DESCRI PTI ON  METHOD FOR PRODUCI NG CATALYST FOR
METHACRYLI C ACI D PRODUCTI ON, CATALYST FOR METHACRYLI C
ACI D PRODUCTI ON, AND METHOD FOR PRODUCI NG METHACRYLI C
ACI D TECHNI CAL FI ELD [0001] The present invention
relates to a nethod for producing a catal yst for use
in producing nethacrylic acid (hereinafter, in sone
cases expressed as netfhaerRipORei d production

catal yst) through gas-phase catal ytic oxidation of

met hacrolein with nolecul ar oxygen, a catalyst for
produci ng nethacrylic acid, and a nethod for
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cl osed, wherein a eneous sol ution
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bdenum vanadi um phosphorous, antinony, copper
MEH&@ FOR FRQDUEINGMEIHACRYEH &GIBn  cont ai ni ng at
| east one el ement selected from potassium rubidium
cesiumand thallium a honbgeneous sol ution
contai ning at | east one el enent selected from
tungsten, beryl | i umTEOEMMEALWIEADD the |ike, and
amoni a if necessary are m xed and the resultant
[Ooo'gz)]oduct is dried to obtain the catalyst. [0003] 1
urther, in Patent docunent 2, a nethod for producing
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production catalyst) through gas-phase catalytic oxidation of methacrolein with

molecular oxygen, a catalyst for producing methacrylic acid, and a method for

producing methacrylic acid.

BACKGROUND ART
[0002]

In Patent document 1, a method for preparing a catalyst is disclosed, wherein a
homogeneous solution containing at least one element selected from molybdenum,
vanadium, phosphorous, antimony, copper and the like, a homogeneous solution
containing at least one element selected from potassium, rubidium, cesium and thallium,
a homogeneous solution containing at least one element selected from tungsten,
beryllium, magnesium and the like, and ammonia if necessary are mixed and the
resultant product is dried to obtain the catalyst.

[0003]



solution or slurry containing amoni um conpound are
m xed and to the resultant solution or slurry a
solution or slurry containing potassiumand the |ike
is added. Especially, an enbodinment is disclosed in
whi ch amoni a water is dropped in a solution
cont ai ni ng nol ybdenum phosphorus and vanadiumto m x
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for use in producing nethacrylic acid through
gas- phase catalytic oxidation of nethacrolein with

nol ecul ar oxygen, conpri Si n8 the steps of.
DISCLOSURE OF INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION
[0004]

However, the catalysts produced by using the methods disclosed in these patent
documents didn’t always realize a sufficient yield of methacrylic acid and, and hence an
industrial catalyst with a superior performance has been desired.

[0005]

The objects of the present invention are to provide a catalyst for producing

methacrylic acid with a high yield, a method for producing the catalyst and a method for

producing methacrylic acid by using the catalyst.

MEANS FOR SOLVING PROBLEM
[0006]

A method for producing methacrylic acid production catalyst of the present



(i) preparing a solution or slurry containing at |east
nmol ybdenum phosphorus, and vanadium (liquid I); (ii)
preparing a solution or slurry containing amoni um
radical (liquid Il); (iii) preparing a mxture of the
liquid | and the liquid Il by introducing one |iquid
(liquid PR of the liquid |l and the liquid Il into a
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.all the aforenmentioned catal yst constituents. P.
oxidghenpionethasrpleioyith molequlags®xyesth t he af or ement i oned

formula (1), P, Md, V, Cu and O represent phosphorous,
compusipg thersigps ofanadi um copper and oxygen, respectively;

X represents at | east one elenment selected fromthe

gr Gl prepariag st sabgianf omsitirpwontaiting euteast molybdérsym, phosphorus,

germanium zirconium tellurium silver, selenium

and Shrladf@N (liguidpst en and boron; Y represents at | east
one el ement selected fromthe group consisting of
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. respectively; when b is 12, ais_in the ran ?’of from

liquigl (iquid [34) en ¢ gontinyouneegiamigahe surface of @bﬁblicutig R, the qogtinuous
in the range of from0.01 to 2, e is in the range of

regidn oenuying 01 th 1086 pfithe weholeaarga obthefsnfaseoofithe Hquig AR apd
the range of from0.01 to 3 and h represents the
at ¢ivi) clryiag i and afaloing ahe netttastasofutionr off slufryyl dantejninp e catalyst
requi renent of the valence of each el enent above.

precursor comprising all the aforementioned catalyst constituents.

P, Moy V., Cuq X YeZ, Oy 1
[0007]

In the aforementioned formula (1), P, Mo, V, Cu and O represent phosphorous,
molybdenum, vanadium, copper and oxygen, respectively; X represents at least one
element selected from the group coﬁsisting of antimony, bismuth, arsenic, germanium,
zirconium, tellurium, silver, selenium, silicon, tungsten and boron; Y represents at least
one element selected from the group consisting of 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; and in the formula (1), subscripts a, b, ¢, d, e, f, g and h represent an atomic



[0008] Further, the nmethod for producing nethacrylic
acid production catalyst of the present invention is
characterized in that the aforenentioned liquid LAis
poured while stirring the liquid PR introduced into
the aforenentioned tank Awith a stirring power of
0.01 to 3.5 kWn8B. [0009] Further, the nethod for
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met hod of the present invention. [0011] Further, the
valepecafaqch plement absvei n whi ch the af orementi oned probl em

has been solved also resides in a nethod for

[0008] oduci ng nmet hacrylic acid through gas-phase
catal ytic oxidation of nethacrolein with nol ecul ar
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[0009]

Further, the method for producing methacrylic acid production catalyst of the
present invention is characterized in that the aforementioned liquid LA is poured from
the height of 0.05 to 2 m above the surface of the liquid PR introduced into the
aforementioned tank A.

[0010]

Further, the present invention in which the aforementioned problem has been
solved resides in the catalyst produced according to the aforementioned method of the
present invention.

[0011]

Further, the present invention in which the aforementioned problem has been
solved also resides in a method for producing methacrylic acid through gas-phase
catalytic oxidation of methacrolein with molecular oxygen in the presence of

methacrylic acid production catalyst of the present invention.



met hacrylic acid and a nethod for producing
nmet hacrylic acid by which nethacrylic acid can be
produced in a high yield. BEST MODE FOR CARRYI NG QUT
THE I NVENTI ON [0013] The nethacrylic acid production
catal yst, which can be produced by the nethod of the
present invention, is used when nethacrylic acid is
produced thr oughprgpeTRYRTEEIRNVENTIGN OXi dat i on of
nmet hacrol ein with nol ecul ar oxygen and has a
[OO§%nposition represented by the followng formula (1).
014] P. Mdb Vc Cud Xe YfZg Oh (1) In the formula

1 V., Cu_an present ph hor
( )%a%rﬁmg; to the present. in %7818& it ﬁdpcg%e&zg 19 o2de a method for
especti vel X represents at 0 eI nent .
prodygirg sty o ﬁpﬁ%@pgrpawnee}%h 'rrgacer?1 &ﬂrﬁhmphase catalytic

_bismuth, arsenic, germanium zirconium telluri urH )
oxidatipw e metbaenaleimwigh Imalenvlart oigench calyfiowih: a yigh yield of
represents at | east one elenent selected fromthe
metlpcoplic axid aing ta mgthofl for produzingametbherglic amd lvbag\rhetsh methacrylic
tantalum cobalt, nanganese, barium gallium cerium
acidasaf bb@fﬁdmaéwmaﬁgngw]@sent s at | east one el enent
sel ected fromthe group consisting of potassium
rubi di um and cesiunt and subscripts a, b, ¢, d, e, f,
g and h represent an atomc ratio of each el enent,

respecti TRnge of
frolr)no ?@?’%Oc 'S |nkﬁ%§yrange o?HPromO 0l to 3, d

OOIiCﬁ in the range of from0.01to 2, eis in the range
[ P fromO to 3, is in the range of fromO to

is in the ran of fromQ.01 t adhre resents e
ot ortfie. MgtagyBs agid gaprucHen w@rclr G 1 Prrﬁiusréq’y the
requi renent of the val ence of each el enrent above
meth@h o6 theTpresené tinvantiony ispused uehangmaethaperlie acid: ISaBWOéuced through
production catal yst of the present
gas-phase catalytic oxidation of methacrolein with molecular oxygen and has a
composition represented by the following formula (1).
[0014]
Pa Moy V, Cug X, Yr Z; Oy (1)

