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1 PROCESS FOR PRODUCI NG COVPLEX OXI DE CATALYST

BACKGROUND OF THE I NVENTION Field of the Invention 5

[ 0001] The present application clains the Paris

Convention priority based on Japanese Patent

Application No. 2009-226690 4filed on Septenber 30,

2009, the entire content of which is 'incorporated

herein by reference. 10 The present invention rel ates

to a prk F GrOR JrisehRiG WY £ @8t O Ht al §5t

usi ng a conpl ex oxide containing nolybdenum and

cobalt as a raw material. Description of the Rel ated

Art 15 [0002] Conpl ex oxide catal ysts containing

mol ybdenum and B&G6BEROUNCt Rér TdEhAVYENEdEeRNW del y used.

Exanpl es of such conpl ex oxide catal ysts include a
Fiebapbéxtbgi daventabypst for use in production of

acrolein and acrylic acid by vapor phase 20 catal ytic
[0o6&1di zati on of propylene with a nol ecul ar oxygen

(Patent Publications 1 and 2); a conplex oxide

cat aTystpfesentisepphipabdoct conins dbeyPeeciaciCdnbgntion

vapor phase catalytic oxidization of propane with a
primtetyl hasedygeanJepPahest PRubhicabiddcid)ioca Sonpl@x9-226690

oxi de catal yst for use in 25 production of
fiaedybongeptkrbby BaporopbaseheataltytrieCc c2ntemoxifdatiien is

of propyl ene or propane with a nol ecul ar oxygen
incorporated herein by reference.

The present invention relates to a process for
producing a complex oxide catalyst, using a complex oxide

containing molybdenum and cobalt as a raw material.

Description of the Related Art
[0002]

Complex oxide catalysts containing molybdenum and
cobalt hitherto have been widely used. Examples of such
complex oxide catalysts include a complex oxide catalyst for
use in production of acrolein and acrylic acid by vapor phase
catalytic oxidization of propylene with a molecular oxygen
(Patent Publications 1 and 2); a complex oxide catalyst for
use in production of acrylic acid by vapor phase catalytic
oxidization of propane with a molecular oxygen (Patent
Publication 3}; a complex oxide catalyst for use in

production of acrylonitrile by vapor phase catalytic
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and anmoni a (Patent Publications 3 to 5); a conpl ex

- oxide catalyst for use in production of nethacrolein
and nethacrylic acid by vapgr phase catal ytic

oxi di zation of 5 isobutyleneor tertiary butyl al cohol
with a nol ecul ar oxygen (Patent Publication 1); a
conpl ex oxide catalyst for use in production of

lonitrile h oyapgr hase catal ti
miF S35 6 Iﬁo%%oProe%%qu SheP stf*eFt F* BuP§iesPEaRoP <Y Ien
ith . ol Paten
SR S i LN e Ui et S P
%oi use_in ﬁroductlon of acryllc &ﬁld b Lyapar phase
Catat¥pit f@r o%FRi 28t POABFEACFOPEI e ?ﬁrB elhi 824l ar
Pat ent. Publicatio 00 3 eral, any
meUFX‘gﬁ%% CconpfeRYoXPHEY cR aﬁﬁsFétP Y %&Q&ﬁé&l@;} of
. mxing raw nmaterials for catalyst vvlth vvater to form
lS%UEkjg%%sogoFabeﬁrar baaméoaécghallr Yithr ¢i Agierylar oxygen
resul ti ng aqueous solution or aqueous slurry, and
(PREFRFnFRBLiEABIPRSLI f afit CEFPEA%sBKLES ﬁétﬁﬁ§sﬁaﬁ@r use in
materials for such a_ catal conpounds each
Pr%@%@hiﬁﬂn@foﬁ@tbﬁcfﬁéoﬂé§5éiﬁlb% yePelrehbAts wALtaRYtic
constitute the catalyst are used in required _anmounts.
ammpidetionhef el aputiyéancasrt hercanrivabetival lcghol with a
mol ybdenum cont ai ni ng conpound, a cobalt-cont ai ni ng
mo keppbandoxvand apdi apaphya éPéﬁﬁpﬁuﬁdbmpéﬁl@@ﬁt &i aeda 5) /
catal yst- constituting el ement other than nol ybdenum
an@nd cobplex(ekidasbcpanékstPhbri saei dnsprodygcgion3of acrylic
0004
acgd by]vapor phase catalytic oxidization of acrolein with a

molecular oxygen (Patent Publication 6).
00031

In general, any of these complex oxide catalysts is
cbtained by mixing raw materials for catalyst with water to
form an agueous solution or aqueous slurry, drying the
resulting aqueocus soluticon or agueous slurry, and calcining
the resultant dried solid. As the raw materials for such a
catalyst, compounds each containing one of the respective
elements which constitute the catalyst are used in required
amounts. That is, there are used, as the raw materials, a
molybdenum-containing compound, a cobalt-containing compound,
and optionally, é compound which contains a catalyst-
constituting element other than molybdenum and cobalt (cf.

Patent Publications 1 to 6).



Pat ent Publication 1: JP-A-2008-231044 Patent
Publ i cation 2: JP-A-2005-187460 Patent Publication 3:
JP- A- 2002- 239382 5 Pat ent Pup%ication 4:
JP- A- 2006- 061888 Patent Publication 5. JP-A-7-51570
Patent Publication 6: JP-A-7-10802 [0005] However,
the conpl ex oxide catal ysts obtained by the 10
[daygﬁentional processes are not always sufficient in
their catalytic activities in the vapor phase

cat alyti ¢ .oxj dat.i on.. reactions, >ci.al in
prod&%%#%ﬁ:g#&ﬁﬁ§§ﬁﬁf§%§d éﬂgzhfggﬁfg%%“t%%aturated
car baoxyl i ci.d.. [QQ06] .1 | ect e present
i nve%i(aiycoeﬁl% } Urtﬂér‘%f Oé-] to %‘%eoe% ]pﬁ)%:{e@s f or
prodygcing.a.compl ex .oxide catal yst |ch exhibits a
supeﬁa&—re%gatPéﬁ Jicc?‘)i‘?}&r’f\%'tyjaﬁ"r%"\?aopo&_ & catal ytic
oxi dation reacti.on, especially in production of

5 Unsatared ARICRARL Bhd untatia G Gyl i ¢ aci d.
20 SUMVARY OF THE I NVENTION _[0Q07] As a result of the
pr es &R SV ENParieaiitensi v dUdi¥s /%0t is found
that _a conplex .oxide catalyst with sufficient 25
- cat alfftcE taduRdiicp s e ptfoducked 48P2 he use of a

conpl ex 4 oxide containing nol ybdenum and cobalt as a
[OC8% Imat erial for

However, the complex oxide catalysts obtained by the

10 conventional processes are not always sufficient in their
catalytic activities in the vapor phase catalytic oxidation
reactions, especially in production of unsaturated aldehyde
and unsaturated carboxylic acid.

[000¢6]

15 An object of the present invention is therefore to
provide a process for producing a complex oxide catalyst
which exhibits a superior catalytic activity in vapor phase
catalytic oxidation reaction, especially in production of
unsaturated aldehyde and unsaturated carboxylic acid.

20

SUMMARY OF THE INVENTION
[CO07]
As a result of the present inventors' intensive studies,
it is found that a complex oxide catalyst with sufficient

25 catalytic activity can be produced by the use of a complex
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catalyst, that is, by mxing this conplex oxide with
an acid and water to prepare aqueous slurry, drying
this aqueous slurry, and calgcining the resulting
dried solid. The present 5 invention is acconplished
based on this finding. [0008] That is, the present

i nvention provides the following. (1) A process for

o R R R ALl HAAe B the Bt dprepgial for
Ca%fbg|§'n%ha ggﬁlg@fgé%ﬁglc ntalnlggﬂholybde mandarl eid

ana ryln% t he aqueous slurr and caIC|n|ng t he
e?ﬁFFin COPFEF3SE BERSCHS e €8 106k iGled ianuerus
item (1 rein the conplex OXIde IS obtalned by
Slleflyhg %?dnﬁlagﬁ&élﬁﬁlﬁ# Ehisd resvtin g S rdsst iy c@ﬁﬁl pxesent
._oxi de catal yst which has been used in a vapor phase
INYERERPEY &Sof?.ca?efﬂpéﬁ sfesctieged Wt H-helrd
gxtractlng sol ution obtained by dissolving at Ieast
H8lof ammonia and an organic base in water, to
thereby extract nolybdenum and cobalt in an aqueous
phaséla8r yengthRi eregeaguépysntiase pravd deal ¢ihe g ltlisaving.
resultlng dried solid under an atnosphere of an
(1oxi dPzPRECEAS. TP3) PTREUSEBEeSs coabileed o deheaitsdms(tl)
or (2), wherein a ratio of nolybdenumto cobalt in
cophalpsnpl Brlakdgaums ahdogobalt , 1ZhagatZ erikech hltdre steps
ratlo 25 (4) The process defined in any one of the
ofj pérsng1}R £oMP3px 5xigkeceoint atime ngomplleddexiute and cobalt,
contains at |east one el enent
with an acid and water, to prepare agueous slurry; drying the

aqueous slurry; and calcining the resulting dried solid.

