DESCRI PTI ON
TI TLE OF THE | NVENTI ON
CATALYST FOR METHACRYLI C ACI D PRODUCTI ON, METHOD FOR
PRODUCI NG SAME, AND METHOD FOR PRODUCI NG METHACRYLI C ACI D

AND METHACRYLI C ACI D ESTERS USI NG CATALYST

TECHNI CAL FI ELD
[ 0001]

The present invention relates to a catalyst for
met hacrylic acid production, a nethod for producing the
catalyst, and nethods for producing nethacrylic acid and
met hacrylic acid ester with the catal yst.

BACKGROUND ART
[ 0002]

There are known as catalysts for methacrylic acid
production, for use in the production of nethacrylic acid by
oxi dati on of nethacrolein (hereinafter, also sinply designated
as “catalysts”), for exanple, heteropoly acid-based catal ysts
each including nolybdenum and phosphorus. Het eropoly acid
refers to condensed oxyacid with 12 coordi nating atons form ng
a basic structure of poly acid (hereinafter, designated as
“pol yatons”) and oxide of heteroatom Heteropoly acid-based
catal ysts include proton-type heteropoly acid with protons as

counter cations, and heteropoly acid salts with sonme protons



substituted with cati ons other than such protons (hereinafter,
proton-type heteropoly acid is also sinply expressed as
“heteropoly acid”, and at | east one sel ected from proton-type
heteropoly acid and heteropoly acid salts is also sinply
expressed as “heteropoly acid (salt)”).

[ 0003]

NPL 1 describes wth respect to structures of
heteropoly acid (salt), phosphor us, silicon, arsenic,
germanium titanium antinmony, and the |ike which can serve
as heteroatons, and tungsten, nolybdenum vanadi um niobium
tantalum and the Ilike which can serve as polyatons of
heteropoly acid (salt). Keggin-type, Dawson-type, Preyssler-
type, and the like are also described as basic structures of
heteropoly acid (salt).

[ 0004]

PTL 1 discloses, as a catalyst for nethacrylic acid
production, a catal yst including a Keggin-type heteropoly acid
salt having a conposition represented by the follow ng
f ormul a:

PaMopVeXaYe O
wherein P, My, V and O respectively represent phosphorus,
nmol ybdenum vanadi um and oxygen, X represents at |east one
el ement sel ected frompotassium rubidium cesiumand thallium

Y represents at |east one elenment selected from copper,



arsenic, antinony, boron, silver, bismuth, iron, cobalt,
| ant hanum and cerium a, b, ¢, d, e and f respectively
represent the atomc ratios of P, Mo, V, X, Y and O and when
b =12 is set, a, ¢, d and e are each independently a val ue
of nmore than 0 and 3 or less, and f is a val ue defined by the
oxi dation state and the atomic ratio of each elenment other
t han oxygen

[ 0005]

Exanpl es of known Keggi n-type heteropoly acid include
HsPMb12Oyo, HaPMb11VQuoHs, and PW2Qwo, and NPL 1 indicates that
the pyrolysis tenperature of PW2Qw is higher than those of
HsPMb12Qio and HiPMb11VQwoHs. I n this regard, as described in
NPL 2, use of HPMi12Qy as a catalyst for nethacrylic acid
production favorably provides nethacrylic acid, but use of
PW>Quo | eads to both activity and selectivity which are very
| ow.
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SUMVARY OF THE | NVENTI ON

PROBLEM TO BE SOLVED BY THE | NVENTI ON

[ 0008]

However, known catalysts for nmet hacrylic acid
production are low in heat resistance and still insufficient
in catalyst life. Therefore, it is demanded for use as an

i ndustrial catalyst to develop a catalyst which has high heat
resi stance and which can allow for production of nethacrylic
acid at a high yield.

An object of the present invention is to provide a
catal yst which has high heat resistance and which can allow
for production of nethacrylic acid at a high yield. Another
object of the present invention is to provide nethods for
produci ng net hacrylic acid and nethacrylic acid ester with the
cat al yst.

MEANS FOR SOLVI NG THE PROBLEMS
[ 0009]

The present inventors have made intensive studies in
vi ew of the above problens, and as a result, have found that
t he above problens can be solved by use of a catal yst having

a specified 3!P-NMR spectrum and thus have conpleted the



present invention.

Specifically, the present invention includes the
fol | ow ngs.

[1]: Acatalyst for use in the production of nethacrylic
acid by oxidation of nethacrol ein, wherein

the catalyst <contains heteropoly acid including
phosphorus, nol ybdenum and tungsten, and

C(A+ B+ C is 0.015 to 0.085 when the area of a
signal observed in a range of -5.2 ppmor nore and | ess than
O ppmis defined as A the area of a signal observed in a
range of -10 ppmor nore and less than -5.2 ppmis defined as
B, and the area of a signal observed in a range of -20 ppm or
nore and | ess than -10 ppmis defined as Cin a 3P- NVR spectrum
of the catalyst.

[2]: The catalyst for nethacrylic acid production
according to [1], wherein BI(A+ B + C) in the 3P-NWVR spectrum
is 0.1 to O.485.

[3]: The catalyst for nethacrylic acid production
according to [1] or [2], wherein V(A + B + C) in the 31P-NWR
spectrumis 0.5 to 0.885.

[4]: The catalyst for nethacrylic acid production
according to any of [1] to [3], wherein C(A + B+ C in the
31P-NMR spectrumis 0.02 to 0.08.

[5]: The catalyst for nethacrylic acid production



according to any of [1] to [4], wherein BI(A + B+ C in the
31P-NWR spectrumis 0.2 to 0.045.

[6]: The catalyst for nethacrylic acid production
according to any of [1] to [5], wherein A(A + B+ C in the
31P-NMR spectrumis 0.53 to 0.75.

[7]: The catalyst for nethacrylic acid production
according to any of [1] to [6], having a conposition
represented by the followng formula (I):

PaMobWV4aCueArEgG:Q (1)
wherein P, Mo, W V, Cu and Orespectively represent phosphorus,
nmol ybdenum t ungst en, vanadi um copper and oxygen, A
represents at |east one elenment selected from the group
consi sting of antinony, bisnmuth, arsenic, germanium tellurium
selenium and silicon, E represents at |east one elenent
selected from the group consisting of iron, zinc, chrom um
tantal um cobalt, nickel, manganese, titanium and niobium G
represents at |east one elenent selected from the group
consisting of potassium rubidium and cesium a to i each
represent the nolar ratio of each conponent, b + ¢ = 12, a =

0.5to0 3, ¢c =0.22to5 d=0.01to 3, e=0.01to2, f =0

to 3, ¢ Oto 3, and h = 0.01 to 3 are satisfied, and i is
the nolar ratio of oxygen necessary for satisfying the val ence
of such each conponent.