In the formula (1), P, Mo, V, Cu and O represent phosphorous, molybdenum,
vanadijum, copper and oxygen, respectively;, X represents at least one element selected
from the group consisting of antimony, bismuth, arsenic, germanium, zirconium,
tellurium, silver, selenium, silicon, tungsten and boron; Y represents at least one element
selected from the group consisting of 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; and

subscripts a, b, ¢, d, ¢, f, g and h represent an atomic ratio of each element, respectively;



i nvention conprises the steps of (i) preparing a
solution or slurry containing at |east nolybdenum
phosphorus, and vanadium (liquid I); (ii) preparing a
solution or slurry containing amoniumradical (liquid
[1); (iii) preparing a mxture of the liquid | and the
l[iquid Il by introducing one liquid (in sone cases

whefBRS €356M iRthe!rhfpd of (IR} 03f 10138 id inGHeé Fhnpe @PFol®01 18I dlis in
Il into a tank (in sone cases expressed as tank A)

. " her | Lau . _
the 336, B 201 82, 83 ithe He B bl GRIT, 138 RPe BRIRIIRAp 0 10
the liquid PR, .the nti.nuo reqi on ,0cc ing..Q. Q1
3, 81 taghf Sriaener g 000 LS Ghd T ArEie R BF HoHFiccf o opeen
PR, and &_i\_/) drying the resultant solution or slurry
necessay foripHling thgrequroment elcthe yalenceofipgeh slepgntlovene
af orenenti oned catal yst constituents and cal ci ning the
[0015¢sul tant dried catalyst precursor (in some cases
"drying the resultant solution ... catalyst
conThé metiddsfor poaivciigemaihagylib ackdgeotdudion witalgst of the present
catal yst precursor" is expressed as "drying and

inve@flbi® bothpiisek iR stqswit ant dried catal yst precursor”).
[0016] The ammniumradical in the present invention

reps %?@ﬂﬁﬁﬁlmhﬁl NIy Hafding an1dag xﬁB%BGéiﬁnﬁ,rﬁHbsphoms,
H4) o ed in

amroni um ( r ammoni umwhich is inclu

' punds such as amonium salts. 6 [0017] In
and P Qe D

hvention, a tank to be used for preparing
the.liquid | and.the .liquid.ll and the tank A.Lo .
us & Pibathea St shirghadicpe Mo rBte tphGaD:
limted and a _conventiognally known tank can he used, .. .
hoWk\) repaging a guxturg gibe lignidiicind thaliguid Iby mtroggine one liquid
. used. Moreover, the tank may be equi pé)ed wWth a, )
(in somer ¢ases expressed pe linwdrBR)aolithe liquidkend ghe bawdill iftea tank (in
heat exchangi ng. The stirrer nmay be equipped with a
somp ¢hdes @kpreksedvas tank A) and pouring the other liquid (in some cases expressed
as liquid LA) on a continuous region in the surface of the liquid PR, the continuous
region occupying 0.01 to 10% of the whole area of the surface of the liquid PR; and
(iv) drying the resultant solution or slurry containing a catalyst precursor
comprising all the aforementioned catalyst constituents and calcining the resultant dried
catalyst precursor (in some cases “drying the resultant solution ... catalyst constituents
and calcining the resultant dried catalyst precursor” is expressed as “drying and
calcining the resultant dried catalyst precursor™).
{0016]
The ammonium radical in the present invention represents ammonia (NH;)

which can be changed into ammonium (NH;") or ammonium which is included in

ammonium compounds such as ammonium salts.



m xi ng bl ade such as a paddl e bl ade, a propeller

bl ade, a turbine blade, a flat blade, a bent blade or

the like in one stage or in two or nore stages in the

vertical direction of the stirrer. The stirrer may be

equi pped with the same type or different types of

bl ades. Further, a stirrer which is equi pped with
[oofdjade that is called large blade such as screw anchor

of "MAXBLEND' (registered trade nane, manufactured by

Sum sfries, .Lid. n . ;1
ror & B PR AvenBOHCS Rl v Kol 5P e e i nd e
ot | i.qui I, and a nj xing . nmethod of. both |iquids, at.e.
tiquig ni e fonk' 138 B pised 5 fRicingbath i'ﬁaﬁsr?ge gk e ac Hnited
liquid | > The liquid | is prepared by dissolving or
and @ conxertionglly knowaitank s be yeed, doweyeingorserd type ractor can be
| east nol ybdenum phosphorus and vanadi umin the
prefexgblyased. NMiareover theitank mappe equippécdhwith mptioer s tfffle board and a
copper, the aforenentioned elenent X, the

jackef @raeereifor hostcbxehanghmnt The stihéer rafpbe spuippedneith elpablely known
Z, and conpounds contai ning anmmoniumradical as well

mixig bisdey AR g™ paddRSEIBAY, WSprapéliey BIARI H FarbideOslde, Ehﬁatlblade, a

anount of ammoni um radi cal contained in the liquid
ok By, BRI e U 94 Bt eGSR ko o
e i s pERER ST 02 BT A s
FrlE B AT FBishoaicau 9Bl i Acedarihis GalEqRTEY bladh speh as screw
adj ust ed_ by the used anpunt of conmpounds cont ai ni ng
anchog o a MK 130 (registernd Gadeonarae, mapdaqtured by Sumitomo Heavy
Industries, Ltd.) can be used.
[0018]
Hereinafter, a preparing method of the liquid I and the liquid II and a mixing
method of both liquids are described in detail.
[0019]
< Preparing method of the liquid I >
The liquid I is prepared by dissolving or suspending raw materials such as
compounds of at least molybdenum, phosphorus and vanadium in the solvent. The
liquid I may contain compounds of copper, the aforementioned element X, the
aforementioned element Y, the aforementioned element Z, and compounds containing
ammonium radical as well as molybdenum, phosphorus and vanadium.

[0020]

The amount of ammonium radical contained in the liquid I is not particularly



As a raw material to be used in preparing the liquid
I, oxides, nitrates, carbonates, anmmonium salts and
the like of each aforenentioned el ement can be
exenplified. The raw material can be properly sel ected
anong these conmpounds and wused in the preparation of
the liquid I. [0022] For exanple, as a conpound of
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high FAY of SREDAIS Y SRR B (biicdad T GO pgapmoniuct radicel
phosphorus, orthophosphoric acid, phosphorus .
confaineddn ithreliquidriman b adhusted st e ased amountiaf compopady eayaining
As a conmpound of vanadi um vanadi um pent oxi de,
the ammoniumraditaboraasaha. or the |i ke can be used.
Further, as a conpound of phosphorus, nolybdenum and
[00o¥gnadi um het eropol yacid such as phosphonol ybdic
aci d, phosphovanadonol ybdi ¢ aci d, amoni um
Phosehamaly Rl o bGstd i figfluk 15etlquki0D28kidBe itrates,
each el enent, these conmpounds y be useg alone or in
Lhation. of WO, _Qr £L
cartis, ol cahVBod EE, b Haf alorsiiffined climet can be
for.e l e, water et hyl al cohol and acet.one can be
exeRliif ket ABHRCIPL Fas REPEPPRFY Toiosi<d SIBPE foat comRgunds and
amount of the salvent in the liquid | is not
used) Hy the praparatipn of fetligyid however, usually the content
ratio (mass ratio) of the nol ybdenum conmpound to the
[0022]| vent contained in the liquid | is preferably 1:0.1
to 1:100, nore preferably 1:0.5 to 1:50. Wen the
anoHot exbmple, as a compound of molybdenum, a compound which doesn’t

contain ammonium such as molybdenum trioxide, molybdic acid or the like is
preferable, however, ammonium molybdates such as ammonium paramolybdate,
ammonium dimolybdate, ammonium tetramolybdate or the like can be used if a small
amount of them is used. As a compound of phosphorus, orthophosphoric acid,
phosphorus pentoxide, ammonium phosphate or the like can be used. As a compound of
vanadium, vanadium pentoxide, ammonium metavanadate or the like can be used.
Further, as a compound of phosphorus, molybdenum and vanadium, heteropolyacid
such as phosphomolybdic acid, phosphovanadomolybdic acid, ammonium
phosphomolybdate or the like can be used.
[0023]

For each element, these compounds may be used alone or in combination of

two or more kinds,



the solvent is set in this range, a catalyst with a

hi gh yield of nethacrylic acid can be obtained.

[0025] The liquid | can be prepared by m xing the

af orenenti oned conpound to be wused as a raw materia

and the solvent, and stirring the resultant m xture at

an ordinary tenperature to dissolve or suspend the
[Ooﬁ?Fpound to make a solution or slurry. Generally, the

Stirring is preferably performed while heating.