(2} The process defined in the item (1), wherein the
complex oxide is obtained by mixing a molybdenum- and cobalt-
containing complex oxide catalyst which has been used in a
vapor phase catalytic oxidation reaction, with an aqueous
extracting solution obtained by dissolving at least one of
ammonia and an organic base in water, to thereby extract
molybdenum and cobalt in an agueous phase; drying this
aqueous phase; and calcining the resulting dried solid under
an atmosphere of an oxidizing gas.

(3) The process defined in the item (1) or (2), wherein a
ratio of molybdenum to cobalt in the complex oxide is from

1 : 12 to 12 : 1 in molar ratio.

(4) The process defined in any one of the items (1) to (3},
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sel ected fromthe group consisting of potassium
rubidium cesiumand thallium (5) The process
defined in any one of the itens (1) to (4), 5 wherein
the amount of the acid to be lised is from1 to 20

nol es per one nole of cobalt in the conplex oxide. (6)
The process defined in any one of the items (1) to

5),._ wherein the acid is an ihorganic acid. (7
s SR AT S eI LHe 5§ ehpeq )01 GEgent
ép wher e n th Cld is nitric acid. (8) The process,
54 rr?ma Sorfd BIP tq?élﬁlt%hlsn‘z‘( of tRP‘i%Slu%elf‘éﬁﬂrfilumr
t he conpl ex oxi de catalyst is for use in production
CES WS urdtdd idMtehyde and unsaturated carboxylic
acid. (9) The process defined in any one of the |tens
(301) tTéle( @)rocef§ Wedridiad tife adonpsinex okitdee ddtetsystlli sto (4),
represented by the followng fornula (1):
WHIgE &BI"b FECCEMREBItCedk 19 aditerted he ivsathel § ofram al (19,20
Mo, Bi, Fe and Co represent nolybdenum bisnuth, iron
moded EBalone medgestl el A 170 thepransamitex ok edenent
sel ected fromthe group consisting of nicke

{éfangdheseroziens, dedliciewiminmegnesingmoft itrhearid: dremdt 1) Bto (5},
represents an el enment selected fromthe group
whegedinsttiveg aofid pglosywhdmes,gavdrcogciatsenic, tel lurium
tungsten, antinony, silicon, alum num titani um
(72i r c@hieuprane scedetiimed 2% raepr esentest drheelignem (1) to (5),
sel ected fromthe group consisting of 6 potassium
whegreiidi (ime eedidumsamd tirhial ldcurd. O represents
(8) The process defined in any one of the items (1} to (7),
wherein the complex oxide catalyst is for use in production
of unsaturated aldehyde and unsaturated carboxylic acid.
(2) The process defined in any one of the items (1) to (8),
wherein the complex oxide catalyst is represented by the
following formula (I):
MOaBibFECCOdAeB ngOx ( I )
wherein, in the formula (I), Mo, Bi, Fe and Co represent
molybdenum, bismuth, iron and cobalt, respectively; A
represents an element selected from the group consisting of
nickel, manganese, zinc, calcium, magnesium, tin and lead; B
represents an element selected from the group consisting of
phosphorus, boron, arsenic, tellurium, tungsten, antimony,

silicon, aluminum, titanium, zirconium and cerium; C

represents an element selected from the group consisting of
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| po%%ﬁégﬁ@d

oxygen; b, c, d, e, f and g are values satisfying the
foll ow ng equations, provided that ais 12 (a = 12): O
<b< 10, 0 <c < 10, 1 < d510, 0 <e< 10, O
< f 510 and 0 < g 5 s 2; afd x is a val ue determ ned
by the oxidation states of the respective el enents.
(10) The process defined in any one of the itens (1)
wherei n the aqueous slurr%;is dried and
AHE P4 Une SR é0Ced P 1a Udal CEEXEREMTS n
t he presence of a reducing 10 substance. (11) The
OX§988é3§fd§f'i Red & n ft REY PeRTELOR L UiSeSéith Stve Nfe dihe
treatment is carried out at a tenperature of from 200
folldowa0@Ceqa2)ofike provesedddétiatead il liRe (a eml@l0) < b <
(11), wherein a 15 rate of decrease in nass,
10at €r kbot 8d10p the HeatlOrettdents 10s roHnf 05 0L tand% < ¢
by mass. (13) The process defined in any one of the
< Btemnd(%0)ste vE1RE, detiereinethéyr étheciond daubstantaties of
hydrogen. [0009] 20 According to the present
thenvespieofiivehedeneatnsbe produced a conpl ex oxide
catal yst which exhibits a superior catalytic activity
(10h aThapprophasededtiakyt ic exivdaneorf rtéactitems (1) to (9,
especially in production of unsaturated al dehyde and
whamsahutatedqoapbexpllucraciic. dagaidn anac celdiimgd arichels then
25 present invention, a conplex oxide catalyst which
subjhkchetista @ heapetreantoahdl )it chacpirdsinceanbea reducing
produced by using, as raw
substance.

(11) The process defined in the item (10}, wherein the heat
treatment is carried out at a temperature of from 200 to
600°C.

(12) The process defined in the item (10) or (11), wherein a
rate of decrease in mass, attributed to the heat treatment,
is from 0.05 to 6% by mass.

(13} The process defined in any one of the items (10) to
(12), wherein the reducing substance is hydrogen.

[0009]

According to the present invention, there can be
produced a complex oxide catalyst which exhibits a superior
catalytic activity in a vapor phase catalytié oxidation
reaction, especially in production of unsaturated aldehyde
and unsaturated carboxylic acid. Again, according to the

present invention, a complex oxide catalyst which exhibits a
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mat eri al s, nol ybdenum and cobalt which are recovered
from for exanple, a nolybdenum and
cobal t -cont ai ni ng cat al yst ich has been used for a
vapor phase catal ytic oxidation 5 reaction. DETAILED
DESCRI PTI ON OF THE | NVENTI ON [0010] Hereinafter, the
present invention will be described in 10 detail. A

' | d h
o T SRt SR BE Brbati i Dot Lo ng et e bt nanass Fav
ni.n a_raw_mat eri

bal d
ma{goradin) By a%ﬁ?aﬂmaégﬁhsoP§§#nﬁPZ?Paﬁrﬁa§esgversﬁ from,
id i ch t
fo B e &P EBr RS Al arons B EhBrpah; fapgatalyst

cont ai ned, nma e a conpl ex oxide which contains.
b e 1 oo R e  Gbngt FARPF vBRRBE a5 o GHEAE SOBLRBE Lon
t hap nol ybdenum and cobalt, together w th nol ybdenum
re3qioRobal t. Exanpl es of other metal el ements
constituting the conplex oxide include bisnuth, iron,
ni ckel , manganese, zinc, 20 cal cium nmagnesium tin,
| ead, phosphorus, boron, arsenic, tellurium
tungst en, ]S ?4\%%9 DESFREBRIOHI OFi Rtk IWE%IMQN]
zirconium cerium potassium rubidium cesium
(08%4l 1ium vanadium copper, silver, |anthanum etc.,
anong which potassium rubidium cesiumand thallium
are Fregmabier, Pae[podigns imveationofihblybdeasnribed in
cobalt in the conplex oxide is usually from1l : 12 to
degail. 1A qemsflesaiide gratlely® tac®rding to the present

invention can be produced by using a molybdenum- and cobalt-
containing complex oxide as a raw material. The complex
oxide as the raw material may be, for example, a complex
oxide which contains only molybdenum and cobalt as metal
elements to be contained, or may be a complex oxide which
contains one or two or more constitutive metal elements other
than molybdenum and cobalt, together with molybdenum and

cobalt. Examples of other metal elements constituting the

-complex oxide include bismuth, iron, nickel, manganese, zinc,

calcium, magnesium, tin, lead, phosphorus, boron, arsenic,
tellurium, tungsten, antimony, silicon, aluminum, titanium,
zirconium, cerium, potassium, rubidium, cesium, thallium,
vanadium, copper, silver, lanthanum, etc., among which
potassium, rubidium, cesium and thallium are preferable.

