DESCRI PTI ON  METHOD FOR PRODUCI NG CATALYST TECHNI CAL

FIELD [0001] The present invention relates to a

nmet hod for producing a catal yst containing

nol ybdenum bi srmuth, and iron. BACKGROUND ART [ 0002]
The catal yst contai ni ng nol ybdenum bisnmuth, and iron
is known as an oxidation catalyst which is used for

produci ng an unsaturated al dehyde and an unsat ur at ed

carboxylic acid through = atal ytic oxidation
of propyl ene, isobutyl er@ﬁ{:g:ﬂ?ﬁg)ﬁ?/ butyl al cohol
(hereinafter, sonetines expressed as " . or met hyl
Lertiary butyl MerHoD faB HGEDEING catdivsr,
expressed as "MIBE"). [0003] For exanple, in Patent
Docunents 1 and 2, a nmethod for producing a catal yst
is individually disclosed, in which a mxed |iquid
cont ai ni ng a conpound TBCHNICAGOFEED a raw material of
the catalyst is prepared and the resultant m xed

[600qyi d is dried and then calcined. Patent.Document 1:
Japanese Patent Application Laid-Open No. Hei

. t . n ]
ADRY e, iRaRCh (SRS, BRI PEEECh, ol eqptaiing

oA bk BB 21 ot nod, when a catalyst is
produced repeatedly, it was necessary to
- BACKGROUND ART
[0002]

The catalyst containing molybdenum, bismuth, and iron is known as an oxidation
catalyst which is used for producing an unsaturated aldehyde and an unsaturated
carboxylic acid through gas-phase catalytic oxidation ﬁf propylene, isobutylene, tertiary
butyl alcohol (hereinafter, sometimes expressed as “TTBA“), or methyl tertiary butyl
ether (hereinafter, sometimes expressed as “MTBE”).

[0003]

For example, in Patent Documents 1 and 2, a method for producing a catalyst is
individualiy disclosed, in which a mixed liquid -containing a compound which becomes
a .raw material of the catalyst is prepared and the resultant mixed liquid is dried and then
calcined. | |
Patent Document 1: Japanese Patent Application Lmd—Open No. Hei 8-309,191

Patent Document 2: Japanese Patent Application Laid-Open No. Hei 8-.309,192

DISC_LOSUR.E‘.‘OF INVENTION




adj ust conditions at the tinme of nolding a dried
material or a calcined material at each production
bat ch because physical properties, such as bul k
density, of a dried material of a mxed liquid or a
cal cined material obtained by calcining the dried
material changed. Further, there was a case that at

| east one of a catalyst activity and a selectivity to

a target prod ct was _deteri W | yst
production Ipe%‘%%@%% 1§ there

has been a case that a solid matter containing
(0884} bdenum bismuth, and iron adheres to a surface of
a device equi pped in an apparatus for the production
dh acehedntiohalvnethotd hwherpd edtulyst is preduced copeatetily) it waas necessary to
such an adherence of the solid natter has not

adast IcbAditiond at the e SCRABMIAESE dfied Indéd o2 3 calddn@l@aterial at each
t he present i nventors have found that the solid

pr opert | es %{cﬁﬂi@p@f or emedﬁg {S%é‘gn& ttga%t;at ied material
°f2§§'5fv’%°? 48 g, BleidfC i g r&%@%é o cfried material
swt?uf’tpt? b S o loeat R o2 e BESERL LAVEILLON i

provi de a method for produc:| ng a cat aI in which
topeget Blodpftpsrdetesioraed yhep uct;?nafa%mtﬁéd

material in a production process of the catalyst are
[080%k| e and a change in at |east one of a catal yst

activity and a selectivity to a target product is

Conventivmllpcthere hespberiiug ichsel thiay a solit eatte tcdhtadding snolybdenum,

excellent. 2 e f MEANS FOR SCOLVI NG THE PROBLEM [ 0007]

bidiethD 'aB8 Gfn Adhéeddt 100 siuface 6k hledick g 4fi i afOapparatus for the
catal yst conprising nol ybdenum  bi snut and iron,

pro@iRionDfidtalyAE whiR B Qkalyst is produced, however, such an adherence of the

solid matter has not particularly been recognized as a problem. However, the present
| inventors have found that the solid matter is a cause of the change of the physical
properties of the aforementioned bulk density or thc deterioration of at least one of the
catalyst activity and the selectivity to the target product, and thus they have completed
“the present invention. |
[0006]

It is an object of the present invention to §mﬁde a method for producing a catalyst, in
which physical properties of a dried material or a calcined material in a production
process of the catalyst are stable and a change in at least one of a catalyst activity and a
selectivity to a target product is small and hence reproducibility of the catalyst is

exceilent.



washi ng a surface of at |east one device equipped in
an apparatus for the production of catalyst, to which
a solid matter adheres, with a basic solution; and
produci ng the catalyst with the apparatus for the
production of catal yst thus washed. EFFECT OF THE

| NVENTI ON [ 0008] According to the present invention,
a method for producing a catalyst, in which physical
properties of i ter. 0 al cined materi al
in a producti oW@L‘M@Eﬁﬁgﬁ stabl e
and a change in at |east one of a catalyst activity
[099d] a selectivity to a target product is small and
hence reproducibility of the catalyst is excellent,"
Chhre presenp invention is & methoed for preincingragcdtalystvomprisingmolybdenum,
i nvention, the catalyst can be produced efficiently

bf@ﬁﬂﬁﬂ%ﬁd'&oﬁ,eﬁinﬁb@in%‘mé phabf:can be reduced by saving
the tinme of overhau 'gfe!pt he case that an apparatus

asseérrbl ed. BESTtil%%&F%%ﬁ%A%?% W}%%Eme&oi uction of
9 ,
o8 o dich U5ofid bARNE AT, %ﬁt@'&“%f%%g%{% T 'of;””ﬁ of
I d f duci d
pif eRe Bie Colivet it e BoEmraibs STaRs BONPRIGE of eiatys! Hatigres
gas- phase catal ytic oxidation of propyl ene,

i sobutyl ene, TBA, or MIBE with nol ecul ar oxygen, or
one to be used for producing 3 a, acrylonitrile

t hrough gas- phase EEFECW@ETHEMEHHQN of propyl ene
can be listed. [0010] Hereinafter, the nethod for
[0008Huci ng the catal yst of the present invention will
be explained with reference to the nethod for

Meaddihg do tthe prededt Yislention, ®nsihed ek prddubingad @aﬁryef; in which
- al dehyde and an unsaturated carboxylic acid, which
pIYRR P PRBETE OF aQried MAeRil i e YaldiRdPRiateRl in a production process of
the catalyst are stable and a change in at least one of a catalyst activity and a selectivity
to a target product is small and hence 'reproducibility of the catalyst is excellent, can be
provided. Further, according to the present invention, the catalyst ‘can be produced
- efficiently because a residual material can be reduced by saving the time of overhaul in

the case that an apparatus for the production of catalyst is complicatedly assembled.

BEST MODE FOR CARRYING OUT THE INVENTION
[0009]

As the catalyst containing molybdenum, bismuth, and iron to be produced in the
present invention, for example, one to be used for producing an unsaturated aldehyde
and an unsaturated carboxylic acid through gas-phase catalytic oxidation of propylene,
isobutylene, TBA, or MTBE with molecular oxygen, or one to be used for producing



[0011] The catalyst to be produced is not
particularly limted as long as it contains
nol ybdenum bi snmuth, and iron, however, it. is
preferably the one represented by the follow ng
formula (1). [0012] MpaBi b FecMiXeYfZsSibGa.... (1) In
the formula (1), M, Bi, Fe, Si, and O represent -
. ol ybdenum bi smuth, iron, silicone, and oxygen,

respectively, M represents at | east on el enent
acrglogHts drqughgasgbasg catglytic smﬁntgmw rrepylere gande listed.
ni ckel. X represents at |east one el enent sel ected
f00l8n the group consisting of chromum |ead,
manganese, cal cium nagnesium niobium silver,
tH¢reinafier, ithe medidafor produting the. catalystufethe present inventidn will be
one el enent selected fromthe group consisting of

PIEAGD WithS reflleh@to B¢ friethodSfir Gtb&Bing eld bdthlysd for producmg an

cerium tungsten .antinony, and titanium Z
wlsaiirited 4l Pﬁﬁ‘t‘mﬁ{ea ﬁl:%& ©GhhidhOH) dnl embodiment of
group cons st| ng o I'thium so 'um potassium

rubldlu. 33|um and thallium a, b, ¢, d, e, f, g,
thﬁ Pesent an atonmic ratio of each el ement,

iffectlvely, and when a is 12, bis from0.01 o 3 c
[9041k r om 0. 01 to 5, dis from1lto 12, eis fromO to

