0019]

To reduce pressure loss of a reactant gas, precalcined
granules prepared as described above or a mixture of the
precalcined granules, a molding aid, and a reinforcing
material are used after they are molded in a columnar, tablet,
ring, spherical, or another shape. Among these, coating inert
carriers with precalcined granules or the mixture to provide
coated catalysts 1is particularly preferred, because
improvement in selectivity and removal of reaction heat are
expected to be achieved.

[0020]
Preferable coating step is a tumbling granulation method



Conpar ati ve Exanple 2 To 7100 m of pure water

wer e added 1000 g of nol ybdenumtri oxi de and 75.81 g

of vanadi um pent oxi de, 88.08 g of 85% by wei ght

ort hophosphoric acid, and 11.05 g of copper oxide. The

m xture was heated at 92C for three hours with

stirring to forma slurry. [0051] The slurry

was then spray dried to provide granules. The
acobpopsriben bélohe Thsal ieng gedholkdesonaat carriers with

\ 2 t
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reacti on of nethacrol ein was and t
whery é’ﬁ@?ﬁhﬁd@%%éﬁééeST%Iaele;ﬁHéﬁslfF h?edCi%% am@ the fixed

cdr%%]ercomaﬁﬁi 2@ Bramigiddrs after é@@c@dﬁ{bd granules

reacti on of ,nethacro] ein was perfornme
Olsfr E‘ﬁé?ﬁ%a%sn‘%%@%‘?ejont%sﬂ}en Fgﬂt\?énganﬁl) et9 add the
biedzept bblﬁatreppféahEtmﬁédcg’ralmslémbrperrimtﬂafb ikabdieed into

h t.h ults O Tabl e ,1] Ta 1 Result
e PaReroRoPERtPEE o7 e PO EeR mndnlatorigin dudts or
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anRfdrit 8¢ EGhLYAI Y RHBLRRGIYbLE) as appropriate. In the case
of b), it is preferable to control addition rate using auto
feeders and the like to ensure that a defined amount is carried
on the carriers without; for example, adhesion of the
precalcined granules or the mixture to the wall of the fixed
container and aggregation between the precalcined granules or
the mixture.

[0021]

Binders have no limitation so long as it is water and/or
at least one type of liquid selected from a group consisting
of organic compounds having boiling point no more than 150°C
at one atm. By consideration of drying and the like after the
coating, organic compounds having boiling point no more than
150°C are preferred. A specific example of the binders other
than water includes alcohols, preferably alcohols having 1-4
carbons, such as methanol, ethanol, propanols, butanols,
ethers such as ethyl ether, butyl ether or dioxane, esters such
as ethyl acetate or butyl acetate, ketones such as acetone or
methyl ethyl ketone, and agqueous solutions thereof, with
ethanol being particularly preferred. When ethanol is used as .

abinder, it is preferable tomake the ethanol/water ratiobeing



acidyield%friability % shape Exanple 1 earlyphaseof
the reaction 82.44 79.97 65.93 0. 36 snooth spheri cal
after high-tenperature reaction treatnment 88.25 82. 32
72. 65 Exanpl e

10/0-0/10 (mass ratio), preferably 10/0-1/9 (mass ratio). The
amount of these binders used is usually 10-60 parts by weight,
preferably 15-40 parts by weight to 100 parts by weight of dry
powder.

[0022]

A specific example of carriers that can be used in the
present invention includes spherical carriers etc. of silicon
carbide, alumina, silica-alumina, mullite and alundum and the
like, which have a diameter of 1-15 mm, preferably 2.5-10 mm.
These carriers usually have a pore ratio of 10-70%. The ratio
between the carriers and precalcined granules or a mixture used
is usually precalcined granules or a mixture/(precalcined
granules or amixture + carriers) =10-75% by weight, preferably
15-60% by weight.

[0023]

Precalcined granules or a mixture are applied to the
carriers in this way, and the resulting coated products are
usually approximately 3-15 mm in diameter.

[0024]
Main Calcination

While coated catalysts obtained as described above may
be used for gas-phase catalytic oxidation reactions as
catalysts without further modification, calcination may
sometimes preferably increase catalytic activity. In this case,
the calcination temperature is usually 100-450°C, preferably
270-420°C and the calcination time is 1-20 hours.