[0011]
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nore preferably from1l : 3 to 3 : 1 (in nolar ratio).
5 The contents of the netal el enments in the

[ 0012]

conpl ex oxi de

can be deterntg for exanple, by

X-Ray fluorescence analysis. [0013] The nol ybdenum

and cobal t -cont ai ni ng conpl ex oxide of 10 the present
i nvention may be prepared froma nol ybdenum conpound
and ?%co al t

be p

r eﬁgverﬁ
usg

e

pe if i e S ttﬂq‘isff’qaq”aﬁtt?%’g?ee%%%@p Yoxide is

froma spent catalyst or the I or t he
f‘OXlﬁ% & be prdpa g rom §
catmagg (gkgl ut|n elenents recovered 15 fronra

as hotUedited pb? i HREndertiol .

ough produced as a catalyst or the like (e.g a
oxi de mhlch has been powdered duri ng the

th
[q dﬁplex

productlon st eps,

Tt RS GUE 1 & oncRTha L | DRRRETHRS (e Yhgejomplex oxide

det erd
However,
cay B t

a conpl ex oxi de which has

a Keggin type het er opol yacid is 20 excluded

TEigHsl

exE ki e hoviey aftRay hel usee sence

conpl ex oxi de obtai ned from catal yst-constituting

arg letfert

s recovered fromthe conpl ex oxi de al ready

used as a catalyst or the like is preferable. The
[Q817d of a catalyst for use in recovery of the
catal yst-constituting elenents is not 25 limted:
i . e. Thexawdlwxlafursuand asdial tystordral roiatal gansl fxorofide of
use i n vapor phase catalytic oxidation reactions, such
Thegs pare seattal iysterfiorornuger ¥ roprockizt Tanh Of oru res atal whdehum
al dehyde and
compound and a cobalt compound; or the same complex oxide may

be prepared from catalyst-constituting elemehts recovered

from a spent catalyst or the like:; or the same complex oxide

may be prepared from catalyst-constituting elements recovered

from a complex oxide which has no desired performance

although produced as a catalyst or the like (e.g., a complex

oxide which has been powdered during the productiocn steps, or

a complex oxide which has deteriorated due to a thermal load

or the like).

However, a Keggin type heteropolyacid is

excluded from these complex oxides. Above all, the use of a

complex oxide obtained from catalyst-constituting elements

recovered from the complex oxide already used as a catalyst

or the like is preferable. The kind of a catalyst for use in

recovery of the catalyst-constituting elements is not

limited:

i.e.

f

examples of such a catalyst are catalysts for

I
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unsat urated carboxylic acid, and a catalyst for use in
production of unsaturated carboxylic acid; catalysts
for use 5 in vapor phase catal yti c amoxi dati ons, such
as a catalyst for use in production of unsaturated
nitrile; a catalyst for wuse in desulfurization of
heavy oil; a catalyst for use in denitrification of
heavy oil; and catalysts for use in hydrogen
U dl HARAE GthaReaVsR Y R o L o 25 3/R 90, (Fech oS a
in.reformng (hydrogenol ysis) and a catal yst for use
C%‘ﬁél&fﬁﬁdr&%%ﬁﬁ orf Bt it L hdivrt Yt e lshiyde and
the catal yst-constjtuting elements fromthe conpl ex
UNSE T RN bt AGE And e cata Bowpl B oxgeleln
whi ch has no desired performance although produced as
PLodudtadigpstof dintp oA s el 16 3 xdd Gathlests for use
. aqueous extracting sol ution obtained by dissolving at
1N &Z$10T e Srastat abifpioh et i daivorm s afClareoryamalyst
base in water (hereinafter optionally referred to as
fogn Use rige ot igre st hentdat Ba i &imgt thlee comptata@lyst for
oxi de with the aqueous extracting solution,
U S | iy dfsrfvnh il sobiadt o erendty aztled a4 eatal et afpeouse in
phase of the aqueous extracting solution efficiently.
dergors]ficzs Mirer i Heedsasicl bompoherdtd kysinmofvm, use in
compound which 10 is deconposed to form amoni a
hydregsimdintesrtmoptti onal |heaneferyedsuah ass "ancatalyst for use
amoni a-form ng substance") may be
in reforming (hydrogenolysis) and a catalyst for use in

hydrogenation.
[0014]

As a method for recovering the catalyst-constituting
elements from the complex oxide used as the catalyst or the
complex oxide which has no desired performance although
produced as a catalyst, such a éomplex oxide is mixed with an
aqueous extracting solution obtained by dissolving at least
one basic component of ammonia and an organic base in water
(hereinafter optionally referred to as an extraction
treatment). By mixing the complex oxide with the aqueous
extracting solution, molybdenum and cobalt are extracted into

the aqueous phase of the aqueous extracting solution

'efficiently.

{0015]

When the basic component is ammonia, a compound which
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di ssolved in water, instead of the use of ammonia. As
the ammoni a-form ng substance, there are exenplifi-ed
ammoni um 5 car bonat e, anmoni hydr ogencar bonat e,

urea, etc. Each of these a ni a-f orm ng substances
may be used alone, or two or nore thereof may be used
i n conbinati on. [0016] When the basic conponent is an

. .0 ' e, t emplified, as.the
is ioBRhEoR8 oo L RPkE  Ahfientd, TUEHR b LS e r PRrnaRr Ly
n.n e.g., ,nethyl am ne,. di nethyl anine,
re DR ot ne R e PRy R E iAo B BengHRERE S Y may be
.triethyl am ne unsaturate i phatic _.am nes,(e.
a1 iFpDUmnS BEker 1 ARehE ns CRPOFFSI G ABJORAG. s che
‘aromatic_am nes ée.g., aniLine); 15 guatzrnary ,
STARHDHAT BT BONPotNES “e0ER" a5 RY Br 8XPdEECHRY 1 hAFPHJEEMOpH um
uaternarg annoniun1(e.g., t et ramet hyl anmoni um
cayRePAEE hy FERADARENT YHEBRBRGREPPRBERy! MARBNI GRF - Each of
tetra-n- grogylannnniun1 tetra-n-butyl ammoni um 4, 41-
thesd n@PRYT eAcbP ER4NAeERYFpRPERFdTAMN) PR used alone, or two or
benzgltrinethylannnniunl 20 dj benzyl di met hyl anmoni um
moye 1thenegf eRebi Be4La24- 10 g9BRLBBEEYBIO[ 2, 2, 2] oct ane)
trimet hyl adamant yl anmonium etc.); pyridine; and the
[0P1kE. Anong those, at |east, one of the anmines and
the quaternary ammoni a conpounds is preferably used.
Eachefr t Hed eLaf Janfenpasest nhy be osedniafoheSeor thabe are
25 or nore thereof may be used in conbination. 11
exempi¥fiqHe atnbee ofgablesbatet hampaskcssohpamseartuyated

be
aliphatic amines (e.g., methylamine, dimethylamine,

trimethylamine, ethylamine, diethylamine and triethylamine),
unsaturated aliphatic amines (e.g., allyamine, diallylamine
and triallylamine) and aromatic amines {e.g., aniline);
quaternary ammenium compounds such as hydroxides and halides
of guaternary ammonium (e.g., tetramethylammonium,
tetraethylammonium, n-propyltrimethylammonium, tetfa—n—
propylammonium, tetra-n-butylammonium, 4,4'-

trimethylenebis (dimethylpiperidium), benzyltrimethylammonium,
dibenzyldimethylammonium, l,1'—butylenebis(4—aza-1~.
azoniabicyclo[2,2,2]octane), trimethyladamantylammoniumn,
etc.); pyridine; and the like. Among those, at least, one of
the amines and the guaternary ammonia compounds is preferably
used. Each of these organic bases may be used alone, or two

or more thereof may be used in combination.
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di ssol ved in the aqueous extracting solution should be
| arger than the nunber of total noles of nolybdenum
and cobalt in 5 the conplex oxide which is mxed with
the same aqueous extractingldolution. Specifically, a
ratio of the nunber of noles of the basic conponent
to the nunber of total noles of nolybdenum and cobalt

' d ne or nore, preferably 2 or nore. As the aqueous
gl

racting solution, an agueous amonia 10 solution is
prefgrabl used in view of cost. [0018] The pH of the
aquedié R iy O14R iOh the hasis anporenr trorke
When this pHis smaller than 8, the recovery of
AIRAYBFRN U drite ERRAUT s aet e | sl @) eshoulid be larger
[0019] The tenperature for the extraction treatnent is
thsrefidiamiypienm D ot abolemred prel deddiyn fanin ddbabt in
80C. The tinme for the extraction treatnent is usually
the sirmnex mride ol Ao hoursed pridifertag ysdmomqueau 24
hours. 20 [0020] In the extraction treatnent, the
exdrrdett igy9 st ool dror  Siiexiidg ciella ve omplrext ioxiode that alydter of
and the aqueous extracting solution is not limted:
noflgs @darilee bagtie afordm erfudoust heexturdsts nyf stodttdl amlies of
and the conpl ex oxide nmay be added to the 25 ot her
motliyécegfun gmdbmolefl it hies agquecus rexta agtiaipsab Lt i Dromangbre .
12 a previously prepared aqueous dispersion of the
Asc gl eauedude exitiragatierg malbe caddeth taayudweaotdionia
t hereof; or at |east one
solution is preferably used in view of cost.

