Description Title of Invention: METHOD FOR PRODUCI NG CATALYST FOR PRODUCI NG
METHACRYLI C ACID t) Technical Field [0001] The present invention
relates to a method for producing a catal yst used in producing nmethacrylic
acid through a catal ytic gas-phase oxidation reaction 10of nethacrol ein
with nol ecul ar oxygen (hereinafter, reférred to as a catal yst for producing
nmet hacrylic acid), and a catal yst produced by the nethod, and a nethod for
produci ng nmethacrylic acid using th cata% st. Background Art 15[ 0002]

A het eropoly acid conpound represenﬁEﬁCBQ' osphonol ybdi ¢ aci d has been
known as a catal yst conponent for a catalyst for producing nethacrylic

acid. Further, a |large nunber of nethods for formng an effective pore

S0ef teﬁg B B bR M oD R B GRS SR ave been
: P. ' 1, th [ d hod
o1 "ot i ng”ACDNGIN@ME] PR FEIG AU, Tor' Gr gani ¢ compound that  deconposes

to a mononer and vaporizes at a relatively |ow tenperature such as
pol yrret5hyl met hacryl ate or 25polystyrene. In Patent Literature 2, there is

pr oposed t hod f.or, producing a catalyst in which a dried material of a
m xed sol ﬁ‘? i Ffé‘?lldaqueous slurry

[0001]
The present invention relates to a method for producing a catalyst used
in producing methacrylic acid through a catalytic gas-phase oxidation reaction
10 of methacrolein with molecular oxygen (hereinafter, referred to as a catalyst for
producing methacrylic acid), and a catalyst produced by the method, and a

method for producing methacrylic acid using the catalyst.

Background Art
15 [0002]

A heteropoly acid compound represented by phosphomolybdic acid has
been known as a catalyst component for a catalyst for producing methacrylic
acid. Further, a large number of methods for forming an effective pore
structure in a catalyst in order to allow the catalyst component to work

20 effectively in a catalytic gas-phase oxidation reaction have been proposed.
[0003]

In Patent Literature 1, there is proposed a method of molding a catalyst
by adding a polymer organic compound that decomposes to a monomer and
vaporizes at a relatively low temperature such as polymethyl methacrylate or

25 polystyrene. In Patent Literature 2, there is proposed a method for producing

a catalyst in which a dried material of a mixed solution or an aqueous slurry



2 containing a catalyst conponent, the particle dianeter of which is
adjusted to a range of 1 to 250 pin is nolded. In Patent Literature 3,
there is proposed a method for producing a catalyst including: a step of
making a primary nolded article by mxing a particle including a catal yst
conmponent and a liquid; and further, a decondary nol ding step of nolding
the primary nolded article with a piston nol ding machine to a final form
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piston molding machine to a final form.

Citation List
Patent Literature

10  [0004]
Patent Literature 1: JP04-367737A
Patent Literature 2: JP08-10621A
Patent Literature 3: JP2003-93882A

15  Summary of Invention
Technical Problem
[0005]
However, the development of a catalyst that is capable of further
improving a yield of methacrylic acid in the catalytic gas-phase oxidation
20 reaction of methacrolein has been desired.
[0006]
An object of the present invention is to provide a catalyst for producing
methacrylic acid that is capable of producing methacrylic acid in high yield
through a catalytic gas-phase oxidation reaction of methacrolein with molecular

25  oxygen.



Solution to Problem [0007] A nmet hod for producing a catal yst for
produci ng nethacrylic acid according to the present invention is a nethod
for producing a catalyst for producing nethacrylic acid used in producing
rnethacrylic acid through a catal ytic gas phase oxidation reaction of

met hacrol ein with nol ecul ar oxygen, the3catal yst containing at |east

nol ybdenum and phosphorus as catal yst conponents, the nethod including:

pr oduci ng dr.i e rial having an apparent density (X) of 1.00 to 1.80
kg/ L. by ﬁ?'#hangﬂrﬁgaﬁlggbs liquid mixture 10 contai ning raw materi al

conpounds f% 1gat al yst conponents; and produci ng a catal yst nol ded body
havi ng a n9P8éH article density (Y) of 1.60 to 2.40 kg/L and a ratio of the
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10  containing raw material compounds for catalyst components; and producing a
catalyst molded body having a molded article density (Y) of 1.60 to 2.40 kg/L
and a ratio of the apparent density (X) to the molded article density (Y), (X/Y),
of 0.50 to 0.80 by molding the dried material or a mixture containing the dried
material.
15
Advantageous Effect of Invention
[0008]
According to the present invention, a catalyst for producing methacrylic
acid that is capable of producing methacrylic acid in high yield through a
20 catalytic gas-phase oxidation reaction of methacrolein with molecular oxygen

can be provided.

Description of Embodiments
[0009]

25 [Catalyst for producing methacrylic acid]



[ 0010] The conposition of the catal yst conmponents that constitutes the
catal yst according to the present invention is not specifically limted as
long as the 10 conposition contains at |east nol ybdenum and phosphorus, and
can be sel ected appropriately depending on the intended perfornmance of the
catal yst for producing nethacrylic acid The catal yst for producing

nmet hacrylic acid according to the present invention preferably has a

conposi tion represent by the following formula (A, for exanple. [0011
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0 represent osphor us, bdenu vanadi u copper , . and oxygen,
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consi sting of arsenic, .antipon d 20tellurium., Y represents at | east one
el enent s@@&?&fbﬁﬁ%@fh{eugm&%ﬂ@&ﬂgﬁ T%S&Oﬂg§qﬂﬂﬁa%88P ni um
zirconium silver, seleniym silicon, ,tun en, boron, iron, zinc,

chronmi um MEHIRCERIGIA With MAIPSHRT eXyRa™ ,th?rﬁ%%i\fié:&n?%@mtﬂweﬁl lium cerium
and | ant hanu Z represents at | east one el enent selected f.r he group
consi sPi nd“@%ﬂ@f’ﬁ@s?’lﬁif’nﬁﬂﬂ‘?ﬂ‘ﬁrﬂs Cﬁﬂyﬁte%‘?'ﬂﬂ?n%'?tsb?n(ﬁhed?atg&g} fs 259, and h
represent the atomc ratio, of each elepent. Wien b is 12, ais 0.1 to 3, ¢
is 0,01 td°f§siuee‘§)g]>’@.'@f%h<&¢ @,b%gﬁécr&%cgﬁ‘g?r-f is0to3 gis 0.0l to 3, and
h represenéi he atom c ratio of oxygen necessary for satisfying the

val ence ofl083€h el enent nentioned above. The above conposition is
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selected appropriately depending on the intended performance of the catalyst
for producing methacrylic acid. The catalyst for producing methacrylic acid
according to the present invention preferably has a composition represented by
the following formula (A), for example.
15 [0011]
PaMopVCugXeYiZgOn (A)
In the above formula (A), P, Mo, V, Cu, and O represent phosphorus,
molybdenum, vanadium, copper, and oxygen, respectively. X represents at
least one element selected from the group consisting of arsenic, antimony, and
20 tellurium. Y represents at least one element selected from the group
consisting of bismuth, germanium, zirconium, silver, selenium, silicon, tungsten,
boron, iron, zinc, chromium, magnesium, tantalum, cobalt, manganese, barium,
gallium, cerium, and lanthanum. Z represents at least one element selected
from the group consisting of potassium, rubidium, and cesium. a, b, c, d, e, f,
25 g, and h represent the atomic ratio of each element. Whenbis 12, ais 0.1to

3,cis0.01t03,dis0.01t0o2,eis0to3,fis0to3,gis0.01to3,andh



10t he catal yst containing at | east nolybdenum and phosphorus as catal yst
conponents, the nmethod including: producing a dried material having an
apparent density (X) of 1.00 to 1.80 kg/L by drying an aqueous |iquid

m xture contai ning raw material conpounds for catal yst conmponents: and
produci ng a catal yst nol ded body having5a nol ded article density (Y) of
1.60 to 2.40 kg/L 15 and a ratio of the apparent density (X) to the nol ded
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acetate. THesSE <t molded body having a molded article density (Y) of 1.60 to 2.40 kg/L

15 and a ratio of the apparent density (X) to the molded article density (Y), (X/Y),
of 0.50 to 0.80 by molding the dried material or a mixture containing the dried
material.