8 is fromO to 5, is from0.001 to 2, h is frgom
dl“heocgtelysmt@l be iprodused 45 gaatcparticwlarlyflimitedas lomgt as it contains
fulfills the requirenent of the val ence of each
melybdenim reismiuthy ead dtmy dowever) i1 3] preferablih ¢hepomss eapresented by the
invention, a raw nmaterial of an el enent that conposes
foﬂlbwi@foaimmt(lg.herei nafter, expressed as a "catal yst

raw material™) is not particularly [imted, however,
[oegepl 'y, an oxide of the el ement that conposes the

catal yst, a chI oride, a hydroxi de, a sulfate, a

become VREBEERMA Y H BRI Nt *Conposes ¢ he
ggtntﬁs ef%rrﬁngléd(_lg,nh{o, B R st a0 Fépr&ent RoTfbdeRIRC ¥iuth, iron,

silicone, and oxygen, respectively. M represents at least one element selected from the

¢ F.n

group consisting of cobalt and nickel. X represents at least one element selected from
the group consisting of chromium, lead, mangatzese, calcium, magnesium, niobium,
silver, barium, tin, tantalum and zinc. Y represents at least one element selected from the
group consisting of phosphorus, boron, sulfur, selenium, tellurium, cerium, tungsten,
antimony, and titanium. Z represents at least one element .selected from the group
consisting of lithium, sodium, potassium, rubidium, cesium, and thallium. a, b, ¢, d, ¢, f,
g, h, and i represent an atomic ratio of each element, respectively, and when ais 12, bis
from 0.01 03,cisfrom0.01 to 5,dis from 1to 12,¢cisfromQto 8, fis from O to 5, g is
from 0.001 to 2, h is from 0 to 20, and i is the atomic ratio of oxygen that fulfills the

requirement of the valence of each element mentioned above.



[0014] The production of the catalyst can be carried
out, for exanple, by properly conbining the follow ng
steps. Blending step: A step in which a solution or a
fluid dispersion containing at | east one kind of the
el enent that conposes the catal yst (hereinafter,
expressed as a "blended liquid") is prepared by
bl endi ng at | east one kind of the catal yst raw
nﬁgerial and a liquid in a blending tank. M xing
(08 p: A step in which a solution or a fluid dispersion
containing all the elenments_ that conpose the catal yst.
(i dhe iprestateinvention; s tayd materigl "ofan plement that |comppses) the catalyst
prepared by mxing two or nore kinds of the bl ended
(hkteinaifies, eaprebsedrisai ‘ogtalyse rdw enmtherihi'T)iis notcpantiehlarddynbimited, however,
catalyst raw material in a mxing tank. Aging step: A
usBAIRR ahoxidd 6 tHeRerhaiy Bl @ithpdsed tRUiatalyst, a¢Bldridb) 4 Bydroxide, a
heated in an aging tank. Concentrating step: A step
sulfitel\ fiftatk % chAb0inife] 6f bR brirh GHtif) daft BANGRMSdcBRRAnE Gxille of the

concentrating tank.” Atom zing step: A'step in which a

04 ot YRS Bt

case that a tank equipped with a jacket with which
ntents of the tank can be heated or cooled is used
as a device such as the blending tank, the m xing
k, the aging tank, the concentrating tank, or the
atom zing tank in order to adjust the tenperature of
{The psedugtion of tre catadyst ican te carsiod out, dor ¢xamplé by prepesiysombining
~In this case, the tenperature of the contents of the
the following apsist ed by causing a heating nmedi um such as
wat er vapor to exist or flow inside the jacket.
BleHdibh @tep: A S8 i€ vHeeh b RBREoW dr 'y Auidadispeidon PakithineiiCat least one
as a heater or a cooling part inside can be used for :

kihd Df e SRnBRR thét  conllfoses the catalyst (hereinafter, expressed as a “blended

liquid™) is prepared by blending at least one kind of the catalyst raw material and a
liquid in a blending tank. o

Mixing step: A step in which a solution or a fluid dﬁspersion containing all the elements
that compose the catalyst (hereinafter, expressed as a “raw material liquid™) is prepared
by mixing two or more kinds of the blended liquids or by mixing the blended _1iquid and
-another catalyst raw material in a mixing tank. |

Aging step: A step in which the raw material liquid is aged while heated in an aging
tank.

Concentrating step: A step in which the raw material liquid is concentrated in a
concentrating tank.

Atomizing step: A step in which a solid matter contained in the raw material liquid is

atomized in an atomizing tank.



tenperature. In the apparatus for the production of
catalyst to be used in the present invention, the
bl endi ng tank, the m xing tank, the aging tank, the
concentrating tank, and the atom zing tank nentioned
above are included, however, not only these devices
but al so, for exanple, a piping, a punp, a strainer, a
stirring bl ade, a heater, and the |like are included.
Ubgg In the next place, each production step of the
[ lyst will be explained in detail. [0017]
Bl endi ng st ep) In the bl endi ng step, the bl ended
| Fhete i a easpthapa asuunnedmﬂngmkeﬂ\sﬁlwhmhec autents offthe tank can
the catalyst raw material and a liquid in a blending
be hedted ot cocdedoisaised abhalevive sapnanthe hlemding tank| thetmixing tank, the
material into two or nore kinds and to prepare two or
agifg QanlaNghe €dnckh@ating GHAE br! theUhdmizing ctafiBtilofrdeplto adjust the

separatlng the catalyst raw naterial I1nto two or nore

ppegkg}agb?mfe é?ﬁﬁtfdeH{%éBﬂuhd'&i for BYVRNERE Sg;?s I$ this case, the

e to select a conbination of the al yst

e O W cctithed O oY ff mcflef by LB RR Y hefiiP faedium such as
wite o agglwﬁg‘a%‘?%ﬁaeﬁ@? T toa@a?ﬁ}eﬁea Qirped $ith a heating

bl ended liquid of a raw materi, i ron par at el
Parhudl) ang hepter ior o eraling past ng%%ry nent of the

for exanple, an aqueous solutlon obtalned
temipseagirei fythenapparaiws foyl the paodnction \ofcatalys o b@ uysed e dhe present
Further, as the blended liquid containing iron, for

inewativl, ehe blendingeianis the Imikingntank) the raginghtankd] mo:homergranng tank,

respective nitrates of iron, bisnmuth, cobalt, and
aridethi Worhiirg thal meﬁhbﬁé&alﬁﬁde%@ amuhﬁdl h&h@etr, ndt GakOfhese devices

(Mxing step) In the mxing step, the raw nateria
brltiad), for' ka8 pifing)e Pintp, Wthalfer X stfRbE blddel# heater, and the like
are included.

[oo16]

In the next place, each production step of the catalyst will be explained in detail.
[0017]

(Blending step)

In the blending step, the blended liquid is prepared by blending at least one kind of
the cétalyst raw material and a liquid in a blending tank. It is preferable to separate the
catalyst raw material into two or more kinds and to prepare two or more kinds of the
blended liquids. The method for separating the catalyst raw material into tvfo or more
kinds is not particularly hmlted, however, it is preferable to select a combination of the
catalyst raw material and the liquid, which does not cause precipitation or gelation of

the resulting blended liquid, and it is more preferable to make a blended liquid of araw



of the blended liquids or by mxing the bl ended |iquid
and anot her catalyst raw material . in. a mxing tank.
The ot her catalyst raw naterial neans the catal yst raw
material that "has not been bl ended in the bl ending
step, and it may be a solid such as an oxi de or a

salt of an elenent that conposes the catal yst, which
is the sane as nentioned above. The conbination of

t he. bl end | i quid.,and the.other, catal yst .raw nmateri ,

aatia0 of oLty apd & Hicrde HgudPr Lk ool iepipaltl.
i.nited, however, the conbination of two or nore

[991%4s of the bl ended liquids is preferable, the

conbi nation of two or nore kinds of the blended .