[0018]

The pH of the aqueous extracting solution is preferably
8 or more. When this pH is smaller than 8, the recovery of
molybdenum and cobalt tends to be insufficient.

[0019]

The temperature for the extraction treatment is
preferably from 0 to 100°C, more preferably from 10 to 80°C.
The time for the extraction treatment is usually from one
minute to 100 hours, preferably from 1 to 24 hours.

[0020]

In the extraction treatment, the order or methéd for
mixing the complex oxide catalyst and the agueous extracting
solution is not limited: for example, one of the agueous
extracting solution and the complex oxide may be added to the

other thereof; or one of the aqueous extracting solution and
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of ammoni a (or an amoni a-form ng substance) and the
organic base may be dissolved in a previously
prepared aqueous 5 dispersion_of the conplex oxide in
water. In this regard, pref%?ably, t he conmpl ex oxi de
is ground before the mxing. [0021] As a result of
the extraction treatnent, there are obtained an

2 3%%%3%‘136‘%?&%%”9 2 Y GRS S b e bk oxide

bdenum _and cobalt-c nin ueous sol ut.i aon"
B R R t@em?\ﬁe hetion S Sl st ome

The nmol ybdenum and cobal t - cont ai ni ng aqueous
S GFICHOR difd e STFESTIdUd O THEY rBERess) &7 dStfalqgganic
obtai ned as_slurry. 15 Accordlngly, this slurry IS
baé@cmsfe@eordlﬁaqléfre@d i g ROGIHAWS LY RFeRa1AGIEquUeouUs
filtration, filtration under reduce pressure,
digpessira ©f tohe icomrdrerc entide Ugnlwaias r aflpofshigo regard,
thereby take out only the nol ybdenum and
predisaiablyonttdieniosgrdque sust des dlutd i driee iy ddenuwix ing .
and cobal t - cont ai ni ng aqueous 20 solution is dried and
[Gi0€1tlhen cal ci ned under an at nosphere of an oxi di zi ng
gas, to obtain a conpl ex oxide which contains
nol yBderumesnd tcolfalthe [0G22|ctonditiemtanerdr, dihdng are
and cal cining the above-described 25 nolybdenum and
obtalialed eontagivsiong aiwerusadiai igry drifee nottd@-ted molybdenum
limted. Such conditions may be appropriately sel ected
anidn codeddr dédrege iwiatfitr er prpdciess flyr prfoducgdhg-@ danolen
conpl ex oxi de
molybdenum- and cobalt-containing agueous solution”) and a

solid residue derived from the complex oxide. The
molybdenum- aﬁd cobalt-containing agueous solution and the
residue, thus recovered, are usually obtained as sliurry.
Accordingly, this slurry is decanted or filtered, for example,
by natural filtration, filtration under reduce pressure,
pressure filtration or centrifugal filtration, to thereby
take cut only the molybdenum- and cobalt-containing aqueous
solution. The molybdenum- and cobalt-containing aqueous
solution is dried and is then calcined under an atmosphere of
an oxidizing gas, to obtain a complex oxide which contains
molybdenum and cobalt;
(00221

Conditions for drying and calcining the above-described

molybdenum- and ceobalt-containing aqueous solution are not
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or a known conpl ex oxide catalyst. [0023] 5 Wen
ammonia i s used as the basic conponent, the anmmonia
may be separately recovered and recycled. [0024] Wen
t he conpl ex oxi de catal yst f&F use in the above-
descri bed extraction treatnment contains cesium
together with 10 nol ybdenum and cobalt, the cesium
al.so can _be efficiently extracted into .the.aquequs .
Lg% And U OB LB e BV Ped BRIBPT {0GIY] Sl Sined i
way, .t he nmol ybdenum and cobal t-contai nin 15 co ex ,
acsH G PeFHEEST fhe i it ‘?“bn‘?or‘q%) % oxide
conmpl ex oxide is used as a raw material for a
Ot NP ComRl g% QR St Wit acid and water to form
%gyeous slurry; and this aqueous slurry is dried and
(Q023lhen calcined. [0026] 20 As the acid, there are
exenplified inorganic acids such_ as nitric acid,
sul f (e aempn iy drocHisst ias ddi”l, oaphos prompenetlei dtiadd
boric acid; and organic acids such as form c acid,
amgsatiia mes e papE el aciecomrsd i andAckecYvhe@ri c
acid, hexanoic acid, benzoic acid, oxalic acid,
(G 4di ¢ acid, 25 succinic acid, adipic acid and
phthalic acid, anong which 14 nitric acid is
pr ef éthelsl e.heEantrofest esielaciadsa iwst bEoxsese At oee dpove-
two or nore thereof may be used in conbination.
described extraction treatment contains cesium together with

molybdenum and cobalt, the cesium also can be efficiently
extracted into the agueous phase and thus can be recovered
well.
[0025]

In this way, the molybdenum- and cobalt-containing
complex oxide can be prepared. In the present invention,
this complex oxide is used as a raw material for a catalyst,
and is mixed with an acid and water tc form aqueous slurry;
and this agueous slurry is dried and is then calcined.

[0026]

As the acid, there are exemplified inorganic acids such
as nitric acid, sulfuric acid, hydrochloric acid, phosphoric
acid and boric acid;‘and organic acids such as formic acid,
acetic acid, propionic acid, butylic acid, valeric acid,
hexanoic acid, benzoic acid, oxalic acid, maloic acid,

succinic acid, adipic acid and phthalic acid, among which
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[0027] The acid may be used as it is, or may be used
in the 5 formof an aqueous sol ution. The anount of
the acid to be wused may be_so selected as to be

| arger than the nunber of | es of cobalt in the
above-descri bed conpl ex oxide. Specifically, the
amount of the acid is usually from1l to 20 noles,

. preferaply from2 t 0 e r_.one mnol.e, of t
N1YH-§ RS %é’?%ﬁ%@%&ﬂ%rﬁﬁ rﬁii%eﬁ%ea%lodn%l%aipg% yeed
with the acid and water to formaqueoys.slurry.is,.:
alofef P RbIYP fPoifer e ot aBBer oY ePhr BFE af)Pch%ﬁ?.aLBl?I&'
80C. The mxing tine may be appropriately selected in
(0% ¢tbrdance with the nixing 15 tenperature, etc., and
it is usually fromone mnute to 100 hours, .
pr ef BraA S d oy 10¢ 0199 haBir 5t 90207 PREnCEnBSaduiBushe
slurry is prepared by mixing the conplex oxide wth
formeoficid awdewasesoltheonr dethamiawthat 2ee farid to be
m xing themare not limted. The conpl ex oxide, the
usedimagnde wat etchagtpd AFxEd PA AATEpti bRap thGepumpsr of
exanpl e, one of the acid and a previously prepared
mo hgaeofiscapaper shohhef abere-eefAprekedx FABPILAZnWaKeAemay
be added to the other thereof; or one of the conpl ex
Spexiflecahliva phevepashy pfepheedcaguésuyspsldyl GEpsdnlofe 29
the acid in water may be added to the other 15
molber epfeferabhg 6fom Pr &vi dAshplpsepresdoaguipds of cobalt.
di spersion of the conplex oxide in water and a
[OpEeVi ously prepared

The temperature for mixing the complex oxide with the.
acid and water to form aquecus slurry is preferably from 0 to
100°C, more preferably from 10 to 80°C. The mixing time may
be appropriately selected in accordance with the mixing
temperature, etc., and it is usually from one minute to 100
hours, preferably from 1 te 24 hours.

