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 nmethod for producing a catal yst for use

i n producing nethacrylic acid (hereinafter, in sone
cases expressed as mBEHRIATIONaci d producti on

catal yst) through gas-phase catal ytic oxidation of

met hacrol ein wi'th nol ecul ar oxygen, a catalyst for
produci ng nmet hacrylic acid, and a nmethod for producing

METH®DhazOR | PRAEHUCIREGCKERPANY $ART FOROOZUETHACRYNIC  ACID

Pat ent docunent 1, a nmethod for preparing a catalyst

PRODUCHIRG! 09G%1 viE i Iﬁagﬁg@gﬁ?ﬁf@%éﬁg ?¢§§HCTION, AND

cont al nl ng at east one sel ec

[ anti nony, copper

MET}E@Q%%#T%&&M%ME&?‘@PW cont ai ni ng at

| east one el enment selected from potassium rubidium

cesium and thallium a honpgeneous sol ution containing

at | east one el enent sel ected from tungsten,

beryllium magnesi UR@ANICAE HIELR, and ammonia if

necessary are mxed and the resultant product is dried
[0001} 0 obtain the catal yst. [0003] Further, in

Pat ent docunent 2, a method for producing a catal yst

f The pesentninpesibnCiolgesTss Ranétibd dompiodudiag Gi mﬂgﬁeﬁr use in

wherein the following step is included in which a
produéifll WhétBitrflic 8illN(hirehRAREAIIR BfhetdasésCAI eI )i?l‘ﬁ%ﬂ%ylic acid

phosphor ous and vanadi um and a solution or slurry
Caini U . a . ‘
procuS% R, NG URCAIRE A2 AR O publfin i
ntaining potassium and, the |ike is. added.
motecfif SR o AR O RERUCRE melBeblisdBRf e op motbod for
amonia water . s dropped in a solution containing

producipeg methastic asitbsphor us and vanadi umto m x both
sol utions. Patent docunent 1: Japanese Patent

Application, First Publication No. Hei 5-31368 Patent
docunent 2: Japanese Patent Application, First
Publ i cati on No. 20B&CRGREBJNDIRIOSURE OF | NVENTI ON
PROBLEM TO BE SOLVED BY THE | NVENTI ON

[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 ho_mogeneous 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]



[ 0004] However, the catalysts produced by using
the met hods di sclosed in these patent docunents didn't
al ways realize a sufficient yield of nmethacrylic 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
caFaitlys} irf Batept dohwmenty 2prat hetbeg | fox pacludingia batalysti fph use in
yield, a nethod for producing the catalyst and a
produbighmdhicpyliddcd icdisdosd] Whaereinl the faiwdn®ytep i inglutiéxkin which
catal yst. [0006] MEANS FOR SOLVI NG PROBLEM A net hod
a solkiBh P’ éJiﬂalHﬁq hﬁq&a\é{ ifolyRbAuR! SitHiphdrots &.ﬁi %n)ééhnpﬁnd a

the presént 2 ventlon whi ch has sol ved t

soluif) %éegﬁ% P Wil WU P‘%ﬁ %‘@Ltf’eéhgnfesa“am
Sohmn%t v i Slfch R byl sl B BRELRG i egiea

met hacrolein with rmlec;ula oxygen, ri.si e,
Especgafllérpgn&mbodlment (1:', )dlS,Sl—Oé ip n\ﬁ{“ﬁ S%gxgpm@nwg r ds lgﬂggpeg in a
contai ning at | east nolybdenum phosphorus, and
solutigm perthining(mekybdenum), phosphorus(and)vapadipatp mejx Rothgiolutions
or slurry containing amoniumradical (liquid I1);
Patent document 1: Japanese Patent Application, First Publication No. Hei 531368

Patent document 2: Japanese Patent Application, First Publication No. 2000-296336

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



(iii) preparing a mxture of the liquid | and the
l[iquid Il by introducing one liquid (liquid PR) of the
liquid |l and the liquid Il into a tank (tank A) and
pouring the other liquid (liquid LA) on a continuous
region in the surface of the liquid PR the continuous
regi on occupying 0.01 to 10% of the whole area of the
inventiot], ivhich Ink séived theqifbrémeRiomddgroblem, is(i v) dryi ng and
calcining the resultant solution or slurry containing

a £ ¥Thob torPprBQudis®a GedIpsti tivitg @lcbnipbsitiah qeﬁemtddonﬁdhe
cat al yst cogﬁ%titljggn)tas. Pa l\/[)on%e &ﬁipYi 1Zg (1)

oo s 1 5 B S A 05k i
. ' ively; X
oxicaff G Rbar SRR Pl Y es SRt £ Dl et e r om ¢ he

Ir.OUR Consi gti ng of antinony, bisnmuth, arsenic,
Complg%%ﬁﬁsmﬁo irconium tellurium silver, selenium

silicon, tungsten and boron; Y represents, at Ie?pgt %ne
e(i¢ PEapering Reseluion orosiey copfainng slolsast Jnelxhdepum, phasphorus,
zinc, chromum nagnesium tantalum cobalt,

and vammdgan@swjd Dari um gal lium cerium and | ant hanum Z
represents at |east one elenent selected fromthe
g(iOYResRingiasolutidn @i shblyaataining i cdhivemratichl Ckagiid b);
and in the fornula (1), subscripts a, b, ¢, d, e, f, ¢

?gg% E%eg)ﬁﬁﬁ £ Bk tuA b AhONTh Gid 1288 R 19ui® Y iat8a®iHg one liquid

Ively;, when b is 12, ais in the range of from
N t CiyS f s i
QARS8 i3 ol B3 LR 2 vl e

il e o i 8 e 8 S B S oo

. ratio of oxygen necessary for [filling the . .
region eecypyiag O] 91l 0pmel the v o4 ot Aughae i e Gy 2R and
[Ooogiy1 Further, the method for producing
méivh aleyipg iapd selcdnipg dlu cesubiantcslutiopser Yarry (fenfginang gt catalyst
invention is characterized in that the aforenenti oned
precutsofjcordprising all fhewaferdmehiiomedstatalyst copstibents. qui d PR
introduced into the aforenentioned tank Awith a
st p[ Md) & eupel, ¥afZ,0,01 to(B 5 kWnB. [0009] _
Further, the nmethod for producing nethacrylic acid
[0007? oduction catalyst of the present invention is
haracterized in that the aforenentioned liquid LA is

poﬁg ad Jf&%ﬂiehggﬁ&?oﬁﬁﬁlagl?,@ N, 52 Ca 4Raod Qgpﬁg&%phosphorous,

surface o u nt roduéded 1 nto t

af orenenti pned tank A. [0010] . Further h

moly GG veifiiR, FORPe A PORCRHE SRS EhEr Fepmesgaly S jeast one
has been sol ved resides jn the catalyst produced .

elemezg seleete Gronbthergou sprsigting; of FRHMPBYH » BFENG, gYERpIum,
i nvention. [0011]

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, ¢, f, g and h represent an atomic