[0013]
Catalyst activity, selectivity to methacrylic acid, and methacrylic acid

20 yield in the methacrylic acid production have been found to be improved by
making X, Y, and X/Y satisfy the ranges as specified in the present invention.
Embodiments of the present invention are shown hereinafter.

[0014]
(Preparation of aqueous liquid mixture containing raw material

25 compounds for catalyst components)



raw mat erial conmpounds for catal yst conponents may be used singly or in
conbi nations of two or nore for each elenent that constitutes a catal yst
conmponent. [0016] The aqueous liquid m xture may include ethyl

al cohol, acetone, or the like, in addition to water, as a solvent. 7
[0017] (Drying) Next, the obtained aqueBus |iquid mixture including the raw
mat eri al conpounds for the catal yst conponents is dried. A drying nethod is
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aqueous liquid mixture is not specifically limited. Examples thereof that can

10 be used include nitrates: carbonates; acetates; ammonium salts; oxides;
halides; oxo acids; and salts of oxo acids of each constituent element of the
catalyst. These may be used singly or in combinations of two or more.
Examples of a raw material compound of molybdenum include molybdenum
oxides such as molybdenum trioxide, and ammonium molybdates such as

15 ammonium paramolybdate and ammonium dimolybdate. Examples of a raw
material compound of phosphorus include phosphoric acid, phosphorus
pentaoxide, and ammonium phosphate. Examples of a raw material
compound of vanadium include ammonium metavanadate, vanadium pentoxide,
and vanadyl oxalate. Examples of a raw material compound of copper include

20  copper nitrate, copper oxide, copper carbonate, and copper acetate. These
raw material compounds for catalyst components may be used singly or in
combinations of two or more for each element that constitutes a catalyst
component.
[0016]

25 The aqueous liquid mixture may include ethyl alcohol, acetone, or the

like, in addition to water, as a solvent.



20i n decreased reaction rate. On the other hand, in the case where the
apparent density (X) is nmore than 1.80 kg/L, catalyst activity and
selectivity to methactylic acid are lowered. Here, the apparent density (X)
is a value neasured by the nethod as descrlbed in "HS K 7365. Nanely, the
obtained dried material is neasured of f7into a 100 /[1it_ measuring
cylinder, and the 25apparent density is a value calculated fromthe mass of

100 nL vol y the following fornula. 8 [0019] Apparent density
(X) (kg/L €9/ = Mass of the dried material packed into a 100 nL
measuring cyli @ja ég) /100 [0020] A spray drying can be carried out
by supplying th 'X ous liquid m xture obtained by the above nethod and
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W t hin thegfoal;é?e from1.00 to 1.80 kg/L. [0021] The hot air inlet
t enper at ur a spray drier is preferably 200 to 400C, nore preferably 210
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1.00 to 1.80 kg/L, catalyst activity and selectivity to methacrylic acid in the
methacrylic acid production are improved because it becomes possible to allow
15 pores effective in selective oxidation of methacrolein to be formed while
obtaining a sufficient molded body density. In the case where the apparent
density (X) is less than 1.00 kg/L, it is possible to form pores effective in the
reaction, but the molded article density becomes smaller in molding, and the
amount of the catalyst to be packed into a reaction tube is decreased resulting
20 in decreased reaction rate. On the other hand, in the case where the apparent
density (X) is more than 1.80 kg/L, catalyst activity and selectivity to
methacrylic acid are lowered. Here, the apparent density (X) is a value
measured by the method as described in JIS K 7365. Namely, the obtained
dried material is measured off into a 100 mL measuring cylinder, and the
25  apparent density is a value calculated from the mass of 100 mL volume by the

following formula.



stirrer using ultrasonics or the like. As a stirrer, a rotary stirrer such
as a rotary blade stirrer or a high-speed rotation shear stirrer
(honogeni zer and the like) is preferable because it is easy to adjust the
intensity of stirring and it is a sinple nmethod froman industri al
standpoint. A rotation speed of a stirrfng vane or a 5rotating blade in the
rotary stirrer may be adjusted appropriately taking the shape of a

cont ai ner, % gLirring vane, a baffle plate, and so on; and the |iquid

vol une i nt@%8hsi deration so as not for the liquid to scatter.

A
tenperature of the agueous |jQqQujd m xture the ti f stirring is
preferably 25C %PQfsakg?nWrQ&gF@Heﬁﬁﬁp Y%SEP‘?F%&E?SQ\QW'W@EPH erably
18C or | ower, 10particularly prefergbly 15C or lower. A stirring tine
is prefer a'ﬁi(}/agg)%rﬁ‘gd\f‘%swng %é@?f re’‘preferably 40 minutes or |onger,
even nore rgf fr ably 50 m nutes or longer, and particularly preferably one
hour or Ioﬂ%& P [ 0023] A solid content rate of the aqueous

liquid mxture jn th t inventjon 15is calcylated after dryi
part of  he. aqdbaBe SEA REGAEH S &Y HRPAND {06 Aaheaial 60%n” 17 om t he
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10 and non-oxidizing gas such as nitrogen may also be used. The apparent
density (X) of the obtained dried material tends to become larger as an inlet
temperature of the hot air is lower; a liquid temperature of the aqueous liquid
mixture to be supplied is lower; a stirring of the aqueous liquid mixture to be
supplied is more vigorous; and the solid content rate of the aqueous liquid
15  mixture is higher. Thus, these may be adjusted so that the apparent density
(X) falls within the range from 1.00 to 1.80 kg/L.
[0021]
The hot air inlet temperature of a spray drier is preferably 200 to 400°C,
more preferably 210 to 370°C, even more preferably 220 to 300°C, and
20  particularly preferably 230 to 280°C.
[0022]
A stirring of the aqueous liquid mixture before feeding it into a spray drier
is preferably carried out at the highest possible speed. Examples of a stirrer
include known stirrers such as: a rotary stirrer such as a rotary blade stirrer or a

25  high-speed rotation shear stirrer (homogenizer and the like); a pendulum linear

motion type stirrer; a shaker that shakes a container itself; and a vibration type



An average particle dianmeter of the dried material is preferably 1 to 250
em In the case where the average particle diameter is 1 amor nore, a pore
di anet er necessary for the oxidation reaction of methacrolein can be
assured, thus nethacrylic acid can be obtained in a higher yield. Further,
in the case where the average particle 8ianeter is 250 pmor less, the
nunber of contact points between dried naterial particles per unit vol une
does not decrease,
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be descr bgglo?%le(r),wrho;et prie?erably 40 minutes or longer, even more preferably 50
minutes or longer, and particularly preferably one hour or longer.
[0023]
A solid content rate of the aqueous liquid mixture in the present invention
15 s calculated, after drying a part of the aqueous liquid mixture with a hot air drier
and so on, from the mass of solid content after drying by the following formula.
[0024]
Solid content rate (%) = (Mass of the solid content of the aqueous liquid
mixture after drying / Mass of the aqueous liquid mixture before drying) x 100
20 [0025]
The solid content rate of the aqueous liquid mixture is preferably 18% or
more, more preferably 20% or more, even more preferably 22% or more, and
particularly preferably 25% or more. Furthermore, the solid content rate of the
aqueous liquid mixture is preferably 50% or less, and more preferably 40% or

25 less.