[0029]

When the aqueous slurry is prepared by mixing the
complex oxide with the acid and water, the order and method
for mixing them are not limited. The complex oxide, the acid
and water may be mixed in an optional order: for example, ocne
of the acid and a previously prepared aqueous dispersion of
the complex oxide in water may be added to the other thereof;

or one of the complex oxide and a previously prepared agueous

solution of the acid in water may be added to the other
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aqueous solution of the acid in water nmay be added to
the other thereof. Preferably, the conplex oxide is
ground 5 before the m xing. 0030] The aqueous slurry
obt ai ned by m xing the conplé oxide wth the acid
and water may be singly dried and calcined; or a
mat eri al conmpound for introducing a netal el enent
ot her_ 10 t han nol ybdenum and cobalt nay be added to ,
LHerEAquébuL™d | 2 I%Re‘él%}tﬁ]t%ﬁ%eii’?%%g%qlimsi%l,SPersmn
before the m xing, before the drying or before the
ofe NG MR LBy Al i '0h 'L P et s BirdurePared
such a materjal conpound, it becones possible to
ARE YRSt Hdjausto fa dehpusid i gh Walieo Y the adglded to the
resul tant conpl ex oxide catalyst. [0031] As the
othge rtihe r edp o B fRaebilivy r dénge iavgra e todlidee | igneiround
ot her than nol ybdenum and cobalt, there nay be used
befipr oftiehauiggmsbunds, for exanpl e, the oxides,
nitrates, 20 sulfates, carbonates, hydroxides,
(dédtlaci ds or ammonium salts thereof, and halides, of
netal el enents such as bisnmuth, iron, nickel,
mangates @queons, sdalmiyumb treeigress iymmis img |tgaa,complex oxide
phosphorus, boron, arsenic, tellurium tungsten,
widht itienygcidcidridcomtat mEnumy $in@hy uigied ramhiaeicined; or
cerium potassium 25 rubidium cesium thallium
a wetadiial cogremd sidwem ansiddi nd antianm e JO032 other

than molybdenum and cobalt may be added to the aqueous slurry
at a suitable timing, that is, before the mixing, before the
drying or before the calcining. By addition of a
predetermined amount of such a material compound, it becomes
possible to desirably adjust a composition ratio of the
resultant complex oxide catalyst.

[Q031]

As the material compound for introducing a metal
element other than molybdenum and cobalt, there may be used
any of the compounds, for example, the oxides, nitrates,
sulfates, carbonates, hydroxides, oxo-acids or ammonium salts
thereof, and halides, of metal elements such as bismuth, iron,
nickel, manganese, zinc, calcium, magnesium, tin, lead,
prhosphorus, boron, arsenic, téllurium,_tungsten, antimony,
silicon, aluminum, titanium, zirconium, éerium, potassium,

rubidium, cesium, thallium, vanadium, copper, silver and
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It is also possible to adjust the conposition ratio of
the resultant conpl ex oxide by adding a materi al
compound for 5 introducing | ybdenum or cobal t, when
a nmetal el enment other thanlgglybdenun1and cobalt is
i ntroduced. As a material compound for introducing
nol ybdenum there are exenplified nolybdenum

1 rﬁﬁgpounds such as nol ybdenum tri oxi de, nolybdic acid

a "8honi um par anol ybdate. As a material conpound for

0 Q. introducing cobalt, there are exenplified cobalt

[ ounds such as cobalt nitrate and cobalt sul fate.
[0033] In the process for producinq}the conpl ex oxi de.
cat ditystS 5% REFHEER BT ok R IR DHst Iprrdhio of
drying and 15 cal ci ning_of the_ above-described aqueous

Cheg INASYL T P 187 AekHe 1By RSN i el dhecRmprind for

.~ (or_end use) of a desired catalyst, publicly known

1Intesialineh Bk e IFpIo T F 3L emh ey edl fokat hel grelesather
for producing the catal yst of the present invention.

tharp moydasnim viveh eiba bt ekl elh Bomplesd 20 Asxiad@aterial
catalyst is for use in production of unsaturated

conmg) de ranieh urmstit airrsd geb kdrdrerxyind cthetel, aamyepgnphefied
nmet hods and conditions disclosed in JP-A-2007-117866,

mo 12dRME0 Z-oTgZ8 R8s  IEIA-20 08> 535 nIP- - g0Bield 1e44ybdic
etc. nmay be appropriately enployed. Wen an intended

a ¢ igb rapice yarmnd reien® B apztred ygtda tse f oAsuse niat epricductinguafd for
unsaturated nitrile, any 17 of the nethods and

intggmbidiirgnsahisid odetke 1 i B4SupB08ted JRbdk 5% dG8dTnds
etc. nmay be appropriately enployed. Wen an

such as cobalt nitrate and cobalt sulfate.

[0033]

In the process for producing the complex oxide catalyst
of the present invention, conditions for the drying and
calcining of the above-described agqueous slurry are not
limited. In accordance with the kind (or end use) of a
desired catalyst, publicly known conditions are appropriately
employed for the process for producing the catalyst of the
present invention. For example, when an intended complex
oxide catalyst is for use in production of unsaturated
aldehyde and unsaturated carboxylic acid, any of the methods
and conditions disclosed in JP-A-2007-117866, JP-A-2007-
326787, JP-A-2008-6359, JP-A-2008-231044, etc. may be
appropriately employed. When an intended complex oxide

catalyst is for use in production of unsaturated nitrile, any
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i nt ended conpl ex oxide catalyst is for use in hydrogen
treatnent, any of the nmethods and conditions disclosed
in JP 5 A-59-69149, Patent Registration Nos. 3599265,
1342772 and 2986838, JP-A-2007- 152324, etc. may be
appropriately enployed. [0034) In the process for
produci ng the conpl ex oxide catal yst of the present

i nvention, the aqueous slurry, obtained, by ] Xi
Of (ThE QIS I 1 TR i ot IRy 6: B
nol ybdenum and cobalt, with the acid and water js
B-TfildBlahd et&. teh Rl IBRIERPT HovRle remii Y e abiRery fd
resulting catalyst is subjected to a heat treatnent
intigndare skt eBide £3 6ttt hgl 3 URE dite ThePEirdter
optionally sinply referred 15 to as "a reduction )
tragmmmentdn)y of tidre thetkedsi arAgcomhi kloreddEsFhpsed 1in JP-
treatnment is effective to inprove the catalytic
A-ERt6Yi4Y, Patdres dheal yorat Tom sNes f e282936kenh? kabi ¢ and
particularly when the catalyst for use in production
29848 38NSIR 461 @07 &l TRhSdle ahd. unsatloe azedrerr bak§ly cemployed.
acid is 20 produced. [0035] Preferable exanpl es of
[0G3] reduci ng substance include hydrogen, ammoni a,
car bon nonoxi de, hydrocarbon, al cohol, al dehyde,
anmi ren atee theodéke. fon phoducegar the t bemplueherx bfle 26atalyst
carbon atons in each of hydrocarbon, alcohol, al dehyde
of afige 18re sdmneihsept by abhy &goevidst slérrExahpbésedf by
Cl1-6 hydrocarbon include saturated aliphatic
mi Hyely ocies bemsp Seghorsdeetbaneining predetermined amounts of

molybdenum and cobalt, with the acid and water is dried and
is then calcined. However, preferably, the resulting
catalysﬁ is subjected to a heat treatment in the presence of
a reducing substance (hereinafter optionally simply referred
to as "a reduction treatment"), after the calcining. This
reduction treatment is effective to improve the catalytic
activity of the catalyst. This effect is remarkable
particularly when the catalyst for use in production of
unsaturated aldehyde and unsaturated carboxylic acid is
produced.
[0035]