| Aghe dlended Hiquid wontaining: malythsieoumpifor example, ag aiquegusnsolution
is nore preferable, and above all, the conbination of

obtained| 3n dissolivinguarimoniving inmdl plgdate ity maerucanalrel listed. Further, as the
bl ended liquid containing iron is particularly _

blehaédliglit @onsnih® RofFfob egarhple, 41 aduebus soditiorcotrAnkE by Aissolving

met hod of stirring mxing or a nethod of ultrasonic

b* ended |1 qﬁ?fdki%%%%n%g%?ggglum anlc‘i %ehe- EI en@dgadUbﬂlsmd'
dd gzid containing iron are m xed, there are many
aseés that precipitation is fornmed to cause gelation.
In,this case, precipitated particles with the sane
f&"ﬂ‘é‘“ﬁi‘t ture such as particle 7 p z dianmeter can be
obttgi ned, by adjusting the nmixing tine to a fjixed value _,
i 1 thg opixing sher: the s Baterial liguid isiprenaged ttiygtor more kinds
occasion is preferably 60 seconds or nore, and the
of the dilgnsied diguidsr by snixingtheblanded tighidewd another catalyst raw material
reproduci bility by such a mld mxing. [0021] Wen
int &enilyingrtdeki Theqother caallst rawnmatepial ndansitheavathlyst eaw material that
bl ended liquid containing iron are mxed, it is

hiy sdtctiedh bierided ih ¥he Blehdifif step)'and ithady bba dalieREétflas an oxide or a
liquid containing iron Is added to the blended |iquid

sAOBF 8h Rlentbntthat REEDHIISRs the Qatalyst,(WEieA s HeCine as mentioned above.
The combination of the blended liquid and the other catalyst raw material to be mixed in

the mixing step is not particularly limited, however, the combination of two or more
kinds of the blended liquids is preferable, the combination of two or more kinds of the
blended liquids which is not causing precipitation or gelation is more prefemble, and
above all, the combination of the blended liquid containing molybdenum and the
blended liquid containing iron is particularly preferable. As the method for mixing, for
example, a method of stirring mixing or a method of ultrasonic mixing can be listed.
[0020] |

For example, when the blended liquid containing molybdenum and the blended liquid
‘containing iron are mixed, there are many cases that precipitation is formed to cause

gelation. In this case, precipitated particles with the same fine structure such as particle



In the aging step, the raw material liquid is aged
whil e heated in an aging tank. It is preferable that
the aging be carried out for 30 mnutes or nore while
heated. In that case, the tenperature of the raw
material liquid is preferably 80 to 103C. The agi ng
step is not always necessary, however, in the case
that the raw material liquid is a slurry containing

precipita ed art es the eci |tated article .
d'gtretvrp e (bys sdiupane Bhe myking B fonh clidopalue in ac

[0023] (Concentratl ng step) I n the concentratl ng
produgtion batch. lhermixing timel onythat ofeasiooris gnefe bd%yeconds or more,
heating it to evaporate the liquid in a concentrating
andathk catAlyisteapche prodwucedi with excelentaepretiucibilitylby sutheatnild tmixing.
the tinme when the concentration is finished is
[goeoper |y set according to a property of the raw
material liquid or a drying nethod after the

RS Tt Sl 18 ARG Bt M comining
SR I 9L %@H@wﬂg%%gz@%mm
B B i RS D 2", e

(ﬁéﬁg} zing step, a solid rratter contained in the raw
[ rial liquid is atomzed. in an atom zing tank by

usi ng an atom zi ng nmeasure such as honogeni zer. The
dAgingsten) step i s not al ways necessary, however, the
reaction in the aging step is further advanced by

darthe agigg atep, thei awsmeterial DA jis agéd whilbbedted in an aging tank. It is
nmol ding, and the like) (Dr Further, a treatnent such

plahferé?dlb’ ltrﬁwmdm Bcarred ottt BO ﬁuﬁaces Bﬁm@?é Whilé h&itéd. In that case,
en |

the temperature of the raw material liquid is preferably 80 to 103°C. The aging step is

not always necessary, however, in the case that the raw material liquid is a slurry
containing precipitated particles, the- prwipim particles grow and get stabilized by
carrying out this step.

[0023]

(Concentrating step)

In the concentrating step, the raw material liquid is concentrated by heating it to
evaporate the liquid in a concentrating tank. A target viscosity or a target solid content at
the time when the concentration is finished is properly set according to a property of the
raw material liquid or a drying method after the concentration. The concentrating step is
not always necessary, however, physical properties of a dried powder can be adjusted by
carrying out this step. Further, there is a cese that a reaction performance of the catalyst

is improved by carrying out the concentrating step.



IS needed. [0026] A device to be used for drying is
not particularly limted, and for exanple, a tray
dryer, a spray dryer, a drumdryer, or a slurry dryer
can be listed Now, drying nmeans an operation in which
a substantially solid dried material is obtained by
evaporating a part of or all the liquid fromthe raw
material liquid. A drying tenperature is preferably 30

0@%@ 150C in the case of the tray dryer, and 100 to

[ C as an inlet tenperature in the case of the spray
dr¥en..A shape of the dried material is not
B4 limted, and for exanple, a shape such
as powder or block can be listed. [0027] 1In the case
fiin the atbmizing etdp,msalid miattetoeontained incthe rwaimedterial liquid is atomized
activity or inprovenent of the catalyst activity is

indgs iatddlizirgt tdnk PPSEsiig Qant Atofiixidg! MRasté auyls tasahémugdnizer. The
by heating the dried material. A nmethod for heating

atbizMY st fstrot ui@dﬂsmeusaa?,eﬂowéww@feacﬁﬁ inthé g@!gg step is further

met hod of prelim'nary calcining at the tenper e

g[r\]ﬁg f Egg{g : 00C for about 1 to 5 hours

mjlri'o ovl\?gof a‘ﬁgigﬂi[}ng at the tenperature range of from
0?%3 to 650C 9 for about 1 to 20 hours is preferable.

[ 28] In the case of producing a nolded catal yst, a

i ed terial, adried material prelimnary .
2@@&3’2@%“&’1@5&% emﬂeri al may be nol ded at an
appropriate stage. A nmethod for nolding is not .
Farthere ateeatmyent isuch avidrying, heatings andpralding cap bgicagied out, when it
nmet hod such as a supporting nolding, a pelleting

ismeddddng, or an extrusion nolding can be adopted.
[0029] (The step of washing with the basic sol ution)

[o0B6]t he present invention, a surface of at |east one
devi ce equi-pped in an apparatus for the production of

QAHNiYS to be viBd BaddMilgd iPndtasdricaly linfiftd, and for example, a tray
dryer, a spray dryer, a drum dryer, or a slurry dryer can be listed. Now, ﬁﬁng means an
operation in which a substantially solid dried material is obtained by evaporating a pa.rt
of or all the liquid from the raw material liquid. A drying temperature is preferably 30 to
150°C in the case of the tray dryer, and 100 to 500°C as an inlet temperature in the case
of the spray dryer. A shape of the dried material is not particularly limited, and for
example, a shape such as powder or block can be listed.

[0027] |

In the case that the dried material does not have catalyst activity or improvement of
the catalyst activity is desired, it is possible t;: give the catalyst activity by heating the
dried material. A method for heating is not particularly limited, however, for example, a
method of preliminary calcining at the temperature range of from 200 to 400°C for

about 1 to 5 hours followed by calcining at the temperature range of from 400 to 650°C



[0030] The surface of at |east one device equipped in
the catal yst production apparatus neans a surface to
which a catalyst raw material to be introduced at the
time of catalyst production, a catalyst precursor, or
a catalyst contacts. For exanple, an inner wall of a
tank such as a blending tank, a m xing tank, an agi ng
tank, a concentrating tank, or an atom zing tank, a
sufface qf .an internal. device such as a stirring
f‘lﬂéi??‘&tel té‘rozoah‘:t‘l‘ésa’lsé’ﬂ'efg@b& in the tank; an inner surface
of an accessory device such as a strainer or a punp
[@W2Bhched to the tank; an inner wall of a piping
connected to the tank; a surface of a dryer which
danthectasevwof praducingeaimblded datalyistj @ddded anateriald a dried material
material; or a surface of a nolding nmachine which
HitigGY Taltided, 8r ARhRined miteribiemap b aolded at Friate stage. A
material can be |isted. [0031] A solution or a slurry

m%ﬁ{bﬁi%f‘fngﬂ%i%@%’l ﬁg&?gﬁig?lgqm%, ¥R fHekambleS B'hdlding Hethod such

Iron an S to Oor remains’ 1L h the form

. r 0
i Btibob R § peéfaltng B ofuf Snifon mAlBiLod R adopted
[@%er and adheres to 10 the surface of ‘the device
r dried. Further, there is a case that a solid
matter deposits _on_ the surface of the device fromthe
ddhestepof grashing vith the pasie selgtioRhg the raw material s
and adheres to the surface of the device during the
datthe prsensrinimtionom sufacefof @t leastconecdevide,equinped i an apparatus for
Further, there is a case that an adherence to the
theypréductonbf tdtalysids mashedowith a basibsohutibna contact with a
solid matter already attached to the surface of the
[ods@] ce. The solid nmatter usually contains nolybdenum
bi sruth, and iron. When the catalyst is produced
: . , o ol ] _
g??da o) iegéf rrgt? %egftds%éoﬁt@gihﬁ;éﬁgﬂ, c:\ltﬂatﬁffscia&r‘%%v mat (‘a:hi)hf;lilﬂpl

el S o7 WAL SR AR oo FERATEREF e e of catalyst

I'vVel'y as a ace
of, the device, the catalyst .raw et al introduced
DRSS Ay o PTORTESOB) G, Rl FoOBIact o CEAIR fL o wall of a
catalyst raw_ material, the catal yst precursor,: or the
{sueh, 83 a blRding tank.» mhng &e g, ek, onegniating tank, or an

atomizing tank; a surface of an internal device such as a stirring device or a heater used

in the tank; an inner surface of an accessory device such as a strainer or a pump attached
to the tank; an inner wall of a piping connectedtoﬁetankﬁasmfaceofadryerwhich
contacts with a material to be dried or a dried material; or a surface of a molding
machine which contacts with a material to be molded or a molded material can be listed.
[0031]

A solution or a slurry containing raw materials of molybdenuﬁ_l, bismuth, and iron
and the like adheres to or remains in the form of pool on the surface of such a device.