Further, the present invention in which the

af orenenti oned probl em has been sol ved al so resides in

a method for producing nethacrylic acid through

gas- phase catal ytic oxidation of nmethacrolein with

nol ecul ar oxygen in the presence of nethacrylic acid

production catal yst of the present invention. EFFECT
ratio dffeadiiBletidvERESpERNivieDO Jiien b is 12, Adcinrtie gt of e fSaednt is

invention, it is possible to provide a nethod for

in theRaRERIST R D.CRERS Y s hQhe Wafpel of fmR 0L DR, Bl A Glie/tage of
aci d through gas-phase catalytic oxidation of

a
som [P LSR pRARRAE 00, (NN 8l BA LD

represgféﬁdtgg'agb?%g% %%ydgg% gf?es?a\fy é&‘@f @E@%& g@i’en?e% Bf the

1 OAF%R Ng HE INVENTI O\l [ 0013] The
valenoq Ghieach IRMENLA00¥E.0r oduct i on cat al yst, which can be
roduced by the met hod of the present invention, is
'[Ooogﬁsed when nmethacrylic acid is produced through
gas- phase catal ytic oxidation of nmethacrolein with
o Fedldrathe anstheh farmuothesing methmondict dcish prodpetéanesatalpistinf the
the following fornmula (1). [0014] Pa Mob Vc Cud Yf
preseufdfidgntion is chardoterized ih ciantheafoigmenflonddliqid I isaprohré] while
represent phosphorous, nolybdenum vanadi um copper
stirringtBe RAUEPR, intrBSRLRE inty Qhé/ aforeni@MoRSEANR Adlvith @G rind®ower of
el enent selected fromthe group consisting of
0.01 t83t9 BWAY3. bisnuth, arsenic, germanium zirconium
tefTurium silver, selenium silicon, tungsten and
[00095’°r°n Y represents at | east one el enent selected from
he group consisti ng of iron, zinc, chrom um

oal it e anelid dirre \gﬁqgémaczganesfﬁgeﬁgu% batalygt of the

one el ement seI ected fromthe group consisting of

presetﬂdn‘a@gioanﬁ charagteriizedh inrthatahe atorementipned Bigiid bAgis oussd from
d, e, f, g and h represent an atomc ratio of each

the ha]ghmaﬁto 05 &s Bemt alwakythe sinface ofi the IRyuid HRs introdued into the

range of from0.5 to 3, cis in the range of fromO0.01
aforethentdoned tdnk A.n the range of from0.01 to 2, e is in the

range of fromO to 3, f is in the range of fromO to
[0010%. 9 is in the range of from0.01 to 3 and h

represents the atonmic ratio of oxygen necessary for

fulelyjehdy! ﬂ% dﬁr@fenf ggl%gﬁiw whith SR RREES prBBEth has been

el enent”’

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.



The nethod for producing nethacrylic acid production
catal yst of the present invention conprises the steps

of : (i) preparing a solution or slurry
cont ai ning at | east nol ybdenum phosphorus, and
vanadi um (liquid I); (ii) preparing a solution

or slurry containing anmmoniumradical (liquid Il);

(iii) preparingEBFECXQF EHEINWENTIQNII d | and the

liquid Il by introducing one liquid (in sone cases
[0012¢xpressed as liquid PR) of the liquid | and the liquid

Il into a tank (in sone cases expressed as tank A) and

D_O%_bdi}ﬁir%]f% Hehpresdrt AHlhtioh itS RMPoSdRE S0 PUGViGS aefle@Sd for

liquid LA) on a continuous region in the surface of

A e e e
oo gt B SR 2B, s b, LY o

af qrenenti oned catal yst constituents and .cal lning t he..

methacpdie pcidh@nd @ wathed el praduging meteagrylis Act Jevigh @ethactytic
__"drying the resultant solution ... catalyst

acid cen bs pradueed i adtigh yieldi ni ng the resul tant dried

catal yst precursor" is expressed as "drying and

calcining the resultant dried catal yst precursor").

[ 0016] The ammoni um radi cal in the present

i nvent iBEST BOBE SO CARRYING OVBTHBINGENTRION e

changed i nto anmmoni um (NH44) or ammoni um which is
[oo13ncl uded in amoni um conpounds such as ammoni um sal ts.

[0017] In the present invention, a tank to be

us for rj L qui ang.: Ui

¢ nd o REF R e AL Riclibf Wabattos"SGH Foh bRAECARY the

rticularly . limted, and.a conveptional |y, kno t an
metn@iR ik i nbent sy s theg dudy HefPau S RE et s hrough
referably used, Mreover, the tank nay be equi ppe

gas-phasen catalytif r pxadation hfmetbagrglein Wity moleGup: 0X¥ReT "“Egi has a

for heat exchanging. The stirrer may be equi pped wth
compasifioh réprésented dyntherfollioningfommelasidph as a paddl e bl ade,

a propeller blade, a turbine blade, a flat blade, a
[00149ent Dbl ade or the like in one stage or in two or nore

stages in the vertical direction of the stirrer. The

sti Ipr ®do, MBYCIRE S JMED W t(Iy t he sanme type or
différeﬁt types of bl ades. urther, a stirrer which is

B e e s

trade nane,

vana % fg@ﬁﬁelrj [rag% fgfge%lf geisbg&fylgiﬁlg % g?p{r%gﬂéta'i ileea%t ot Qg}neﬁf'%éec?ted
hod

a preparing ne
of the liquid.l and the liguid ]I and.a m xi ng._net .
from Cihe , ronp | SAERSICiGE o adsemh HEa. JBPS ByrlEysb it hium,
Preparing nmethod of the liquid I>
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;



The liquid | is prepared by dissolving or suspending

raw materials such as conpounds of at |east

nol ybdenum phosphorus and vanadiumin the sol vent.

The liquid | may contai n conpounds of copper, the

af orenmentioned el enent X, the aforenentioned el enent

Y, the aforenmentioned el ement Z, and conpounds .
when bani Aiaris imgtha mangeiof froma@iSda B, afs indhd raage abfrgwdb@uig 3, d is in

phosphorus and vanadi um [0020] The anmpunt of anmmoni um
the rangeddffedm O@tta2neds innhé gt bfiftosh 0 td 3 frioin therdrge wif fohy0 to

limted, it is preferably O to 1.5 nols per 12 nols of

3, g i§Qh¥hé %Bfréél of R6® QUETt§rPBhY HOrdpfosdntd th®latorbiaatié RE oxygen
anount of  ammoniumradical is set in this range, a

| [ j t ' ' an be
necesGHy Rkt e fodthRlhell e Sl TG AL E20 1
0015 he liquid | can be adjusted by the used amount of
[ onpounds cont ai ni ng the ammoni um radi cal or amoni a.

[0021] As raw materjal to be used | reparin
thxﬁp msthed for peadugiog, meihesrylic acid pupdstian satalyst gk RRwent
. salts and the |ike of each aforenentioned el enent can
inventien eorapriiek fhegtepsPhe raw material can be properly
sel ected anong these conmpounds and used in the
p(id paemtingra solutidneor shopry dotainigp 2least molybdenumg yphespherus,
as a conpound of nol ybdenum a conmpound whi ch doesn't
and vaRdiuh (liid@Dni um such as nol ybdenum tri oxi de, nol ybdic
acid or the like is preferable, however, anmoni um
g @%Jgﬁ@ SRR or AFRU B Bag apRonda rdica fﬂj?ﬁd )
di no at'e, amoni um tetranol ybdate or the |i ke can
be... ie . .qf . s
c B ettty € R oM HA oo ARONR W36 Snurfucing one liquid
. hosphor us pent oxi de, L ym S t €. Qr e |i .
(in sofio e pmesenes g iR Mo Re ARy ERRIA Ui i g bk n
pent oxi de, anmmoni um net avanadate or, the.li ke can be
some Gaseq eXpigpicH & tanksAy Bpgﬁﬁi‘g 1, £0Me; 3555 GERFGTHed
_and vanadi um _het eropol yacid such as phosphonol ybdi ¢
as liquigi BA) pnos pensinaausivagiony bthe swefage of thhawish PR, the continuous
phosphonol ybdate or the |ike can be used. [0023]
regiofrotcupginig 0 letoe024 of the séhoboarpo ufithe sneycelyd thes Bohid PRy endr
: in conmbination of two or nore kinds. [0024] As

a (89! ¥y Wl eRukan Qfuisedr i dupy apatdiniag theatalygtipledursor
for exanple, water, ethyl al cohol and acetone can be

compgi‘nigg%litgs% Eftﬂﬁentf@l\gﬁﬁgé cat%ﬂ?gtﬁ?g.btﬁu&ﬁ_gﬁﬁd 8REMingSEBE reshitgnt dried

e sol vent [Tqurd | Is not
ticular L ted ve he .
catal BEHIeLHGL S TS Sl Bieepmifh Btklod 05 AR Bingtiments
sol.vent .contained,in the liquid | s preferably.l: 0.1
- and. Gepiitg e o ians ey SRy Bipcurpp 55 BRI e piiviag end
.amount of the solvent is set in this range, a catalyst
calcinipg thegesltgnt dried|catabrst BSCWEET W i ¢ aci d can be obt ai ned.