Usual ly, the heating.te tature.,is preferaply 80C or
nor e‘%‘s %P@e’b“r %(g@b&ﬂﬁ yedised 4} Prepping ﬁl?r]ﬂ%’éﬁ? rl E’ﬁé’xamp e, water,
qeatin tenperature is, usually, preferably 150C or
ethylealeohofapd aprtancpambe exemantified, hawever)watsr is prefeselly jused. The
tenperature is set in this range, a catalyst with a
amoyng lpf 4be selvent inzthe liguidobisaiat quartichiaslyhBaitedghawewsr,j usually the
usual ly, preferably 0.5 hour or nore, nore preferably
confent ratior (noass radiod of THeemblgbdénuen tormpouind, to dlsisdlVent contained in the
preferably 24 hours or |less, nore preferably 12 hours

liquid I ksesreferdtite .0l he Hegy, nite iprdterably 5615 tb1:300WhénPdhe @mount of
the aforenmenti oned conpound can be easily dissol ved

the Qb1veHSiR l%gfjﬁldbhist ﬂﬁé&ﬁ %%/cawl'fst rvﬁﬁﬂ\ ih%fig@q&[ %ggng?l@ﬁ’c acid can be

materials can be Icrently pr
dﬁﬁﬂé her, a conpound of the aforenentioned elenment Z is
preterably m xed with the solvent and di ssol ved or
[Ooggspended to prepare a solution or slurry (in sone
ses 9 expressed as liquid Il1), and the resultant
solution or slurry is preferably added to a solution
or shherliquid d nanibsi prgpared Py daixing thsrafersmentigneghgompound to be
vanadium At this tinme, the tenperature of the
used ¢f atriwrmaserialland tye sodvent.cindr sintipg 8@Gesultantadxturepaten ordinary
preferably 30 to 70C. As the elenent Z, cesiumis

temperature abdissobecerstispent tiksquatpcintd o laRe tisolutioh be slurrgaBenerally,
be obtai ned. Foe exanple, as a cesium conpound to be

the 68heaS pReferily Pérférhield WHild Réating! ERAJIRL HRNh&king R8mperature is
liquid I', cesiumnitrate, cesiumcarbonate, cesSium

pref¥iP 88 Of hBf, more preferably 90°C or more. Further, the heating
temperature is, usually, preferably 150°C or less, more preferably 130°C or less. When
the heating temperature is set in this range, a catalyst with a high activity can be
obtained. The heating time is, usually, preferably 0.5 hour or more, more preferably 1
hour or more. The heating time is, usually, preferably 24 hours or less, more preferably
12 hours or less. When the heating time is set in this range, the aforementioﬁed
compound can be easily dissolved or suspended, thereby the reaction among the raw
materials can be sufficiently promoted.

[0026]

Further, a compound of the aforementioned element Z is preferably mixed with

the solvent and dissolved or suspended to prepare a solution or slurry (in some cases



i ke can be used. As the cesium conpound, these
conpounds nmay be used alone or in conbination of two
or nore kinds. [0027] < Preparing nethod of the
liquid Il > The liquid Il can be prepared by

di ssol ving or suspendi ng conpounds contai ni ng
ammonium radical in the solvent. [0028] The liquid I

|
expxggs\ég?rlﬁfhd‘ 154X @ﬁ%@%eﬁfl?ﬂ@&ﬂﬁm 8 sluf®! ¥ haerEbly added to a

copper, the enentioned él enent X, the
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contal n| ng ammonli

radi cal ver, | t these
tem%m%@easp tlopsr ey 3 ﬁﬁfe 7 B0 b Ty SR Cprferaply, 30 to
. unt of the ammoni um radical contained.in the Ilgﬁjc{
70 CF |A$ therghemens 4. Gesiumais| Ryeterakle; kagauss Anespppcially syperior ettect can
preferably 6 nols or nore per 12 nols of nolybdenum
be abtained. Fod examplee a$ acpesitml comaprandde depised @8 apy matepkin
or nore. Further, the anount of the ammoni um radi cal
prepacioai ofatle liquidnk ‘céiomi mitrdte, tesiym ehrhoattey cesiumiydrazide or the
| ess per 12 nols of nol ybdenum contained in the
like!cafl We Giséd. A eherRE@NPERhSIME] thedbcdiBpdnds mayetsuseldfadone or in
the amount of the ammoniumradical is set in this

coxrfbﬁﬁ 6n oftrf@bAY ki h @ 10 high yield of methacrylic

aC| can be o tal ne [ 0030] An anmoni um r adi cal
[OOf?ﬁnt ai ni ng conpound whi ch can be used in preparing
e liquid Il is anmonia or anmoni um salt.

< P e Qo0 SR fiytr ogencar bonat &, amoni um.
nitrate or,  the like can be_ exenp I|f|ed as t
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containing ammonium radical in the solvent.
[0028]

The liquid II may contain compounds of phosphorus, molybdenum, vanadium,
copper, the aforementioned element X, the aforementioned element Y, and the
aforementioned element Z as well as compounds containing ammonium radical,
however, it is preferable that these compounds are substantially not contained.

[0029]

The amount of the ammonium radical contained in the liquid II is not
particularly limited, however, it is prefefably 6 mols or more per 12 mols of
molybdenum contained in the liquid I, and more preferably 7 mols or more. Further, the
amount of the ammonium radical contained in the liquid II is preferably 17 mols or less
per 12 mols of molybdenum contained in the liquid I, and more preferably 15 mols or

less. When the amount of the ammonium radical is set in this range, a catalyst with a

10



t hese conpounds may be used al one or in conbination of
two or nore kinds. [0031] As a solvent which can be
used in preparing the liquid Il, for exanple, water,
et hyl al cohol and acetone can be exenplified, however,
usually, water is preferably used. The anmount of the
solvent in the liquid Il is not particularly limted,

higt %Vﬁ*meth’a}ﬁfﬁd id e SRah&pt ratio (mass ratio) of

e anmonl radi cal - contal ni ng conpound to the

[Ooﬁﬁl vent contained in the liquid Il is preferably 1:0.1
1: 100, nore preferably 1:0.5 to 1:50. Wen the

ano

nt of the solvent js,set in this,range, a catalyst .
© i, amght Zedicel on{aine, copprint,Rhish iR Hychsed iR pheparing
obtained. [0032] The liquid Il can he prepared by .
the Higuidnly is pRmoRis AT ARMORNE asplic%mcgiqallngam@snﬁo@w)f%a water),
the solvent, stirring the resultant m xture at an ,
amrmerdimmagarboraty emmonivmt bydrdgencaibonate, ammeopiawe nitrge or the like
conpound to make a solution or slurry. The liquid can
can fbe expmelifieceas thy doamiound) Ahtheraganériamt radical-eontainipg tcompound,
around 80C when it is necessary. However, in case

these RBpedRThay MehRH aldns @ fn ESmbIAREbNAST tvb dr AibTe Rinde)
radi cal - cont’ai ni ng conpound, these preparing steps

(00378 not al ways necessary, because water which serves
ag solvent is already included. [0033] 11 < Mxing the

o A bSO G ERES} g i Poabd P HERRY, toP YRR water

t he
i,nt roduci.n one liquid (Jjiquid PR of the |iquid.l
et} lpofpand igion Fan b P IOtk wRpIi oSt e rably wsed
the other liquid (liquid LA) into the tank In case
Thetaaqunt 1oé the splyent in the liquid [} §uof paticplarly | dgwewer; Havally,
tank A, the resultant liquid itself serves as the
the icogfeindradia (mess gaic)eof thet anmphiant gadicalcontpining copppunthto the
that the liquid LAis poured on a continuous region in
solvehecontained in the liquid II is preferably 1:0.1 to 1:100, more preferably 1:0.5 to
1:50. When the amount of the solvent is set in this range, a catalyst with a high yield of
methacrylic acid can be obtained.
[0032]

The liquid 11 can be prepared by adding the ammonium radical-containing
compound to the solvent, stirring the resultant mixture at an ordinary temperature to
dissolve or suspend the compound to make a solution or slurry. The liquid can be
prepared by heating the resultant mixture up to around 80°C when it is necessary.
However, in case that ammonia water itself is used as the ammonium radical-containing
compound, these preparing steps are not always necessary, because water which serves

as solvent is already included.