[8]: The catalyst for nethacrylic acid production



according to [7], wherein ¢ = 0.22 to 3 is satisfied in the
formula (1).

[9]: A method for producing the <catalyst for
nmet hacrylic acid production according to any of [1] to [8],
t he net hod i ncl udi ng

(i) a step of mxing a phosphorus raw material, a
nmol ybdenum raw nmaterial and a tungsten raw nmaterial with a
solvent, to prepare a solution or slurry (liquid A) having a
pH of 0.1 to 4,

(ii) a step of drying the liquid A to obtain a dried
product, and

(itii) a step of firing the dried product, to obtain a
cal ci nati on product.

[10]: The nethod for producing the catalyst for
met hacrylic acid production according to [9], wherein a
tungsten raw material having a solubility at 20°C of 4.1 g/ 100
nmL or nore occupies 50% by mass or nore of the entire tungsten
raw material in step (i).

[11]: The nmethod for producing the catalyst for
met hacrylic acid production according to [9] or [10], wherein
the pHof the liquid Ais 0.1 to 3 in step (i).

[12]: A nethod for producing nmethacrylic acid,
including a step of oxidizing nethacrolein with the catal yst

for nmethacrylic acid production according to any of [1] to



[8], to produce nethacrylic acid.

[13]: A nmethod for producing nethacrylic acid,
i ncluding a step of oxidizing nethacrolein with a catal yst for
nmet hacrylic acid production, produced by the nethod accordi ng
to any one of [9] to [12], to produce nethacrylic acid.

[14]: A nethod for producing nethacrylic acid ester,
including a step of esterifying nethacrylic acid produced by
the nmethod according to [12] or [13].

EFFECTS OF THE | NVENTI ON
[ 0010]

According to the present invention, there can be
provi ded a catal yst which has high heat resistance and which
can all ow for production of nmethacrylic acid at a high yield.
MODE FOR CARRYI NG QUT THE | NVENTI ON
[ 0011]

Hereinafter, enbodinents according to the present
invention are described, but the present invention is not
limted to the foll ow ng.

Herein, a nunerical value range expressed with “to”
means a range including nunerical val ues described before and
after “to” respectively as the lower Iinmt value and t he upper
[imt value, and “Ato B” nmeans A or nore and B or |ess.
[0012]

[ Catal yst for nmethacrylic acid production]



A catal yst for nethacrylic acid production according to
the present enbodinent is a catalyst for use in the production
of nethacrylic acid by oxidation of nethacrolein, in which the
catalyst contains heteropoly acid including phosphorus,
nmol ybdenum and tungsten. The CJ(A+ B + C) is 0.015 to 0.085
when the area of a signal observed in a range of -5.2 ppm or
nore and |l ess than O ppmis defined as A the area of a signa
observed in a range of -10 ppmor nore and | ess than -5.2 ppm
is defined as B, and the area of a signal observed in a range
of -20 ppmor nore and |l ess than -10 ppmis defined as Cin a
31P- NVR spectrum of the catal yst.

Such a catal yst has hi gh heat resistance and can all ow
for production of methacrylic acid at a high yield.

[ 0013]

<31P- NMR spectrum of catal yst>

In a 31P-NMR spectrum of the catalyst, A B and C each
correspond to the area of a signal mainly derived from a
Keggi n-type heteropoly acid structure. Specifically, A
corresponds to the area of a signal mainly derived from a
structure having phosphorus as heteroatons and nol ybdenum as
pol yatons (hereinafter, also designated as “structure A’). B
corresponds to the area of a signal mainly derived from a
structure having phosphorus as heteroatons, and atons such as

tungsten and vanadiumas 1 to 5 polyatons and nol ybdenum as



t he bal ance (hereinafter, also designated as “structure B").
C corresponds to the area of a signal mainly derived from a
structure having phosphorus as heteroatons, and atons such as
tungsten and vanadiumas 6 to 12 pol yatons and nol ybdenum as
t he bal ance (hereinafter, also designated as “structure C’).

The catal yst includes the structure A and the structure
B, and thus exhibits a favorable yield in nethacrylic acid
production. In this regard, in a case where the structure A
is excessively present, sequential oxidation reaction of
met hacrylic acid is pronoted and thus the yield tends to be
decreased. The structure B and the structure C are high in
pyrolysis tenperature and excellent in heat resistance as
conpared with the structure A. The structure C, in which nost
of polyatons are atons such as W and V, is particularly
excel lent in heat resistance.
[ 0014]

In a 3P-NVR spectrum of the catalyst for nethacrylic
acid production according to the present enbodi nent, the C (A
+ B+ C is 0.015 to 0.085. Here, the structure A and the
structure B providing a favorable yield in nethacrylic acid
production, and the structure C particularly excellent heat
resi stance are present at a suitable abundance ratio in the
catalyst. Therefore, it is considered that a catal yst high

in heat resistance and excellent in yield of nmethacrylic acid
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is obtained. The lower limt of the C(A + B + C is
preferably 0.02 or nore, nore preferably 0.025 or nore. The
upper limt of the (A + B+ C is preferably 0.08 or |ess,
nore preferably 0.75 or |ess.

The B/I(A + B + C is preferably 0.1 or nore. The
structure B excellent in both the yield in nmethacrylic acid
production and heat resistance is properly present in the
catalyst, and therefore a catalyst nore excellent in heat
resistance and yield of nmethacrylic acid is obtained. The
BI(A+ B+ C) is nore preferably 0.2 or nore. The upper limt
of the B/I(A + B + C is preferably 0.985 or less, nore
preferably 0.98 or l|less, further preferably 0.485 or |ess,
particularly preferably 0.45 or |ess.

The lower Iimt of the A(A+ B + C is preferably 0.5
or nore, nore preferably 0.53 or nore, further preferably 0.56
or nore fromthe viewpoint of the yield of nmethacrylic acid.
The upper limt of the A(A + B + C) is preferably 0.885 or
| ess, nore preferably 0.78 or less, particularly preferably
0.75 or less from the viewpoint of sequential oxidation
suppression of nethacrylic acid.