{oo16]
The ammonium radical in the present invention represents ammonia (NHj)
which can be changed into ammonium (NH") or ammonium which is included in

ammonium compounds such as ammonium salts.



[ 0025] The liquid | can be prepared by m xing
t he af orenenti oned conpound to be used as a raw
mat erial and the solvent, and stirring the resultant
m xture at an ordinary tenperature to dissolve or
suspend the conpound to nmake a solution or shirty.
Generally, the stirring is preferably perforned while
[0017heating. Usually, the heating tenperature is
preferably 80C or nore, nore preferably 90C or nore.

Fulit the preseRCinRedtidn) @ th@Re baugéd fdrSpre th¥.liquid I and the
preferably 150C or |less, nore preferably 130C or |ess.

i 158 DRSO 10 ST ARG o, A Bt ety i
' ' ' L1y, I ,

ot RGBT 0, S e o

ot 1 LA SR a7 AP e B

. range, the aforenenti oned conpound can he easily.

jacket gr a sl farchest exahapgingeckhe stisrer @y herrauinpsd (Vi pklisly kepyvn
raw materials can be sufficiently pronoted. HLOOZG]

mixingbladaench as e pagdlahiadef a phepelitobledern tusbise blddenadlat blads, a
preferably m xed with the solvent and di ssol ved or

bent biadepgnhietiké in priesageoninSoUdl Mbreostagdstin the {erticaladirection of
cases expressed as liquid I11), and the resultant

the stifef. dihb QAref ma %_Ere_)iui e WethaheBinke diest difeRnE8hHES bOBlades.
or slurry containi'ng nol ybdenum phosphorus and

Furtheg,(a)%‘ St?rlk'éfrgvhl’éfl i% gélﬁgﬁédr%th %@F;tg%@ ré:%%éf{) rﬁr f bIad€ such as screw

on or s IS pre ess, nore

r e A0 Z0C As the el enmen sidm. s

anchof b HARBLERDY, (el iioa dEgl diafé, SR rsfiref 835 Ehioing, freavy

be qbtai ned. Fqe exanple, as a cesium conpound to be
Indust&e%grtéxgcalbf‘awe terial in the preparation of the

liquid I, cesiumnitrate, cesium carbonate, cesium
[0C18hydr oxi de or the like can be used. As the cesium

conpound, these conpounds may be used al one or in

c oHbteiraftena wEpdring method of the Hgsid [Q0xHp liquidh Hpedi angpixing

method of the liquid Il > The liquid Il can be
methokilof BathElipuids 4t deRtivedih ddtaikuspendi ng conpounds

contai ni ng ammoni um radi cal in the solvent. [0028]
[0019]'I'he l'iquid Il may contain conpounds of phosphorus,

nol ybdenum vanadi um copper, the aforenentioned

. Et;gat” -af.qarementi oned el enent Y, and the
<Pre;§¥1§ erren(%&i%ﬁtgghgﬁlgr%%nt Z as well as conpounds

coant ai..ni ng, anmoni um.radi cal , however,..it is pref.erabl

Chabe iRl B RSB S A isS vt Shrieard st CBREHR R o

0029] The anmount of the a ni um r adi cal
compit Alf e fenst PARDASTRN PHOPRATIR R CEAPRTLE 4 e solvent. The
~ _limted, however, it is preferably 6 nols or nore per
liquid1P may sovtaimoptpeundimof oenpaen ethei afordnecrtioged celemenfn, the

nore preferably 7 nols or nore. Further, the anmount of
aforerhdrgioaadrelement Yadiecaforenoenitiahed dleiment He ahd guingholhds sontaining

preferably 17 nols or |ess per 12 nols of nolybdenum
ammoBfith fddid aé Well RS nlolybdieflurh; plasighes endvafaatakl y 15 nol s

or less. When the anmount of the ammoniumradical is
[0020F €t in this range, a catalyst with a

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



high yield of nethacrylic acid can be obtained. [0030]
An ammoni um radi cal contai ni ng conpound whi ch can be
used in preparing the liquid Il is ammonia or ammoni um
salt. Specifically, anmmonia (anmonia water), anmmoni um
car bonat e, ammoni um hydr ogencar bonat e, anmoni um
nitrate or the Iike can be exenplified as the
limited citrproptefirabBs 0 td €. Sanok pet i2 hrds saholybdéminmi moreqoefrbiyd( to
t hese conpounds may be used al one or in conbination of
1.0 mbIVOVRén {HRandtth B8 amh{dBRikh radical is A iR 90 |r@iR] aWatalytt &ath a

be used in preparing the liquid Il, for exanple,
high YRIcbe n{aﬂ%bé 1 'E&&‘ Uap %do@tﬁﬁEQn?hg Rt %&*%thﬁlhﬁdradwal
owever, y, water Is prefera y used e anount

contali'%f t hgngshq% taé} Qe E@ﬁ?ﬂf‘?@ t?ehléseél rh% of %{;ﬁ%&%ﬂc@@o}{taimng

ratl .0) o&ﬁt he ammoni um r adi cal - cont al ni ng conpound to
enivgn rodicel XIAMONMEG in the liquid Il is preferably
1 0.1 to 1:100, nore preferably 1:0.5 to 1:50. Wen
[0021{ he amount of the solvent is set in this range, a
catalyst with a high yield of nmethacrylic acid can be
obAsi nedw AREA] to be usethin Ipreparidg | the diquidd, prdqesy edirates,
by addi ng the ammoni um radi cal - cont ai ni ng conpound to
carbohdies, Sphvmitm Silts’ hidGhd Niker 65 vhdhagfordtheitioned adlerent can be
ordinary tenperature to dissolve or suspend the

exemPIHERO YR 5 rHRt%ﬁalaceﬁiolBé"{JfogErl? lselobidd la¥nonEiBedd Sdth lﬁﬂﬁl and
e prepared by heating resultant m Xture up

when. i necessary. However, in case that
used it Héjﬁt%g%gt?n RE é}l Sll s used as the anmmoni um

00223]ad| cal - cont ai ni ng conpound, these preparing steps are
( ot always necessary, because water which serves as

solvent is already |nclud 003

| i §F §X3mBlRd a3 ReCmBRHNg 1ie mo yb enum; @ ?%P?}F%s&ﬂtch doesn’t

invention, the liquid |l and the liquid Il are m xed by
containn amshniim gsusheas inyelybdsniuin driokide) msyhdie acidargthe Hka is

the liquid Il into a tank (tank A) and pouring the
preferableg rhdviege, dartinogiting hd)ybdateo dubk asrdmmoniim gassndlibdate,

the liquid |l or the liquid Il is prepared in the tank
ammaiurh HBmbBSHAE 2dthmohfii thtiabfRydakesvds 1’e daficbel usgdiifla Bigall

introduced into the tank A. 1t is inportant that the

amouht @ ﬁlleﬁiA]gé ﬁh&Puﬁﬁda 3 B?Roo%ﬁﬂtbf‘ BRYSHHORS] (Hi'tﬂoﬁ}hb:fiﬁonc acid,

surface o I qui introduced into the tank A

phospfs (e HUOHBIoR D Pr B Bt 1k s ‘%@i‘%ﬂpéﬁ‘? %%“3 of
vanadliin; Spadifla Hepiside: HRLANRR mew%%ff r 0l GO, e Hp e

manner acatal yst vvlthahl ield of nmethacrylic
Furthgtg 28 & SAmpeinshph phesphorus, mo léliij\éﬂ’é@e@lq MaRadiyg, F\{%te&pmmaﬁd
distribution in the vicinity of the mxed portion of
such t fae | phipsplabrholgbdict hacid,i qphesphovanadoamalybgdicacesidi o angnenium
an effective crystal structure for the oxidation of
phospietrivhedateir ihealile ¢aakeused. possible to obtain a
catalyst with a high yield of nmethacrylic acid. [0035]

[0023]

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

two or more kinds.