[0025]

Calcination is usually conducted under air atmosphere,
but it may be conducted under inert gas atmosphere such as
nitrogen atmosphere. Calcination under inert gas atmosphere
or reducing gas atmosphere may optionally be followed by
calcination under air atmosphere.

[0026]

Catalysts obtained as described above (hereinafter

referred to as catalysts according to the present invention)

will be used to produce methacrylic acid by gas—phase catalytic

10



2 earlyphaseof the reaction 81.71 81.16 66.32 0.10
snoot h spherical after high-tenperature reaction
treatnment 87.82 83.61 73.42 Exanpl e 3 earl yphaseof
the reaction 82.67

oxidation of methacrolein, isobutyraldehyde or isocbutyric
acid.
[0027]

In the following description, a gas-phase catalytic
oxidation reaction will be illustrated in which methacrolein,
the most preferable raw material for use with the catalysts
of the present invention, is used.

[0028]

Molecular oxygen or molecular oxygen-containing gas is
used in the gas-phase catalytic oxidation reaction. The ratio
of molecular oxygen to methacrolein is preferably in the range
of 0.5-20molar ratio, and particularly preferably in the range
of 1-10 molar ratio. It is preferable to add water into raw
material gas in a molar ratio of 1-20 to methacrolein in order
to promote the reaction smoothly.

[0029]

In addition to oxygen and optionally water (usually
included as water vapor), the rawmaterial gas may contain gases
inert to the reaction such as nitrogen, carbon dioxide and
saturated hydrocarbon.

[0030]

Alternatively, methacrolein may be supplied as a gas
obtained from oxidation of isobutylene, tert-butanol and
methyl tert-butyl ether.

[0031]

The reaction temperature of a gas-phase catalytic
oxidation reaction is usually 200-400°C, preferably 250-360°C
and the amount supplied of the raw material gas expressed in
space velocity (SV) is usually 100-6000 hr™, preferably
300-3000 hx™*, |
[0032]

The catalytic oxidation reaction can be conducted under
either increased pressure or reduced pressure, however,
pressure around atmospheric pressure is generally suitable.

Example
[C033]

11



81.71 67.55 0.37 slightly uneven after
hi gh-tenperature reaction treatnent 88.66 84.37 74.72
Exanpl e 4 earl yphaseof the reaction 82.74 80.79 66. 84

0. 88

The present invention will now be described more
specifically by way of the examples, however, the invention
is not limited to the examples.

[0034]

Conversion rate, selectivity and yield are defined as
follows.

Conversion rate = mole number of methacrolein reacted
/ mole number of methacrolein supplied x 100

Selectivity = mole number of methacrylic acid produced
/ mole number of methacrolein reacted x 100

Yield = mole number of methacrylic acid produced / mole
number of methacrolein supplied x 100
[0035]

Example 1
1) Preparation of catalyst

To 5680 ml of pure water were added 800 g of molybdenum
trioxide, 40.43 g of vanadium pentoxide, 'and 73.67 g of 85%
by weight orthophosphoric acid, stirred for three hours at 92°C
te yield rust-colored clear solution. The solution was then
cooled to 15-20°C and 307.9 g of an agueous sclution containing
9.1% by weight of cesium hydroxide and 689.0 g of an agueous
solution containing 14.3% by weight of ammonium acetate were
gradually added with stirring, and maturation f£for one hour at
15-20°C provided yellow slurry.

[0036]

To the slurry, 709.9 g of an agqueous solution containing
6.3% by weight cupric acetate was gradually added, and
additional maturation was performed for 30 minutes at 15-20°C.
[0037]

The slurry was then spray dried to provide granules. The
composition of the reéulting granules was

M0o10Ve.8P1.15CU0.4Csp,3 (NHs) 2.3
[0038]

In an air current 320 g of the granules were calcined
at 310°C for five hours to yield.'precalcined granules.
Precalcination decreased the mass of the granules by about 4%