Preferred upper limts and preferred lower limts of
the (A + B+ C, the B(A+ B + C and the A(A + B + O
can be each set by sel ecting any conbi nation, and, for exanple,

C(A + B + C satisfying 0.015 to 0.085 B/ (A + B + O
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satisfying 0.1 to 0.985, and A/(A + B + C) satisfying O to
0.885 may be set, C(A + B + C satisfying 0.015 to 0.085

BI(A + B+ C satisfying 0.1 to 0.485, and AA(A + B + O
satisfying 0.5 to 0.885 may be set, C/(A + B + C satisfying
0.02 to 0.08, BI(A+ B + C satisfying O to 0.98, and A/ (A +
B+ C satisfying O0to 0.98 may be set, C (A + B+ C satisfying
0.02 to 0.08, BI(A+ B + C) satisfying 0.2 to 0.98, and A/ (A
+ B+ C satisfying O to 0.78 may be set, and CJ (A + B + O
satisfying 0.02 to 0.08, BI(A+ B + C) satisfying 0.2 to 0. 45,
and A(A + B+ C) satisfying 0.53 to 0.75 may be set.

[ 0015]

Exanpl es of the nmethod for obtaining a catal yst having
C(A+B+C and AA(A + B + O respectively falling within
prescribed ranges in the 3P-NVMR spectrum include a nethod
i ncluding producing such a catalyst by a nmethod including
steps (i) to (iii) described below, in which the anbunt of a
tungsten raw material used and the pH of the resulting liquid
A are adjusted in step (i), or the firing tenperature and tine
are adjusted in step (iii).

[ 0016]

The 31P-NMR spectrum is obtained by filling a sanple
tube with 300 ng of a powdery catalyst and performng
measurenment at room tenperature wth an apparatus such as

AVANCE 300 (rmanufactured by Bruker). A 7-mm MAS probe is used

12



in the neasurenent, and there are adopted neasurenent
conditions of a resonant frequency of 121.4 MHz, a pulse wdth
of 5.5 pus, a signal capture time of 0.066 seconds, a cumulative
nunber of 64, a repetition waiting tine of 150 seconds, and a
MAS rotation frequency of 5000 Hz. The respective absolute
val ues of the areas cal cul ated by sectional nmeasurenent with
respect to signals observed in ranges of -5.2 ppmor nore and
|l ess than O ppm -10 ppmor nore and less than -5.2 ppm and -
20 ppmor nore and less than -10 ppmin the 31P-NVMR spectrum
in which the horizontal axis represents the chem cal shift
(ppm and the vertical axis represents the signal detected are
defined as A, B and C. The horizontal axis is drawn under the
assunption that the chemcal shift of an aqueous 85%
phosphoric acid solution is O ppm
[0017]

<Conposi tion of catalyst>

The catal yst for nethacrylic acid production according
to the present enbodinent preferably has a conposition
represented by the following fornula (1) from the viewpoint
of the yield of nethacrylic acid. The catalyst may include a
smal | anobunt of any elenment not described in the follow ng
formula (1).

PaMopWVaCueArEgGQ (1)

In the formula (1), P, Mo, W V, Cu and O respectively
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represent phosphorus, nolybdenum tungsten, vanadi um copper,
and oxygen. A represents at |east one elenent selected from
the group consisting of antinony, bismuth, arsenicum
germanium tellurium selenium and silicon. E represents at
| east one el enment selected fromthe group consisting of iron,
zinc, chromum tantalum cobalt, nickel, nmanganese, titanium
and niobium G represents at |east one el enent selected from
the group consisting of potassium rubidiumand cesium a to
i each represent the nolar ratio of each conponent, b + c =
12, a = 0.5t0 3, ¢ =0.22to5 d=0.01to03 e =20.01to
2, f =0to 3 g=0to 3 and h = 0.01 to 3 are satisfied,
and i is the nolar ratio of oxygen necessary for satisfying
t he val ence of such each conponent.

[ 0018]

Inthe formula (1), ¢ as the nolar ratio of W(tungsten)
satisfies ¢ = 0.22 to 5. Thus, the structure C, which is
particularly excellent in heat resistance, is favorably forned.
The lower |imt of ¢ is preferably 0.23 or nore, nore
preferably 0.3 or nore. The upper |imt of c is preferably 3
or less, nore preferably 2 or less, further preferably 1 or
| ess, particularly preferably 0.8 or |ess.

[ 0019]
Inthe formula (1), fromthe vi ewpoi nt of an enhancenent

in yield of nethacrylic acid, the lower |imt of a is
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preferably 0.6 or nore, nore preferably 0.7 or nore. The
upper Iimt of ais preferably 2.5 or less, nore preferably 2
or less. The lower Iimt of dis preferably 0.1 or nore, nore
preferably 0.15 or nore, further preferably 0.2 or nore. The
upper Iimt of dis preferably 2.5 or less, nore preferably 2
or less, further preferably 1.5 or less. The lower limt of
e is preferably 0.03 or nore, nore preferably 0.05 or nore.
The upper limt of eis preferably 2.5 or less, nore preferably
2 or less. The lower Iimt of f is preferably 0.01 or nore,
nore preferably 0.1 or nore. The wupper |imt of f 1is
preferably 2.5 or less, nore preferably 2 or I ess. The upper
limt of g is preferably 2 or less, nore preferably 1.5 or
| ess, further preferably 1 or less. The lower limt of his
preferably 0.1 or nore, nore preferably 0.3 or nore. The
upper limt of h is preferably 2.8 or less, nore preferably
2.5 or |less.

[ 0020]

The nol ar ratio of each conponent is a val ue determ ned
by anal yzi ng such each conponent of the catal yst dissolved in
ammoni a water, wth I CP em ssion spectroscopy.

[ 0021]

[ Method for producing catalyst for nethacrylic acid

pr oducti on]

The catal yst for nethacrylic acid production according

15



to the present enbodi ment can be produced according to a known
cat al yst production nethod as long as the (A + B+ C in the
SIP-NVR spectrum is 0.015 to 0.085, and the catalyst is
preferably produced by a nmethod including the follow ng steps
(i) to (iii).

(i) A step of mxing a phosphorus raw material, a
nmol ybdenum raw nmaterial and a tungsten raw nmaterial with a
solvent, to prepare a solution or slurry (liquid A) having a
pH of 0.1 to 4.

(ii) A step of drying the liquid A to obtain a dried
pr oduct .

(tii) A step of firing the dried product, to obtain a
cal ci nati on product.

The method for producing the catalyst for nethacrylic
acid production according to the present enbodinment my
further include a nolding step described bel ow.

[ 0022]

Herei nafter, each step is described in detail.

<Step (i)>

In step (i), a phosphorus raw material, a nolybdenum
raw material and a tungsten raw naterial are mxed with a
solvent, to prepare a solution or slurry (liquid A) having a
pHof 0.1 to 4. The liquid A nmay be m xed with a raw nateri al

of any el enment ot her than phosphorus, nol ybdenum and tungsten
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inthe formula (1), and is preferably m xed with a raw materi al
of the elenment G

The I'iquid A can be prepared by di ssol vi ng or suspendi ng
raw material s of catal yst conponents including the phosphorus
raw material, the nol ybdenumraw nmaterial and the tungsten raw
material, in a solvent.