[0033]
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surface of the liquid PR introduced into the tank A,
the continuous region occupying 0.01 to 10% nore
preferably 0.05 to 5% of the whole area of the surface
of the liquid PR [0034] By pouring the liquid LA
into the liquid PR and m xing both liquids in this
manner a catalyst with a high yield of nethacrylic

< MAking t5AqRE T AR BeMR@id T i S supposed that the |ocal
pH distribution in the vicinity of the m xed portion

of gy %rg I iﬂveﬁﬁgn,ttﬁéeliﬁﬁihq%g the li&l?éf o 48 ix88 b9 idtfbducing

f orm an ective crystal structure for the oxidation

one@@gw@q:ﬁm %ﬁﬁﬂ&%@?ﬁﬁ%ﬁ%}u«ﬁﬁi BB Itagkctgag@k&d pouring
the pifer T Gawid -0 o ik b dB e et T of e fipia 1 is

with a stirring power of preferably 0.01 to 3.5 kWn8, .
prepaseceingthe fankab) e regsubantliqusl itsslfheprvesyas she liquid &R iptroduced into
liquid PRin the range of the aforenentioned stirring
the pemkeA, Itiis impogtaniphatetie tliqaid BA iefpbertionea conptitusmiis region in the
structure for the oxidation of nethacrolein is formed
surfage bhéde Hdifd PRelfrodlicateinftatteytahk Agahé coltinubas eegial pedupying
thus obtained is inproved. [0036] Further, when the
0.01 i Hwﬁ, hidrd ?re%?%lﬁ@.ﬂ?&%%%?tﬁ@%ol@ar&é“@f thi GuitBcel ¥ thé liquid
pour e 12 Tromthe height of preferably 0.05 to 2 m
nore preferably 0.1 to 1.5 m above the surface of the
Tiquid PR introduced into the tank A. Wien the liquid
[00%‘@ is poured from the height of 0.05 mor nore above
e surface of the liquid PR the |liquid PR does not
contact with the pourin pori of, the Il.iquid

) ! . O A even in .
t he B peuningthe; hguid L4 o the 1§u1ds1t’1iira|néd?m§f€d{5%ﬁ§fﬂ%§em this
liquid LA is poured fromthe height of 1.5 mor |ess
mangiso aeatatyst withr# high yi¢ld of enathagaylic #Rl cambe pbigined. ftAs pupposed
not di spersed or does not contact with the wall
that the local pH distribution in the vicinity of the mixed portion of the liquid I and the
liquid II favorably acts to form an effective crystal structure for the oxidation of
methacrolein and makes it possible to obtain a catalyst with a high yield of methacrylic
acid.
[0035]

When the liquid LA is poured into the tank A, the liquid PR introduced into the
tank A is stirred with a stirring power of preferably 0.01 to 3.5 kW/m?, more preferably
0.05 to 3 kW/m’. By stirring the liquid PR in the range of the aforementioned stirring
power, it is supposed that an effective crystal structure for the oxidation of methacrolein
is formed so that the yield of methacrylic acid of the catalyst thus obtained is improved.
[0036]

Further, when the liquid LA is poured into the tank A, the liquid LA is poured
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of the tank A. Consequently, it is supposed that an
effective crystal structure for the oxidation of

net hacrolein is formed so that the yield of

nmet hacrylic acid of the catalyst thus obtained is

i mproved. [0037] In the present invention, a nethod of
pouring the liquid LAinto the tank Ais not

frorﬂahé lh@i-éh@'bhﬁréfbﬁbhedﬂsfl@@‘ﬁ?rmo@ preteiatly @f1 BOUIS RO bR the

liquid LA by freefall froman upper part or a side
i
surfg(é‘;én ‘%fa lfﬂ% ilfﬁnﬁ #}I@%Hﬁg&%ﬂlﬁ%ﬁlegﬁﬂ Re“‘iﬁﬂgﬁ‘&%&ﬂd 1A & gk from

o TR0 E P Sl B B
conf b %gpwaapt 0 ) A O A o

the pouring ports may be used as far as the liquid LA
stirred, i\ bR 8¢ KW Th KLBRISCd Eigh e hpigti ofu? Kok 1 ebiee the
liquid | and the liquid Il introduced into the tank
surface dfithe hiqridd? R ,che tiyaddo\iisi g dispersed or uee et edsitact ovith the wall
under nornmal conditions. [0039] In the present

of thevaik A0 Conkdquestlas i Qipposed ther we effbtivef @yaatesttucanedor the
liquid |l as the liquid PR and to serve the

0x1dhftl@h%ﬂ'%€th&ﬂﬂ6‘m| ik Gotnikd!so tBst thé ?wid Stingithbéy1i® acid O fIRE ¥Ralyst
the 13 aforenentioned liquid as the ITquid PR and

orementioned liquid | as the liquid
thod R B o0 BT O anThe i vi dedt 1t o

[OOfFﬁrt' ons and poured separately in two or nore tines.

e tenperatures of the quuid LA and the liquid PR at
thet| when the liquid LA js poured are _not .
par 7 dEf BIeSSAL|nYRDigR, 2 m@woeim_fypoa‘r@g ﬁfeh@ngt% infp e tagk A is
| ess, nore preferably 80C or |ess, and preferably the

not parsievledlspiarited. heweyer,reomethod afipeuringrtheliqeidde by &g fall from an

upper part or a side part of the tank A through a pipe connected to a tank containing the
liquid LA, or a method of quantitatively sending the liquid with pump and the like can
be exemplified.

[0038]

Number of the pouring port for pouring the liquid LA into the tank A is not
particularly limited, and either one or a plurality of the pouring ports may be used as far
as the liquid LA is poured on a continuous region in the surface of the liquid I and the
liquid II introduced into the tank A. The number of the pouring port is preferably one
under normal conditions.

{0039]
In the present invention, it is possible to serve the aforementioned liquid I as

the liquid PR and to serve the aforementioned liquid II as the liquid LA , or to serve the
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[0040] The liquid LA can be poured while stirring it.
[00411 When it is preferable, first, the m xture of
the liquid |l and the liquid Il may be prepared

wi t hout including the element Z according to the

af orenmenti oned nethod, and then the solution or
slurry (the liquid III) containing the conpound of the

afor%@ﬁﬂeﬂ %(?H[Héﬁ Ia.? ﬁeﬁgﬂxﬁ% I[C)a%?#% ]E;:%r‘le% ﬂ'{étarf%gtﬁ% 1{"%1@&@1?@1 as the
ol 5 LA R A T s

nmet hod of |ntrodu0|n t he tur
twoiQfgmpreqiyngs. | hhe; igmpgraturps a@ tlcwl a@.&] ?\1& h&t&dg%ﬂ f B time
introducing the liquid Ill and the m xture of th
whenitheliguid Lahis ponsrest 4r¢ got particulanly linited cand theyhare @mfe@ély 100°C
adopted. [0043] In the preparation of the solution or
or ledspymore poefembly RO Caor &isal sk prefarahly she romopmpetianyge @i imore
the catal yst constituents, the liquid | and the liquid
undéd ndrmabtednditidner the liquid Il when it is preferable)
may be m xed under nornmal room tenperature or under
[Oo,ﬂﬂati ng. The m xing tenperature is preferably 100C or
| ess, more preferably 80C or 14 less, and preferably

t he . normal conditions.
ﬁgqﬁ\g“ @%gﬁ@pgh@gﬁ “}gﬂgg?ﬁg&ﬁl{qw d Il (and further
[004136 liquid I'll when it is preferable) under such
nge of the liquid tenperature and prepari ng the
soluytion or slurry containing the cat gl yst s1
a caVheryis piefamable ritgh themixiie,ofitie Hawidil qu) i/)may be
the mixing is performed while stirrin Further t he
prepared wigheutriacliding the glamenicZ aegording |t¢rﬂtee§0remtloned method, and
determ ned properly.
then the solution or slurry (the liquid ITI) containing the compound of the element Z

may be added.
[0042]

A introducing method of the liquid III is not particularly limited, and, for
example, a method of introducing the liquid III to the mixture of the liquid I and the
liquid II, a method of introducing the mixture of the liquid I and the liquid II to the
liquid III, or a method of introducing the liquid IIT and the mixture of the liquid I and
the liquid IT at the same time can be adopted.

[0043]

In the preparation of the solution or slurry containing a catalyst precursor
comprising all the catalyst constituents, the liquid I and the liquid II (and further the
liquid III when it is preferable) may be mixed under normal room temperature or under

heating. The mixing temperature is preferably 100°C or less, more preferably 80°C or
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[0044] < Drying / Calcining > After the solution or
slurry containing a catal yst precursor conprising al
the catalyst constituents is obtained in this manner,
the solution or slurry is dried and a dried catalyst
precursor is obtained. [0045] The drying nmethod of the
solution or slurry containing a catalyst precursor is

less, Mol RfetdbGiiR bym! thiipb@tlre 8Pfhor: Wtlet b fconditibnd Bycmixing
be used. For exanple, evaporation drying nethod,

the IRRARY afid iﬂerlﬁgﬁ'ig ?I'@?% gﬂ'lﬂ'liég‘&%r chLdi"(g IITHRA G is PréfBRABRS under such

yi ng netho e ca e used. Type of the

dr te be used jn the drving, .dryi t t o
ranglf o Ths' i RGRIEe P PN o8 AN e, GERAES) hfinine the

nd different types.of dried catalyst. precursors for. .
catayyst P’@F%Pf»ﬁji’%%‘ggswﬁgr? g’éhoa&flé’d% éd OEV“’;‘}Bog%F‘?Ié” the mixing is

changing the drying condition. [0046] The dri g{d ..
performesd yehile pstisting.sBurthary gheo pising gtime ds o ragticpiasly limited, and

preferable and calcined to prepare a catalyst. The
detednined poapeellyy st precursor may be nol ded i n advance and

cal cined or can be calcined without nolding it.