There are many cases that such a liquid residue becomes a solid matter and adheres to
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the case of producing the catal yst using a device
havi ng such a residual material on the surface, the
present invention is characterized by previously
washi ng the surface of the device with a basic
solution. [0032] 1In the present invention, surfaces
of all the devices having the residual material may
be washed with the basic solution, however, for

UERPRLE of 8 g3t el TUAES BHE Rad Bk £ LIS Wattr deposics
..cgncentrat | ank (hereinafter, _expressed, . .
of B4 SiaeS o %AV Shofd &% shiyhcpLon e ARk chmiping dh.pew materials
aé(gg&nti on is effective when washing with the basic
qrethiq thee siirface Plothe deyiqenduring e, catalystoproduetiona pr pfter the
effective when the washing with the basic solution is
cataliysti praduption: urthey, there ind casedhatrainiadherencato, the bwrfargiof he device
tank, and the concentrating tank. In this case, when

o¢dues thraugh a gontazt with akelid eesttet alreddyratiathedofoalie sufute lof ¢he device.
like) of the tanks to be washed, it is preferable to

TH@8dlid RGEr isBAIRY Baltaids WidtPsdea s, BisRiuls dn@I8Id) Wheid the catalyst is
the tanks. Further, the present 11 4 I invention is
pRULEA aifin " hstid®a il BhvillB! £ dofltign o*¥luity) ] £Nolid matter

the surface of the device Suc

Ryl Bk P 3980, o A
ok Sl e 5 B, o " s o

m&i ncl udi ng the surface of the internal device when

isaiakmtrodpead, ithe solyion ekthecdyrry saehef whichy epntaing theccatalyst raw
a case that bulk density of the catal yst powder )

maisrigl, thel casglystt preaursar, ontheofatalyit wongctsrtd the burfatery thidevice. In
raw material liquid increases and it becones difficult

the @asepodptoducing) thecmtaly st sbingavdivice/havingesuvhl d wesidual material on the
reproduci bility. Further, there is a case that the

suefak8) 18 fprademane@ioh’io WBMB%MM%@&E surface of the

| ow activity. These tendencies econe nore pronm nent

dei@nvith g basPYalutigd, t he residual naterial exceeds 50 g
- per 1 ' ' :
[0032]

In the present invention, surfaces of all the ‘devim havmg the residual material may
be washed with the basic solution, however, for examplé, only specific devices sﬁch asa
blending tank, a mixing tank, an aging tank, and a concentrating tank (hereinafter,
expressed collectively as “tanks™) may be washed. The present invention is effective
when washing with the basic solution is carried out to the tanks, and particularly
effective when the washing with the basic solution is carried out to any one of the
mixing tank, the aging tank, and the concegtl'ating tank. In this case, when there are
internal devices (a stirring blade and the like) of the tanks to be washed, it is preferable

to wash these internal devices and piping together with the tanks. Further, the present
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7

n8 of the volune of the device. As this reason, it is
presuned that a particle having a seed crystal of the
residual naterial generate in the raw material liquid
and this particle cause the increase in the bulk
density and the lowering of the catalyst activity.
Consequently, the present invention is preferable when
the anbunt of the residual material exceeds 50 g per

.1 nmB of the volune of the devic¢e, and, nore preferab ]
inpRten 5 RGNS HROTo o TRidyal SRAIHA in RS R01 Lf Uacs Ohipe device
g per 1 nB of the volume of the device. [0034] In the _.
aspa ealichmalter, st sush a solid mattérafor expmples one\in géhichhisgtl gnd iron
the residual material is existing, is washed with a '
fobasi solid ablution withlde!ytwdéduml tridxidecani bedisted. not
particularly limted as long as the basic sol ution
[0p38f acts with the residual material, however, .in the
“case of the tanks, a nethod of introducing the basic

SRhel R EHE)LI%I Stlf g.lﬁé;ilfﬁsé&\%ﬁeﬁlétg{iﬁlt #)oﬁn \Gnthe stiPfabld I0¥the device

to stand or . . an b_eIistepI.
G5 B 20 PAGAA ey B B 18 ot BB JeEHS] ocomes
e, gt & gy bl ey OF s pofydes Hiaibfi by St teast one of

device_is_equi pped. As the nethod of fluidizing the

daying, and salcining dhe mawematerish digyid dncregses and gy becomes difficult to
stirring blade or a method of circulating a |iquid

proddtce thewatabyst powider withtexdellent ogeaducibilityn %Bmers isgncase that
is not particularly limted as long as it is the one

the watulyse prodiced frafrosuchragcatalpst powvder had adowe activity. These tendencies
sol vent. The basi c substance contained in the basic

bétdhié! tbre ,?ierhﬂm UtRenkth® drrifunt BOHR resTBLA rehteelS]l exdSedshS0 g per 1
sol vent of the basic solution, water, alcohol, or the

o} 52U A adcents W s, BRI s e i o

o SRR B SARERP B o 8 S 1T s price
o8t S e S 548" e A o R b sy sy

listed. As L. » i
Consequently, the present invention is preferable when the amount of the residual

material exceeds 50 g per 1 m® of the volume of the device, and more preferable when
the amount of the residual material exceeds 100 g per 1 m’ c;f the volume of the device.
[0034]

- In the present invention, the surface of the device, on which the residual material is
existing, is washed with a basic solution. The method of washing is not particularly
limited as long as the basic solution contacts with the residual material, however, in the

case of the tanks, a method of introducing the basic solution in the tanks and then

leaving the solution to stand or fluidizing the solution can be listed. When there is an

internal device having the residual material on the surface, it is preferable that washing

12



t he basic substance, at |east one kind selected from
the group consisting of an oxide, a hydroxide, a
carbonate, and a bicarbonate of an al kaline netal is
preferable, and a hydroxide of an alkaline netal is
particularly preferable. Further, as the alkaline
metal, potassiumis preferable. [0036] The
concentration of the basic substance in the basic

SRSy b ot BLEDP Biptyciok o il miEE. inHE B imerna
b7Er G eiped s B miethodof AR e SoRHPR<loB FraRpleon method of

di ssol ution of the residual, material and the |ike, i

R & ptiring blade g amaethed of gireulgingediquid pithya pusep can be listed.
washi ng effect, and nore preferably 50 to 70C [0038]
(G085 1 The washing time is not particularly linited as
long as it is enough for reducing the residual

nEhe basit solution\is mot iparticulplyelinited a8 1bAg @'t iR éCobtained by
washing till the anobunt of the residual materi al

dR¥GIFing® baNic istiBstdidef iR CE s@ibedth The BYiie ‘gugﬁ&%e&m%n&i f the basic
f I f evice, nore

|l ess per 1 nB o the volune of the
I t'ﬂ¥%% SRl .
Sdtg%g&? F%?i %ugl% Errg‘taeé i a éﬁlﬁlgﬁ@ ng o'nA% #eé %‘;&P?%Wﬁ’?ﬁé solution,
[ C S..30 r.less, .and furthe re .
vBRE SRtE SRS 1R o L iR SneCH A P DIRe ASdbe Besie substance,
fnateri§£ S rfﬁftl .,removed or dissolved. It is_ .
9 X AImP g, 128 Grivdeordde, ccarhenats, ¢T & bicarbpgrate of gnalkaline metal
residyal material existing on the surface of the
susby 5 Bthinmg sodiumg [potassiizm, jon rubidivmioor an raxidse ob @clidsexide of an
ostwashing carried out after the washing with the '
dﬁa&nq:ew metabsuchea mmagnesiuing calcinivg Istrgntivenpatchatine can be listed. As
residual material. The concrete washing tine is
thecvasiglsubstantep et tastonerkind kéledled froatha EoY csistitg of an oxide, a
residual material, or on a kind or an anount of
hydroxide, a carbonate, and a bicarbonate of an alkaline metal is preferable, and a
. hydroxide of an alkaline metal is particularly preferable. Further, as the alkaline metal,
potassium is preferable,
[0036]

The concentration of the basic substance in the basic solution is preferably 1 to 10%
by mass, and more preferably 2 to 6% by mass.
[0037]

The temperature of the basic solution to be used for washing can be optionally
selected taking account of the extent of dissolution of the residual material and the like,
however, it is preferably 40 to 80°C in point of washing effect, and more preferably 50
to 70°C.