[ 0023]

(Raw material s of catal yst conponents)

The raw materials of the catalyst conponent are not
particularly limted, and nitrate, carbonate, acetate, an
ammoni um sal t, oxi de, halide, oxyacid, an oxyacid salt, and/or
the |like of each constituent elenment of the catal yst can be
used singly or in conbination of two or nore kinds thereof.

[ 0024]

Exanples of the phosphorus raw material include
phosphori c aci d, phosphorus pentoxi de, and ammoni um phosphat e.
Exanpl es of the nolybdenum raw material include nolybdenum
oxi des such as nol ybdenum tri oxi de, ammoni um nol ybdat es such
as amoni um paranol ybdate and anmmonium dinol ybdate, and
nmol ybdenum chl ori de.

[ 0025]

Exanpl es of the tungsten raw material include tungsten

oxi de, sodium tungstate, phosphotungstic acid, and anmoni um

nmet at ungstate, and a tungsten raw material having a solubility
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at 20°C of 4.1 g/100 nL or nore preferably occupies 50% by
mass or nore of the entire tungsten raw material. Thus,
heteropoly acid with tungsten as polyatons is efficiently
formed, and a catalyst in which the G(A+ B+ C is within a
prescri bed range can be easily obtained. Exanples of such a
tungsten raw material having a solubility at 20°C of 4.1 g/ 100
mL or nore include phosphotungstic acid and anmonium
met at ungst at e. Such a tungsten raw material having a
solubility at 20°C of 4.1 g/100 nL or nore occupies nore
preferably 70% by mass or nore, further preferably 90% by nass
or nore of the tungsten raw material .

[ 0026]

In a case where a catalyst further including vanadi um
and copper is produced, exanples of a vanadium raw materi al
i ncl ude anmoni um net avanadat e, vanadi um pent oxi de, vanadi um
chl oride, and vanadyl oxal ate. Exanpl es of a copper raw
mat eri al include copper sul fate, copper nitrate, copper oxide,
copper carbonate, copper acetate, and copper chloride.

[ 0027]

The concentration of the raw materials of the catalyst
conponents in the liquid A is not particularly limted, and
is preferably within a range of 5 to 90% by nass.

[ 0028]

( Sol vent)

18



Exanpl es of the solvent include water, ethyl alcohol,
and acetone. These may be used singly or in conbination of
two or nore kinds thereof. |In particular, water is preferably
used froman industrial viewpoint.

[ 0029]

(Preparation of liquid A

The liquid Ais preferably prepared with a preparation
container by adding the raw materials of the catalyst
conponents to the solvent and stirring them with heating.
Thus, heteropoly acid suitable for production of methacrylic
acid is sufficiently produced.

[ 0030]

The preparation can be usually performed at a heating
tenperature in the range of 30 to 150°C, and is preferably
performed at a heating tenperature in the range of 60 to 150°C.
Wen the heating tenperature is 60°C or nore, the rate of
generation of the heteropoly acid can be sufficiently
i ncreased, and when the heating tenperature is 150°C or | ess,
evaporation of the solvent can be suppressed. The lower limt
of the heating tenperature is nore preferably 80°C or nore,
further preferably 90°C or nore. The upper limt of the
heating tenperature is nore preferably 130°C or | ess, further
preferably 110°C or less. |In addition, concentration and/or

reflux may be made during heating, depending on the vapor
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pressure of the solvent used, or heating treatnent may be nmade
under a pressurized condition by operation in a closed
cont ai ner.

[ 0031]

The rate of tenperature rise is not particularly
limted, and is preferably 0.8 to 15°C/ mn. Wen the rate of
tenperature rise is 0.8°C mn or nore, the tinme necessary for
step (i) can be shortened. Wen the rate of tenperature rise
is 15°C/mn or less, tenperature rise can be nade with usua
tenperature rise equi prment.

[ 0032]

The stirring is preferably performed at a stirring
power of 0.01 kWn? or nore, nore preferably 0.05 kWn# or
nmore. \Wien the stirring power is 0.01 kWn? or nore, |oca
irregularities of the tenperature of the liquid A the
conponent, and the tenperature are decreased and a structure
suitable in a catalyst for o,pf-unsaturated carboxylic acid
production is stably forned. The stirring is wusually
preferably performed at a stirring power of 3.5 kWn® or |ess
fromthe viewioint of production cost of the catalyst.

[ 0033]
(Physical properties of liquid A)
Preferably, the pHof the liquid Ais 0.1 to 4, and the

lower limt thereof is 0.5 or nore and the upper limt thereof
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is 3 or less. Thus, production reaction of heteropoly acid
suitable for o,pB-unsaturated carboxylic acid production is
stabilized. Exanples of the nethod for allow ng the pH of the
liquid Ato be 0.1 to 4 include a nethod in which nol ybdenum
trioxide is used as the nolybdenum raw material or a nethod
in which a raw material conpound is appropriately selected to
adj ust the content of nitric acid ions or oxalic acid ions.

[ 0034]

<Step (ii)>

In step (ii), the liquid A obtained in step (i) is
spray-dried, to obtain a dried product.

Exanples of the drying nethod include known nethods
such as a drum drying nethod, a flash drying nethod, an
evaporation drying nmethod, and a spray drying nethod. In
particular, a spray drying nethod is preferably used because
a particulate dried product is obtained and the shape of the
dried product is a neat spherical shape.

[ 0035]

The drying tenperature differs depending on the drying
met hod, and can be usually 100 to 500°C, and the lower |imt
is preferably 140°C or nore and the upper limt is preferably
400°C or less. The drying is preferably perfornmed so that the
content rate of noisture in the resulting dried product is

4.5% by mass or less, nore preferably 0.1 to 4.5% by nass.
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These conditions are not particularly limted, and can be
appropriately sel ected dependi ng on the desired shape and si ze
of the dried product.

The dried product obtained in step (ii) may be, if
necessary, subjected to nolding described bel ow
[ 0036]

<Mol di ng st ep>

In the nolding step, the dried product obtained in step
(i) is, if necessary, nolded. Here, the nolding nmay be
performed after step (iii) described bel ow
[ 0037]

The nolding nmethod is not particularly limted, any
known dry or wet nolding nethod can be applied, and exanpl es
i ncl ude tabl et nol ding, press nolding, extrusion nolding, and
granul ation nolding. The shape of a nolded product is not
particularly limted, and exanples include a columar shape,
a ring shape, and a spherical shape. When the nolding is nmade,
only the dried product is preferably nolded w thout addition
of any carrier or the like to the dried product, and, for
exanpl e, a known additive such as graphite or talc may be, if
necessary, added. In a case where a carrier is used, the
carrier is not particularly limted, and exanples preferably
include silica.