[0026]



al so possible to prepare a m xture containing the obtained dried materi al
to carry out extrusion of the mxture. The mxture is not specifically
limted as long as it contains the dried material; however the mxture is
preferably a kneaded material that is produced by kneading a liquid and an
organi ¢ binder 10with the obtained driéf material. [0030] An
apparatus to be used for kneading is not specifically limted, and for
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10 the value is measured by a laser particle diameter distribution measuring
apparatus.
[0027]
Furthermore, a contact mode of sprayed liquid drops with the hot air may
be any one of co-current, counter current, and co-counter current (mixed
15 current), and the drying can preferably be carried out in any one of these
modes.
[0028]
The dried material thus obtained may be subjected to, if necessary, a
heat treatment (calcination) at 200 to 500°C to make a calcined product. The
20 calcination condition is not specifically limited, but the calcination is usually
carried out under the flow of oxygen, air, or nitrogen. Further, the calcination
time is set appropriately according to the intended catalyst. Hereinafter, a
dried material which has not been calcined and the calcined product described
above are collectively referred to as a dried material. When the heat

25  treatment is carried out, the apparent density (X) is measured for the calcined



is preferably 10 to 60 parts by mass relative to 100 parts by nass of the
dried material to be subjected to a kneadi ng. Wien the anount of the liquid
to be used is 10 parts by mass or nore, it becones possible to snoothly
carry out extrusion, therefore particles in the dried material becone
difficult to be 10crushed, Thereby, |aride voids, nanmely |arge pores are
formed in the dried or calcined nolded article, and the selectivity to

met hacrylic acid tends to be nproved. On the other hand, when the anmount of
the |iqui dProgupkatterdheineastreptipest, @Wr?ﬁ%én?ﬁsqf%éé’?'%'w&i%'ﬁs@gegt the time
of molding is |lowered resulting in i n’proxi(gd haErHjl i n(g characteristjcs.
Fur t her norwithipiiee sangs gt thecappatenheerely 8 acertdirg e hasPEesepeNVARIY ed
because the nol ded article becones denser. The amount of liquid to be used
is more prl@P&Phbly 15 to 50 parts by mass relative to 100 parts by mass of
the dried material to be subjected to a kneading, even nore preferably 16
to 45 parts by (Ra@@a,raﬁﬁa%mlﬁue%r:amay“ﬁg@'f'saaﬁ? ”QB to 35 parts by mass.

nn[ 0033] 'o The organic binder is pot specifically Limted, and

exanpl &s t her edVhER@UHEEIOR ip SRR OHUHﬂBGr'iHO@IE’ththt%e Bﬁ%lgfme:@?&ch@ﬁsol ,
a-glucan derivatives, and 6-glucan derivatives. Thes be, us singly or
i n conbi naglEeRossidle %P@Paﬁ%ﬁémxﬁgﬁﬁ%‘zﬁ'mnﬂstﬁe ob-{am?ﬁéﬂ%}édpateéﬁ?g)e” vative
is a polysaccharide in which gl ucose_lis bound in the f?.r nhyolff. i

a- conf i gur eAMHAULMEFEIRPY Niecdhdriedes! henaiXtdreas gt speetically ¥rpigd §Pucose.
Exanpl es thereof include derivatives such as a-1,4 qglucan, a-1,6 glucan,
and a- 1, 4/'ong agl it eamtainsdaegirias @fat%rt?é:hh%e\é@fdﬁﬁé%ﬂﬂ@ﬁ %ﬁf?(ﬂ?}){ Acl ude

anyl ase, glycogen, anylopectin, pullulan, dextrjn, and cyclodextrin These
may be uselneadesl yatarial thaldsbredicesiay Breadingd grliawd @ng[a(ﬁ&g]”m'c)i)mde&he

f3-glucan derivative is a polysaccharide in which glucose is bound in the
form df0 3- wihthe abtainesh daAd MAtEERY sacchari des that are constituted from

gl ucose. Exanpl es thereof include derivatives such as 0-1,4 glucan, 0-1,3
gi ucan, 13[003]gl ucan, and 13-1, 311, 6 gi ucan. Exanples of such a p-gl ucan

derivative include: a cellulose derivatives,such as. hyl .cel Lul,gse, ethyl
cel | ulose. car biRGRBAFAINS & PPaEador Kaeading iSPRoarRitAN TBURF PR T

hydr oxyet hyl cellul ose, hydroxypropyl cel|ul ose, hydraxypropyl nethyl
cel | ul ose EXENEIE, aaiFB iR HWaCFPétV% a@@IUHJﬂ @&,‘YF}%%‘F&Z HHP%?{GFNQ{ %yl
cel lul ose, and ethyl hydroxyethyl cellul ose; 13-1,3 ‘gi L{CG.I’]S such §fﬁe
curdl an, | 6PRimMmUsKNesses $HFRAS 8 hadrg aggtingdRCPAICAING S B3 These
may be used singly or in_conbinati on% of two l_?r nor e.
15 having a self-cleaning function can be used.  However, a batch type kneader

is preferable from a viewpoint that it is possible to carry out kneading while
checking the state of the kneaded material. The end point of kneading is
defined as a point of time when the kneaded material is mixed until it is
possible for the kneaded material to be extruded, and the end point is

20 determined by a visual observation or a touch.
[0031]

The liquid is not specifically limited as long as the liquid has a function of
wetting the dried material, and examples thereof include water; and an alcohol
having 1 to 4 carbon atoms such as methyl alcohol, ethyl alcohol, propyl

25  alcohol, and butyl alcohol. Among these, ethyl alcohol and propyl alcohol are

preferable from the standpoint that the particles in the dried material do not



[ 0036] The organi c binder nmay be used w thout being refined or nmay be
used as refined. However, in the case where netals or ignition residues as
inpurities are contained, the catal yst performnce sonetinmes is reduced,
therefore the content of metals or ignition residues is preferably smaller.
[ 0037] 25The anmpunt of the organic bindér to be used is selected
appropriately depending on the type and size of the dried naterial, and the
type of liqujd owever if i

, 14 is preferably 0.05 to 15 parts by nass
rel ative t@lepsepand ﬂwa&yo,ﬁ%%grt'f%@tl\{ed@%?iog@aﬁgpgﬁﬁgﬁloq 8% a@'u%’; l?e%t ed to a
kneadi ng, and nore preferaply 0.1 to 10, parts. by nmas Wth an anmount of
t he organi f@”ﬁ?ﬁdeﬁ-h?§e B@Xajg%g‘sﬁg Wﬁ%obﬁ?@ﬁvaﬁﬁ% OEFW%F 819 he
nol dabi litl% tends to be inproved. On the other hand, the anount of the
organic bil99é2lto be used of 15 parts by nmass or less nakes it easy to

t f ing. I ' by, f. | heat
Creat ment af { or{ HoRERHgE of Bo4BRId P BRUFE onecPRer PR ReLRNG T ey
R b R R T i A
Car bon 11 DEmISH Rk GO R By Tt IHeLe o Ll Pl BY Grasiey! e e o
L e
containing the dried npterial is rml,ged to rodug‘e a cat(gtbysﬁ;‘%%g ed body.
Exanpl es o#sed ifol HPAGS RERT OF MORR THPERRINGRPEFTRIE FORTAE ™M t hods

;?;n[]? Ll Q%Xt%“gﬁgﬁgﬁgg SioRE IR uss e SRR S mE Bt tTRE ' N

10 crushed. Thereby, large voids, namely large pores are formed in the dried or
calcined molded article, and the selectivity to methacrylic acid tends to be
improved. On the other hand, when the amount of the liquid to be used is 60
parts by mass or less, adhesiveness at the time of molding is lowered resulting
in improved handling characteristics. Furthermore, the strength of the molded

15 article tends to be improved because the molded article becomes denser. The
amount of liquid to be used is more preferably 15 to 50 parts by mass relative
to 100 parts by mass of the dried material to be subjected to a kneading, even
more preferably 16 to 45 parts by mass, and particularly preferably 20 to 35
parts by mass.