[0038]
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the basic solution, and cannot be absol utely said,
however, generally, it is preferably 1 to 5 hours and
nore preferably 2 to 4 hours. [0039] This washing can
be carried out any one of under pressure above

at nospheric pressure, under atnospheric pressure, and
under reduced pressure bel ow at nospheric pressure. It
is preferable to carry but under t he reduced pressure

i 4553 B BB 0 B i e

devi ce mhen t he washing i,s carried qut under
residypldeaeptle boweer lslsmrsf%a% fac anjnge thegvaship Lt?qg;ag:ount of the

(gauge pressure). [0040] Whet her the resi dual
resisiual haterinloexisingron td sudiaceryf the slavieg becomestSkgiar less per 1 m’ of
judged through exam nation such as visual inspection
thefvolunse ofithé deviceimoleerelerdbiectordontihueee washitipdill the4nibust of the
[0041] The nechani sm of the reduction of the residual

reSFugY hidteriaV em-ﬁh'grma Wie burflte SR deviod Webdifies 30 "Ptor less, and

cI ear however, |s presumed t hat, - when t he resi dual
412! préRAIEN ﬁilﬁ YelitigdlCmafeRi81 is perfectl
nltratereact W|tha SIC su nce teo %‘o?glma neutrfelSp ey

rebfivpd S BRI LT bt RBR 38%%@#5&9' ¥t A tCampunt the
_ relgx{g}g%lhe tetia g{:,l,gﬁ%g %Hgtgg % ?l}e 8?90&; éﬁg\}}é ?@fsgm&n ﬁ:e above

di ssol ve the residual materi al Is preferable
range hecause 9 postwvashing camied aut ﬂﬁ@r ﬂ@xmm& m ha% golution

basi c sol ution because it can reduce waste. [0043]
cannot substantially remove the residual material. The concrete washing time is variable

depending on a kind or an amount of the residual material, or on a kind or an amount of
the basic solution, and cannot be absolutely said, however, generally, it is preferably 1
to 5 hours and more preferably 2 to 4 hours.

[0039]

This vwnﬂﬁng can be carried out any one of under pressure above aunospheﬁc
pressure, under atmospheric pressure, and under reduced pressure below atmospheric
pressure. It is preferable to carry out under the reduced pressure from the viewpoint of .
absorption of vapor generated by heating, and the like. The pressure inside the device
when the washing is carried out under the reduced pressure is preferably —0.05 to
—0.001 MPa (gauge pressure).

[0040]

Whether the residual material has been reduced by washing or not can be judged
through examination such as visual inspection of the surface of the device which was
{ washed.
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(Postwashi ng step by a solvent) In the present
invention, it is preferable that washing a surface of
a device with a solvent (hereinafter, expressed as a
"postwashi ng") be carried out after washing of the
surface of the device with the basic solution be
carried out. The nethod for the postwashing is not
particularly limted as |Iong as the solvent contacts
Oﬁhgr the surface of the device which is washed with
1 basi c sol ution, however, in the case of the
postwashi ng of the tanks, a method of introducing the
She\mechanism afthe taductionof the sesidual material hy washing withghe basic
stand or fluidizing the solvent can be listed. In the
sabatiom istat clehe howevercit i presamed thaty when thewnesidual rmiterial contain a
washing with the basic solution has been carried out
solid mhiie dFtahitrate) dic hiatd Ry With adbasiccsubstnce)ty fopeda nétral salt
is preferable that the postwashing be carried out in
sthdlafty! Radoved 8r 'cﬁgsﬁfv@@ﬁdi"ﬁ \he SuifgceS6t! 't!ﬁoﬁéjnceo‘ﬁité RBe basic
nethod foy fluidizing the solvent, for exanple,
od of rotating a stirring bl ade or a nethod of
circulating a liquid with a punp can be listed. 16
44] The solvent to be used for the postwashing is
[ particularly limted as long as it can renpve a

nmetal ion contained in the basic, solution such .as an
dnithe rase thatthg basic splution, iexen a@ushmw “ﬁghee&ehﬂs ability
water is preferable. As the water, for exanple a pure
togamene opdissalve theahsidu anaterial; it is;preferable e teusp therbasisrsolution in
runni ng water can be listed, however, one that
the anxtowashirg with thedwmiorsolution beciuseit @n reduce a¥asteum i on i s
preferable. The electric conductivity at 25C of the
[00asEr to be used for the postwashing is nore
preferably not nore than 10 nS/ mand particularly

RPsiehaithy sepby ARbRehf)an 1 NS/ m  [0045] The

tenperature of " the solvent to be used for the

PR P AR I
slTSeh TR, e A o ac gL Sached 55 B waghing of e
su.ltrPaxe:e of the device with the basic solution be carried out. The method for the
postwashing is not particularly limited as long as the solvent contacts with the surface
of the device which is washed with the basic solution, however, in the case of the
postwashing of the tanks, a method of introducing the solvent in the tanks and then
leaving the solvent to stand or fluidizing the solvent can be listed. In the case that the
device has an internal device and washing with the basic sohition has been carried out in
the state that the internal device is equipped, it is preferable that the postwashing be -
carried out in the state that the internal device is equipped. As the method for fluidizing
the solvent, for example, a method of rotating a stirring blade or a method of circulating

a lignid with a pump can be listed.
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sol vent in point of washing effect, and nore -
preferably within the range of from50C to the
boiling point of the solvent. [0046] - Wen the
postwashing is carried out using water as the solvent,
namely, washing with water is carried out, it is
preferable to continue or repeat the washing with
water till pH of the wastewater at 50C after the

lﬁﬁiﬁing with water becones 9 or less, nore preferable

[ ontinue or repeat till pH at 50C becones 4 to 9,

- and furthernore referable to continue or repeat til
phheziol stk wsed Sorthe pogtwaghing ipot partiqularly imited, py @ns as it can
to continue or repeat the postwashing till the sum of

renmove ca tneddl i ion contaimed ol thel basic selutidn sochd asian adlkalinermetal or an
earth netal in the wastewater becones 50 ng/liter or

alksitfe edrthdmizRil chowsvet, evatel & prefaable) Asahe fwvata) it exaiviple, a pure
the sum becomes 10 ng/llter or less. [0047] 16 f The

whieR | YR - BkkhaRgedORafel! & | REHIRA! waldY, 68 ﬂﬁnﬂﬁdﬁiter can be listed,

préssure above atnobspheric pressure, under

th'gﬂ. th BhERYe gnl 133 et{ngfdﬁo«ﬁe iR 0K 5 fEtefile. The

at hoSphertc ~pressure. ) carry
under e reduce re fro he VI of

cleE B G Sapek GR e vt By oA G CE A
i ke.. The pressure inside the deyice en t he

prsER by At mgrs than A0 mY/m @altpaafaﬁ}&fy Y agymgretban, 1 gS/m.
is preferably -0.05 to -0.001 MPa (gauge pressure).

(G046} 8] (Prewashing step by a solvent) In the present
invention, it is preferable that washing a surface of
élitbetmnparaulmehoﬁthesmlmno (becusednfok tthe postwashingominale aptionally

"prewashi ng") be previously carried out before
selévidtl alingfacttint Df thedtemtiofrbmalitng afoinitof thd'Badiaisdlation and the

solution be carried out. The nethod for the

Y, ARG i roPOHab it 4he e df Hors 9096 tb Rkbciling BSint of the

sol vent cont cts W t
solvent in point of washing effect, and more preferably within the range of from 50°C to

the boiling point of the solvent.
[0046}

When the postwashing is carried out using water as the solvent, namely, washing with
water is carried out, it is preferable to continue or repeat the washing with water till pH
of the wastewater at 50°C after the washing with water becomes 9 or less, more
preferable to continue or repeat till pH at 50°C becomes 4 to 9, and furthermore
preferable to continue or repeat till pH at 50°C becomes 6 to 8. Further, it is preferable
to continue or repeat the postwashing till the sum of oancentrahom of an alkaline metal
and an alkaline earth metal in the wastewater becomes 50 mg/liter or less, and more
preferable to continue or repeat till the sum becomes 10 mg/liter or less. |
[0047] -
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surface of the device having the residual material,
however, in the case.of the prewashing of the tanks,
a method of introducing the solvent in the tanks and
then Ileaving the solvent to stand or fluidizing the
solvent can be listed. In the case that there is an
i nt ernal device havi ng the residual material on the

surf ace, is preferable that the prewashing be

rie in the state that the internal device i
Z@maﬁﬁwhgs B caireout iy ouh of B HiFRea pis slmospheric
for exa amethod of rotatlngastlrrlng bhgde or
pressuligyt afm‘aaph@m atessiyecand yader raslyaed pressits belawatmospheric

listed. [0049] The solvent to be used for the
pressaneJh isprefesable ¢d carabbyt under theaneduced pressuvecfrom the viewpoint of
di ssolve a part of the residual material, and nore

abpofitivnadl yapon getieratéd by teating, cand the ﬂike.e’Kmrpfeesum igsidecthe device

wat er, an ion-exchanged water, a distilled water, or a

whiek) B Sost@hsing ANoarfiGl biiSirér HHIONRNG. préfierd R5referably —0.05 to

contains little amount of sodiumion or calciumion 1s
The el ectric conductivity at 25C of
_%égﬁmhgﬂgg{'@@g%gd for the prewashing is preferably
[d@g? nore than 10 nS/ mand particularly preferably not
L than | nS5/m It is preferable to renove a part
cé t he residual ter| al by the prewashi ng because it
i &FYUFRY of the basic solution to be
used. [0050] The tenperature of the solvent to_be
Uscthe fRsesenh invispiam Shisprefernblp dhat jvashing a purfaeq et adevice with a
tal dng account of the extent of dissolution of the
solesit dhateinadies r éxpressed as e “prewveshingidves, previously carried out before
preferably within the range of from20C to the boiling
washifig of thet suefacs of therdevice witi thie bafic\wehition beadafrist gutnThemethod
preferably within the range of from50C to the