[ 0038]
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<Step (iii)>

In the firing step, the dried product obtained in step
(ti1), and the dried product after nolding, obtained in the
nol di ng step, are calcined, to obtain a clacination product.
[ 0039]

The firing can be perfornmed under flow of at |east one
of an oxygen-containing gas such as air, and an i nert gas, and
the firing is preferably performed under flow of an oxygen-
containing gas such as air. The inert gas here refers to a
gas causing no reduction in catalyst activity, and exanples
include nitrogen, carbon dioxide gas, helium and argon.
These may be used singly, or as a m xture of two or nore ki nds
t her eof .

[ 0040]

The shape of a firing container is not particularly
limted, and, for exanple, a box-type or tubul ar contai ner can
be used. The firing can also be perfornmed with division into
a plurality of containers and filling. In particular, a
tubul ar contai ner having a cross-sectional area of 1 to 100
cn? is preferably used.

[ 0041]

The firing tenperature (the highest tenperature during

the firing) is preferably 200 to 700°C, and the lower limt

is nore preferably 320°C or nore and the upper limt is nore
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preferably 450°C or |ess.
[ 0042]

The cal cinati on product obtained as above can be used
as the catalyst for nmethacrylic acid production. The
cal cination product may be nolded as described with respect
to the nolding step. In the present enbodinment, the
calcination product, and the calcination product after the
nmol ding are collectively referred to as “catal yst”.

[ 0043]

[ Met hod for producing nethacrylic acid]

A nethod for producing nethacrylic acid according to
the present enbodi nent includes oxidizing nmethacrolein with
the catal yst for nethacrylic acid production according to the
present enbodi nent. The nmethod for produci ng nethacrylic acid
according to the present enbodinment includes oxidizing
nmet hacrolein with a catalyst for nmethacrylic acid production,
produced by the production nethod according to the present
enbodi ment. According to such a nethod, methacrylic acid can
be produced at a high yield.

[ 0044]

The net hod for produci ng nethacrylic acid according to
the present enbodi nent can be carried out by contacting the
catalyst for nethacrylic acid production according to the

present enbodinent and a raw material gas containing
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met hacrolein. A fixed bed-type reactor can be used in this
reaction. This reaction can be perfornmed by filling the
reactor with the catalyst, and feeding the raw material gas
to the reactor. A catalyst |layer may be a single layer, or a
plurality of such catalysts different in activity my be

di vided respectively to a plurality of layers and subjected

tofilling. The catalyst may be diluted with an inert carrier
and subjected to filling in order to control activity.
[ 0045]

The concentration of nethacrolein in the raw materi al
gas is preferably 1 to 20% by volune, and the lower limt
thereof is nore preferably 3% by volunme or nore and the upper
l[imt thereof is nore preferably 10% by volume or |ess.
Met hacrolein as a raw material may include a small anount of
inmpurities having no substantial influence on the present

reaction of |ower saturated al dehyde or the I|ike.

[ 0046]

The oxygen source of the raw material gas is not
particularly limted, and air is preferably used from an
i ndustrial viewpoint. A gas in which pure oxygen is m xed

with air or the like can also be, if necessary, used. The
proportion of oxygen in the raw material gas is not
particularly limted, the proportion based on 1 nol of

met hacrolein is preferably 0.4 to 4 nol, the lower limt
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thereof is nore preferably 0.5 nol or nore, and the upper
limt thereof is nore preferably 3 nol or |ess.
[ 0047]

The raw material gas may be one diluted with an inert
gas such as nitrogen or carbon dioxide fromthe viewpoint of
econonmi ¢ performance. Water vapor nmay al so be further added
to the raw material gas. Methacrylic acid can be obtai ned at
a high yield by reaction perfornmed in the presence of water
vapor. The concentration of water vapor in the raw materi al
gas is preferably 0.1 to 50% by volune, the lower limt is
nmore preferably 1% by volune or nore, and the upper limt is
nore preferably 40% by vol une.

[ 0048]

The contact tinme between the raw material gas and the
catal yst for nethacrylic acid production is preferably 1.5 to
15 seconds, the lower Iimt is nore preferably 2 seconds or
nore, and the upper |limt is nore preferably 10 seconds or
| ess. The reaction pressure is preferably 0.1 to 1 MPa (Q.
Herein, (G neans the gauge pressure. The reaction
tenperature is preferably 200 to 450°C, and the lower limt
is nore preferably 250°C or nore and the upper limt is nore
preferably 400°C or |ess.

[ 0049]

In the production of nethacrylic acid, the |ocation of
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the catalyst in the reactor, the proportion of the catalyst
inthe reactor, and the |like are not particularly limted, and
any formcomonly used can be appli ed.

[ 0050]

[ Met hod for producing nethacrylic acid ester]

A net hod for producing nmethacrylic acid ester according
to the present enbodinment includes esterifying methacrylic
acid produced by the production nethod according to the
present enbodinent. |In other words, the method for producing
met hacrylic acid ester according to the present enbodi nent
includes a step of producing nethacrylic acid by the
production nmethod according to the present enbodi nent and a

step of esterifying the nmethacrylic acid.

[ 0051]

The al cohol to be allowed to react with the nethacrylic
acid is not particularly limted, and exanples include
nmet hanol , ethanol, n-propanol, isopropanol, n-butanol, and
i sobutanol. Exanples of the nethacrylic acid ester obtained

include nethyl nethacrylate, ethyl nethacrylate, propyl
nmet hacryl ate, isopropyl nethacrylate, butyl nethacrylate, and
i sobutyl nethacrylate. Such esterification reaction can be
performed in the presence of an acidic catalyst such as a
sul fonic acid-type cation-exchange resin. The tenperature in

the esterification reaction is preferably 50 to 200°C.
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[ 0052]

The pressure in the esterification reaction, the
| ocation of the catalyst in the reactor, the proportion of the
catalyst in the reactor, and the like are not particularly
limted, and any form commonly used can be appli ed.

EXAVPLES
[ 0053]

Hereinafter, Production Exanples of the catalyst
according to the present enbodi nent, and Reaction Exanples
with the catalyst are described together with Conparative
Exanples. In the foll ow ng Exanpl es and Conpar ati ve Exanpl es,
“part(s)” neans part(s) by nass.

[ 0054]

(Conposition ratio of catalyst)

The nolar ratio of each conponent was determ ned by
anal yzing such each conponent of the catalyst dissolved in
ammoni a water, wth I CP em ssion spectroscopy.