When the liquid LAis poured into the tank A the

l[iquid PR introduced into the tank Ais stirred with a

stirring power of preferably 0.01 to 3.5 KWn8B, nore

preferably 0.05 to 3 kWnB. By stirring the liquid PR

in the range of the aforenentioned stirring power, it

i s supposed that an effective crystal structure for
[0024]he oxidation of nethacrolein is forned so that the

yield of nmethacrylic acid of the catal yst thus

obtgal LS 1 hClkli

AR SRR T G et T Breblg B gD o0 Gl ot

cthyl ?F%?%E%Eq 5&%&?‘Baﬁfbf:é*?#ﬁii@?%éh%'@& b??%&?%?fﬁ?? used. The
emough 3 ety s A Taingh oG ymh hebac BBV the

the surface of the liqujd PR, the I iqﬂ‘i d rR does _n%_
conteapratigdmagy 1o} plkths sralysnp@, onyground to thesqivgnt gontyiaed jmnthe
. .the case that the liquid PRis stirred, and when the
liquid T iguirefetahlyl E0ddtarietPO mons preéerally did.5 ¢¢ 1:505Whepthe ameunt of

above the surface of the liquid PR, the liquid LAis
the solotntds sgtensbid ramgeg aeataiyet withrd high yitlt hoftrhethaaylic adid tche be

tank A. Consequently, it is supposed that an effective
obtaisddySt al structure for the oxidation of nethacrolein is

formed so that the yield of nethacrylic acid of the
szﬂatalyst thus obtained is inproved. [0037] ~In

t'he present invention, a nmethod of pouring the liquid

novkbafid o B8 prapefoc B Bl B Riphatdey ppmound to be

fall froman upper part or, a side part of the tank A.
used i SEYHLETEH BBY St LA LA R DR TEBFER PR, an ordinary
liquid LA _or a nethod of quantitatively sending the
temperatise & dipsolvenyspsnend therromponad amakea sodution prf sla@y. Generally,
[ 0038] Nurmber of the pouring port for pouring
the stitringl is quefdrably perfarmel evhilenkeating sUsallyp thet icatihg téngperature is
limted, and either one or a plurality of the pouring
prefefbly S80T@Y ob embkeUnae besferablyt 196°C i 6tuingbrk A Husthpguthed hedting
a continuous region in the surface of the liquid | and
températire i Wichily! pleRiAIRFUSET bifels, isre [REKrably TA®CUHTRR! When

of the pouring port is preferably one under nor nal
ST 00301 - e i . .
the hIQS gé atufeDR3SH in thﬁeragk@ éQﬁtaWs?%ﬂg{ & lalé?gb(c}l@g}é cah be

sible to serve t or enent’l one

. iquid PR and to serve.t f.arenmenti oned | i qui
obtaipet netafog fndls, Jetaif wefetab, E5 AT SR et oty 1
liquid_ Il .as.the liquid PR and (o serve the
hour gy Ghagsrehiiei GRS img if.cioVallys DRoRTapY 7 EPUESHOT S8 RSP Prefpigbly
l'iquid LA can be divided into portions and poured .
12 hgwsaeratess.y Whent the heating rtiane jisnsst lﬁrl‘i]élstféﬁﬁﬁar'gﬁ uiferementioned
the liquid LA and the liquid PR at the tine when the
compougdicen [ba dasilyp dissaidedhne suspendgel therethyathleyrehétiunt mdongfied raw
they are preferably 100C or |less, nore preferably 80C
matefils @9 be sulfibicpilep@hidd/ the room tenperature or nore
under normal conditions. [0040] The liquid LA can be
[oo2droured while stirring it.

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

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



[ 0041] When it is preferable, first, the

m xture of the liquid | and the liquid Il nmay be

prepared without including the elenent Z according to

t he af orenenti oned nethod, and then the solution or

slurry (the liquid I11) containing the conpound of the

el ement Z may be added. [0042] A introducin
expregset rasdiquid {HE andgthie desultant splviom praslurmy Uk gr¢fprablnpdded, to a

and, for exanple, a nethod of introducing the liquid
solutibh br slriyhentiinihg ilyfdehlie, phogphatud amhdartatimm . i Apthis tirhe, the

a nethod of introducing the mxture of the liquid I

temp@itdrd thlisgHitidndr sti@ryt Reprbfeftiblyf 8090 or REs, dndre fﬁa@féra@iy 30 to

|ntrodu0|ngtheI|qU|dIII and the nixture of the

70°C. Qﬂiedeéémfl-g%l é:@ﬁuin' ﬂ%&er‘able‘%ecﬁtﬁ% an e&élf?sxﬁﬁﬂopgffect can

adopte he preparati on “of

on or s r
be ottt ¥37 ﬁamapﬂes fi%é °%§w§a e R Sig%cfgs ¢ fﬁ%ﬁ%ﬂdn the
and further th
P"epafaéloﬂr‘g tB? P’é‘) ﬁ"ﬁﬁl e tFSTHTR &7° HB?t esP’é‘b h?’ ‘%’“d"' or the
tenperature or under heating. The m xi ng tenper
like cpg b used rAmihy cesiom enmpanad, thaser compoundsy BBRY PegE: a ne or in
| ess, and preferably the roomtenperature or nore
combinatien ofibvared mowridads. ons. By mixing the liquid | and
the liquid Il (and further the liquid Ill when it is
[002Mr ef er abl e) under such range of the liquid tenperature
and preparing the solution or slurry containing the

<Preﬁﬁ1@,ﬁ§ﬂmagg%r®g{d I3 catalyst with a high activity is
obt ai ned Usua 'y, the mxing is perforned while

St gt E' ga?fbe rrg)';@ )Xy gd%équg Ocﬂ]%ip%aaﬁlgc H&Iﬁfx&ﬁlds

mte eter pro er Dryirng /

CaIC|n|n ter, the solution or slurry
co ﬂﬁ’%ragéctag}]ogf %W%‘ﬂw sor conprising all the

at aI yst constituents is obtained in this manner, the
[0028§o| ution or slurry is dried and a dried catalyst

precursor is obtained. [0045] The dryl ng net hod

of Tihkdiguisd Himwhcaais compgunsdsf phasphgrus, ewtdhdpaym, vanadium,

precursor is not particularly limted, and a variety
copparf thetdforkmentiondde elenenit Xp rthexzefumtrmntia@p@temdnb nY, and the

dryi ng nethod, spray drying nethod, drumdrying
aforefi@hiieiitd alehlRAr I Mr wellgasTebipouads thistainirge apmibriben radical,

used. Type of the dryer to be used in the drying,
howe¥érY ItPpleCIRGE ?&a‘t‘ fese SnipARdS bfEsuBREntdNG dot Kéntaihed.not

parti cuI arly limted, and different types of dried
[002936“ al yst precursors for different pur poses can be

bt ai ned by properly changing the drying condition.