[00443ual |y, it is preferable to nake a nolded form and
calcine it to prepare a catalyst. 15 [0047] The

< DA Oflcigigwd is not particularly linited, and a
vari ety of dry or wet nmethods publicly known can be

2PDIAGES AT B lfln 0 ot ol

are use carrier“can also be appl ua

hod..] n_whi ' ' t d. i I .
cataJSLRB i PRpt S FrlpREE o Sl i, L B i
pol di ng, extrusigon nolding, granulation nolding and
catatyfepierWEoris 8bRSAp| i fi ed. The shape of the nol ded

[0045]

The drying method of the solution or slurry containing a catalyst precursor is
not particularly limited, and a variety of methods can be used. For example, evaporation
drying method, spray drying method, drum drying method, airborne drying method or
the like can be used, Type of the dryer to be used in the drying, drying temperature,
drying time and the like are not particularly limited, and different types of dried catalyst
precursors for different purposes can be obtained by properly changing the drying
condition. |
[0046]

The dried catalyst precursor thus obtained is ground when it is preferable and
calcined to prepare a catalyst. The dried catalyst precursor may be molded in advance
and calcined or can be calcined without molding it. Usually, it is preferable to make a

molded form and calcine it to prepare a catalyst.
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formis not particularly limted, and a cylindrica
shape, a ring shape, a spherical shape and the like
can be selected at request. [0048] At the tinme of
nol di ng, a publicly known additive such as graphite,
talc and the |ike my be added with a small quantity.
[0049] The dried catalyst precursor or its nolded form
[no¢ﬁus obtained is calcined to prepare a catalyst for
use in producing nmethacrylic acid. The cal cining
met . l.cini Lt r (o) A
par (g sy etb 1§ L BicBAt e afd Wbericoy of dry or wet
hod.. d a publicly.kpown | cinj.ng .condi,ti. .
metfetsilip R o Tntag e antlird. & Brofihg ek of Mg $i8 R the tike
di f ferent depending on_the catalyst raw material to be
are ypd@s aqFErier gen aisetbe apphipd surbin, 2 medod &S@cmer is not used
preparing nethod and the |ike, and a normal condition
is prefferablgl As i spgeificdueldingemithod, tablesmalsipgepress molding, extrusion
cont ai ni ng-gas such as air or an inert gas is as
molfimg| gramulatibe nedding nindgtht dikperra exeraplified Mhet shap®) 0Cthe molded
preferably 300 to 450C, the <calcining time is 0.5
fornd Mot PartitlLly IhREE Al aycylinificad GhdjR s Sing Bk, atspherical shape
inert gas nmeans a gas which doesn't |ower the
and HRARLd QR 1RGEIeMel ¥t Rbutdile catal yst. As such a gas,
speci fically, nitrogen, carbon dioxide, helium argon
mo@gd the |ike can be exenplified. [0050] 16 < Met hod
r produci ng nethacrylic acid > Hereinafter, a nethod

for prodycin Jhacrylic acid of, the present ..

| nvthihemed muldipa s epeoRe m HoHNerEh AOEapbitt RF ARd the
. et hacrc?/I ic acid of the present invention is the
likegpgyrscpdded withraowall apngbt hacryl i c aci d t hrough

gas- phase catal ytic oxidation of nethacrolein
[00491

The dried catalyst precursor or its molded form thus obtained is calcined to
prepare a catalyst for use in producing methacrylic acid. The calcining method and the
calcining condition are not particularly limited, and a publicly known calcining method
and a publicly known calcining condition can be applied. The optimum calcining
condition is different depending on the catalyst raw material to be used, the catalyst
composition, the catalyst preparing method and the like, and a normal condition of
calcining under the flow of an oxygen containing-gas such as air or an inert gas is as
follows: the calcining temperature is 200 to 500°C, preferably 300 to 450°C; the
calcining time is 0.5 hour or more, preferably 1 to 40 hours. Here, the inert gas means a
gas which doesn’t lower the reaction activity of the catalyst. As such a gas, specifically,

nitrogen, carbon dioxide, helium, argon and the like can be exemplified.

[0050]
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wi th nol ecul ar oxygen in the presence of the catalyst
of the present invention obtained as nentioned above.
[0052] In the aforenmentioned nethod for producing

nmet hacrylic acid of the present invention, a raw gas
i ncl udi ng et hacrol ei n and nol ecul ar oxygen is
subjected to contact wwth a catalyst. The

< MVeARASBE pRHLGAe RlcthRIRGRI €I n in the raw gas can be
changed in a W de range. Usually, the concentration of

net Olein i ) and: 1o : :
Co 109 Boftbor diod Rsgredihe BB UE AP EhE pRSEM ivention
. inpurities such as |ow saturated al dehyde and the
lse’l‘lﬁglé‘e y be contained in the raw gas. However, it is
referable to keep the quantity as small as possible.
[00 ]dOSS] As a nol ecul ar oxygen source, air is used from
econom cal reason. A pure oxygen enriched air and the
| i keA pathoddoupredusing methachydicpeut efithe present liwvention is the method
concentration of nolecular oxygen in the raw gas is
for peadating Methatrglid anidl throwghdgassphhsr edihlytio ofidatios offmhathacrolein
per 1 nol of nmethacrolein in particular. The raw gas

with'Bio1deala iok i @rinate prtdem@ ofthé BAhlyst dfathe prigéntdfvention obtained
nitrogen, carbon dioxide or the like. Further, the raw

as iolBY alieddded with water vapor. The concentration
of water vapor in the rawgas is usually 0.1 to 50% by

[005’%' ume, and preferably 1 to 40% by volunme in
particular. When the reaction is carried 17 out in

the presence of ,water vapar, thacrylic acid.ca e
bt AR1ES S eIy Tarthos pprocha A et it S A 4B present
. catalytic oxidation of nethacrolein is usually carried
invention; § ®ww gpxderluding nrethaciolei and rmelgenlar, pxyars; is) sybiscted to
may be one, or two or nore. The catalyst may be
contaghydth edcasalyst. Jher ¢ancemsrationxefl mathderaltia int ther raw gas can be
additives. The reaction pressure is preferably from
changedi imaa yifle esisier &stiallys alie cahceatratiop bf methapradaialis dsto 20% by
The reaction
volume and preferably 3 to 10% by volume in particular. A small quantity of impurities
such as low saturated aldehyde and the like may be contained in the raw gas. However,
it is preferable to keep the quantity as small as possible.
[0053]

As a molecular oxygen source, air is used from economical reason. A pure
oxygen enriched air and the like can be used when it is preferable. The concentration of
molecular oxygen in the raw gas is usually 0.4 to 4 mols, and preferably 0.5 to 3 mols
per 1 mol of methacrolein in particular. The raw gas may be diluted by adding an inert
gas such as nitrogen, carbon dioxide or the like. Further, the raw gas may be added with

water vapor. The concentration of water vapor in the raw gas is usually 0.1 to 50% by

volume, and preferably 1 to 40% by volume in particular. When the reaction is carried
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tenperature is usually selected in the range of from
230 to 450C, and is preferably 250 to 400C in
particular. The flow rate of the raw gas is not
particularly limted, and wusually the flowrate
expressed in terns of contact tine is 1.5 to 15
seconds, preferably 2 to 5 seconds. [0055] The
I
out 16D BYEDe bt i ablh, befhal PCAHAITRN be Bt iR Fhihtr veld
[00 id of the present invention is not fully elucidated,
wever, as nentioned above, it is supposed that the

| oc pHdstrlbtlon t he .vi ¢j n|t oft
e i tlitit idRsiom of eethacgpitin 1 osialfy FRrtied qut in o
of pouring the liquid LA into the liquid PR favaggably
ﬁxeazbeé Toe nemberaef @f: featalyst, ayer {nay die anes QR EWe er mgre.t Hig catalyst
oxi dation of nethacrolein and nakes it possible to
mayf gy swpportedyen abarsier ormnixed witht the ather additivesl Thefeaction pressure is
met hacrylic acid. EXAMPLES [0056] Hereinafter, the
preferabbe fion rotdinkino prevsire e sevdralr eadsphericd @t‘aislirss. wlhé reaction
reference to the follow ng exanples and conparative

tem BusudifyRY&fed iR Rnge OF Frohi ¥RNio! 450°C Sand19 breferably 250
° imted to these eexlan'p?g‘{sn% 18 [00057] The cat al yg Y

to 4098 Qy gza{ac la}i"a Fhé oSl Ml %? thé 2591 1§ Iﬁ@t gﬁﬁilca{mg r“mﬁ%d, and

the aw nmateri a ana IS O

reacti ucts
usuzglfr}ot e@N W%e ?xpﬁ%s[sﬁcgglr Vrrp% oggergaﬁgléne 13 A3 go de & conds Rrgeferably
S ormt ography. Based on the anal ytical resul ts
2“’%&‘3 t he conversion of methacrolein (nmay be
expressed as MAL conversion), the selectivity to
[0 oduced methacrylic acid (may be expressed as MAA
selectivity) and the single current yield of
met Haempé¢dhaniami wtlatedatp the improvessadofithe catalyst performance in the

method for producing methacrylic acid of the present invention is not fully elucidated,
however, as mentioned above, it is supposed that the local pH distribution in the vicinity
of the mixed portion of the liquid I and the liquid II at the time of pouring the liquid LA
into the liguid PR favorably acts to foﬁn an effective cry“stal structure for the oxidation
of methacrolein and makes it possible to form a crystal structure with a high yield of

methacrylic acid.