Preferable examples of the reducing substance include
hydrogen, ammonia, carbon monoxide, hydrocarbon, alcohol,
aldehyde, amine and the like. In this regard, the number of

carbon atoms in each of hydrocarbon, alcochol, aldehyde and




et hane, propane, n-butane and isobutane; unsaturated
al i phati c hydrocarbons such as ethyl ene, propylene, a
5 butylene, R-butylene and isoputyl ene; and benzene.
Exanpl es of Cl1_6 al cohol inéPude saturated aliphatic
al cohol s such as nethyl al cohol, ethyl alcohol,
n- propyl al cohol, isopropyl alcohol, n-butyl alcohol,
i sobutyl al cohol, secondary butyl al cohol and
anigre | i pirfsrakl e oo™ Linkat &r afEdmnlissh&f &1ap hydrocarbon
al cohol s such as allyl alcohol, crotyl alcohol and
inpeitunde | Satura tethod 1 iphait bk dnol 5o CIskeRT esueh &1 Bethane,
al dehyde include saturated aliphatic al dehydes such
etdwmrior netaehyee, n-bicktnal aehyHeobprape onasderyaked
‘n-butyl al dehyde and isobutyl aldehyde; and
a linsied ti atlegd ad ¢ ahadns sbdehyslestlspbéndb msopgkohei n¢—
crot onal dehyde and mnet hacrol ei n. Exanples of Cl- 6
Dty Nend NCh-usier gainks adedl pbdophaylenan aes sechems. Examples
methyl am ne, dinmethyl amne, trinmethyl am ne, ethyl
ofndne, att@tdyl inahide sadutatedhyliphiheée ahsabhatatedch as
al i phatic am nes such as allyl amne and diallyl
n@h ye; a bfcshahj | ¢ ieyl Abbeehal } , n20rbydi ogénohgl, isopropyl
preferable as the reduci ng substance. Each of these
aYeshisl nonsisy angsesonay, besoisetyal ehephot , t mecondapyebutyl
t hereof nmay be used in conbination. [0036] The
al &shist | ondt reat teAy bstyusualbyhohrriurdabutabyd 2%iphatic
subjecting the catalyst to a heat treatnent under an
al&hat sospher £s 041 ayyasleonbaj nengtybeadboneidesdrnbetaliyl
reduci ng substance. The concentration of the reducing
aBebsbapcenkNphenols. Examples of Ci-¢ aldehyde include

saturated aliphatic aldehydes such as formaldehyde,
acetoaldehyde, propiocn aldehyde, n-butyl aldehyde and
isobutyl aldehyde; and unsaturated aliphatic aldehydes such
as acrolein, croténaldehyde and methacrolein. Examples of C;-
¢ amine include saturated aliphatic amines such as methyl
amine, dimethyl amine, trimethyl amine, ethyl amine, diethyl
amine and triethyl amine; unsaturated aliphatic amines such
as allyl amine and diallyl amine; and aniline. Above all,
hydrogen is preferable as the reducing substance. Each of
these reducing substances may be used alone, or two or more
thereof may be used in combination.
[00386]

The reduction treatment is usually carried out by

subjecting the catalyst to a heat treatment under an
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the gas is usually fromO0.1 to 50% by vol ., preferably
from3 to 30% by vol. The reduci ng substance may be
diluted with 5 nitrogen, carbon dioxide, water,
helium argon or the like td2 such a concentration. In
this connection, a nolecular oxygen may be used, in
so far as the effect of the reduction treatnent is
not inpaired. However, no use of nol ecul ar oxg en i.s .
atmpependl ef 20989037 ptTheiRenpRf atbPEer§rSERE0ed reducing
reduction treatnment (i.e., the tenperature for the _
subgben e eatTentcinraHe #lequetdbrifhe readyeiy swpstance 1n
preferably from 200 to 600C, nore preferably from 300
theog890s Fhealiwefrom Phé kredbekibs veéarnphefgsably from 3
(i.e., the time for the heat treatnent in the .
toraduchyonclt r tmeradud snqsuEtd sancomaEy ftaudesuted Zgith
hours, preferably from 30 mnutes to 10 hours.
nitf0988] Prebenabiyxithe wetacti baltpmat pepeni or the like to
conducted as 20 follows: the calcined solid (or the
sucbnpl exnoxnteatasval ysin thoid aicereafien, therchdcihingoxygen
is put in a tubular or box-like container, and is
matyhiea neddcetinwhbl €aa gasthentaifachgotfhéher eddochgon
substance is allowed to flow into the container. The
trgasmdhscharged impmitbd.cahdwwner, imothss ¢f emdheotlar
may 25 be circulated for recycling, as required. For
oxeyanple, ptb€c2Bbleatal yst is charged in a reaction
tube for use in vapor phase catalytic oxidation, and
[0a3gas containing the reducing

The temperature for the reduction treatment (i.e., the
temperature for the heat treatment in the reduction
treatment) is preferably from 200 to 600°C, more preferably

from 300 to 500°C. The time for the reduction treatment

(i.e., the time for the heat treatment in the reduction
treatment) is usually from 5 minutes to 20 hours, preferably
from 30 minutes to 10 hours.

-[0038]

Preferably, the reduction treatment is conducted as
follows: the calcined sclid (or the complex oxide catalyst)
obtained after the calcining.is put in a tubular or box-like
container, and is then reduced while a gas containing the
reducing substance is allowed to flow into the container.
The gas discharged from the container in this treatment may

be circulated for recycling, as required. For example, the
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substance is allowed to flow into the reaction tube
for the reduction treatnent. In this case, the
catal yst may be 5 subsequently subjected to a vapor
phase catal ytic oxi dation. Féosg] By this reduction
treatnment, the mass of the calcined solid (or the
conpl ex oxide catalyst) after the calcining is
usual |y decreased. This is considered to be attributed
catg iy std o ariatheld & 193 053y iR o § HES ¢ atal JRROT Phase
A rate of decrease in the mass of the catalyst due to
cati wiedustidatianeanm a7 ThRtHERINg reat mepRYCiRS
preferably fromO0.05 to 6% by mass, nore preferabl¥
slymaose 1o Hhdyedass. L Wienintdi the afeaeflgfeckeagelph the
the mass becones too high because of 15 excessive
reaductdron; redimnerat al yin dhdet icsistey dthe e tedtvty ray - gh
the contrary, sonetines tends to |lower. In such a .
suaseyuen ey catlal ysted stagai vapat chinese upaier Lyhic oxidation.
at nosphere of a gas containing a nol ecul ar oxygen, to
(A0 eby | ower the rate of decrease in the mass. The
rate of decrease in the nass of 20 the catalyst is
det erBy nedi byrddiecf obrt ot ergrrespuat i dne Rate of deereaseined
in mass (%9 = (the mass of the catalyst found before
sdhied r esiticth®ncop bak nentde theahpss) ohftbe theatbydtining is
found after the reduction treatnment)/the mass of the
uHed Bl y sdec2Sadodind efories tdungiethredd ao trea antbited to a
100 21 [0040] In this regard, the reducing substance
18ds ac fegwappsedice oxygen from the catalyst. A rate of

decrease in the mass of the catalyst due to this reduction
treatment (or the heat treatment) is preferably from 0.05 to
6% by mass, more preferably from 0.1 to 5% by mass. When
thisg rate of decrease in the mass becomes too high because of
excessive reduction, the catalytic activity of the catalyst,
on the contrary, sometimes tends to lower. In such a case,
the catalyst is again calcined under an atmosphere of a gas
containing a molecular oxygen, to thereby lower the rate of
decrease in the mass. The rate of decrease in the mass of
the catalyst is determined by the following equation:

Rate of decrease in mass (%) =

(the mass of the catalyst found before the reduction

treatment - the mass of the catalyst found after

the reduction treatment)/the mass of the catalyst

found before the reduction treatment X 100
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product derived fromthe reduci ng substance may renain
in the catalyst after the reduction treatnent,
depending on the kind 5 of the reduci ng substance or
the conditions for the heat 4lreatment. In such a case,
the mass of the residue in the catalyst is separately
measured, and this neasured value is subtracted from
the mass of the catal yst including the residue, and
[0¢4@] nass of the catalyst after the reduction 10
treatment is calculated. Since the residue is
t ypi Bal tlyis cee®bord, tHee needueing heubakedee @anabeecomposed
determ ned, for exanple, by neasurenent of tota
predudond¢oivad) fr¢mogis ptderintiesubsvendestpybegmain in the
reduction treatnment, if 15 needed, the catal yst may
cael pgyai af cat cthedredderian taeatwpher edepeadanfecnl dhe kind
oxygen-contai ning gas (this second calcining under
of t hiee at edsphey esob st hecapbecthar coxgigenensohtai hhaghgas
being optionally referred to as "re- oxidation"). 20
tr¢ddett Thelrconeenta atd se, ofhd e swl et uller oxygdme im the
the gas of the atnosphere for use in the re-oxidation
catslysvualsysépamielyond8%ubydyvobnd phébemabkyrérdomelle is
to 25% by vol. As a nol ecul ar oxygen source, there is
subistiat t yd usedm anhai ma o PAreh@scaxyfent whithding the
optionally may be diluted with nitrogen, carbon 22
redi oxé deanavaties, maeki oM thegontal ykheakke the wsduasion
the nol ecul ar oxygen-contai ning gas. The tenperature
tréQtméhe 1€-calculated. Since the residue is typically

carbon, the mass of the residue can be determined, for
example, by measurement of total carbon (or TC).
[0041]

After the above-described reduction treatment, if
needed, the catalyst may be again calcined under an
atmosphere of a molecular oxygen“containing gas {this second
calcining under the atmosphere of the molecular oxygen-
containing gas being optionally referred to as "re-
oxidation").