[ 00[11%] 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 ﬁreferably 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



The dried catal yst precursor thus obtained is ground
when it is preferable and calcined to prepare a
catal yst. The dried catal yst precursor may be nol ded
i n advance and cal ci ned or can be cal ci ned w t hout
molding it. Usually, it is preferable to make a nol ded
formand calcine it to prepare a catalyst. [0047]
high yidlé ofrmietliaoxylimatidadn be ohtainedarticularly linted, and a
variety of dry or wet nethods publicly known can be
[0030pppl i ed. A nol ding nethod in which silica and the like
are used as a carrier can also be applied. Usually, a

MekROfnhnihl &RicGPEStAhidgScoouts &hiéls caif Bé asabirepreparing
a specific nolding net ho§ tabl et nol ding, press

the h{(ﬁh ‘ﬂ fkgmnﬁl)éhfaucﬁj UBI b dgﬁt“%kélﬁ%lgﬁ @i dTRA YhiShoRAwater),

e are exenp shapeé of the nolded form

i s _not .particul arI ,

ammoghyy tariopats, Bty rf}yg‘aﬁgeﬁﬁaf%&% bt S BOBE ke

sel ected at request. g% %ﬁﬁﬁ tinme.of d
can bergxanplifiedashe comp amoninn Lafiigpl-gonigpung, pergpound,

talc and the |ike may be added with a snall qu ntity.
these p@op@inds may beTised alonedr weaombjratiop & Eye gpMoRy kipdss

nol ded formthus obtained is calcined to prepare a
[00313at al yst for use in producing nethacrylic acid. The

cal cining nethod and the cal cining condition are not

pantsi L3tivdnt Ywhidhtdnetsk uszddn drepabihg eheyliduid dl) foatxamylegrater,

met hod and a publicly known cal cining condition can be
ethyl %Egﬁélgﬂd adl6nd 'ﬁagx B@k’?{bﬁ@hﬁb@ 'H&@e@é}nﬁédallﬁrwatér diptdferabRtused.

ependi ng on t catal yst raw material to be used, the

The a‘f‘ri"'ogﬁk é? {11 .s‘%f%ﬁts it ﬂlgrit uld'f i§ %ﬁ%&fﬂ&ﬂ@ﬁf ﬁﬁfcﬁghm@?qlsually,

rmal tron o cal ci ning
under t.he f|OMIOf oxygen .cont ai n S r
the ogptedtrafif drpasg SQ) S af‘;@e SRl %gﬁt@ﬁﬁlﬁg&%ﬁﬂo the
tenperature_ is 200 _to 500C, prefer 300 to G
solvent-gongained i th ligricelljis P@%?;awadr 0.4t0 7 %Pref-‘rf%f \919' 1105 to0
to 40 hours. Here, the inert gas means gas, whi ¢
1:50. Adlemthe amonet ofithe solvemtis oot indus vngy, @ ¢at41ﬁ%t wish ahgéwleld of
As such a gas, specifically, nitrogen, carbon dioxide,
methdveyliciagid esrpfenotasided.he | i ke can be exenplified. [0050]
< Method for producing nethacrylic acid >
[0032dferei nafter, a nethod for producing nethacrylic acid
of the present invention is explained. [0051] A
metpady; Lﬁ& 1P"caf Wel ngﬁ ARl Bcbidihe tBE afhrdnitileraficabditaining
|nvent| is the Rod for producing nethacrylic acid

compon{uff Lﬂ%& gcﬁ]vém asctﬁnﬁgttﬁ‘é s'uﬁarﬁ)ﬁhg@ﬁrk R 28 or Hﬁfaﬂa%ﬁeﬁtﬁre to

ar’ oxyg resence of e "cat al yst
f the

dlSSOP ve Or Su. e:ndS net C(I)rpll\aloeurxlltdl &'m2 cte%l s?o?utmn of St & op[%g 1?(9.83{ %an 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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[ 0052] In the aforenenti oned nethod for
produci ng nethacrylic acid of the present invention, a
raw gas i ncludi ng net hacrol ein and nol ecul ar oxygen is
subjected to contact with a catalyst. The
concentration of nmethacrolein in the raw gas can be
changed in a wide range. Usually, the concentration of

< Miximg thadigolddi anditke liqeid I20% by vol ume and preferably 3 to
10% by volune in particular. A small quantity of
| MitHetpr@entSinotnthm, teviguid Damt td ligitiel yetemied tyhiatrbéibiceng
may be contained in the raw gas However, it is

one liﬂﬁi@f(gﬁﬁ@ IRt SF € BRuideardUBS lighdd $ntS HBthhk A8k A 20 IpBuring
[0053] As a nol ecul ar oxygen source, air is used

e ofEMTEPRAIA 1) BECRRIY AP A Sl i

cancentration of | ecul.ar.. o en in.t i :
prepal6 g g A° fi s g Bt B SPERs T Sl Bk g fod ino
per 1 nol of nethacroLeLQ in particular. The raw gas
the tapk\A. 6 iy impareeert Byt Aaraliggd 4t ilsq%?vcre% 98 aggpupnyQus region in the
ni trogen, carbon dioxide or the like. Further, the raw
surfaggaef theliquisl BRdattoducen injatthe tandkpds theTopntinBoUsi§EIR CERPYING
of water vapor in the rawgas is usually 0.1 to 50% by
0.01 teol0%EmoNeforable 08Bty 5% bDthé0%hdly axealofitee $urface of the liquid
particul ar. When the reaction is carried out in the
PR. presence of water vapor, nethacrylic acid can be
obtained with a higher yield. [0054] The
moyﬁas-phase catal ytic oxidation of nethacrolein is
sually carried out in a fixed-bed. The nunber of the
catal yst. | s € . s e i th
cac YabingdE igY LACR AL fre iugt 4R R FRihe B avids i his
the ot her additives., K The react.i on. pressure.is .
manngg & eelisi vﬂg AR T aE fPefipegliG A6id cndE, alaiped. It is supposed
at nospheric pressures. The reaction tenperature |
that thelnspl L distaloution iniihe Heinie A dnomixedarroaof et 1 antthe
is preferably 250 to 400C in particular. The flow rate
liquichfll faworabdyy agtsstd Somyotan peffactivel|caystyl struehure for dhel oxidation of
usually the flow rate expressed in terns of contact
methddrolein sndimakdsdt pdssibbconibiain preafatysalotith Lhigh yield of owthmerylic
[ 0055] The mechanismrelated to the inprovenent
acid. of the catal yst performance in the nethod for
produci ng nmethacrylic acid of the present invention is
um3ﬂ°t fully elucidated, however, as nentioned above, it
I's supposed that the local pH distribution in the

Vi Gi,Nit f 1 J X rti t | Qb
' S Ve T NEREPRE RN A I8 1A o o
he I.iquid PR _favorabl ct fegctive
tank 835 stiapd B GOLERES POYerHPTORAIG Db o7 oV e el Eppy erebly
and nakes it possible to forma crystal structure gﬁth,
0.05 i BikjW/myi Byptisringthenliquid PReing@e gangerxglibe porpmesigined string
Hereinafter, the present invention will be entered .
powei,rit is sippasiet] shatian effeetiverarysta structukefor dhe exiflatipresfangshagsolein

and conparati ve exanpl es. However, the present
is forhiedeotthanhd Sekiodf théthacrgit doid bhthe earmkatihiue sbtairfed3Sihproved.

[0036]

Further, when the liquid LA is poured into the tank A, the liquid LA is poured

12



The catal yst conposition was determ ned fromthe
charged anmount of the catalyst raw materials. Further,
the analysis of the raw gas and the reaction products
in the production of nethacrylic acid was carried out
usi ng gas chromat ography. Based on the anal yti cal
resul ts obtained, the conversion of nethacrolei nai)rmy
from the lesightexfsprefeaabl L0 tnldensinom preferablyed.&dei b ty appve the
produced nethacrylic acid (my be expressed as MAA
surfacs off e liguiid PR ianddudes imbnigd enk wy. Wéhdn the diqdidoLA. is poured from
met hacrylic acid (nmay be expressed as MAA yield) were
the he?%ﬁ OF 110366 obPYndrbabdwl the hrifstel@inali@ed PRe sHeléduid ERydoes not
[0058] The conversion of nethacrolein (%9 = (B 1A x

contac)](tqua%_ tﬂ%hécﬁ{srﬁm%tgﬁuéﬂ bY tﬁeoliﬁli'iﬁa 'L"’}f gﬁf%r# fn B! Asd Wat T Gquid Ei)}{d is