EXAMPLES
[0056]
Hereinafter, the present invention will be entered into details with reference to
the following examples and comparative examples. However, the present invention is

not limited to these examples.
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MAA yield) were determ ned by the follow ng fornul ae,
respectively. [0058] The conversion of nethacrolein
(%9 = (B/ A x 100 The selectivity to nethacrylic
acid (%9 = (C/ B) x 100 The single current yield of
met hacrylic acid (%9 = (C/ A x 100 In these
formulae, Ais a nunber of nol(s) of the supplied

[00smt hacrolein, B is a nunber of nol(s) of the reacted
nmet hacrolein and Cis a nunber of nol(s) of the

pro e h ke acjd. : t her
per Slteh%t gaﬁ %)tf éc%%dsg?og aw(agi %e[eg&ﬁfeheﬁﬁ'?‘q@?dmsa}t# ? a%rgount of the
regi on on Wi he , i qui d was poured.to the whole .

catd g el il st st 7Y sy Ry hseetion FroaEs in
expressed_as_Sp), was determned by the follow n

the pradygiion ofrmethagiylie agid vas sarriadeout gﬁﬂpgaee%clgpﬂtamm%{uBased on
PR (Sp) is _a horizontal cross section inside the tank

the Analytiea) gesulisi gttained, theysonvarsian of ghethenzoleing(may PR expregsed as
the area (Si) of the liquid surface region on which

MAfheoriverpion], the selesti pitw te grodased nietiracydiot aid (nep be expressed as
section of the poured liquid LA at the height of the

Mausdlesieitf add@elsingld shrfiRt yloWd bh@kthabiylit AEidekyYeascpresked as

was determned as the aperture area of the pouring

MAROY iEld@%?ﬁ&ﬁﬁﬁl&d%ﬁ%%h@ﬁf@%ﬁ%ﬂﬁé%' Bethagy, | 1 qui d

19 PR'W t e sane size he aperture ar€a of the
[00?@“” ng port. [0060] The percentage of the area of
e surface region on which the Iiquid LA was poured

S R A 2550 11,20 7R 09
Thqrqeq egil}oﬁlgy t(ot r%gtll(:acAr)yii<\:NI ;'ugig (°/a6) (_j__i (%n/elg)emg 1(())(]; 340 mm and an
The single current yield of methacrylic acid (%) =(C/A)x 100

In these formulae, A is a number of mol(s) of the supplied methacrolein, B is a
number of mol(s) of the reacted methacrolein and C is a number of mol(s) of the
produced methacrylic acid.

[0059]

Further, the percentage of the area (S;) of the liquid surface region on which the
liquid LA was poured to the whole area of the surface of the liquid PR (may be
expressed as Sp), was determined by the following formula. The whole area of the
surface of the liquid PR (Sp) is a horizontal cross section inside the tank A at the
height of the surface of the liquid PR, and the area (8;) of the liquid surface region on
which the liquid LA was poured-'we;s a horizontal cross section of the poured liquid LA

at the height of the surface of the liquid PR. Further, in the examples, S; was determined

as the aperture area of the pouring port because the liquid LA was poured in the liquid
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volume of 30 L, 10 kg of pure water having a room
tenperature was i ntroduced and a solution obtained by
di ssol vi ng 5000g of nol ybdenumtri oxi de, 366.5g of 85
mass% phosphoric acid, 202.8g of anmoni um
nmet havanadat e, 69.8g of copper nitrate in 610g of
pure water and a sol ution obtained by dissolving 58. 4g
t uredd r were added
PR%WP@%%@rS%r%%ﬁtﬂﬁﬁa ongaglttggg%gn ergbl ade and the
[Oo@isultant m xture was heated to 98C and kept at 98C
5 hours while stirring The resul t ant m'xture was
cooled to 50C a a soI bt ai ned by d| s v
795 15§ gReedage ah "n‘“ei? et PelaE Rl s was
make a mixed |i d which_ s serv .
poured @ the wiple ﬂ@a@? Hisrsupiasriof the iguidt fé’é) ﬁ&%g &Pgﬁrﬁgﬂi a
water was introduced to a reactor (tank B) with an
[00613t er nal volume of 2 L at roomtenperature to nmake
liquid Il. [0063] The liquid I which was kept at 50C
Example he tank A and served as liquid PR was stirred
wth a stirring power of 0.2 kWnB and the liquid Il
serygt aé?ssél'tﬂ?é fbab®r Bk APRIRG difmbRe of 340 ntin RRAfanoifternal

a pouring por 20 mmin dianeter at the hei ght of

vol SofM0 £PYY T(Ftndlf ﬁ)u.?éj{vﬁé‘f fatA tar}%ofn' t‘&l;iggraﬁﬁﬁ%ﬂ%@dd&e@ and a

urry conta a cata precur IQUI

e e t o
Solu‘éﬁm BEndaC) Bl %@sf%emofyﬂﬁé qm#"f‘%ﬁﬁ?@eu%%r‘* pof B ufhss%
vi.n t of around, 20 rcen.
phogihorif delt, SOEHE of brrioryR dnshN ARG ote o va'rae%‘ in 610g
region on which the liquid LA was Eﬁured to, the thé%
of PFeaST apfia solijioncabtained Iy digsqlyies piégead ferriopitiptsigaq08 of
The resultant slurry containing the catal i/)st precur sor
purevwetch oeere dddesl while stirrihg withpoena-sagapatidde blade vani|the resultant
stirring. The resultant solid material was dried at
mixfudé @ak dieated Go 98T and Reptciti XBAC 1fai SrHoats whide otitrmign@He resultant

The resultant dried naterial was press nol ded

mixture was cooled to 50°C and a solution obtained by dissolving 732.3g of cesium in
1250g of pure water was added to make a mixed liquid which is served as liquid I.
[0062]

On the other hand, 1988¢g of 25 mass% ammonia water was introduced to a
reactor (tank B) with an internal volume of 2 L at room temperature to make liquid II.
[0063]

The liquid I which was kept at 50°C in the tank A and served as liquid PR was
stirred with a stirring power of 0.2 kW/m® and the liquid II served as liquid LA was
poured in the liquid PR from a pouring port of 20 mm in diameter at the height of 0.3 m

above the surface of the liquid PR to obtain a slurry containing a catalyst precursor. The

liquid surface region on which the liquid LA was poured was a continuous region with
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and cal cined at 380C for 12 hours under airflowto
obtain a catalyst. The conposition of the catal yst

t hus obtained was P1.1 Mb12 Vo, 6 Cuo.1l Feo.o05 Csl. 3.
[0065] < Reaction for synthesizing nethacrylic acid >
The resultant catal yst was packed in a reaction tube
and a m xed gas containing 5% by vol une of

an zﬁ?lB&%?trcﬁfaF Lk Sghq{i’n yasii HHEF of hrodfid 2 rinmsagl%’tﬁé’ p¥RbiMAR: of the

ter yvo umao nitrogen was

and the action
area R SR OBeh BAG A Real 0 Ftichibe YA W grured to
act .ti secqn The results are
the%ﬁ{%ﬁ“‘?ano f’éwlgfafeg?gwgé@ud% I% /.S2 The preparation of
the catalyst and the reaction were carried out in the
me nmanner as in Exanple 1 except that the liquid LA
(the liquid Il) was poured in the liquid PR (the
| i qlihe regultant sltwey comtainig the watalysb pracurgopwis hedtedip WHA°C and
in diameter. The results are shown in Table 1. [0067]

evaporaeR lagd Iridd whike sﬂhﬁ?ﬁ%&irmitﬁﬁt dolid mabralweds dried 4tH80°C for
reaction were carried out in the same nanner as in

16 HotA RdRirkdSAem1 Waddbtdifkd. Thelkdsltdnd deied thakdrfilinds ﬂe)ss molded
was poured in the liquid PR (the liquidl) int

andtcﬁf&h,e& aft BRPC g\%:]ﬁo:ﬁ%s fp‘.’c[)% aﬂ—iiloévqg dgglh Qégta%&?t'&{e co-ﬁg}?osition
ofﬂﬁ ﬁ?ﬁgﬁttlﬁ;%?ob (ﬂ‘gasscg@x zVosr@w] ct| on were