20 [0033]

The organic binder is not specifically limited, and examples thereof
include a polymer compound such as polyvinyl alcohol, a-glucan derivatives,
and p-glucan derivatives. These may be used singly or in combinations of two
or more.,

25 [0034]



preferable. In addition, as described above, in the case of extrusion, the
m xture containing the dried material can be extruded. For exanple, an
auger extrusion nachine or a piston type extrusion machi ne can be used for
the extrusion. A shape of the catalyst nolded body is not specifically
limted, and 25it can be, for exanple, ®hy shape such as ring shape,
cylindrical shape, or star shape. 15 [0040] In the case of

extrusi on, an extruded form obtained by extrusian be dried to ke a
catal yst nol ded! p@eaydlugandervativieos %P?'Vﬁ@cqi?rﬁ*&'né"g@é? plucape Js P?'T‘ﬁ“{TEH, and
for exanple, comonly known nethods such as a hot a{i r dr |ﬁ®%{? far
infrared dihgfegm Fre-gordigyratian emang pefysagrhariges thatiarg 9o8s 'Trofe dryi ng
condition can appropriately be selected as _|on s the i ntI ended ter

cont ent i sObEEEEneBXaMplas e&%@é"‘&lH@@é*ef'Mét“fﬁﬁ/g 3302 hHIG RN &1 Re
extruded form the nol ded article densitg@&\(zj to be descrjbed.later is
measur ed f BlucBReaRdral FLt.6@NGRY HoRMRIEE O SHFY PRG-IMANAREVAEY  ur ed val ue
may be included within the 10 range of .the | ded articl.e densi (Y)
according teludfeamyiosendlycagentad '°8ﬁ8t"ﬂ+@"\r;'gﬁrhé’e ring Rg! %@dﬁé{r?ﬁncl uded

wi thin the_range according . to the &rigg,eng i nvention. [0041] The

nol ded ar t T BESE FesPe WSEYPINgHY PR NAYPN$ G OhBWCof the present
invention is in the range of 1.60 to 2.40 kg/L, preferably in the range of
1.65 to 2. B34/ L, nore preferably in the range of 1.70 to 2.20 kg/L, and
even nore preferably in the range of 1.75 to é 10 IH(%]/L. Furt her nor i t he
ratio of the apphe 8r@lugamspriyative is@pelieacrhadde RMNI alugersit PORg ™M (X v)
in the present invention is in the range of 0.50,tqg 0.80 referably in the
range of oiBafarg @f.BTQOR@BLU?“%?@W@V%‘N%M“HGFIﬁ'&atraéﬁ&é’hﬁﬁtug?(géo'f'% 0.73
kg/L, and even nore preferably 0.57 to 0.70Q kg/L. Here, ,the nold article
densi t10 ( Ypluoosehe E\xampée%meé%@fa!ﬂ@@d?rOt?MV?H\ée%%‘é?*ha%Bv"af‘@é”‘iﬂ“' R Ej’n’ass (kg)

per a catal yst nolded article divided by the_volu L or, 100 cat al yst
nol ded ar t GHIGES, be@@i‘}ca\M@ﬁdtﬂTé-%g%c%Hg%ﬂ-ti@‘%“ﬂggﬁ(ftsyc%‘?)ﬁ'gg"qaﬁ the range
of 1.60 to 140 kg/L, catalyst actjvity is inproved in the nme rylic acid
product i on dSéilééi'}gQamPH@e gg;yej{HMﬁtde(g\:va%/ly]%s §B&EP§§?&[‘@ %@'“E’é@k%ﬂ’%f %lecti ve in
the oxidation of nethacrolein Cﬁﬂ be assured. Furte’gﬁrlm)rlel when the ratio
(X1Y) is iseflueseasrjposymethybeelbiesaEoditn ARV E98F  ective in the

SSLE;E \é]? f gt);igi(rjq%ie?hqll 8‘%@8&?@%‘?%&%8&%&|U%s%',’R%‘rtox%rotpOFm%ﬁ%ﬁ'céﬁﬁ|o£8 be
15 (HPMC), hydroxyethyl methyl cellulose, hydroxybutyl methyl cellulose, and
ethyl hydroxyethyl cellulose; B-1,3 glucans such as curdlan, laminaran,
paramylon, callose, pachyman, and scleroglucan. These may be used singly

or in combinations of two or more.

[0036]

20 The organic binder may be used without being refined, or may be used
as refined. However, in the case where metals or ignition residues as
impurities are contained, the catalyst performance sometimes is reduced,
therefore the content of metals or ignition residues is preferably smaller.
[0037]

25 The amount of the organic binder to be used is selected appropriately

depending on the type and size of the dried material, and the type of liquid,



S5net hacrol ein are sinultaneously assured, therefore the yield of

met hacrylic acid is inproved. [0043] The nolded article density (Y) of the
catal yst nol ded body tends to becone larger as the anount of liquid is
smaller in the case where the liquid is 10added in preparing the m xture;
and the nol ding pressure is higher. Théfefore, these may be adjusted so
that the nolded article density (Y) is 1.60 to 2.40 kg/L, and, at the sane

(T R S PR Y B b AR B L
i natry RSO RS SRaRE AR Bl B 8100,
L R e I
e st SRR RSB R Bt W
5 and, the amoun oﬂhegorganlc inder to be uséd og‘¥5 parts by mass or less
makes it easy to carry out a process of removing the organic binder by, for
example, a heat treatment after molding.
[0038]
In addition, in the kneading, an inert carrier such as an inorganic
10 compound such as silica, alumina, silica-alumina, silicon carbide, titania,
magnesia, graphite, and diatomaceous earth; inorganic fiber such as glass fiber,
ceramic fiber and carbon fiber; or ceramic ball or stainless steel can further be
added to carry out kneading. These may be used singly or in combinations of
two or more.
15 [0039]

(Molding)

Next, the dried material or the mixture containing the dried material is
molded to produce a catalyst molded body. Examples of a molding method of
the dried material include known methods for molding powders such as

20 tableting, extrusion, and a tumbling granulation. Among these, extrusion is
preferable. In addition, as described above, in the case of extrusion, the
mixture containing the dried material can be extruded. For example, an auger
extrusion machine or a piston type extrusion machine can be used for the
extrusion. A shape of the catalyst molded body is not specifically limited, and

25 it can be, for example, any shape such as ring shape, cylindrical shape, or star

shape.