e current yie nmet hacrylic acid (9

.= | A 00. . lnthes [ [ I
Stmedofajlgﬁft(eb)tﬁs#lqﬂge[‘édﬁ &opléeg ﬁ%‘f‘ﬁg% ?'Sllrég{l %Fig | sosfalg%su efg the
of nol (s)  of the reacted nefhacrqlein and Cis a
surfacg @ LBHd RBs the)liawd LAGS pp ERE@%?&%@H%%?R?PPE‘%W’&‘? the wall
[ 0059] ' Further, the percentage of the area gfi)
of theptank K. Conpeinernslyr ftas suprased thas mnaffcchive parsial giipeiugeafor the
was poured to the whole area of the surface of the
oxidatibmof chefPRerolatly ibformed se Swie theadelSpf mathasryist asidrphidg oglalyst
the followi ng fornula. The whole area of the surface
thus oBtaifdiss iimpteved. PR (Sp) is a horizontal cross section
inside the tank A at the height of the surface of the
[0037|r]i gquid PR, and the area (SO of the liquid surface
egi on on which the liquid LA was poured was a

hori zont al cr -Sect | f . L 1 U ;
¢ nd 8 RenE PRERSE el or bRFIAP ety il i ok Ass
in th xampl.es, Sl was, det ernm.ne t. ertu
not pagfgiandy Engtonts b agurboE L EaBE o g H AR from an
poured in the liquid PR wth the sanme izetagf( t he, . th
uppersgt o f Hdeparh obtheriank Adbropgly2 pane;conp o a tank contgping the
percentage of the area of the surface region on which
liquicdt b, bi guiethddrofimuentivtivels seading gholigiié withauep ardythe like can

surface of the liquid PR (% = (S1/ Sp) x 100 [0061]
be exéplified 1

[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 1I 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 IT as the liquid LA , or to serve the

13



To a vessel type reactor (tank A) with a dianmeter of
340 mm and an internal volunme of 30 L, 10 kg of pure
wat er having a roomtenperature was introduced and a
sol ution obtained by dissolving 5000g of nol ybdenum
trioxide, 366.5g of 85 mass% phosphoric acid, 202.8g

of ammoni um net havanadate, 69.8g of copper nitrate in

aforenfeifignead liguid &I asathe ligalddPRaasbiostenerthe bfoesnmendiobsd liquid I as the

di ssolving 58.4g of ferric nitrate in 250g of pure

liquid W SFurihef, eheaBGlad I tArebs dividedNitoViortiord 200 §oateddRparately in
paddl e bl ade and the resultant m xture was heated to

two oP %r? R ds€Rhe @ém@é&u&‘grofgtpg g}d]t'hﬁi PAi e!n%n%E gfqg%cr OR &NBe time

resultant m xture was co o 50C a ution

t.ai n h [ | vi 132 of .. cesi ' 0
when (EIRMGER AR o3 Bt e Raed P B ik o RRERY dooc
served as liqujd.l. [0062 t he ot her hand
or esSBYE B ToaI 0L, Gt i A BaE O DY TP R ARG & more
reactor (tank B) with an internal volune of 2 L at
under pgERRlceRyiEPB:- ure to nmake liquid I1. [0063] The

liquid | which was kept at 50C in the tank A and
[0040Ferved as liquid PR was stirred with a stirring power

of 0.2 kWn8 and the liquid Il served as |liquid LA was

poThetquid Aean! bepoiueedRRhile¢ eiirriag tour i ng port of 20 mm

in diameter at the height of 0.3 m above the surface
[0041pf the liquid PRto obtain a slurry containing a

catal yst precursor. The liquid surface region on which

h I 0 U . . .

an erll}ggl q)référaWFes & ﬁx@%igg@? ﬁgﬁ%ﬂi uit P Hrvd ﬁl‘é@liqgﬁh Wrggy be

circular shape anet er of aroun

e TGP B SPRRET Rl 5 Blobifionet o,
e b 5ok oA e g Sl B B 85 2

slurry containing the catal yst precursor was heated to
maybfﬁddie%nd evaporated and dried while stirring. The
resultant solid material was dried at 130C for 16
f0042hours and dried material was obtai ned. The resultant
dried material was press nolded and cal ci ned at 380C
f o idrodaeing mtHed ofi thé [1Rid QIO @it pasticddrty YigtitedThad, for
conposition of the catal yst thus obtained was P1.1 Mn

exampf€; # nQ&HodlofﬁﬁntQﬁcgc hSliqhidPPlo the FRREirk OF thdliquid I and the

synt hesi zi ng ne ylic acid > The resul't ant

iquic % Enihod BERRNSERe e RARCHE A KRR ) el dbEE pRme

- oxyge 0% vol u f o) r vapor. and % Py .
tiquid(L, 515 nnd PF irftadSiog Wor B ind B SPiaf o e fduid 1 and
.carried out upder an oydinary pressure, at a reaction

the liquadh Heat the semedimo ogiooe Wopieda contact tinme of 3.6
seconds. The results are shown in Table 1. [0066]
[0043Exanpl e 2 The preparation of the catal yst and
the reaction were carried out in the sane manner as in
Ex &nphe pieparatient oft thet sdliéord ogjsludryl Sorfthineng B ratadydt] Yrecursor
was poured in the liquid PR (the liquid l) in the tank
compAsihp G fhe RAtAYsH GoRitien®d, (MO ligid Nakll eeeli@lid IT(@hd further the
results are shown in Table 1.

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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[0067] Exanple 3 The preparation of the
catal yst and the reaction were carried out in the sane
manner as in Exanple 1 except that the liquid LA (the
liquid I'l) was poured in the liquid PR (the liquid I)
in the tank A froma pouring port of 100 mmin
dianeter. The results are shown in Table 1. [0068] . .
less, afitk praférebls the room Rmepepstasaorandrsringér naymakeangitions. By anixing
the reaction were carried out in the same manner as in
the liqmdaingdethd liquiielp (arichfakthehibe liqaid Il Wrenass prefaratde) widehsuch
stirring power of 4.0 kWn8. The results are shown in

range bRRLE lihtuicf ORkatRMRR dtdpuAntadTBbIAtidn or slurrylBentaining the

preparation of the catalyst and the reaction were
L &6hrOULeal Sobtfin& ARy, Lin8 XEBMg i

cataly{t%g%&ﬁgoer, i°&ta|%c?"t Eﬁﬁ?@g@%ﬁ? FI ?Bt&m?s poure%’ In the &1

liquid PR.(the digquid,l) in the t Lhg
perforsf WHIE Rt st et rblind e 0o pheBlay DT S

Table 1. [0070] Conparative Exanple 2 The
determipechBioReiYbN of “the catal yst and the reaction were

carried out in the sane manner as in Exanple 1 except
[0044} hat the liquid LA was poured in the liquid PR (the

liquid 1) in the tank A froma pouring port of 2 nmin
< Drynligdri@sl@ningPhe results are shown in Table 1. [0071]

After the solution or slurry containing a catalyst precursor comprising all the
catalyst constituents is obtained in this manner, the solution or shurry is dried and a dried
catalyst precursor is obtained.

[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.

15



Conparative Exanple 3 The preparation of the catal yst
and the reaction were carried out in the same manner
as in Exanple 1 except that the liquid LA (the liquid
1) was poured in the liquid PR (the liquid I) in the
tank A from 10 pouring ports of 20 mmin di anmeter
arranged in a ring shaped pipeline provided al ong the
[0047]) nner wall of the tank A to 10 different regi ons of
the surface. The results are shown in Table 1. [0072]
Ex@hg hiiding method T0net paetadirly Yipdtedeand arvatitgndd dry or wet
with a dianmeter of 650 mm and an internal vol une of

method? ggmicl RRows catf b@ UpRicrAGhoMES héth6®HUGRRhallich @8Mthe like
tenperature and 50kg of nol ybdenum tri oxi de, 2.67kg of

0 . : 4 . o
ere usE2 o B S AHeP OE BB bl BBt sty ftod P Bhrir i ot nsed
. ol.yti pn were_.added. whi | tiJgrin ith at ta .
is prefIahlf oAbp BERPIieS Faefipd rbie I Rughs Tiadtisy Sigusion
.98C and kept af, 98C for_ 5 hours ] irring.. After
moldlsg,rﬂamatrfgnnw&é%a{ld dhe bﬁweo?ﬁea&%eﬁeiﬁwﬁ%e i itgjded
1.40kg of copper nitrate in 6,10kg of pure water and a
form isglot pasiquletly dintited, Byd alicgkinsricehghape.cpRug shape; ¢ sRlisTigah shape
nitrate in 3.0kg of pure water were further added and
and thed#t:edn beseledted atedqdest. 2 hours and then cool ed to 30C

to make a mxed liquid which served as liquid I.