[0065]
< Reaction for synthesizing methacrylic acid >

The resultant catalyst was packed in a reaction tube and a mixed gas containing
5% by volume of methacrolein, 10% by volume of oxygen, 30% by volume of water
vapor and 55% by volume of nitrogen was flowed and the reaction was carried out
under an ordinary pressure, at a reaction temperature of 290°C, with a contact time of
3.6 seconds. The results are shown in Table 1.
[0066]
Example 2

The preparation of the catalyst and the reaction were carried out in the same
manner as in Example 1 except that the liquid LA (the liquid II) was poured in the liquid
PR (the liquid I) in the tank A from a pouring port of 40 mm in diameter. The results are
shown in Table 1.
[0067]

Example 3
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manner as in Exanple 1 except that the liquid PR was
stirred with a stirring power of 4.0 kWnB. The
results are shown in Table 1. [0069] Conparative
Exanpl e 1 The preparation of the catal yst and the
reaction were carried out in the sanme manner as in
Exanple 1 except that the liquid LA (the liquid I1)

Was [aod rp‘?gpa'ra{hotnnﬁ' th Gét't'ag'st 5‘5 ﬁlE h€adtio l’blréile lcdrrie duhﬂl the same
ma pour

tank A fr I'ng por 150 mMmin dianeter.

maffP i Pl T8 g%g#ffé @%ﬁ*q@#’rﬁ&ff@%rd R o
reacti o vverec dout |nthes mann
PR 458 B 1 Ak 4, e ouihg e ST B PRty Thperesoles
liquid PR (the liquid I) in the tank Afroma pouri ng
are gfTaplendn i n di aneter. The results are shown in
Table 1. [0071] Conparative Exanple 3 The preparation
[006%] t he catal yst and the reaction were carried out in
the sane 22 manner as in Exanple 1 except that the

Exampdedd LA (the liquid I1) was poured in the liquid PR
(the liquid 1) in the tank A from 10 pouring ports of

20 "THel frepiratidii f tha! daed1pk Ginl Rhé reactifd weid paeiediouelin A& same
prow ded along the inner wall of the tank A to 10

ef henP E&Tagﬁ P@;?ce{)f’ﬁla{ fh% l%fﬁéng Cwas! Qrddwith laSsti@fiflg power of

own 1 n e 5 To a vessel type

40 kﬁ@@f Ofpd fedls A st inrafiedfret er of 650 mm and an
[0069]
Comparative Example |

The preparation of the catalyst and the reaction were carried out in the same
manner as in Example 1 except that the liquid LA (the liquid II) was poured in the liquid
PR (the liquid I) in the tank A from a pouring port of 150 mm in diameter. The results
are shown in Table 1.
[0070]
Comparative Example 2

The preparation of the catalyst and the reaction were carried out in the same
manner as in Example 1 except that the liquid LA was poured in the liquid PR (the
liquid I) in the tank A from a pouring port of 2 mm in diameter. The results are shown in
Table 1.
[0071]

Comparative Example 3

The preparation of the catalyst and the reaction were carried out in the same
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vol ume of 250 L, 100 kg of pure water was introduced
at roomtenperature and 50kg of nol ybdenum tri oxi de,
2.67kg of 85 mass% phosphoric acid, 1.84kg of vanadi um
pent oxi de, and 5.48kg of 60 mass% arseni ¢ aci d aqueous
solution were added while stirring with a two stage
paddl e bl ade and the resultant nixture was heated to

f
marfB SRR, g?&%ﬁﬁ&ﬁ B I Rp LA S TL R [Pl es fted b liquid
tr |n 6. 10k
PR {5 figiar) bR R4 bym i auBrg Ry’ 8f€@uﬁﬁ*g%dl §PrEs Aty e
nitrate in 3.0k ure yvater were furt
ringapec plaﬁlepesm%é@ aage the gk wall o the @Rk @dg'ﬁgf%ffgms
to make a m xed liquid which served as I|qU|d l.
of theonrfape. ithegesudis aed shopenTabletlor (tank B) with an
internal volunme of 100 L, 18.1kg of 25 nass% ammoni a
[00%t er was introduced at room tenperature to make
liquid Il. [0074] The liquid PR (the liquid I) which
Exanfple kept at 30C in the tank A was stirred wth a
stirring power of 1.1 kWnB and the liquid LA (the

I'i qyigdy 'vé@sel’\@?e RQIER Ltk O FithROMaiREEr RFTE50Ghm1&LH diMinternal
in dianmeter t he hei ght of 1OmabovetheI|qU|d

f
LT 16t
on i dPR h t .
ol BotidS pok b b Egla% #@gmﬁﬁ% b Sgpediom
I h h t d 10
penf RS B Ghape vl AT gl SR v
. aforenmenti oned | |gw d surface rﬁgargn on which t o
stirfingywith a tovmagenaddisblads anddhepres mRixtuse wap ée%taﬁl $,88°C and
of the liquid PR was 2.4% [0075] To the m xed |iquid
kepbit I8@ foi §jhoars whiledstirdieg. |AftemiSchaurs kesipassed, 36alutian obtained by
solution obtained by dissolving 6.18kg of cesium

dissblvity DAORE of koppkbitradé ipeN 6kyaf pure(Witer andiaisolution obtained by
dissolving 0.62kg of zirconium nitrate in 3.0kg of pure water were further added and
heated and stirred for 2 hours and then cooled to 30°C to make a mixed liquid which
served as liquid 1.
[0073]

To a vessel type reactor (tank B) with an internal volume of 100 L, 18.1kg of
25 mass% ammonia water was introduced at room temperature to make liquid IL
[0074]

The liquid PR (the liquid I) which was kept at 30°C in the tank A was stirred
with a stirring power of 1.1 kW/m’ and the liquid LA (the liquid IT) was poured from a
pouring port of 100 mm in diameter at the height of 1.0 m above the liquid surface in

the tank A to obtain a mixed liquid of the liquid I and the liquid II. The liquid surface
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I11) was further added to obtain a slurry containing a
catal yst precursor. [0076] The resultant slurry

contai ning the catal yst precursor was heated to 101C
and evaporated and dried while stirring. The
resultant solid material was dried at 130C for 16
hours. The resultant dried nmaterial was pressure

ol s AR B8 i 95 M e MBS gt s

was Po. 8 . 0. S, Zr.0. 05,.Cs ]
confifions Tegjen aaﬁlamlfm H’é"“ﬁ*g AR 5 L ighof fOup 100 mm
t he sane manner [ le 1. The results are
and Jhg pgTCoTHagF A e area Pémforemsaﬁﬁmeé lg1uidh gurfrce gegian o vhich the
the catalyst and the reaction were carried out in the
liquighld wasmanesd ta the whais areplof ths: suxfaepof thh diquidRR Wagdidde.LA
(the liquid Il) was poured in the liquid PR (the
[00TS]quid 1) in the tank A froma pouring port at the
hei ght of 2.5 m above the 1liquid surface of the tank

A. Toehé esinkd $iqaideofstheViiuid I 7ad ke fiquiA9 kRt 2430°C, a solution
Conpar ative Exanple 4 The preparation of the cat al yst

i l
25 B SO0 TS SO b 50D, VBRI i

I) in the
I o kR U3 gé{%ﬁ%%%%? gyt t#r%#*%?% er. each
[00_@ which was arranged in the diagonal direction of
O with respect to the total liquid surface of the
tank_ A (interval of which was 500 mm, to diffe .
al ndde resultand siurry gomtavpingothe catalyst precugser W?ﬁbeﬁt@&m %@1 C and

are shown in Table 1.
evaporated and dried while stirring. The resultant solid material was dried at 130°C for

_p.

16 hours. The resultant dried material was pressure molded and calcined at 380°C for 12
hours under airflow. The composition of the catalyst thus obtained was Ppg Moz Vo3
Cug2 Asgs Zroos Csy.1.
[0077]

Using the catalyst, the reaction was carried out in the same manner as in
Example 1. The results are shown in Table 1.
[0078]
Example 6

The preparation of the catalyst and the reaction were carried out in the same
manner as in Example 5 -except that the liquid LA (the liquid IT} was poured in the liquid
PR (the liquid I} in the tank A from a pouring port at the height of 2.5 m above the
liquid surface of the tank A. The results are shown in Table 1.