[0042]

The concentration ¢f the molecular oxygen in the gas of
the atmosphere for use in the re-oxidation is usﬁally-from 1
te 30% by vol., preferably from 10 to 25% by vol. As a
molecular oxygen source, there is usually used an air or pure

oxXygen, which optionally may be diluted with nitrogen, carbon
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oxidation is usually from 200 to 600C, preferably from
350 to 550C. The tine for the re-oxidation is usually
from5 5 mnutes to 20 hours, preferably from 30
mnutes to 10 hours. [0043]2@n the process for
produci ng the conpl ex oxide catalyst of the present
invention, if needed, the catalyst is nolded. The

nmol di ng met hod may be any of the conyventional nethods:
digy ¥ és@a%lfe,h%%/b%t %%Wn@? ERErus %ng%lﬂ?%ga%rghe
the like is enployed to shape the catal yst into
mGlefgsl ah e egen - PRbuI BINY parti cl B (FRRRIEIG Gihdhe re-
desired form The nolding processing nay be done in
oxime siamyel s tistal by Hedmr209 hec @0Yithg, pisfarabihegrom 350
cal cining, before the reduction treatnent 15 or after
ta hebt¢€ducThenttimeatfmenthel met-beineltdiong ipr oseedilyg from 5
inorganic fibers or the Iike substantially inert to an
mighjtezs i We 2@detion, nayeberalddediront he Barar§sttenl0 hours.
order to inprove the nmechanical strength of the
(@Al yst. [0044] 20 As described above, the conpl ex
oxi de catal yst of the present invention can be
obt ai redcheTher comgpd ekooxpreduchnal Yise aayptentakhde catalyst
nol ybdenum and cobalt al one as netal elenents, or may
oforfiaiprerenor inmveret het al 1 €l paedéed, othercathapst is molded.
nol ybdenum and cobalt as constitutive el enents,
THoget hetn@Sneihdd nod y bidenamyand tbbatbtnvExanphe$ methods:
ot her netal elenments 23 constituting the conpl ex
foxisleamal @) ysdblacl mndedbhgpuektrisdon moldkely, or the like is
manganese, zinc, calcium nagnesium tin, |ead,
enployed to shape the catalyst into rings, pellets, globular

particles, granules or other desired form. The molding
processing may be done in any stage, that is, béfore the
dryving, before the calcining, before the reduction treatment
or after the reduction treatment. In the molding processing,
inorganic fibers or the like substantially inert to an
objective reaction may be added to the catalyst in order to
improve the mechanical strength of the catalyst.

[0044]

As described above, the complex oxide catalyst of the
present invention can be obtained. The complex oxide
catalyst may contain molybdenum and cobalt alone as metal
elements, or may contain one or more metal elements other
than molybdenum and cobalt as constitutive elements, together

with molybdenum and cobalt. Examples of other metal elements
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phosphorus, boron, arsenic, tellurium tungsten,
antinony, silicon, alumnum titanium zirconium
cerium potassium 5 rubidium cesium thallium
vanadi um copper, silver, [%nthanum etc. [0045] The
above-descri bed conpl ex oxide catalyst is preferably
one represented by the follow ng fornula (r): 10
MbaBi bFecCoaAeBf CgOx (1) wherein, in the L or.mul a &I% .
conptlgIting B %m%%?e%h%ie GREybYRhuMiChRefubhSmEFEn Lron,
and cobalt, respectively; A represents an elenent
nigkd botBRNIRHAT ¢ heZ JROUPCRLASTRL | HBIBES AT ckbfn, Lead,
manganese, zinc, calcium nmagnesium tin and |ead; B
phasphepiesdpeEomNn el 8RRAE, sBEBLUBHURY oWFEét@PouﬁntlmonYr
consi sting of phosphorus, boron, arsenic, tellurium
silimest e&t‘]lUIahItﬂllIrmn?ltaéﬂlliﬂcohlrﬁpuwmunFEFiltllanl pRfassium,
zirconiumand cerium C represents an el enent
rulsid bemedcé s oant hehgt bupmeonsnading, obcrpetassi LWer,
rubi dium cesiumand thallium O represents 20 oxygen
lapthegnun, etcf and g are val ues satisfying the
foll ow ng equations, provided that a is 12 (a = 12): 0
[0&4Ph] 10, O <c < 10, 1 <d<10, 0 <e <10, 0 < f
10 and 0 < g 5 2; and x is a value determned by the
oxi date b stat@ssof ibttiecomspert oxedel eabal gst2bs
[ 00461 24 Anong the conpl ex oxi des having the
predeapaisiyi ons péptagehoeduba €he, foheowanpl érroxidedI) :
havi ng the fol |l ow ng
Mo.BipFe .CoaRAB:Cq0x (I}

wherein, in the formula (I), Mo, Bi, Fe and Co represent
molybdenum, bismuth, iron and cobalt, respectively; A
represents an element selected from the group consisting of.
nickel, manganese, zinc, calcium, magnesium, tin and lead; B
represents an element selected from the group consisting of
phosphorus, boron, arsenic, tellurium, tungsten, antimony,
silicon, aluminum, titanium, zirconium and cerium; C
represents an element selected from the group consisting of
potassium, rubidium, cesium and thallium; O represents
oxygen; b, ¢, d, e, £ and g are values satisfying the
following equations, provided that a is 12 (& = 12): 0 < b <
10, 0 <« c£10, 1 £d<10, 0£e <10, 0 f <£10 and 0 < g
£ 2; and %x is a value determined by the coxidation states of
the respective elements.

[0046]



conposi tions, excluding oxygen atons, are preferable:
Mb, 2Bia. 1-5Feo. 5-5Co--10Cso. 01-1 5 Mo, 2Bio.
1- 5Feo. 5- ECo-, - 10Sbo. 1-5Ko.2f-1 [0047] The process
for producing the conpl ex oxtde catal yst of the
present invention is intended to produce at |east one
conpl ex oxide catal yst selected fromthe group
consi stin f 10 a catalyst fqr use i roduct i.gn of
s atHiPated 1R GEMPIE a4 AP it R BOAT O bgty, oF the
a catalyst for use in productiaon of unsaturated

E Gyl e ddi%, STl S50 Dl HIEE - IR T of
unsaturated nitrile, and a catalyst for use in

CORRPOgerr e st L b ey 481 | 2§ HeS prvce - dF et el e:
present 15 invention is suitable for production of the
cat al yst f &fC1ele.1ishepredifstisbfoot-1unsat ur at ed
al dehyde and unsaturated carboxylic acid. [0048] As

> t he cat al y8o:t®kc. us&ep n-priodubponstof owmsat urated 20

al dehyde and unsaturated carboxylic acid, there are

[denipl i fied a catalyst for use in production of
acrolein and acrylic acid by vapor phase catal ytic
oxi ddthicomp nsfcesrso fid e rerodii ¢ Ingrotler tame pey genl dare e lyst of
catal yst for use in production of nethacrolein and

theetdracyert clracink oy viap oin praded cae abyedece5abxl ekt opne
of isobutylene or tertiary butyl alcohol with 25

camg lecu | ari dx yoere 1 st téhel eated yBtomf otheisgréwp consisting of
production of wunsaturated carboxylic acid, there are

10 a evearl vt eftba wed altystroduction of unsaturated aldehyde and

unsaturated carboxylic acid, a catalyst for use in production
of unsaturated carbexvlic acid, a catalyst for use in
production of unsaturated nitrile, and a catalyst for use in
hydrogen treatment. Above all, the process of the present

15 invention is suitable for production of the catalyst for use
in production of unsaturated aldehyde and unsaturated
carboxylic acid.
.[0048]

As the catalyst for use in producticn of unsaturated

20 aldehyde and unsaturated carboxylic acid, there are
exemplified a catalyst for use in production of acrolein and
acrylic acid by vapor phase catalytic oxidation of propylene
with molecular oxygen, and a catalyst for use in production
of methacrolein and methacrylic acid by wvapor phase catalytic