A net hod for producing nmethacrylic acid according to the present invention
is a nethod for producing rnethacrylic acid through a catal ytic gas-phase
oxi dation reaction of methaorolein with nolecular oxygen in the presence of
the catal yst for producing nmethacrylic acid produced by the method
according to the present invention, [06@7] The catal ytic gas-phase
oxi dation reaction can be carried out in a fixed-bed. A catalyst layer is
not specifbﬁghjy limted. The catalyst layer may be a non-diluted | ayer
conposed J y the catalyst or a diluted |ayer containing an inert

Cayers, | SSZﬁi“?X tfee_c%‘%%‘%g%'xﬁf %elﬁ’é%%é{%g%;éﬁigbgvr?%ﬁzf%aﬁéiaﬁﬁ%»ﬁé?' e
oxi dat i“f;g IeiE ke R eyl rele Thof S maBor L e B BBt er s
. ch d, i i h ' f.
gnizhéi‘i‘ol 3urﬁlft$‘cﬂ9fn|¢efo?g&€““ eélrc{oiﬁ‘ 599/"?&0’%6é}eimfa:l%ﬁcé’@c‘iffé‘%%ﬁ%ﬂé&v'gs- fore,
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. = . o
Concent  at FaRtgReror LEURLEEgBee M hBo S arfledro It S48 Brur Bnr y 4
Ao a ol cdPBEoA R e ivae) B beicB-Eunfl el TrBEEuBHIR heilRYel o Sspure
oxygen- on" LElEd ahd, 570 BBl o RERERaa LG AR Beyodfded iR L2 |
32&ﬁ'oﬁé?r'ﬁiéﬁ&f%f@ee&ql@%&ﬁ*e@%déﬁ{ﬁ@% WGP i Btﬁsshﬁin%ﬁggﬁ nanee o
. N . .' 1% b
volume. or tenare 0GR B4 he buedi 4B RESRhE: SRS BriRtore, 't ne
concentrat.ion of water vapor in the raw material gas is preferably 50% by
vol une or 'pgggt,ona\nd nore preferably 40% by volune or |ess. The raw nateri al

gas may co[m}%ﬂ a small quantity of inpurities such as |ower saturated
al dehyde, er it is preferable to keep the quantity as small as

possibl e. 10N GOy Hotddd SrilcR G SRR v 'of 435 cHBY st hisla& @ BbaY B fk praGEAt 92°

such as nitroge
15 invention is in the range of 1.60 to 2.40 kg/L, preferably in the range of 1.65 to

2.30 kg/L, more preferably in the range of 1.70 to 2.20 kg/L, and even more
preferably in the range of 1.75 to 2.10 kg/L. Furthermore, the ratio of the
apparent density (X) to the molded article density (Y), (X/Y) in the present
invention is in the range of 0.50 to 0.80, preferably in the range of 0.53 to 0.75
20  kg/L, more preferably in the range of 0.55 to 0.73 kg/L, and even more
preferably 0.57 to 0.70 kg/L. Here, the molded article density (Y) is the value
calculated from the average value of the mass (kg) per a catalyst molded article
divided by the volume (L) for 100 catalyst molded articles.
[0042]
25 When the molded article density (Y) is in the range of 1.60 to 2.40 kg/L,

catalyst activity is improved in the methacrylic acid production because the



or carbon di oxide gas. [0050] The reaction pressure of the catalytic

gas- phase oxidation reaction is preferably fromordinary pressure
(atnospheric pressure) to 5 atm The 15reaction tenperature is preferably
230C or higher, and nore preferably 250C or higher. Furthernore, the
reaction tenmperature is preferably 45036or |ower, and nore preferably 400C
or lower. The flowrate of the raw material gas is not specifically limted

Sl T RO S T b AR )
o B e SRR b B PR AR TR o o
o o b RS TRA Ta HSted F £85hn SE LR AR b ™
oD o e AP B Sa RS BB O eI o1 e e

et S DAL ol a3k e o M o,

of net hacrol.gl n= (B/ A), x 100 ,
acid is improved.

[0043]

The molded article density (Y) of the catalyst molded body tends to
become larger as the amount of liquid is smaller in the case where the liquid is

10 added in preparing the mixture; and the molding pressure is higher. Therefore,
these may be adjusted so that the molded article density (Y) is 1.60 to 2.40
kg/L, and, at the same time, the ratio of the apparent density (X) to the molded
article density (Y), (X/Y) is 0.50 to 0.80.

[0044]

15 (Calcination)

The obtained catalyst molded body as such may be used as the catalyst
for producing methacrylic acid, however it may also be used as the catalyst for
producing methacrylic acid after calcination.

[0045]

20 The calcination condition is not specifically limited, and known calcination
conditions can be applied. The calcination temperature may be 200 to 600°C,
preferably 200 to 500°C, and more preferably 300 to 450°C. The calcination
time may be 1 to 24 hours.

[0046]

25 [Method for producing methacrylic acid]



Selectivity to methacrylic acid %9 = (C/B) x 100 10Yield of methacrylic
acid (%9 = (CA x 100 In these fornulas, A represents the nunber of
nol es of supplied nethacrolein, B represents the nunber of noles of reacted
met hacrol ein, and C represents the nunber of noles of produced nmethacrylic
acid, [0054] isFurthernore, the apparent’ density (X) of the dried material,
and the solid

the nol ded article density (Y) of the catal yst nol ded body,

Fol | ows. 0055} (Hopad beradneRoT e Rpcuictit ot et

asured as
dried

terial d off i s i i i
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(kg) per a cat rticle was divided by the vol une

| yst | ded
cal cul &t i oﬁc%&“géprtﬁgBr%?ﬁn?frb"reni'ﬁﬁ' catal yst nolded articles, and the

(L).

Thi s

nol ded art@%lf‘ﬁbdensi ty (Y) of the catalyst nolded body was determ ned by

cal cul atin aver age "val ue.

The catalytic gas-phase oxidation reaction can be carried out in a fixed-

bed. A catalyst layer is not specifically limited. The catalyst layer may be a

non-diluted layer composed of only the catalyst or a diluted layer containing an

10 inert carrier, and may be a monolayer or a mixed layer composed of a plurality

of layers.

[0048]

It is preferable to use a raw material gas that contains methacrolein and

molecular oxygen for the catalytic gas-phase oxidation reaction. The

15

20

25

concentration of methacrolein in the raw material gas can be changed in a wide
range, however the concentration of methacrolein in the raw material gas is
preferably 1% by volume or more, and more preferably 3% by volume or more.
Furthermore, the concentration of methacrolein in the raw material gas is
preferably 20% by volume or less, and more preferably 10% by volume or less.
The concentration of molecular oxygen in the raw material gas is preferably 0.4
mol or more per 1 mol of methacrolein, and more preferably 0.5 mol or more.
In addition, the concentration of molecular oxygen in the raw material gas is
preferably 4 mol or less per 1 mol of methacrolein, and more preferably 3 mol
orless. As a molecular oxygen source, it is economical to use air, however a
pure oxygen-enriched air can be used, if necessary.

[0049]



[0058] (Solid content rate of slurry (aqueous liquid mxture)) 300
g of the slurry was dried with a hot air drier. The solid content rate 100f
the slurry (the aqueous liquid mxture) was cal cul ated fromthe mass of the

solid content after drying by the foll OWI ng fornmula, [0059] Sol i d
content rate (%ss of the solid contenfl8after drying slurry / Mass of the
slurry before drying slurry) x 100 15[ 0060] (Exanple 1) 100 parts of

L A A B
pated, oA ﬁ‘é’ﬁ‘ﬁ*r %?:fgndw?%lﬁ‘ﬁ BT s
H pitiy ok Aol i
o i U T
Fﬁitﬁeréfs{oﬁ?zgaf é?o'iﬁaé d4aeE FBW?&?"%PEY émcﬂé %ﬂjlﬁggnt m'{ﬂ‘%@%s

100C whi 1 dhBePRgeSEeYarLal walRi kg BB AT oS R Rl BT o e

OF ‘the SI i rI mE—:‘eoar gsesd atnr&em\égel Breefgrsab?y 259, ﬁynvolaFHe onlless The raw material
gas may contain a small quantity of impurities such as lower saturated
aldehyde, however it is preferable to keep the quantity as small as possible.