12



slightly uneven after high-tenperature reaction
treatnment 87.84 83.60 73.44 Exanpl e 5 earl yphaseof
the reaction 71.89 77.86 55.97 0.35 snooth spheri cal

by weight. The granules, 22.7 g of antimony trioxide, and 45
g of reinforcing material (ceramic fiber) were uniformly mixed
and were applied to 300 g of spherical porous alumina carriers
(particle diameter 3.5 mm) using 20% by weight ethancl agueous
solution as a binder by a tumbling granulation method, yielding
a molded coated product. The resulting molded product was
calcined for five hours at 380°C in an air current to provide
a desired coated catalyst.
[0039]
The composition of the resulting catalyst was

Mo10Vo.8P1.15CU0.4CS0.3 (NHs) 2.38b1.0.
[0040]
2) 'Catalytic oxidation reaction of methacrclein

10.3 mL of the resulting coated catalyst was filled in
a stainless steel reaction tube having an inner diameter of
18.4 mm. Oxidation reaction of methacrolein was performed at
a raw material gas compesition {mole ratio) of
methacrolein:oxygen:water vapor:nitrogen = 1:2:4:18.6), a
space velocity (8V) of 1200 hr™, and a reaction bath
temperature of 310°C. The reaction was performed initially at
a reaction bath temperature of 310°C for three hours and then
at a reaction bath temperature of 350°C for 15 hours (this
treatment 1s hereinafter referred to as "high-temperature
reaction treatment™) . The reaction result was determined after
the reaction bath temperature was decreased to 310°C.
[0041]

Table 1 shows the results.
[0042]
Measurement of strength

50 g of the resulting coated catalyst was charged into
a cylindrical rotating machine having a radius of 14 cm and
having a baffle therein. The machine was rotated at 23 rpm for
10 minutes. After detached powder was sieved out, the remainder
was measured tobe 49.82 g. Thus, the percentage of the detached
powder was 0.36% to the whole. This wvalue is hereinafter
referred to as friability and is listed in Table 1 together

13



after high-tenperature reaction treatnment 79.03 83.24
65. 78 Exanpl e 6 earl yphaseof the reaction 82.66
81.61 67.46 0.15 snooth spherical after

hi gh-tenperature reaction treatnment 87.57

with the shape of a catalyst.
[0043]
Example 2

A catalyst was prepared in the same manner as in Example
1 except that the  precalcination temperature was 290°C.
Oxidation reaction of methacrolein was performed and the
strength was measured. Table 1 shows the results.
[0044)]
Example 3

A catalyst was prepared in the same manner as in Example
1 except that the precalcination temperature was 270°C.
Oxidation reaction of methacrolein was performed and the
strength was measured. Table 1 shows the results.
[0045]
Example 4

A catalyst was prepared in the same manner as in Example
1 except that the precalcination temperature was 250°C.
Oxidation reaction of methacrolein was performed and the
strength was measured. Table 1 shows the results.
[0046]
Example 5

A catalyst was prepared in the same manner as in Example
1l except that the precalcination temperature was 380°C.
Oxidation reaction of methacrolein was performed and the
strength was measured. Table 1 shows the results.
[0047]
Example 6 ‘

A catalyst was prepared in the same manner as in Example
2 except that 320 g of granules after the drying step and 22.7
g of antimony trioxide were mixed before precalcination.
Oxidation reaction of methacrolein was performed and the
strength was measured. Table 1 shows the results.
f0048]
Example 7

A catalyst was prepared in the same manner as in Example

2 except that 10 g of reinforcing material (ceramic fiber) and

14



83.28 72.92 Exanpl e 7 earl| yphaseof the reaction
92.05 81.56 75.08 0.71 snooth spherical after
hi gh-tenperature reaction treatnent 91.64 84.14 77.11

335 g of spherical porous alumina carriers (particle diameter
3.5 mm) were added during coating and molding. Oxidation
reaction of methacrolein was performed and the strength was
measured. Table 1 shows the results.

[0049]

Comparative Example 1

A catalyst was prepared in the same manner as in Example
1 except that precalcination was not performed. Oxidation
reaction of methacrolein was performed and the strength was
measured. Table 1 shows the results.

[0050]
Comparative Example 2

To 7100 ml of pure water were added 1000 g of molybdenum
trioxide and 75.81 g of vanadium pentoxide, 88.08 g of 85% by
weight orthophosphoric acid, and 11.05 g of copper oxide. The
mixture was heated at 92°C for three hours with stirring to
form & slurry.