£d? Gthé ipp@waRiny! is Hot ipaRichRirlyCiithited® 8§ IdiR A thél sdlvent contacts with the
preférably within"the range of from380C to the
siftflck! 88 RO dabice  ndvify SRE Y& luall f3tHHal, however, in the case of the
prewashing of the tanks, a method of introducing the solvent in the tanks and then
leaving the solvent to stand or fluidizing the solvent can be listed. In the case that there
is an internal device having the residual material on the surface, it is preferable that the
prewashing be carried out in the state that the internal device is equipped. As the
method for fluidizing the solvent, for example, a method of rbtating a stirring blade or a
method of circulating a liquid with a pump can be listed. |
[0049]
The solvent to be used for the prewashing is preferably one that can remove or
dissolve a part of the residual material, and more pfeferably water. As the water, for
example, a pure water, an ion-exchanged water, a distilled water, or a running water can

be listed, however, one that contains little amount of sodium ion or calcium ion is
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The prewashi ng can be carried out any one of under
pressure above atnospheric pressure, under

at nospheric pressure, and under reduced pressure bel ow
atnospheric pressure. It is preferable to carry out
under the reduced pressure fromthe viewpoint of
absorption of vapor generated by heating, and the

li ke. The pressure inside the device when the

prewashing. is, carrjeq out er. the reduced ssure .
prbferabie. ecalechric gondyotiyity et weigs i B sl 5 ths prewashing
. [OOSZL (Method for using the catalyst) In the next
is preferably nas mare tean ¥bmS(miand partisulasly not mare than 1 mS/m.

explained. It is preferable that the catal yst be used
It ispreferabld ad rémove arpart ofithe oesidiil fimaterial ibyathé ipressashing because it

however, the catalyst may be used in a particle form
canfteduckithe &héwil dfdise basiaslution t6®8akéd.ons Wi || be

expl ai ned using, as an exanple, the cases in which, by
[gggti,]ng this catalyst, an 18 \ 4 oxidation reaction of
i sobutylene, TBA, or MIBE (hereinafter, also expressed

T8 BEbbEt e AP TR uflt B0k gHErdailly oon o gptionally
sl R RRRg P B el B PO O s B il B e ke,

and acrylic acid (hereinafter, also expressed .. .
howsves dt s, ereferably withim therapge) of r@mﬂ@éa) toathe Roiling pgint of the
out. [0053] When the oxidation reaction of the
solveab in poinhef washingeeffack anorg preferablst withinghe range od frome50°C to the
like is carried out, a feed gas containing the-
bailimgpoint efithe soivetteand particudarlyrpteferablyrwithin yigerangs of from 80°C to
brought into contact with the catalyst. The
thé Boilidgpoditiof theddoldeng | sobutyl ene or the like in the
feed gas is preferably 1 to 20% by vol une, and the
[oo®i@r ratio of the isobutylene or the like to oxygen
Is preferably 110.5 tol/3. Water vapor may be added to

1, S SFARAF o, M P el I Bk gt

pressure, under atmospheric pressure, and under reduced pressure below atmospheric

pressure. It is preferable to carry out under the reduced pressure from the viewpoint of
absorption of vapor generated by heating, and the like. The pressure inside the device
when the prewashing is carried out under the reduced pressure is preferably —0.05 to
~0.001 MPa (gauge pressure).
[0052]

(Method for using the catalyst)

In the next place, the method for using the catalyst will be explained. It is preferable
that the catalyst be used in a molded form or a supported fbrm in a ﬁxed bed, however,
the catalyst may be used in a particle form in a fluidized bed. Reaction conditions will

be explained using, as an example, the cases in which, by using this catalyst, an
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Further, the reaction pressure is preferably 0 to 300
kPa (gauge pressure), and the reaction tenperature is
preferably 250 to 400C, and the contact tine is
preferably 1.5 to 15 seconds. [0054] When the

oxi dation reaction of propylene to acrolein and the
like is carried out, a feed gas containing propyl ene
and nol ecul ar oxygen is brought into contact with the

catal yst. The Qn entrat| of - pro ne in hefeed
oxg@éwps 0% Ogowﬁ?é@e mhsr

rati o of pr op Iene to oxygen is preferably 1/0.5
collectively \ast Eisobutlene omtheelikaflictle methasroleipeand)asethagrylic acid
the concentration of the water vapor is preferably 1
(hereindBigh, bylsy odxpressed-wollectively hes Fmethacmieipr axls dhe like™) and an
preferably 0 to 300 kPa (gauge pressure), and the

oxiddiohi redttiof HIPré e toSachsleintind Heyylieidid (heféifiifier,dlsb expressed
the contact tine is preferably 1. 5 to 15 seconds.

§c1'd present i nventi on
co% y(:}sgxp al ngghby exa ’z‘pgfetes aerﬁidagorrpar ative -

[oﬁé‘fj”p' es, [0056] |Isobutylene conversion, selectivity
0 "met hacrol ein, selectivity to net hacryl ic acid, and

etk e eSS %%?raﬁ”%ft@&#%”&f%mmmdw

cal cul ated by the follow ng fornul ae. 1sobuty ]in

likeotsvearsed qut, 0 feed gasprontaining theeiselutylgne pr (th# like and molecular
met hacrolein (%9 = (CA) x 100 Selectivity to

oxygemisdmgught intoicontasy with (Y egtalyst The consentrationaifdhe igpbytylene or
+ D)/B} x 100
the like in the feed gas is preferably 1 to 20% by volume, and the molar ratio of the

isobutylene or the like to oxygen is preferably 1/0.5 to1/3. Water vapor may be added to
the feed gas, and the concentration of the water vapor is preferably 1 to 45% by volume.
Further, the reaction pressure is preferably 0 to 300 kPa (gauge pressure), and the
~ teaction temperature is preferably 250 to 400°C, and the contact time is preferably 1.5
to 15 seconds. |

[0054]

When the oxidation reaction of propylene to acrolein and the like is carried out, a
feed gas containing propylene and molecular oxygen is brought into contact with the
catalyst. The concentration of propylene in the feed gas is preferably 1 to 20% by
volume, and the molar ratio of propylene to oxygen is preferably 1/0.5 tol/3. Water
vai)or may be added to the feed gas, and the concentration of the water vapor is
preferably 1 to 45% by volume. Further, the reaction pressure is preferably 0 to 300 kPa

(gauge pressure), and the reaction temperature is preferably 250 to 400°C, and the

contact time is preferably 1.5 to 15 seconds.
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In the above fornmul ae, A represents nunber of noles of

i sobutyl ene reacted, B represents nunber of noles of

i sobutyl ene supplied, Crepresents nunber of noles of

nmet hacrol ei n produced, and D representsS nunber of

nol es of nethacrylic acid produced. The analysis was

carried out using gas chromatography. [0058] Further,

reaction rate (catalyst activity) per nass of catalyst

is aflowrate of a raw material per mass of,

catalyst and tinme (N Jkgh) under the conditions that

reaction tenperature is fixed and conversion of

i sobutyl ene which is a r FXKMMPRLES is approximtely:

fixed. [0059] Reference Exanple 1 20 To bl endi ng tank
[0055]L, 000 parts of pure water was introduced, and 500

parts of ammoni um par anol ybdate, 18.5 parts of

FAereithfien, iy piederiSintértion?Will be axphintd byekampiey and comparative

trioxide, 14.3 parts of potassiumnitrate, and 496.-3
eﬁﬁéﬁﬁﬁ_of 20% by mass silica sol were added, and the

resultant m xture was heated while stirred to prepare
K@kgﬁid A which is a blended Iiquid. [0060] To

ding tank 2, 850 parts of pure water was

BB o BB F SR TR b s
R SE S e S e R S5 1 o

parts - of ferric nitrate, 494.4 parts of cobalt

yipld") weee, calowdatad by thefollowintg formulagi t rat e were ‘
successi vely added and di ssolved to prepare liquid B
whi ch i dscbubtlerd@avessipn (%) £ QUBIx 100si ng t he bl endi ng
tank 1 as a mxing tank, the liquid B was added while

Ui o ) RGP o i or 1 al 1§ qui ¢
Selectivity to methacrylic acid (%) = (D/A) x 100
qutal yield (%)= {(C+D)B} x100 |

In the above formulae, A represents number of moles of isobutylene reacted, B
represents number of moles of isobutylene su;‘:pliéd, C represents number of moles of
methacrolein produced, and D represents number of moles of methacrylic acid produced.
The analysis was carried out using gas chromatography.