10  Moreover, the raw material gas may also contain an inert gas such as nitrogen
or carbon dioxide gas.
[0050]

The reaction pressure of the catalytic gas-phase oxidation reaction is

preferably from ordinary pressure (atmospheric pressure) to 5 atm. The

15  reaction temperature is preferably 230°C or higher, and more preferably 250°C
or higher. Furthermore, the reaction temperature is preferably 450°C or lower,
and more preferably 400°C or lower. The flow rate of the raw material gas is
not specifically limited and can be set appropriately so that a suitable contact
time is realized. The space velocity of the raw material gas is preferably 300

20 to 3000 hr', and more preferably 500 to 2000 hr.

Examples
[0051]
Hereinafter, the present invention will be explained specifically with

25 reference to Examples and Comparative Examples, however the present



[0061) 5The slurry (aqueous liquid m xture) containing the raw materi al
conpounds for the catal yst conponents thus obtained was subdivided into
smal | batches of slurry each having a volunme of 20 L, which were then
stirred. After that, the subdivided slurry was spray dried using a
co-current spray dryer under the condit!Pon of a rotation speed of a rotary
di sk for spraying slurry of 1018,000 rpm nmethod of stirring the slurry, the

stirring rotation s d, the stir |rre an thell ture of
the sl urr;}”‘é‘?’é“%‘&&ﬁ’??m“?ggf’éﬁﬁs% X?ﬁ‘é’ Sondi 19 B PALE; hﬁ‘ﬁgfg[@@ ubdi vi ded
slurry each havij ol une_of efore s dryin Furthernore, the
hot air i )éﬁmPlléﬁ%é\%aqfﬂmairﬂ“’ten X%’BP% 'H??ri‘%gag%gytrﬁisgppar ent density (X)
of the obh@bgﬁﬂ dried material are shown in 15 Table 1. The solid content
rate of t rry shown in Table 1 was neasured before stirring the

foosz] “”r?éﬂ@é\%v g ¥ i AR e e BT H%%cﬁe TGRS and

pure vvat er 20

Gl ay- | Pko 4P SBIARSTE e AREdar A s e ok adR B fpe

si gma- bl ade. ] he .k ded, m xt.ure ru pi ston type
extrusi on mettla rﬁg@ﬁl\ﬁeanq etWEf&ean peLAgHIIC ﬁ%%(&%ﬁr@(ﬂggfoﬁév\%ed into a

cyllndrlcgjg Egﬁpe 25 with an outer dianeter of 4.8 nmand a |length of 5 mm
This nmold y was dried at 9000 for 12 hours to obtain a catal yst nol ded

he. obt ai ned cHeaqien thi oReBEoBIL EhokRA 1B e 2. [oosa] 0
Selectivity to methacrylic acid (%) = (C/B) x 100
10 Yield of methacrylic acid (%) = (C/A) x 100
In these formulas, A represents the number of moles of supplied
methacrolein, B represents the number of moles of reacted methacrolein, and
C represents the number of moles of produced methacrylic acid.
[0054]

15 Furthermore, the apparent density (X) of the dried material, the molded
article density (Y) of the catalyst molded body, and the solid content rate of the
slurry (the aqueous liquid mixture) were measured as follows.

[0055]
(Apparent density (X) of dried material)

20 The dried material was measured off into a 100 mL measuring cylinder
according to the method as described in JIS K7365. The apparent density (X)
of the dried material was calculated from the mass of a volume of 100 mL by
the following formuia.

[0056]
25 Apparent density (X) (kg/L (g/mL)) = Mass of the dried material packed

into a 100 mL measuring cylinder (g) / 100



Next, the catalyst nolded body was calcined at 380C under airflow for 18
hours to obtain a catalyst. The el enental conposition of the obtained
catal yst other than oxygen (the sane applies hereinafter) was as foll ows.

[ 00651 Mb12VO, 51D1, 2Cu0l Csi he above el enental conposition is
cal cul ated fromthe amount of the 10raf’mat eri al of each el ement to be
added. [0066] This catal yst was packed into a reaction tube nmade of

st ai nl ess [%gﬁ with an outer dianeter of 27.5 mmand a height of 6 mwhich
has a ther ath outside in such a way that the packing length of the

catal yst was 5 (M?Idle% %@Hﬁ% ?%rh%,gts@g%@rcg{%&sﬁég@dgg%ohg?r no- bath was set to
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[0059]

Solid content rate (%) = (Mass of the solid content after drying slurry /
Mass of the slurry before drying slurry) x 100
15 [0060]
(Example 1)

100 parts of molybdenum trioxide, 3.4 parts of ammonium metavanadate,

8.0 parts of 85% by mass aqueous phosphoric acid solution, and 1.4 parts of
copper nitrate were dissolved in 400 parts of pure water. The resultant

20 solution was heated to 95°C while being stirred, and the stirring was continued
for 3 hours keeping the solution temperature at 95°C. After cooling the
solution to 85°C, a solution obtained by dissolving 14.0 parts of cesium
bicarbonate in 20 parts of pure water was added thereto while stirring with a
rotary blade stirrer, and the resultant mixture was stirred for 15 minutes. Next,

25  a solution obtained by dissolving 10.7 parts of ammonium nitrate in 20 parts of

pure water was added thereto, and the resultant mixture was further stirred for



di ssolving: 12.4 parts of cesium bicarbonate dissolved in 20 parts of pure
water; and 9.2 parts of amoni um carbonate dissolved in 20 parts of pure
water in 26 parts of pure water was added thereto while stirring with a
rotary blade stirrer, and the resultant m xture was further stirred for 20
mnutes, After that, the slurry was hedfled to 100C while being stirred, and
then condensed until the solid content rate of the slurry reached the val ue

cont Qfﬁ”.;n'gznq E@r?u'rtéwlngh@r . s umhes h”&é@é‘@%}ﬁ?@ﬁu@%”ﬁ“@ s
of 20 L, Eesw“ ek ntiShB <20 coms = et e ke lreireR 458 Vel & Vves

spray dri e 'ICO current spray dryer under the condition of a rot atl on

speed of RISK - f or spraying slurry of 2518,000 rpm The conditions
of stirri 28 g d dry| ng, and the apparent density (X) of the obtained dried
mat eri al 85&hown i n Tabl e 1 24 [ 0070] The dried material thus

obt ai ned, HPMC_ et r]é Zl coh &gﬁ)ure wat r wer e m xed kneaded unti |
the drPed mat ering SIHEY 43R U%‘P'—éﬁ/“qql iglire) ¢ @W"ﬂ%/ rl?ﬁve%’&é‘?” qur pped with a

doubl bl ade 0071 K
eg'tj r ugegr ngptr% ’i‘i%{mlt yf‘pga@bf neRE S, o)htﬁlanSNaeg'}%eq Y'Sﬁd "ﬁtﬁ(raemwits ure

onarh o ibfairBd e e b 4Bl Rl o
Cat LYot e P BRSSP B AR PR '
Lor7™) "ol AR SRR B U, a@ﬁt@%spi’%rﬁg%ar;riﬁr
obtal rll?)d 115 8868 Ir m. rr]eergweih %ofo §%ﬁ§8 tr\{\éaglu?rsy, {he stlrrrng rg%?oﬁ]speed the
stirring time, and the liquid temperature of the slurry are shown in Table 1 as
the condition of stirring the subdivided slurry each having a volume of 20 L
before spray drying. Furthermore, the hot air inlet temperature in the spray
drying and the apparent density (X) of the obtained dried material are shown in
15 Table 1. The solid content rate of the slurry shown in Table 1 was measured
before stirring the subdivided slurry; however, the value does not change after
stirring.
[0062]
The dried material thus obtained, HPMC, ethyl alcohol, and pure water
20  were mixed, and kneaded until the dried material became clay-like by a batch-
type kneader equipped with a double-arm type sigma-blade.
[0063]
Next, the kneaded mixture was extruded by a piston type extrusion
machine. In the extrusion, the mixture was molded into a cylindrical shape