[0051]

The slurry was then spray dried to provide granules. The
composition of the resulting granules was

Mo10V1.2P1.1C0p.2-

320 g of the granules were calcined at 290°C for five
hours in an air current to produce precalcined granules. The
precalcined granules and 45 g of reinforcing material (ceramic
fiber) were uniformly mixed and were applied to 300 g of
sphericél porous alumina carriers (particle diameter 3.5 mm)
using 90% by weight ethanol agquecus solution as a binder,
yielding a molded coated product. The resulting molded product
was calcined for five hours at 310°C in an air current to provide
a desired coated catalyst.

[0052]

As in Example 1, oxidation reaction of methacrolein was
performed and the strength was measured. Table 1 shows the
results.

[0053]

Comparative Example 3

15



Conpare tive Exanple 1 earlyphaseof the reaction 86. 86

81.88 71.13 2.34 uneven
reaction treatnment 90.20 83.58 75.38

Exanpl e 2

after

hi gh-tenperature

Conpare tive

Oxidation reaction of methacrolein was performed and the

strength was measured, as in Comparative Example 2 except that

precalcination was not performed. Table 1 shows the results.

[0054]

[Table 1]
Table 1 Results of oxidation reaction of methacrolein and

measurements of strength

methacrolein | methacrylic methacrylic | friability | shape
conversion acid acid yield % %
rate % selectivity %
Exanple | early phase of | 82.44 79.97 65.93 0.36 smooth
1 the reaction spherical
after 88.25 82.32 72.65
high-temperature
reaction
treatment
Example | early phase of | 81.71 8l.16 66.32 0.10 smooth
2 the reaction spherical
after 87.82 B3.61 73.42
high-temperature
reaction
treatment
Example | early phase of | 82,67 81.71 67.55 0.37 slightly
3 the reaction uneven
after 88.66 84,37 74,72
high-temperature
reaction
treatment
Example | early phase of | 82.74 80.79 66.84 .88 slightly
4 the reaction uneven
after 87.84 83.60 73.44
high-temperature
reaction
treatment
Example | early phase of | 71.89 77.86 55.97 0.35 smooth
5 the reaction spherical

16




ear | yphaseof the reaction 55.43 81.79 45.34 0.58
snoot h spherical after high-tenperature reaction
treatnent 54.54 83.62 45.60 Conpara tive Exanple 3
ear | yphaseof the reaction 63.50

after 79.03 83.24 65.78

high-temperature

reaction
treatment

Example | early phase of [ 82.66 8l.61 67.46 0.15 smooth

[ the reaction spherical
after 87.57 | 83.28 72.92

high-temperature

reaction
treatment

Example | early phase of [ 92.05 8l.56 75.08 0.71 smooth

7 the reaction spherical
after 91.64 B4.14 77.11

high-temperature

reaction

treatment
Compara | early phase of | 86.86 81.88 71.13 2.34 uneven
tive the reaction
Example | after 20.20 83.58 75.38
1 high-temperature

reaction

treatment
Compara | early phase of | 55.43 81.79 45,34 0.58 smooth
tive the reaction spherical
Example | after 54.54 83.62 45_60
2 high~temperature

reaction

treatment
Compara | early phase of [ 63.50 79.17 50.28 1.59 smooth
tive the reaction spherical
Example | after 74.96 80.62 e0.43
3 high-temperature

reaction

treatment

[0055]
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79.17 50.28 1.59 snooth spherical after
hi gh-tenperature reaction treatnent 74.96 80.62 60.43

[ 0055] Exanpl es 1-6 and Conparative Exanple 1
show t hat precal cination i nproves noldability and
friability. Exanpl e 2 and Exanple 6 show t hat

the addition of antinony trioxide before
precal ci nati on has the sane effect as the addition of

anti mmnfué@xud% ?éhar Qs Rs £t Do | (E'k[anﬁﬂlé”' Ar oyh@iwNgthat
sane cata 10
o bS8 S PR g SRR eLb IR Rae FUEBPALIEY 1 ha
does Fwmpbntand Espmpde ¢ bbogsyentt |tale ahifoembd oitimony
£ 18 £&L 8L ¥$L -ac % 1Q 6@ 4 g) Al agE‘LIE 'Qxx‘g@t 3% AL the

active conponen, has i nmpr ove i
agitidePrei Rt | B iy nﬁylﬁévélemﬁwt%opéﬁca ELoRfdREe. both

pﬁé%%%@ﬂg almost the same catalyst performance.
[CO561

Comparative Examples 2 and 3 show that a catalyst that
does not contain some of the essential components of the
catalyst according to the present invention as an active
component has improved friability by precalcination, but may
have much poorer performance.
[0057]
Example 8