[ 0055]

(31P- NVR neasur enent)

The 31P-NMR spectrum was obtained by filling a sanple
tube with 300 ng of a powdery catalyst and performng
measur enent at roomtenperature with AVANCE 300 (rmanufactured
by Bruker). A 7-nm MAS probe was used in the neasurenent, and

there were adopted neasurenent conditions of a resonant
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frequency of 121.4 MHz, a pulse width of 5.5 us, a signal
capture time of 0.066 seconds, a cumulative nunber of 64, a
repetition waiting tinme of 150 seconds, and a MAS rotation
frequency of 5000 Hz. The respective absolute val ues of the
areas calculated by sectional mneasurenent with respect to
signals observed in ranges of -5.2 ppmor nore and | ess than
O ppm -10 ppmor nore and less than -5.2 ppm and -20 ppm or
nmore and less than -10 ppm in the 31P-NVR spectrum in which
the horizontal axis represented the chem cal shift (ppm and
the vertical axis represented the signal detected were defined
as A B, and C The horizontal axis was drawn under the
assunption that the chemcal shift of an aqueous 85%
phosphoric acid solution was O ppm

[ 0056]

(Pyrolysis tenperature of catalyst)

The pyrolysis tenperature as an index of heat
resistance of the catalyst was neasured with a TG DTA
measur enent apparatus, as follows. Fifty ng of alum na was
used as reference, and 50 ng of a powdery catal yst was heat ed
fromroomtenperature to 550°C at 10°C/mn in an air atnosphere.
The exothermc onset tenperature at whi ch  exot herm
corresponding to 1.8 uV or more at a temperature rise of 15°C
or nore was observed in a tenperature region of 380°C or nore

in the resulting DTA curve was defined as the pyrolysis
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tenperature. It is nmeant that, as the pyrolysis tenperature
of the catalyst is higher, heat resistance is higher.
[ 0057]

(Anal ysis of raw material gas and product)

The raw materi al gas and the product were anal yzed with
the foll owi ng gas chromat ography.

GC- 2014 manufactured by Shimadzu Corporation (column:
DB- FFAP manufactured by J&W 30 m x 0.32 nmm film thickness
1.0 um)

GC-8A manufactured by Shimadzu Corporation (column:
Mol ecul ar Sieve, 2.0 M x 3.0 mm I D)

GC-8A manufactured by Shimadzu Corporation (columm:
Porapak Q 2.0 Mx 3.0 mm I D)

The vyield of nethacrolein was calculated by the
fol |l ow ng expression.

Yield of nmethacrylic acid (%9 = (N2/N1) x 100
Here, Nl represents the nunber of noles of nethacrolein fed
and N2 represents the nunber of noles of nethacrylic acid
pr oduced.
[ 0058]

(Tungsten raw materi al)

Tungsten raw materi al s used i n Exanpl es and Conparati ve
Exanpl es are as foll ows.

Ammoni um et atungstate (manuf act ur ed by NI PPON
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| NORGANI C COLOUR & CHEM CAL CO., LTD.) Solubility in water
at 20°C: 10 g/100 nL

Phosphot ungsti c acid (manufactured by N PPON | NORGANI C
COLOUR & CHEM CAL CO., LTD.) Solubility in water at 20°C. 40
g/ 100 nL or nore
[ 0059]

<Exanpl e 1>

A diluted product obtained by diluting 294.0 parts of
nmol ybdenumtri oxi de, 10.2 parts of ammoni um net avanadate, 10.6
parts of anmmoni um net atungstate, and 30.0 parts of an aqueous
85% by mass phosphoric acid solution with 36 parts of pure
water, and a dissolved product obtained by dissolving 6.3
parts of copper (lI1) nitrate trihydrate in 9.0 parts of pure
water were mxed with 1200 parts of pure water at room
t enper at ur e. The resulting slurry was heated to 95°C at
2°C/mn, and stirred for 2 hours. Next, a dissolved product
obt ai ned by di ssolving 40.4 parts of cesium bicarbonate in 60
parts of pure water at roomtenperature was m xed, and stirred
at 95°C for 15 mnutes. Next, a dissolved product obtained
by dissolving 27.5 parts of ammoni um carbonate in 78 parts of
pure water was m xed, and stirred at 95°C for 15 m nutes, and
thus a liquid A was obtained. The pHof the liquid Ais shown
in Table 1.

The liquid A obtained was heated, and evaporated to
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dryness, and thus a dried product was obtai ned.

The dried product obtai ned was pressure nol ded, ground,
and classified with a sieve so that the particle size was
within a range of 710 um to 2.36 mm. The resulting ground
obj ect was calcined at 380°C for 5 hours under flow of air,
and the resulting calcination product was adopted as a
catal yst. The conposition excludi ng oxygen, of the catalyst,
satisfied PisMdi1.8W.2Vo.5Cuo. 15Cs1.2.  The cat al yst was subj ect ed
to S1P- NVR neasurenment and pyrol ysis tenperature neasurenent.
The results are shown in Table 1.

A fixed bed flow type reactor was filled wwth 8 g of
the resulting catalyst diluted with 10 g of silicon carbide.
Next, a raw material gas includi ng 5%by vol une of met hacrol ein,
10% by vol une of oxygen, 30% by vol une of water vapor and 55%
by volume of nitrogen was allowed to flow for a contact tine
of 178 hr-g/nol, to performoxidation reaction of nethacrol ein
at a reaction tenperature of 300°C. The reaction perfornmance
is shown in Table 1.

<Exanpl e 2>

Aliquid Awas obtained by the sane nethod as i n Exanpl e
1 except that 292.1 parts of nolybdenum trioxide and 13.6
parts of ammonium netatungstate were used. The pH of the
liquid Ais showm in Table 1

The liquid A obtained was heated, and evaporated to
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dryness, and thus a dried product was obtai ned.

The dried product obtai ned was used, and a catal yst was
obtai ned by the sane nethod as in Exanple 1. The conposition
excl udi ng oxygen, of t he cat al yst, satisfied
P1.sMb11. 7W. 3Vo.5CuUo. 15Cs1.2.  The cat al yst was subj ected to 31P- NMR
measurenent and pyrolysis tenperature measurenent. The
results are shown in Table 1

The catal yst obtai ned was used, and oxi dation reaction
of met hacrol ein was perforned by the sanme nethod as i n Exanpl e
1. The reaction performance is shown in Table 1.

<Exanpl e 3>

A liquid A was obtained by the sane net hod as i n Exanpl e
1 except that 287.1 parts of nolybdenum trioxide and 22.6
parts of ammoni um netatungstate were used. The pH of the
liquid Ais showm in Table 1

The liquid A obtained was heated, and evaporated to
dryness, and thus a dried product was obtai ned.