[0058]

Further, reaction rate (catalyst activity) per mass 'of catalyst is a flow rate of a raw
material per mass of catalyst and time (NL/kg-h) under the conditions that reaction
temperature is fixed and conversion of isobutylene which is a raw material is
approximately fixed.

[0059]

Reference Example 1
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was transferred to a aging tank, heated to 95C, and

aging of the raw material liquid was carried out for

90 m nutes. Subsequently, using the aging tank as a
~concentrating tank, concentration of the raw materia

l'iquid which had been aged was carried out at 103C

[ 0062] Subsequently, the concentrated raw nmateri al

liquid was drawn out fromthe concentrating tank, and

made into dried spherical particles using @ spra

oy blending dani i ds000apariiapf PRre 3t WAk, fasfadipsth 4 500 parts of

cal cined at 300C for 1 hour, and further calcined_ at
anfOftiufro pasininiybdate, 0155t parts of cammoniven narafugestate, 24.1 parts of

(catal yst powder). -The average particle dianeter of
adhhﬁarﬁaﬂr@km%d 143t prissof patassidimmitrateaadd 496.3bpdrks df36%at hy mass

of the calcined catalyst was 1.00 g/nm. The average

SiRG §d1ChEreCAdABR! SHd VRSTeRBIRAN TRiknRY Washéatell Whileattined to prepare
21 S production in Reference Exanple 1 (including the

lic@#f&%xh%glﬁcﬁ’isf‘bl H#Q%‘E‘?‘,i'dew ce equi pped inside), 120 g

residua al containing nol ybdenum
0@{5 th, and iron per 1 nB of each volune of the
[ ding tank 1 and the agi ng tank existed,

respect.ively. fact that nol ybden bi s n o
Toewbing o K00 oars i pye st wREICdbassy 4 gapert 6k 60% by
confirmed with | CP spectronmetry. Further, the amount

mass nitrie acids was aldedeand the resyliant sgivsion; wagpadg omogeneous, and 57.2
determned in such a way that the catal yst was

partseofi hismith nitrated weascaddpd asd disselved.yTathe mysulignibsplutions 228.8 parts
same operation, and the residual material was

_ oft Garfit Whitritte, 194 4ppghisi pf foobalt trieate i nhd (AT ghrts e zinc nitrate were

bl ending tank 1 and the aging tank. [0067] To the

sueb&RfleRtadddl bnd disSslved 'R O@g%éra@iqllmfa wihii¢His ol demied tigaids

the residual material, time as nuch as the
[0 3? me of the blending tank 1 of pure water at 60C
pe ctric conductivity at 25C being 4 nS/ n) was

et U AR BBy Aot i
was St NPA &y S dgpid 0 St OF stitef"fid oot Bfleribl liquid
was transferred to a aging tank, heated to 95°C, and aging of the raw material liquid was
carried out for 90 minutes. Subsequently, using the aging tank as a concentrating tank,
concentration of the raw material liquid which had been aged was carried out at 163°C.
[0062]

Subsequently, the concentrated raw material liquid was drawn out from the
concentrating tank, and made into dried spherical particles using a spray dryer. The
- spherical particies were preliminarily calcined at 300°C for 1 hour, and further calcined
at 500°C for 3 hours to obtain a calcined catalyst (catalyst powder). The average particle
diameter of the calcined catalyst was 54 um, and the bulk density of the calcined

catalyst was 1.00 g/ml. The average particle diameter was measured by laser diffraction
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[0068] Subsequently, after all the pure water used
for the prewashing in the blending tank 1 was

di scharged, 0.98 tinme as nuch as the volunme of the

bl ending tank 1 of 4% by mass potassi um hydroxi de
aqueous solution at 60C was introduced to the bl ending
tank 1, and the blending tank 1 was washed for 1 hour
while stirred with a stirrer. The washing wth a

basi ¢ sol ution s carried out adjusting the.pressure .
prpustine o e P aos b rmgie icioeldine B sutaest & it S8AEE Spipped
_pressure). [00691 Subsequently, after all the )
ingide ) 420 ghefithe residund maieriad gentgising melybdsmem; bismiths and dron per 1

in the blending tank 1 was di scharged, 0.98 tinme as
mProf kacksvdlinme wofitherblending tankb] endiitregagifg tanktexistéds mesipactively. The

tank 1 and the aging tank which were used for

fapt @t eidigbdeiems disauth] andirofwei® kontdined i the sdvidhal material was
the sane manner as in Exanple 1. The states of the

coMRiedal Ry 1ebt ecﬁ&iE&?gFu&ﬁlﬁ, Heendbntt doe residafldnmfah@ial was

agi ng tank were about 1he sane as those in the case

oo BPER) fermid o f A £35S e el e Sl PGy produced by
tank .1 and.the aging tank thus ed_wer e, used nd
PRSI CARYInE O Mo amns SREratan. i, A peRisiel dteria) Y, gurefully
reacti on producing t hacr.ol ei nd thacryljic acid
sarapeehuPSEMR the Birfacpue! e blndnedak flp@bg%a le 3
The bl ending tank 1 and the aging tank which were used
[0067] pr oduci ng the catalyst in Exanmple 2 were washed
in the sane manner as in Exanple 1. The states of the
Visthe bienelingathhle i, ovathiei sarface diwhikh tieire) gistathe fesidaalomaterial, 0.98
agi ng tank were about the same as those in the case
tife 450 as the TORNSAOE thy BRadimeeranls 1 6f Pafeewanreat 60°C (electric

Exanple 1 was carried out except that the bl ending
cdrIBkitPRD S0tk B S /A widintod@ieshd'® pRewiiBihg was carried out
once for 60 minutes under stirring. The prewashing was carried out adjusting the
pressure inside the blending tank 1 to —0.01 MPa (gauge pressure).

- [0068] |
Subsequently, after all the pure water used for the prewashing in the blending tank 1
was discharged, 0.98 time as much as the volume of the biending tank 1 of 4% by mass
potassium hydroxide aqueous solution at 60°C was introduced to the blending tank 1,
and the blending tank 1 was washed for 1 hour while stirred with a stirrer. The washing
with a basic solution was carried out adjusting the pressure inside the blending tank 1 to
-0.01 MPa (gauge pressure).
[0069] | ‘
Subsequently, afier all the potassium hydroxide aqueous solution used for washing in

the blending tank 1 was discharged, 0.98 time as much as the volume of the blending
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and the catalyst of the third batch was produced, and
the reaction producing nethacrolein and nethacrylic
acid fromisobutylene was carried out. [0075] Exanple
4 The blending tank 1 and the agi ng tank which were
used for producing the catalyst in Exanple 3 were
washed in the sanme manner as in Exanple 1. The states
of the wastewater after washing, the blending tank 1,

agj wer.e e sane s_t hose i.n
e thendiiclan s s S R gD oDk B 8° miodnfiae the catlyst n
Ref erence Exanple 1 was carried out except that the
Exmepleli gver%\maaggcthm the, samg MGUASANAS ihEXampladg Wher gates of the
used, and the catalyst of the fourth batch was
wistewterafier avashingethedsending: tankod aoi e agiag pobeire abgyt the same
1 Catalyst Selectivity to Selectivity to Bulk density
asGhoseTiatthé case &if Exafiple 1 1 Thersinhaprooédire asid Rafergrice Example 1 was
catal yst (N /kgh) (% acid (% powder (g/m)
caldEHANGR 1thd, ta§k41 ?agingoﬁngﬁﬁi@%hbd were used,
2,250 88. .0 88.1 0. nple 272,310 88.7 4.1 882

el %ocﬁ'téﬂﬁpf%&gés%ﬁ@d B‘%t%le&%eﬁ géﬂ«"%’dﬁé%g%%oﬁ producing
mnd. 88 Zﬁ%‘a'?lg?‘?%%ﬁﬁ%@ug%?ﬂg%aﬁe% o 88.0