25  with an outer diameter of 4.8 mm and a length of 5 mm. This molded body

was dried at 90°C for 12 hours to obtain a catalyst molded body. The amount



Mb12VO0. 4P1. 1As0. 55Cu0, 2Csi i i This catal yst was packed into a reaction
tube made of stainless steel with an outer diameter of 27.5 nmand a hei ght
of 6 mwhich has a thernb- 2 Obath outside in such a way that the packing
Il ength of the catalyst was 5 m Then, the tenperature of the therno-bath
was set to 285C, and then the catal yti @2gas- phase oxi dation reaction of

met hacrol ein was carried out under the condition that allowed a reaction

gas consi st.ing,of , 6% b | une, of t hacrol.ei 0 oxygen,
0% byhvolhqm@%afa e 2ot i ey SREBEGERYEL 0 e BB BBaRlst e
through the catal yst |ayer at e velocity of 1100 he. The product
obt ai ned aﬁ‘?@?d%’ég § Fséf’forwnt.ﬂ%taggrt of the 25 reaction was col | ected
and anal yéﬁﬂe‘?ﬁ/ gas chromatography to deternine the reaction rate of

met hacr ol Yt he selectivity to nmethacrylic acid, and the yield of

th |i id. Th i ;
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the séaF r;&ﬁﬁgﬁrs%e qbﬁé'h)ﬁiﬁ%n%ﬁvs%eiiﬁé‘é b BEHORPPRL B e RBRRS chown' i n
abl es ) in .. i
each desc?‘?nagéldsﬁ ?lt?’%( esug)t(xsgear lﬁ‘%ggﬁnﬁ é@ol%ﬂ{gﬁp%‘ag%%g\&%g%&%&%.fsgt IE;<)2rrpl e
6 was carrbgg ﬁUt for 2400 consecutive hours. The results are shown in
Tabl e 4. [98°Pbo76] [Table 1]

M012Vo.5P1.2CU0.1CS1.25
The above elemental composition is calculated from the amount of the
10 raw material of each element to be added.
[0066]
This catalyst was packed into a reaction tube made of stainless steel
with an outer diameter of 27.5 mm and a height of 6 m which has a thermo-
bath outside in such a way that the packing length of the catalyst was 5 m.

15  Then, the temperature of the thermo-bath was set to 285°C, and then the
catalytic gas-phase oxidation reaction of methacrolein was carried out under
the condition that allowed a reaction gas consisting of 6% by volume of
methacrolein, 12% by volume of oxygen, 10% by volume of water vapor, and
72% by volume of nitrogen to pass through the catalyst layer at a space

20  velocity of 1100 hr'. The product obtained after 24 hours from the start of the
reaction was collected and analyzed by gas chromatography to determine the
reaction rate of methacrolein, the selectivity to methacrylic acid, and the yield of
methacrylic acid. The results are shown in Table 3.

[0067]

25 (Example 2, Comparative Examples 1 to 4)



[ Tabl e 28 [0078] [Table 3] [Table 3] Exanple and Conparative Exanple
Exanple | Exanple 2 Apparent density (X) of dried ™

23

The catalysts were prepared and the catalytic gas-phase oxidation
reaction of methacrolein was carried out in the same manner as in Example 1
except for adopting the conditions shown in Tables 1 and 2. The results are
shown in Table 3.

5 [0068]

(Example 3)

100 parts of molybdenum trioxide, 2.7 parts of ammonium metavanadate,
7.3 parts of 85% by mass aqueous phosphoric acid solution, 7.5 parts of 60%
by mass arsenic acid, and 2.8 parts of copper nitrate were dissolved in 400

10 parts of pure water. The resultant solution was heated to 95°C while being
stirred, and the stirring was continued for 3 hours keeping the solution
temperature at 95°C. After cooling the solution to 85°C, a solution obtained by
dissolving: 12.4 parts of cesium bicarbonate dissolved in 20 parts of pure
water; and 9.2 parts of ammonium carbonate dissolved in 20 parts of pure

15  water in 26 parts of pure water was added thereto while stirring with a rotary
blade stirrer, and the resultant mixture was further stirred for 20 minutes.  After
that, the slurry was heated to 100°C while being stirred, and then condensed
until the solid content rate of the slurry reached the value as shown in Table 1.
[0069]

20 The slurry aqueous liquid mixture containing the raw material
compounds for the catalyst components thus obtained was subdivided into
small batches of slurry each having a volume of 20 L, which were then stirred.
After that, the subdivided slurry was spray dried by a co-current spray dryer
under the condition of a rotation speed of a rotary disk for spraying slurry of

25 18,000 rpm. The conditions of stirring and drying, and the apparent density

(X) of the obtained dried material are shown in Table 1.



material [kg/L1 1.05 1.05 density (Y) of catalyst nolded body [kg/Li

1.65

apparent density to nolded article density (),1Y) 0.57 0.64
24

[0070]

The dried material thus obtained, HPMC, ethy! alcohol, and pure water
were mixed, and kneaded until the dried material became clay-like by a batch-
type kneader equipped with a double-arm type sigma-blade.

5 [0071]

Next, the kneaded mixture was extruded by a piston type extrusion
machine. In the extrusion, the mixture was molded into a pellet shape with an
outer diameter of 4.8 mm and a length of 5 mm. This molded body was dried
at 90°C for 12 hours to obtain a catalyst molded body. The amount of each

10  additive and the molded article density (Y) of the obtained catalyst molded body
are shown in Table 2.
[0072]

Next, the catalyst molded body was calcined at 380°C under airflow for

15 hours to obtain a catalyst. The elemental composition of the obtained
15 catalyst other than oxygen was as follows.
[0073]

Mo12V0.4P1.1A80.55C U0 2CS1.1

This catalyst was packed into a reaction tube made of stainless steel
with an outer diameter of 27.5 mm and a height of 6 m which has a thermo-

20  bath outside in such a way that the packing length of the catalyst was 5 m.
Then, the temperature of the thermo-bath was set to 285°C, and then the
catalytic gas-phase oxidation reaction of methacrolein was carried out under
the condition that allowed a reaction gas consisting of 6% by volume of
methacrolein, 12% by volume of oxygen, 10% by volume of water vapor, and

25  72% by volume of nitrogen to pass through the catalyst layer at a space

velocity of 1100 hr''.  The product obtained after 24 hours from the start of the

1. 86



Reaction rate of methacrolein 194 85.0 84.2 Selectivity to methacrylic
acid [9 77.0 77.3 Yield of nethacrylic acid 1'41

10

25

reaction was collected and analyzed by gas chromatography to determine the
reaction rate of methacrolein, the selectivity to methacrylic acid, and the yield of
methacrylic acid. The results are shown in Table 3.

[0074]

(Examples 4 to 6, Comparative Examples 5 to 7)

The catalysts were prepared and the catalytic gas-phase oxidation
reaction of methacrolein was carried out in the same manner as in Example 3
except for adopting the conditions shown in Tables 1 and 2. The results are
shown in Table 3.

[0075]

The reaction each described in Example 3, Comparative Example 5, and

Comparative Example 6 was carried out for 2400 consecutive hours. The

results are shown in Table 4.