The dried product obtai ned was used, and a catal yst was
obtai ned by the sane nethod as in Exanple 1. The conposition
excl udi ng oxygen, of t he cat al yst, satisfied
P1.5Mb11.5W. 5Vo.5CUo. 15Cs1.2.  The catal yst was subj ected to 31P- NMR
measurenent and pyrolysis tenperature measurenent. The
results are shown in Table 1

The catal yst obtai ned was used, and oxi dation reaction
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of met hacrol ein was perforned by the sanme nethod as i n Exanpl e
1. The reaction performance is shown in Table 1
[ 0060]

<Exanpl e 4>

Aliquid Awas obtained by the sane nethod as i n Exanpl e
1 except that 285.0 parts of nolybdenum trioxide and 29.0
parts of an aqueous 85% by mass phosphoric acid solution were
used, and 29.7 parts of phosphotungstic acid was used instead
of 10.6 parts of ammoni um netatungstate. The pH of the |iquid
A is shown in Table 1.

The liquid A obtained was heated, and evaporated to
dryness, and thus a dried product was obtai ned.

The dried product obtai ned was used, and a catal yst was
obtai ned by the sane nethod as in Exanple 1. The conposition
excl udi ng oxygen, of t he cat al yst, satisfied
P1.5Mb11. 4W. 6Vo.5CU0. 15Cs1.2.  The catal yst was subj ected to 31P- NMR
measurenent and pyrolysis tenperature neasurenent. The
results are shown in Table 1

The catal yst obtai ned was used, and oxi dation reaction
of met hacrol ein was perforned by the sane nethod as i n Exanpl e
1. The reaction performance is shown in Table 1.

<Exanpl e 5>

Aliquid Awas obtained by the sane nethod as i n Exanpl e

1 except that 277.2 parts of nolybdenum trioxide and 40.8
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parts of ammonium netatungstate were used. The pH of the
liquid Ais showm in Table 1

The liquid A obtained was heated, and evaporated to
dryness, and thus a dried product was obtai ned.

The dried product obtai ned was used, and a catal yst was
obtai ned by the sane nethod as in Exanple 1. The conposition
excl udi ng oxygen, of t he cat al yst, satisfied
P1.sMb11.1W. 9Vo.5CuU0. 15Cs1.2.  The cat al yst was subj ected to 31P- NMR
measurenent and pyrolysis tenperature measurenent. The
results are shown in Table 1

The catal yst obtai ned was used, and oxi dation reaction
of met hacrol ein was perforned by the sanme nethod as i n Exanpl e
1. The reaction performance is shown in Table 1.

[ 0061]

<Conparative Exanple 1>

A liquid A was obtained by the sane net hod as i n Exanpl e
1 except that 270.0 parts of nolybdenum trioxide and 53.2
parts of ammonium netatungstate were used. The pH of the
liquid Ais showmn in Table 1

The liquid A obtained was heated, and evaporated to
dryness, and thus a dried product was obtai ned.

The dried product obtai ned was used, and a catal yst was
obtai ned by the sane nethod as in Exanple 1. The conposition

excl udi ng oxygen, of t he cat al yst, satisfied
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P1.5Mb1o. 8W. 2Vo.5CuUo. 15Cs1.2.  The catal yst was subj ected to 31P- NMR
measurenent and pyrolysis tenperature neasurenent. The
results are shown in Table 1.

The catal yst obtai ned was used, and oxi dation reaction
of met hacrol ein was perforned by the sane nethod as i n Exanpl e
1. The reaction performance is shown in Table 1.

[ 0062]

<Conpar ative Exanple 2>

A liquid A was obtained by the sane net hod as i n Exanpl e
1 except that 255.0 parts of nolybdenum trioxide and 79.8
parts of ammoni um netatungstate were used. The pH of the
liquid Ais shown in Table 1.

The liquid A obtained was heated, and evaporated to
dryness, and thus a dried product was obtai ned.

The dried product obtai ned was used, and a catal yst was
obtai ned by the sane nethod as in Exanple 1. The conposition
excl udi ng oxygen, of t he cat al yst, satisfied
P1.5Mb1o. 2W. 8Vo.5CUo. 15Cs1.2.  The catal yst was subjected to 31P- NMR
measurenent and pyrolysis tenperature measurenent. The
results are shown in Table 1.

The catal yst obtai ned was used, and oxi dation reaction
of met hacrol ein was perforned by the sanme nethod as i n Exanpl e
1. The reaction performance is shown in Table 1.

[ 0063]
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<Conpar ative Exanple 3>

Aliquid Awas obtained by the sane nethod as i n Exanpl e
1 except that 270.0 parts of nolybdenum trioxide and 27.4
parts of an aqueous 85% by mass phosphoric acid solution were
used, and 59.4 parts of phosphotungstic acid was used instead
of 10.6 parts of ammoni um netatungstate. The pH of the |iquid
A is shown in Table 1.

The liquid A obtained was heated, and evaporated to
dryness, and thus a dried product was obtai ned.

The dried product obtai ned was used, and a catal yst was
obtai ned by the sane nethod as in Exanple 1. The conposition
excl udi ng oxygen, of t he cat al yst, satisfied
P1.47Mb10. 8W. 2Vo.5CU0. 15Cs1.2.  The catal yst was subjected to 3!P-
NVR neasurenent and pyrolysis tenperature neasurenent. The
results are shown in Table 1

The catal yst obtai ned was used, and oxi dation reaction
of met hacrol ein was perforned by the sane nethod as i n Exanpl e
1. The reaction performance is shown in Table 1.
[ 0064]

<Conpar ative Exanple 4>

300. 0 parts of phosphotungstic acid was pressure nol ded,

ground, and classified with a sieve so that the particle size
was within a range of 710 um to 2.36 mm. The resulting ground

obj ect was calcined at 380°C for 5 hours under flow of air,
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and the resulting cacination product was adopted as a catal yst.
The conposition excluding oxygen, of the catalyst, satisfied
PiW>. The catal yst was subjected to 3!P-NVR neasurenent and
pyrolysis tenperature neasurenent. The results are shown in
Tabl e 1.

The catal yst obtai ned was used, and oxi dation reaction
of met hacrol ein was perforned by the sanme nethod as in Exanpl e
1. The reaction performance is shown in Table 1.
[ 0065]

<Conpar ative Exanple 5>

A powder obtained by firing 300.0 ©parts of
phosphonol ybdi ¢ aci d (manufact ured by N PPON | NORGANI C COLOUR
& CHEM CAL CO., LTD.) at 380°C for 5 hours was ground, and
classified with a sieve so that the particle size was within
a range of 710 uym to 2.36 mm. The resulting ground object was
calcined at 380°C for 5 hours under flow of air, and thus a
catal yst was produced. The conposition excluding oxygen, of
t he catal yst, satisfied PiMdi2. The catal yst was subjected to
SIP-NVR neasurenent and pyrolysis tenperature neasurenent.
The results are shown in Table 1.