[089 arative Ex. 3 2,100 88.5 3.8 87.7 1.15

Example 3

The blending tank 1 and the aging tank which were used for producing the catalyst in
Example 2 were washed in the same manner as in Example 1. The statgs of the
wastewater after washing, the blending tank 1, and the aging tank were about the same
as those in the case of Example 1. The same procedure as in Reference Example 1 was
carried out except that the blending tank 1 and the aging tank thus washed were used,
and the catalyst of the third batch was produced, and the reaction producing
methacrolein and methacrylic acid from isobutylene was carried out.
[0075]
Example 4

The blending tank 1 and the aging tank which were used for producing the catalyst in
Example 3 were washed in the same manner as in Example 1. The states of the
wastewater after washmg, the blending tank 1, and the aging tank were about the same
as those in the case of Example 1. The same procedure as in Reference Example 1 was
carried out except that the blending tank 1 and the aging tank thus washed were used,

and the catalyst of the fourth batch was produced, and the reaction producing
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. ‘ Conparative Ex. 4 1,150 88.4 3.8 87.6 1.19 [0080] In
the exanples, the catalyst activity, the selectivity
to methacrolein, and the selectivity to netharolic
acid were obtained with excellent reproducibility.
Further, the bulk density of the catal yst powder was
'stable. On the other hand, in the conparative
exanpl es, the catalyst activity, the selectivity to
O\rﬁﬁﬂacrolei n, and the selectivity to netbacrylic acid

[ bad in reproducibility, and the bul k density of
the catal yst powder becane |arger as the nunber of
Tablerks of the batch. 27 L's Wiat is clained is: 1. A

mettod—forTproducrng—a catat yst ConpriSing or yodgnum

bi smut h, apd Cenalyst, | Selegivitsion(y Selectivity ops of ;.  washj Buik density of
surface of|at | east|one devi ceequi pped i|n Tetal ydgkbal at us

for the prpdugtivitpn DfmetiRabidiny st methserylidi ¢h a sol i d catalyst
matter adhpres, with a basic $olution; and gwpduc|ng

the cat alystmm ne appparat s f@fedhe|producti op pavder (g/mi)
catalyst thus was 2. The pethod for lproducingia

| yst, agco 'gtoc m 1] wherein fhe al ypt i
%@e‘%#%r’l od%g{"ﬁng an ulﬁggéatur at ede4é1 dehyde gﬁ% an 100

upsat rate 0X cid throu as- ph

cePlli ¢ bxi gﬁ? N g-bpyl bne, qﬂ’soguty}oeﬁéf 0.99

tertiary optyl al conol or hyl tértifary butyl]

eBmepledi t h| oPAHLI af ox%%n. . THd net hod #&¢ 0.99

productng—gcatatys dbbUldiHJ to—ctar L, wher e the

CBianmiplest |5 0380 fpr ps®Tuci hg amklunsaturad®d nitril 4.00

+hreough—gab—phase—eptabyrHec—afrox-dat+on—of -

p leane, | i sebog vyl ene, gog teftiarye butyl akgohol | W tip9s
H..a .

nolecular pxygen an monia 14  The netthod for

ﬁm g il cgg ys acggggdin; to,,emy one ofssgl ai s 100

to 3, =|n’ pasic _solulion I's thé one abtatned

L=

C‘E%’ﬂ?{lsfﬁo of 1306 on| de €y oxi 2 & dar pBA: o, [ ang M1

bi car bonat ] of an a kal i ne nefal

Comparative Ex. 2 1,793 88.5 -39 87.8 1.13
Comparative Ex.3 | 2,100 88.5 - 38 - 877 LIS
Comparative Ex.4 | 1,150 | 884 3.8 §7.6 119
[0080] |

In the cxaqlples, the catalyst activity, the selectivity to methacrolein, and the
selectivity to methacrylic acid were obtained with excellent reproducibility. Further, the
bulk density of the catalyst powder was stable. On the other hand, in the comparative
examples, the catalyst activity, the selectivity to methacrolein, and the selectivity to
methacrylic acid were bad in reproducibility, and the bulk density of the _cataly#t powder

became larger as the number of times of the batch.
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and an oxi de and a hydroxi de of an al kaline earth

nmetal in a solvent. 5. The nethod for producing a

catal yst according to any one of clainms 1 to 4,

wherein the washing with the basic solution is

carried out till the solid matter adhering to the

surface of the device to be washed in the step of

washing with the basic solution becones 50 g or |ess

per 1 nB of the vol une t.he devjce. 6. The net hod

for producing a catalyéﬁﬂgé%g?ﬁ? %t o any one of

claims | to 5, wherein  the device to be washed in the

step of washing with the basic solution is selected-

from 28 a mixing tank in which a raw material liquid
L.cAnpethednfpr girpduding @l eatalystscarnprising myolybdenusut bismuyth, iagd iron,

prepared, an aging tank in which the raw nmateri al
cdmysrisinp the skegedf:whi | e heated, and a concentrating tank

in which the raw material liquid is concentrated, and

4l sulfR@eiftue leadd b ddvicedriipiied ifl Qi spParafild for fiePro@uction of

of the device. 7. The nethod for producing a catalyst

caflyst 0l Pk Elsﬁigw e %gfés% ai:g?i@ sBtidfSda N the

p of was basi c utron 1s carried out

A e
p?ﬁ?czﬁ% B RRe BiR éﬁgﬁ%%h ﬁ%%ﬁ%?g?%inéf Bl ?hﬁ%fed-
rthe c ri sing the, st of .washi t he surfage o .
2. Hie Sehod o progticlilc SataRist Breprait 1o saim Lo whelpi e, Soalyst is
t he basic solution with a _solvent, at |east one of
usgd o progyeing sa ynepturaied aldehydaand ap wasatursted caphayylig geid through
and after the step of washing with the basic sol ution.
g®-phise-catalytio dxidatiorpefptopylene, dsabatyd enes tertianyhutyladcahel, or methyl
claim8, wherein the solvent is water. 10. The nethod

teftinty potytiethengith nidéaqlarixygacording to claim 9, wherein
the water has an electric conductivity of not nore

3.t T methodSoMprdducink® cBRly30 dcddrtlinR! 0 Ligin g, ﬁ\rh@ﬁhﬂlth@%atalyst is

according to claim?9 or 10, wherein the washing wt
o5 s g e ol e it o
BB ool D S o504t i
4.%%1%13@10‘1 for producing a catalyst according to any one of claims 1 to 3, wherein
the basic solution is the one obtained by dissolving at least one selected from the group
consisting of an oxide, a hydroxide, a carbonate, and bicarbonate of an alkaline metal,
and an oxide and a hydroxide of an alkaline earth metal in a solvent.
5. The method for producing a catalyst according to any one of claims 1 to 4, wherein
the washing with the basic solution is carried dut till the solid mafter adhering to the
surface of the device to be washed in the step of washing with the basic solution
becomes 50 g or less per 1 m’® of the volume of the device. | |
6. The method for producing a catalyst according to any one of claims 1 to 5, wherein _

the device to be washed in the step of washing with the basic solution is selected from
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the washing with water is carried out after the step
of washing with the basic solution till a total
concentration of an al kaline netal and an al kal i ne
earth netal in the wastewater beconmes 50 ng/liter or
| ess. 13. The nethod for producing a catal yst
according to any one of clains 8 to 12, wherein the
step of washing with the solvent is carried out under

a hifKNG SEhKBL SN § rav? haaterial liquid comprising all the elements composing the
catalyst is prepared, an aging tank in which the raw material liquid is aged while heated,
and a concentrating tank in which the raw material liquid is concentrated, and washed
together with an internal device and a piping of the device. |

7. The method for producing a catalyst according to any one of claims 1 to 6, wherein
the step of washing with the basic solution is carried out under reduced pressure

8. The method for producing a catalyst according to any one of :cl_aims 1 to 7, further
comprising the step of washing the surface of the device to be washed in the step of
washing with the basic solution with a solvent, at least one of before the step of washing
with the basic solution and after the step of washing with the basic solution.

9. The method for producing a catalyst according to claim 8, wherein the solvent is
water.

10. The method for producing a catalyst according to-claim 9, wherein the water has an

electric conductivity of not more than 10 mS/m.

11, The method for producing a catalyst according to claim 9 or 10, wherein the

washing with water is carried out after the step of washing with the basic solution till -
pH of a wastewater at 50°C becomes 9 or less.

12. The method for producing a catalyst according to any one of claims 9 to 11, wherein
the washing with water is carried out after the step of washing with the basic solution
till a total concentration of an alkaline metal and an alkaline earth metal in the
wastewater becomes 50 mg/liter or less.

13. The method for producing a catalyst accordmg to any one ofclmms 8 to 12, wherein

the step of washing with the solvent is carried out under reduced pressure.
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