To 5680 ml of pure water were added 800 g of molybdenum
trioxide, 40.43 g of vanadium pentoxide, and 73.67 g of 85%
by weight orthophosphoric acid, stirred for three hours at 92°C
to yield rust-colored clear solution. The sclution was then
cooled to 15-20°C and 307.9 g of an aqueous solution containing
9.1% by weight of cesium hydroxide and €89.0 g of an agqueous
solution containing 14.3% by weight of ammonium acetate were
gradually added with stirring, and maturation for cne hour at
15-20°C provided yellow slurry.
[0058]

To the slurry, 709.9 g of an aqueous solution containing
6.3% by welght cupric acetate was gradually added, and
additional maturation was performed for 30 minutes at 15-20°C.
To the slurry was added 32.4 g of antimony trioxide, and
maturation was performed for 30 minutes at 15-20°C

The slurry was then spray dried to provide granules. The
composition of the resulting granules was

Mo10Vo.8P1.15Cu0.4CsSp 3 (NH4) 2.38bg.4.
[0059]

In an air current 320 g of the granules were calcined
at 290°C for five hours to yield precalcined granules.
Precalcination decreased the mass of the granules by about 4%
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methacrylic acidyield% friability % shape Exanple 8
ear|l yphaseof the reaction 91.61 78.01 71.46 0. 36
snoot h spherical after high-tenperature reaction
treatnment 92.45 80.93 74.82

Claims

1. 2 method for manufacturing a catalyst comprising essential
active components of molybdenum, phosphorus, vanadium, cesium,
ammonia, copper, and antimony for use in the production of
methacrylic acid, comprising:

drying a slurry ©prepared by mixing a compound(s)
containing the essential active components with water;

calcining the resulting dry powder; and

melding the calcined powder wherein the molding comprises
coating an inert carrier with the calcined powder using a

binder to form a ccated catalyst.

2. A method for manufacturing a catalyst comprising essential
active components of molybdenum, phosphorus, vanadium, cesium,
ammonia, copper, and antimony for use in the production of
methacrylic acid, comprising drying a slurry prepared by
mixing a compound (s) containing the essential active
components other than antimony with water and then calcining a
mixture of the resuliing dry powder and a compound containing

antimony and molding the calcined mixture.

3. A method for manufacturing a catalyst comprising essential
active components of molybdenum, phosphorus, vanadium, cesium,
ammonia, copper, and antimony for use in the production of
methacrylic acid, comprising drying a slurry prepared by
mixing a compound (s) containing the essential active
components other than antimony with water, calcining the
resulting dry powder, and molding a mixture of the calcined

powder and a compound containing antimony.

4. The method for manufacifuring a catalyst according to any

one of Claims 1 to 3, wherein the calcination temperature is

200°C to 400°C.
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Cainms 1. A nethod for manufacturing a catal yst
conprising essential active conponents of nol ybdenum
phosphorus, vanadi um cesium anmonia, copper, and
antinmony for use in the production of nethacrylic
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vanadi um cesium ammoni a, copper, and antinony for
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according to Caim1l1 or 5 wherein the binder is water

and/ or at |east one type of liquid selected fromthe

group consi sting of an organi c conmpound having a

boi Il i ng point of 150C or |less at 1 atnospheric

pressure. 7. The nethod for manufacturing a catal yst

according to any one of Clains 1 to 6, wherein a

nol ded product after the nolding is calcined at 100C

to 450C. 8. A nethod for producing nethacrylic acid,

conpri sing gas-phase catal ytic oxidation of

nmet hacr ol ei n, isobutyral dehyde, or isobutyric acid

using a catal yst according to any one of Clainms 1 to

7.

21