The catal yst obtai ned was used, and oxi dation reaction
of met hacrol ein was perforned by the sanme nethod as i n Exanpl e
1. The reaction performance is shown in Table 1.

[ 0066]
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[ Tabl e 1]

Table 1
Tungsten raw material Compositional ratio of catalyst pH of P-NMR area ratio Pyrolysis | Yield of methacrylic
9 a b c d e h | liquid A | A(A+B+C) | B/(A+B+C) | C/(A+B+C) | temperature acid [%]
Example 1 Ammonium 15 | 118 |02 |05 | 015 |12 | 19 0.65 0.31 0.04 4“2 496
metatungstate
Example 2 Ammonium 15 | 117 |03 |05 | 015 |12 | 27 0.69 0.28 0.03 47 50.6
metatungstate
Example 3 Ammonium 15 | 115 |05 |05 | 015 |12 | 28 0.64 0.32 0.04 446 453
metatungstate
Example4 | Phosphotungsticacid | 15 | 114 | 06 | 05 | 015 | 12 | 2.3 0.58 0.36 0.06 439 505
Example 5 Ammonium 15 | 114 |09 |05 | 015 |12 | 30 057 0.38 0.05 451 348
metatungstate
Comparative Ammonium 15 | 108 |12 |05 [ 0415 |12 | 32 0.40 0.37 0.23 453 756
Example 1 metatungstate
Comparative Ammonium 15 1102 |18 |05 | 015 | 12 | 34 0.29 0.41 0.30 453 48
Example 2 metatungstate
Comparative | oy ohotungstic acid | 147 | 108 | 12 | 05 | 045 | 12 | 18 0.48 0.42 0.10 439 33.2
Example 3
Comparative | o hotungstic acid | 1 o |12]o| o lol| - 0.01 0.05 0.94 600 13
Example 4
Comparative - 1 1200 ool - 1.00 0.00 0.00 46 13.9
Example 5
As shown in Table 1, each of Exanples 1 to 5, in which

the catal yst

in the 31P-NWVR spectrum was used,

having CJ(A + B + C within a prescribed range

all oned the catalyst to be

high in pyrolysis tenperature and could provide nethacrylic

acid at a high yield.

can be esterified,

Here, methacrylic acid obtained in the present Exanples

| NDUSTRI AL APPLI CABI LI TY

[ 0068]

provi ded a catal yst which has high heat

Accor di ng

to

the present

i nventi on,

there

t her eby obtaining nmethacrylic acid ester.

can Dbe

resi stance and which

can all ow for production of nmethacrylic acid at a high yield.
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CLAI M5

1. A catalyst for use in the production of nethacrylic
acid by oxidation of nethacrolein, wherein

the catalyst <contains heteropoly acid including
phosphorus, nol ybdenum and tungsten, and

C(A+ B+ C is 0.015 to 0.085 when the area of a
signal observed in a range of -5.2 ppmor nore and | ess than
O ppmis defined as A the area of a signal observed in a
range of -10 ppmor nore and less than -5.2 ppmis defined as
B, and the area of a signal observed in a range of -20 ppm or
nmore and | ess than -10 ppmis defined as Cin a 31P-NVR spectrum
of the catalyst.
2. The catal yst for nethacrylic acid production according
to claim1l1, wherein B/f(A + B + C in the 31P-NWVR spectrumis
0.1 to 0.485.
3. The catal yst for nethacrylic acid production according
toclaiml or 2, wherein AA(A+ B + C) in the 31P-NWVR spectrum
is 0.5 to 0.885.
4. The catal yst for nethacrylic acid production according
to claim1l1, wherein (A + B + C in the 31P-NWVR spectrumis
0.02 to 0.08.
5. The catal yst for nethacrylic acid production according
to claim4, wherein B/f(A + B + C in the 31P-NWVR spectrumis

0.2 to O0.45.
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6. The catal yst for nethacrylic acid production according
toclaim4 or 5 wherein A(A+ B+ C in the 31P-NVR spectrum
is 0.53 to 0.75.
7. The catal yst for nethacrylic acid production according
to any one of clains 1 to 6, having a conposition represented
by the following fornmula (1):

PaMopWVaCueArEgG:Q (1)
wherein P, Mo, W V, Cu and Orespectively represent phosphorus,
nmol ybdenum tungsten, vanadi um copper and oxygen, A
represents at |east one elenment selected from the group
consisting of antinony, bi smuth, arseni cum ger mani um
tellurium selenium and silicon, E represents at |east one
el enent selected from the group consisting of iron, zinc
chromum tantalum cobalt, nickel, manganese, titanium and
ni obium G represents at |east one elenent selected fromthe
group consisting of potassium rubidium and cesium a to i
each represent the nolar ratio of each conmponent, b + ¢ = 12,
a=05to03 ¢c=0.22to5 d=0.01to03 e=001to02 f
=0to3 g=0to 3 and h = 0.01 to 3 are satisfied, and
is the nolar ratio of oxygen necessary for satisfying the
val ence of such each conponent.
8. The catal yst for nethacrylic acid production according

toclaim7, wherein c =0.22 to 3 is satisfied in the fornul a

().
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9. A nmethod for producing the catalyst for nethacrylic
acid production according to any one of clains 1 to 8, the
met hod conpri si ng:

(i) a step of mxing a phosphorus raw material, a
nmol ybdenum raw material and a tungsten raw material with a
solvent, to prepare a solution or slurry (liquid A) having a
pH of 0.1 to 4;

(1i) a step of drying the liquid A to obtain a dried
product; and

(itii) a step of firing the dried product, to obtain a
cal ci nati on product.
10. The nmethod for producing the catalyst for nethacrylic
acid production according to claim9, wherein a tungsten raw
material having a solubility at 20°C of 4.1 g/ 100 nL or nore
occupies 50% by mass or nore of the entire tungsten raw
material in step (i).
11. The method for producing the catalyst for nethacrylic
acid production according to claim9 or 10, wherein the pH of
the liquid Ais 0.1 to 3 in step (i).
12. A nethod for producing nethacrylic acid, conprising a
step of oxidizing nmethacrolein wth the catalyst for
nmet hacrylic acid production according to any one of clainms 1
to 8, to produce nethacrylic acid.

13. A nethod for producing nethacrylic acid, conprising a
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step of oxidizing nethacrolein with a catalyst for nethacrylic
acid production, produced by the nethod according to any one
of clainms 9 to 11, to produce nethacrylic acid.

14. A nmethod for producing nethacrylic acid ester,
conprising a step of esterifying nethacrylic acid produced by

t he net hod according to claim12 or 13.
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