[0048f 0073] To a vessel type reactor (tank B) with
an internal volunme of 100 L, 18.1kg of 25 mass%

a : [ Hel
iU inp i, s b R AL AR Bl end the
. | iquid,l i.ch kept at 30C in the tank A was
11ken§ayﬁapraggec¥lmw%v}ﬂa§mg¥l’?qr%gxﬂt§ “power of 1.1 kWnB and the
iquid LA (the liquid Il) was poured froma pouring
[0049h)ort of 100 mmin dianeter at the height of 1.0 m
above the liquid surface in the tank to obptain .
mi xtBe dried satplyst presarsor Quiits moldlsd forp lilsqa‘?fame? is pigined to
liquid surface region of the liquid PR (the liquid I
preparena watialylt fohasé inoproduding wethasaliceasidaaldhiepaleining and the
region with an al nost circular shape having a di aneter
calcindig eorlitiveh 4k dotpardoulatli éimirdcant ageblidy khewa caeinofg nbthod
af orenentioned liquid surface regi on on which the

and d ?ﬁb&iidiy Lidvowas cleiniRd coifitie cwh Hecagpird. Thet ditinsuih f @ddining
of the liquid PR was 2.4% [0075]

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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To the mxed liquid of the liquid | and the liquid Il
kept at 30C, a solution obtained by dissolving 6.18kg
of cesium bi carbonate in 15kg of pure water (the
liquid I'll) was further added to obtain a slurry
containing a catal yst precursor. [0076] The
resultant slurry containing the catalyst precursor was
< Methedf@produchPlifiethactybvagdPat ed and dried while
stirring. The resultant solid material was dried at

130erdiitted, a Methiod . forl o dueing Inhethdcrglid sudd whther pratentvarsvention
pressure nol ded and cal ci ned at 380C for 12 hours

is exp ~airflow. The conposition of the catalyst thus
obtained was Po.s M 12 V0.7 dicuAso.s Zr0.05 CSI1. 1.

[0051§0077] Using the catalyst, the reaction was
arried out in the sane manner as in Exanple 1. The

resul t re shown in Table 1.. 78 . Q.
e Gad i e Brbadyfcfodot B et MRLRd s themethod
carried out in th ane, manngr as_ i.n. Exanple 5.exgept , .
for progpging meethacgylicyaq: tksl%’Héh |g@a-aﬁ%§e|<ia}almfs° ggt}‘g’dof Weﬁ’ﬁ@“"e‘“
liquid PR (the liquid I) in the tank A froma pQuring.
with moleculat oxygenHnithghpressneg of the eatalyst of e presgnt w\@awae@tamed
of the tank A. The results are shown in Table 1.
as men@0i&] aboenpar ati ve Exanpl e 4 The preparation
of the catalyst and the reaction were carried out in

[0o5X)he same nanner as in Exanple 5 except that the liquid
CA (the liquid Il) was poured in the liquid PR (the

LT gl H’orérﬂeﬁtﬂ)ﬁﬁ& giéﬂﬁhvﬁ gc{]roﬁ’oau&ﬁgl rahePAICt Sci@lof Ik Prdsent

in dianeter, eac was arrtanged in the

e e
consE0RRT o, ot SRS o B Rl LA e
changed in a wide range. Usually, the concentration of methacrolein is 1 to 20% by
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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Table 1 The percentage of the area of the surface
regi on on which the liquid LA was poured (% The shape
of the area of the liquid uid surface

out in the presence of water vapor, methacrylic acid can be obtained with a higher yield.
[0054]

The gas-phase catalytic oxidation of methacrolein is usually carried out in a
fixed-bed. The number of the catalyst layer may be one, or two or more. The catalyst
may be supported on a carrier or mixed with the other additives. The reaction pressure is
preferably from ordinary pressure to several atmospheric pressures. The reaction
temperature is usually selected in the range of from 230 to 450°C, and is preferably 250
to 400°C in particular. The flow rate of the raw gas is not particularly limited, and
usually the flow rate expressed in terms of contact time is 1.5 to 15 seconds, preferably
2 to 5 seconds.

[0055]

The mechanism related to fhe improvement of the 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 liquid PR favorably acts to form an effective cryétal structure for the oxidation
of methacrolein and makes it possible to form a crystal structure with 2 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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regi on on which the liquid LA was poured Stirring
power Arium) "t"" The height at which the |iquid LA
was poured (m MAL conversion (%9 MAA MAA selectivity
W vyield (%9 Exanple 1

[0057]

The catalyst composition was determined from the charged amount of the
catalyst raw materials. Further, the analysis of the raw gas and the reaction products in
the production of methacrylic acid was carried out using gas chromatography. Based on
the analytical results obtained, the conversion of methacrolein (may be expressed as
MAL conversion), the selectivity to produced methacrylic acid {may be expressed as
MAA selectivity) and the single current yield of methacrylic acid (may be expressed as
MAA yield) were determined by the following formulae, respectively.

[0058]

The conversion of methacrolein (%) = (B / A) x 100

The selectivity to methacrylic acid (%) = (C/B) x 100

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 (S;) of the liquid surface region on
which the liquid LA was poured was 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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0.4 continuous 0.2 0.3 83.1 86.7 72.0 Exanple 2 1.4
continuous 0.2 0.3 82.8 87.0

PR with the same size of the aperture area of the pouring port.
[0060]

The percentage of the area of the surface region on which the liquid LA was
poured to the whole area of the surface of the liquid PR (%) = (5 / Sp) x 100
[0061]

Example 1

To a vessel type reactor (tank A) with a diameter of 340 mm and an internal
volume of 30 L, 10 kg of pure water having a room temperature was introduced and a
solution obtained by dissolving 5000g of molybdenum trioxide, 366.5g of 85 mass%
phosphoric acid, 202.8g of ammonium methavanadate, 69.8g of copper nitrate in 610g
of pure water and a solution obtained by dissolving 58.4g of ferric nitrate in 250g of
pure water were added while stirring with a one-stage paddle blade and the resultant
mixture was heated to 98°C and kept at 98°C for 5 hours while stirring. The resultant
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 L.
[0062]

On the other hand, 1988g 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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72.0 Exanple 3 8.7 continuous 0.2 0.3 80.4 87.2 70.1
Exanple 4 0.4 continuous 4.0 0.3

an almost circular shape having a diameter of around 20 mm and the percentage of the
area of the aforementioned liquid surface region on which the liquid LA was poured to
the whole area of the surface of the liquid PR was 0.4%.

[0064]

The resultant slurry containing the catalyst precursor was heated to 110°C and
evaporated and dried while stirring. The resultant solid material was dried at 130°C for
16 hours and dried material was obtained. The resultant dried material was press molded
and calcined at 380°C for 12 hours under airflow to obtain a catalyst. The composition
of the catalyst thus obtained was P11 Moz Vog Cug1 Feoos Csia.

[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 IT) was poured in the liquid
PR (the liquid 1) 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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78.8 87.0 68.6 Conparative Exanple 1 19.5 continuous
0.2 0.3 76.5 86.3 66.0 Conparative Exanple 2 0.001
conti nuous

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 100 mm in diameter. The results
are shown in Table 1.