[0079]
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[0080] Table I The percentage The shape of of the
area of the the area of the liquid The height |iquid
Stirring at which MAL MAA MAA surface surface power
the liquid conversion selectivity ( region on region
on (kWnB) LAwas (%9 (% vyield eld (%9 which the
whi ch the poured (m liquid LAIliquid LA was poured

Congﬁéat%%&%p@(@”p' e 1 0.4 continuous 0.2 0.3 83.1 86.7
2.0 Exanple 2 1.4 continuous 0.2 0.3 82.8 87.0 72.0

Exangp 1o b THBE: dnf e ol Gricht fut in the same

gl s PP 08 0RO {2 JAUOTvES Rz e iquid
6.5 65.7 Example 2 Conparative 3.5 discontinuous .

PR (83*.13211@41@ Dy the tagk A Bem@ pawiseons pk A pie isdipmeter, each of which

continuous 1.1 1.0 81.4 88.3 71.9 Exanple 6 2.4
wasganangeduioube diagonalsli®otion 871 8)° #dthdrespect to the total liquid surface of

the tank A (interval of which was 500 mm), to 2 different almost circular regions of the

surface. The results are shown in Table 1.

[0080]
Table 1
The
percentage
of the area Tthhi sal;:ﬁ)gf
of the the liquid o The height
liquid Su rfgce Stirring at which MAL MAA MAA
surface region on power_ | theliguid | conversion | selectivity yield (%)
rcglion on which the kW/m } LA was (%) (%)
which the P poured (m}
.o liquid LA
liquid LA was poured
was poured pou
(%)
Example 1 04 continuous 0.2 0.3 83.1 86.7 720
Example 2 1.4 continuous 0.2 03 828 87.0 72.0
Example 3 8.7 continuous 0.2 0.3 804 §7.2 70.1
Example 4 04 continuous 4.0 0.3 78.8 87.0 68.6
C ati .
E:ﬂ::fe e 19.5 continuous 0.2 03 765 86.3 66.0
C ti
E,‘:ﬁ;{: ” 0.001 continuous 0.2 0.3 76.0 86.5 65.7
C ti
E::EST: 3 3.5 discontinuous 0.2 03 79.6 85.4 68.0
Example § 24 continuous 1.1 1.0 814 88.3 71.9
Example 6 24 continuous 11 2.5 80.5 87.5 70.4
C t
E:::E::;fe 12 discontinuous 11 1.0 79.4 85.8 68.1
INDUSTRIAL APPLICABILITY
[0081]

A method for producing a catalyst for use in producing methacrylic acid and
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Conparative 12 discontinuous 1.1 1.0 79.4 85.8 68.1
Exam | e 4 | NDUSTRI AL APPLI CABI LI TY [0081] A nethod
for producing a catalyst for use in producing

nmet hacrylic acid and 25 the catal yst produced

according to the nmethod of the present invention can
be suitably wused in a nmethod for producing

i . 3 .
the Jzngaﬁﬁg%%iucgd A5of m# ??C H‘H;%@tﬂoa I&? tllﬁEﬁérlg%t fn?\fen?ﬁﬂ’ dae 'RE‘ Quitably

rylire acid o € presen ent1 on, roug

as- phas atal yti c oxjdatj on .qf. t hagr ol ej it :
used i DG B peicing R € Sezing B e ragih b phogucing
mettiagiliBesl @ B Traent FenE b G Eh AR RIAYissgxidption of

produci ng nmethacrylic acid through gas-phase catal ytic
methagiodin wath robleplathexygenei n wi t h nol ecul ar oxygen,
conprising the steps of: (i) preparing a solution or
slurry containing at |east nolybdenum phosphorus,
and vanadium (liquid I); (ii) preparing a solution or
slurry containing ammoni um radical (liquid Il1); (iii)
preparing a mxture of the liquid |l and the liquid I
by introducing one liquid (liquid PR) of the liquid I
and the liquid Il into a tank (tank A) and pouring the
other liquid (liquid LAY on a continuous region in
the surface of the liquid PR, the continuous region
occupying 0.01 to 10% of the whole area of the surface
of the liquid PR, and (iv) drying and cal cining the
resul tant solution or slurry containing a catal yst
precursor conprising all the catalyst constituents, P
Mob Ve Cud Xe Yf Zg On (1)
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wherein P, Mb, V, Cu and O represent phosphorous,

nmol ybdenum vanadi um copper and oxygen,

respectively; X represents at |east one el ement

sel ected fromthe group consisting of antinony,

bi smut h, arsenic, germanium zirconium tellurium

silver, selenium silicon, tungsten and boron; Y
WhitePERERH 8: at | east one el enent selected from the

group consisting of iron, zinc, chromum nagnesium

tantalum cobalt, manganese, barium gallium cerium

and | anthanum Z represents at | east one el enent

sel gct e r.om the. grou onsi sting of potassiu
113 7SR e 8 breciEing £ fflsGED Bevihg Aoodthpd i Fipréigneed by the
.and h represent, an atom c rati g of _each el enent, .
foﬂ‘?‘@&g prmya (1) fopzsningproducing msthperylip agiddhrough gas-phase caflytic
.0.5to0 3, cisinthe range of from0.01 to 3, dis in
oxidafian phmgthagrolgin withonelecularroxygen, comprisingrthe steps efhige of
fromO to 3, f is in the range of fromO to 3, gis in
t héd) pasgeingfa sdluidon 6 firdycodtadiidg at leapt esBddenimephosphorus,
atom c ratio of oxygen necessary for fulfilling the
and veAadiGRNEHEIdTS; t he val ence of each el enent above. [2]
The nethod for producing the catalyst for use in
pr . r . + . I3 .
QR SreparingEs %ﬁ%{ orS1@e Qontaﬁg@ Vﬁra&nﬁﬁ l‘éﬂﬁml&wg ID);

wherein the i LA 1S poure e stirring t

podil) Pripaginb Bhigh B olid ' Al liaa t blinfgpbiing b iquia
oSS0 BGOSRl 5 bR S prping e ot

) gh@rej n the liquid LAis poured fromthe hei %ht of .

liquig (HguidiIApona serfiraions eegiqn idhe sefacetof the kiguid PERthe continuous
.introduced into the tank A [4] A catal yst produced by

regiethecoypying d.Glctodi0dh afthe svholleranea of the[sifage efthaliggid PR; and
produced by the nethod according to claim2. [6] A
cai(i) yisying rand uakdniby thé eesodttutosblwtingosd slngyt conedigingn a3catalyst
[7] A nmethod for producing nethacrylic acid through

precgRSr Piapesi AR AR thel datal s codtingmts, of nmet hacrol ein w th
nol ecul ar oxygen in the presence of the catal yst

ACPIMU,NE ER XYAZO (1)

wherein P, Mo, V, Cu and O represent phosphorous, molybdenum, vanadium, copper
and oxygen, respectively; X represents at least one element selected from the group
consisting of antimony, bismuth, arsenic, germanium, zirconium, tellurium, silver,
selenium, silicon, tungsten and boron; Y represents at least one element selected from
the group consisting of iron, zinc, chromium, magnesium, tantalum, cobalt, manganese,
barium, gallium, cerium and lanthanum; erepresents at least one element selected from
the group consisting of potassium, rubidium and cesium; and subscripts a, b, ¢, d, ¢, f, g
and h represent an atomic ratio of each element, respectively; when b is 12, a is in the

range of from 0.5 to 3, ¢ is in the range of from 0.01 to 3, d is in the range of from 0.01
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[8] A nethod for producing nethacrylic acid through
gas- phase catalytic oxidation of nethacrolein with
nol ecul ar oxygen in the presence of the catal yst
according to claim5. [9] A nethod for producing

met hacrylic acid through gas-phase catal ytic oxidation
of methacrolein wth nol ecul ar oxygen in the presence

to 205 id f?nethg %@le)bsftﬁoﬁ‘?ﬁ% g,' g ih the ﬁh@é 5t §0m%)8to 3, g is in the range of
from 0.01 to 3 and h represents the atomic ratio of oxygen necessary for fulfilling the
requirement of the valence of each element above.

[2} The method for producing the catalyst for use in producing methacrylic acid
according to claim 1, wherein the liquid LA is poured while stirring the liquid PR
introduced into the tank A with a stirring power of 0.01 to 3.5 kW/m>.

3] The method for producing the catalyst for use in producing methacrylic acid
according to claim 1 or claim 2, wherein the liquid LA is poured from the height of 0.05
to 2 m above the surface of the liquid PR introduced into the tank A.

4] A catalyst produced by the method according to claim 1.

[5] A catalyst produced by the method according to claim 2.

(6] A catalyst produced by the method according to claim 3.

[7] A method for producing methacrylic acid through gas-phase catalytic oxidation
of methacrolein with molecular oxygen in the presence of the catalyst  according to
claim 4.

[8] A method for producing methacrylic acid through gas-phase catalytic oxidation
of methacrolein with molecular oxygen in the presence of the catalyst according to
claim 5.

9 A method for producing methacrylic acid through gas-phase catalytic oxidation
of methacrolein with molecular oxygen in the presence of the catalyst according to

claim 6.
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