65.5 651 Conparative Exanple 1 Conparative Exanple 2 0.70 0.48 78.377(1
85,317 1.790.50 Conparative

26
[0076]
[Table 1]
[Table 1]
. Stirring - - Solid Apparent
léxample ?“d Ol Method of rotation Stl'rrmg Eiquid content rate | density (X) of
omparative | temperature Gy time temperature . ;
Example °C] stirring slurry speed [min] | of slurry [°C] of slurry | dried material
[rpm] i [%] [ke/L]
Rotary stirrer
Example 1 250 having 4 paddle 150 45 20 22 1.05
impellers
Rotary stirrer
Example 2 250 having 4 paddle 150 45 20 22 1.05
impellers
Comparative Rois T
5 P 250 having 4 paddle | 150 45 20 2 1.0
xample 1 .
impellers
Comparative Rotagyiimes
P 250 having 4 paddle 150 45 20 22 1.05
Example 2 )
impellers
Comparative e stiger
P 300 baving 4 paddle | 100 30 25 18 0.90
Example 3 .
impellers
) Rotary stirrer
Comparative | 5,4 | poying'd paddle | 100 30 25 18 0.90
Example 4 .
impellers
Rotary stirrer
Example 3 250 having 4 paddle 150 60 15 27 1.17
impellers
Rotary stirrer
Example 4 250 having 4 paddle 150 60 15 27 1.17
impellers
Comparative RomysHier
- p 250 having 4 paddle | 150 60 15 27 1.17
xample 5 .
impellers
Comparative Rofryisties
p 250 having 4 paddle | 150 60 15 27 1.17
Example 6 .
impellers
Example 5 230 Homogenizer 8000 60 10 34 1.31
Comparative || 53, Homogenizer | 8000 | 60 10 34 131
Example 7
Example 6 210 Homogenizer 8000 60 10 38 1.38




Exanpl e 5 Conparative Exanple 6 Exanple 5 Conparative Exanple 71,31 Exanpl e
79, 3F67.8 62.01 79.467.6

61. 38

79.5 76.2 65.5

27
[0077]
[Table 2]
[Table 2}
Example and | Amount of | Amount of | Amount of | Amount of Molded article
Comparative | dried material | HPMC | ethyl alcohol | pure water | density (Y) of catalyst
Example [parts] [parts] [parts] [parts] molded body [kg/L]
Example 1 100 5 20 7 1.86
Example 2 100 5 26 5 1.65
Comparative | 4 5 31 3 1.50
Example 1
Comparative
Example 2 100 5 17 6 2.19
COMPRTLYE 100 5 21 7 1.79
Example 3
Comparhve 100 5 32 4 1.45
Example 4
Example 3 100 5 20 1.83
Example 4 100 5 19 1.99
Comparative | 5 31 3 1.51
Example 5
Sompatstis 100 5 15 5 2.41
Example 6
Example 5 100 5 18 6 2.06
Comparative
Example 7 100 5 31 3 1.52
Example 6 100 5 18 5 2.06




Selectivity to methacrylic t [K] 79.8 79.9 76.2 Yield of nethacrylic acid
[94 67,6 58,7 65,4 [0080] As descri bed above, when the Exanple and
Conpar ati ve Exanpl e that have the sane catal yst conposition are conpared,
all the Exanples, in which the apparent _density (X) is in the range of 1,00
to 1.80 kg/L.; the nolded article dens??y (Y) isin the range of 1.60 to
2.40 kg/L: and (EY) is in the range of 0.50 to 0.80, showed better yield of
nethacryl%&oﬂﬁid than the Conparative 10Exanples. 30

[Table 3]
[Table 3]
Apparent | Molded article Ratio of . Selectivi .
Ex:rrlr:iple density (X) | density (Y) of apparent React(l)(}n rate| Se e:omty Yield of
. of dried catalyst density to . thacrvli methacry ic
C%mpara;we material | molded body | molded article meth;);)r]oleln m:Ci:qur%]lc acid [%]
HATRES [ke/L] [ke/L] density (X/Y)
Example 1 1.05 1.86 0.57 85.0 77.0 65.5
Example 2 1.05 1.65 0.64 84.2 77.3 65.1
Cg)z‘f;;‘;‘;i‘l’e 1.05 1.50 0.70 78.3 77.1 60.4
le:’)‘(‘;‘r’:;‘i‘;ige 1.05 2.19 0.48 85.3 73.1 62.4
CE";‘;E?;?S? 0.90 1.79 0.50 85.1 733 62.4
Cé’“g:;";fze 0.90 1.45 0.62 78.1 77.3 60.4
X
Example 3 1.17 1.83 0.64 84.9 79.4 67.4
Example 4 1.17 1.99 0.59 85.3 79.3 67.6
Cgmf;‘;?gge 1.17 151 0.77 18.6 19.5 62.5
Xal
Cgmﬁ;?;ige 1.17 2.41 0.49 85.9 76.2 65.5
Xal
Example 5 1.31 2.06 0.64 85.5 79.3 67.8
nglss;ﬁize 131 1.52 0.86 78.1 79.4 62.0
Example 6 1.38 2.06 0.67 85.2 79.4 67.6




Clains [Caiml] A nmethod for producing a catalyst for producing

nmet hacrylic acid used in producing nethacrylic acid through a catalytic
gas- phase oxi dation reaction of nethacrolein with nol ecul ar oxygen, the
catal yst conprising at | east nolybdenum and phosphorus as catal yst
conmponents, the method conpri sing: 29 producing a dried material having
an apparent density (X) of 1.00 to 1.80 kg/L by drying an aqueous liquid

m xture CO@?EF ng raw material conpounds 10 for catal yst conponents; and
pr oduci ng al yst nol ded body having a nolded article density (Y) of
1.60 to 2. ﬁ.o 4t and a ratio of the apparent density (X) to the nol ded
article den& b{% (X'Y), of 0.50 to 0.80 by nolding the dried materi al
or g mxtu[r]%b;éqqprl si ng the dr| ed rraterl al . [CI aim 2] A catal yst for
pr oduci ngrtrethacrytec—acid |JI UUU,L,CU trhe_method accordi ctaim 1.

[ O ai m 3] Examplefnfet hod Repe lg?@(tﬁl%fl ng ﬁ%‘f%‘ g’? lic tg 3{11 ? 1 a

catal yti ¢| gasmphase ERaRgixi dat Mg ?r%lﬁﬁltl on™gfa i i BP ‘@ {*f°Yol ecul ar

oxygen in|the presence of the CaEé]vet flor pr ucinglrneth ?Jrvl iclacid

accordi ng| t o clRdanpR.3 84.7 79.8 67.6
Comparative Example 5 73.5 79.9 58.7
Comparative Example 6 85.8 76.2 65.4
[0080]
5 As described above, when the Example and Comparative Example that

have the same catalyst composition are compared, all the Examples, in which

the apparent density (X) is in the range of 1.00 to 1.80 kg/L; the molded article
density (Y) is in the range of 1.60 to 2.40 kg/L; and (X/Y) is in the range of 0.50
to 0.80, showed better yield of methacrylic acid than the Comparative

10 Examples.
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Claims

[Claim 1]

A method for producing a catalyst for producing methacrylic acid used in
producing methacrylic acid through a catalytic gas-phase oxidation reaction of
methacrolein with molecular oxygen, the catalyst comprising at least
molybdenum and phosphorus as catalyst components, the method comprising:

producing a dried material having an apparent density (X) of 1.00 to 1.80
kg/L by drying an aqueous liquid mixture comprising raw material compounds
for catalyst components; and

producing a catalyst molded body having a molded article density (Y) of
1.60 to 2.40 kg/L and a ratio of the apparent density (X) to the molded article
density (Y), (X/Y), of 0.50 to 0.80 by molding the dried material or a mixture
comprising the dried material.

[Claim 2]

A catalyst for producing methacrylic acid produced by the method
according to claim 1.

[Claim 3]

A method for producing methacrylic acid through a catalytic gas-phase
oxidation reaction of methacrolein with molecular oxygen in the presence of the

catalyst for producing methacrylic acid according to claim 2.