{0068]
Example 4

The preparation of the catalyst and the reaction weré carried out in the same
manner as in Example 1 except that the liquid PR was stirred with a stirring power of
4.0 kW/m’. The results are shown in Table 1.
[0069]
Comparative Example 1

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 IT) 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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0.2 0.3 76.0 86.5 65.7 Conparative Exanple 3 3.5
di scontinuous 0.2 0.3 79.6 85.4 68.0 Exanple 5

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 10 pouring ports of 20 mm in diameter arranged in a
ring shaped pipeline provided along the inner wall of the tank A to 10 different regions
of the surface. The results are shown in Table 1.
[0072]
Example 5

To a vessel type reactor (tank A) with a diameter of 650 mm and an internal
volume of 250 L, 100 kg of pure water was introduced at room temperature and 50kg of
molybdenum trioxide, 2.67kg of 85 mass% phosphoric acid, 1.84kg of vanadium
pentoxide, and 5.48kg of 60 mass% arsenic acid aqueous solution were added while
stirring with a two stage paddle blade and the resultant mixture was heated to 98°C and
kept at 98°C for 5 hours while stirring. After 5 hours had passed, a solution obtained by
dissolving 1.40kg of copper nitrate in 6.10kg of pure water and a solution 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 I.
{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 If) 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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2.4 continuous 1.1 1.0 81.4 88.3 71.9 Exanple 6 2.4
continuous 1.1 2.5 80.5 87.5

region of the liquid PR (the liquid I) on which the liquid LA was poured was a
continuous region with an almost circular shape having a diameter of around 100 mm
and the percentage of the area of the aforementioned liquid surface region on which the
liquid LA was poured to the whole area of the surface of the liquid PR was 2.4%.

[0075}

To the mixed liquid of the liquid I and the liquid II kept at 30°C, a solution
obtained by dissolving 6.18kg of cesium bicarbonate in 15kg of pure water (the liquid
III) was further added to obtain a slurry containing a catalyst precursor.

{0076]

The resultant slurry containing the catalyst precursor was heated to 101°C and
evaporated and dried while stirring. The resultant solid material was dried at 130°C for
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 Pyg Moy, Vo7
Cugz Asog Zro 05 Cs1.1.

[0077]

Using the catalyst, the reaction was carried out in the same manner as in
Example 1. The resuits 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 II) 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]

24



70. 4 Conparative Exanple 4 1.2 discontinuous 1.1 1.0
79.4 85.8 68.1 [0081] I NDUSTRI AL APPLI CABILITY A
nmet hod for producing a catal yst for use in producing
nmet hacrylic acid and 25

Comparative Example 4

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 2 pouring ports of 50 mm in diameter, each of which
was arranged in the diagonal direction of 180° with respect 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
ofthearea | eSS .
of the the liquid L The height
liquid o rfq Stirring at which MAL MAA MAA
surface re io:lccem power 3 the liquid | conversion | selectivity yield (%)
region on wl%i ch the (kW/ m ) LA was (%) (%)
which the B poured (m)
B Hquid LA
liquid LA was poured
was poured P
(%)
Example 1 04 continuous 02 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 80.4 87.2 70.1
Example 4 0.4 continuous 4.0 03 78.8 87.0 68.6
Comparative 19.5 continuous 02 03 76.5 86.3 66.0
Example 1
Comparative |4 45 continuous 0.2 03 76.0 86.5 65.7
Example 2 :
Comparative . .
Example 3 35 discontinuous 0.2 0.3 79.6 854 68.0
Example 5 24 continuous 1.1 1.0 81.4 88.3 71.9
Example 6 24 continuous 1.1 2.5 805 87.5 70.4
gomp arative 1.2 discontinuous 1.1 1.0 79.4 85.8 68.1
xample 4
INDUSTRIAL APPLICABILITY
[0081]

A method for producing a catalyst for use in producing methacrylic acid and
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the catal yst produced according to the nethod of the
present invention can be suitably used in a nethod for
produci ng nmethacrylic acid, including the nethod for
produci ng nethacrylic acid of the present invention,

t hrough gas-phase catal ytic oxidation of nethacrolein

wi th nol ecul ar oxygen. Wat is clainedis: A

the catabtshpdiiesd acordingd togtha methad yHthelawienginventoomasi bd onitably

represented by the followng fornula (1) for use in

used iR RA0HBBLD FoBroBacihY IncthaReyltt 4dMd,OHElNdHRthe heditod fir Producing
oxi dation of nethacrolein with nolecul ar oxygen,

metha&'gffp fdeRi BB 'the ﬁ)?ésen?tr ﬁﬂ@ﬁﬁ tﬁr(ﬁl%hg% Hha® cstaMAiE Yoxidation of

npr|S|ng at east nol ybdenum osphorus, “and
(ii) preparing a solution or

nmﬂm&ﬁ%%? con n|ngygnnnn|un1rad|cal (liquid 11); (iii)
preparing a n1xture of the liquid | and the liquid I
by: introducing one of the liquid |l and the liquid I
(liquid PR) into a tank (tank A), subsequently pouring
the other of the liquid | and the liquid Il (liquid
LA) into the tank already containing the liquid PR
the liquid LA is poured into the tank A so that when
the liquid LA contacts the Iiquid PR the contact
occurs at a continuous region on a surface of the
liquid PR, and the continuous region conprises 0.01 to
10% of an entire surface area of the liquid PRin the
tank A; and (iv) drying and cal cining the resultant
solution or slurry containing a catal yst precursor
conprising all the catal yst constituents,
PaMobVeCudX, YggOh(1) wherein: P, Mo, V, Cu and O
represent phosphorous, nolybdenum vanadi um copper
and oxygen, respectively;
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X represents at | east one elenent selected fromthe
group consi sting of antinony, bisnmuth, arsenic,
germanium zirconium tellurium silver, selenium
silicon, tungsten and boron; Y represents at |east one
el ement selected fromthe group consisting of iron,
zinc, chrom um nagnesium tantalum cobalt,
manganese, barium gallium ceriumand | anthanum Z
WELR @5604 &: at | east one el enment selected fromthe
group consisti ng of pot assi um rubi di um and cesiun’

s?bscripts a, b, , g and h represent an
ato § b
1. rinzrﬁethgﬁ kP Ipfgduﬁgg ? acﬁ%@@ﬁ?%nlg aec%%%lhb’rﬂe?éregé\rlﬁgh %ﬁt@ e

foltcennggfcmrﬁlufar(bhfoﬁu@hnmwﬁpme nieghacrylic laeid thpgh gap- pﬁﬁ%ﬁrﬁatalytlc

e.is range of f.to 3, isin
Ox‘cdﬂ%c“} %tﬁﬂéh%ffd??]dwgbm{hgc%ar& TBE" Fé}g@f# ¥ ange of from
0. 0%) pRparim sdlutionpr eheRticempligingtidease mobidenund, pbasphers,
necessary for fulfl I1ing the requirenment of the
val eptergdiugiguidlinent “above. 2. The net hod

acc l%g)%@&nhg ﬁéblgﬁhg&h dr slw&ﬁl'taﬁmh? smhioﬁwndraa{esal Giqmauned

stirr [1quid PR introduced into the tank
A w(nxhpmp&ungamn@urpoﬁéle lighidd. apd ﬂIQilCBHdéﬂlbwlﬁﬂOdUCSlg opgef the

e AR MR R LR 4 LA

of tshisselpictly Goldig the bibetisfatle fiatid! aduethe dgkid A (liquid LA) into the
tank already containing the liquid PR,
the liquid LA is poured into the tank A so that when the liquid LA contacts the
liquid PR the contact occurs at a continuous region on a surface of the liguid PR,
and the continuous region comprises 0.01 to 10% of an entire surface area of the
liquid PR in the tank A; and
(iv) drying and calcining the resultant solution or slurry containing a catalyst
precursor comprising all the catalyst constituents,
P.MopV CusX.YZ0p (N
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;
Z represents at least onc element selected from the group consisting of potassium,

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

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 to 2, e is in the range of from 0 to 3, fis in the range
of from 0 to 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 according to claim i, wherein the liquid LA is poured while stirring

the liquid PR introduced into the tank A with a stirring power 0of 0.01 to 3.5 kW/m’.

3. The method according to claim 1, wherein the liquid LA is poured from a height
of 0.05 to 2 m above the surface of the liquid PR introduced into the tank A.
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