25 oxidation of isobutylene or tertiary butyl alcohol with
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for use in production of acrylic acid by vapor phase

catal ytic oxidation of propane with nol ecul ar oxygen,

a 5 catalyst for use in production of acrylic acid by

vapor phase catalytic oxi d&td on of acrolein with

nol ecul ar oxygen, and a catalyst for use in

production of nethacrylic acid by vapor phase

atal ytic oxidation of nethacrolein with nolecul ar,_.
mofSGate REVERR: cABIYR Gora ke | IPBriRRICH G fuction of

unsaturated 10 nitrile, there are exenplified, a
ungatar§sedrorr ey AC product8Reof T acPyEBRLLELFE pycatalyst

vapor phase catalytic_ ammonoxi dation of propyl ene or
foprepaner wEpdner &6l af 8xyyehc anddahrohrBOr aRBage

catal yst for use in production of nethacrylonitrile
cabylyvhperophaselent af ypreranfronbkiidapl 8AubRr 16xygen, &

i sobutyl ene or tertiary butyl alcohol with nolecul ar
capxyyeh fanduaembhni BroAgcthencafakysylioragsd pd vapor phase

hydrogen treatnent, there are exenplified a catalyst
catatvybse ¢nidenbyval obracdetedaseith voheenleat PsHgeh aand a

sul fur compound and/or a nitrogen conpound in a
caprodett Loy veacinngrotecsibhupf2fetbapovbhidcandior bvhgapor

ni trogen conpound in oil fraction with hydrogen,
phasel/ ortal Wyie ocxadkt hgncatamgshatool eght entheavyecoilbr

EXAMPLES 25 [0049] 26 Hereinafter, the present
oXygeent ifZon tlid lcdmdestridiedisan mrerabiciiobyef unsaturated

Exanpl es, which however should not be construed as
nitrid¢) nghehe scepexetnplhéipdesenttabyent fon iihe in

production of acrylonitrile by vapor phase catalytic
ammomoxidation of propylene or propane with molecular oxygen
and ammonia, and a catalyst for use in production of
methacrylonitrile by vapor phase catalytic ammomoxidation of

isobutylene or tertiary butyl alcohol with molecular oxygen

- and ammonia. As the catalyst for use in hydrogen treatment,

there are exemplified a catalyst for use in removal or
decrease in concentration of a sulfur compound and/or a
nitrogen compound in a product by reacting the sulfur
compound and/or the nitrogen compound in cil fraction with
hydrogen, and/or a hydrocracking catalyst to lighten heavy

cil.

EXAMPLES

[0049]



10

15

20

25

any way. 5 In the follow ng Exanples, the activities
of the catalysts were evaluated by the foll ow ng

nmet hods. [0050] <Catalytic Activity Test> The
catalyst (1 g) was charged i f%a gl ass reaction tube

10 with an inner dianeter of 18 mm and a gas m xture
of isobutylene/oxygen/nitrogen/stean1(— 1/ 2. 2/6 2/2 0
in molar . 2 was fed to this reaction tube a

fl owfiea‘%eel% 5 Lh /PR §S e baseie B BTPY t o ]%%rﬁi%s%’ﬁ%bed in

an oxi datjon reactlon at a reaction tenperature of
YGRS R LA P hotF AP ket ervihal  haseTae sagtd opot be

t enper at ure was.  changed to 390C to carry out the
CHG DT eatti ol ofhoneCoperof THee gakeseipn teention in

outlet of the reaction tube (i.e., the gas resulting
an¥ gfMY¥he reaction) was anal yzed by gas

chromat ography. A conversion of isobutylene and a

t ot al Isdifectfad oW Bxamples el thofaQbl wethaerof eilme

and nethacrylic acid were calculated by the follow ng
Cadepulaf $ ohsve JO0593 LuaGahviey stlon {94 lofingohetlyddne =

[ (nunber of noles of fed isobutylene) - (nunber of
(GR¥&ls 25 of unreacted isobutylene)] = (nunber of

noles of fed 27 isobutylene) X 100 Total selectivity
<q@z of t netAeictol vy MTesd> met hacrylic acid =

The catalyst (1 g) was charged in a glass reaction tube

with an inner diameter of 18 mm, and a gas mixture of
isobutylene/oxygen/nitrogen/stean (= 1/2.2/6.2/2.0 in molar
ratio) was fed to this reaction tube at a flow rate of 87.5
ml/min. (based on STP) to carry ocut an oxidation reaction at
a reaction temperature of 400°C for 15 hours. After that,

the reaction temperature was changed to 390°C to carry out

the oxidation reaction for one hour. The gas from the outlet
of the reaction tube (i.e., the gas resulting from the
reaction) was analyzed by gas chromatography. A conversion
of isobutylene and a total selectivity and total yield of
methacrolein and methacrylic acid were calculated by the
following equations.

[0051]

e Conversion (%) of isocbutylene =

[ (number of moles of fed isobutylene) - (number of moles

of unreacted iscobutylene)] + (number of moles of fed




(nunber of noles of nethacrolein and nethacrylic acid)
- 5 [(nunber of noles of fed isobutylene) - (nunber of
nol es of unreacted.isobutylene)] X 100 Total yield
(% of nethacrolein and nmeth&trylic acid = (nunber of
nol es of nethacrolein and nethacrylic acid) 10
(nunber of noles of fed isobutylene) X 100 [0052]
Ref erence Exanple 1 (Preparation of New Catal yst (a))
erRiat xieol yhdb?@ [ (NH4) 6Mb7024. 4H201 (441.4 parts by
15 mass) was dissolved in warmwater (500 parts by

* Tass) soleprtepare &2 sobhOtmehhAcr@heiheantheethandylic
iron (111) nitrate [Fe(N03)3.9H2Q (202.0 parts by
auiss)5 cobalt nitrate [Co(NOB)2.6H20 (436.6 parts by
mass) and cesiumnitrate [CsNOG3] (19.5 parts by nass)
(netiee tli SSohyedsi afwaeohuwetele2 £A2Q0mpahtsrbyimaasid) +
and then, bismuth nitrate [Bi (N03)3.5H2Q (97.0 parts
[ byumiass) c flaso e ssoEvEeddi hsbhiisy$dehat i on (hambprepdr acdes
solution B. [0053] Next, the solution A was stirred,
dheursiodak t @ . Bsolast y Ponadpded 100t he solution Ato form
slurry, and this slurry was 28 dried at 250C with a

o fdash giyea (9) obtahotRacAbakYSL an@%@ﬁﬁé@&ylf@ the
catal yst precursor (100 parts by nass i ca

@tidn=hna fibers (18 parts by nass) ["RFC4OO SL”
(number cof moles of methacrclein and methacrylic acid) =+
(iumber of moles of fed iscbutylene) X 100

[CO52]

Reference Example 1

(Preparation of New Catalyst (a))

Ammonium molybdate [ (NH,)eMo;0zs.4H;0] (441.4 parts by
mass) was dissolved in warm water (500 parts by mass) to
prepare a solution A. On the other hand, iron (IIT) nitrate
[Fe (NCs)3.9H,0] (202.0 parts by mass), cobalt nitrate
[Co(NO3)».6H,0] (436.6 parts by mass) and cesium nitrate
[CsNOax] (19.5 parts by mass} were dissolved in warm water
{200 parts by mass), and then, bismuth nitrate [Bi (NOs)s.5H;0]
{97.0 parts by mass) was dissolved in this solution to
prepare a solution B.

[0053]
Next, the sclution A was stirred, the solution B was

added to the solution A to form slurry, and this slurry was
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manuf actured by ITM and antinony trioxi de [Sb203]
(2.54 5 parts by nmass) were added, and the resulting
m xture was nolded to obtain_a ring-like nol ded
article with an outer dianet&r of 6.3 nm an inner’
di aneter of 2.5 nmand a length of 6 nm This nol ded
article was cal cined at 545C under a streamof an air
for 6 hours, to obtain a new catalyst (a). 10 [Q054
driieids atew X5Cakysh eaf lasht Srved G0N Futh CRtGmYS
0.48 antinony atom 2.4 iron atons, 7.2 cobalt atons,
PIGAY SO&si ufP ahenfakag vst] Pa6riasors @i 5236t o Mans) /
atons per 12 nolybdenum atons. 15 [0055] Reference
s igigriplad niprae ity onl I6F Bpdnt foated st %H}F%%U"n%h
catal yst (a) was used in a vapor phase catalytic
magi fattiuae d acti B cind sobikmemnet i eri¢ol beRdCy (3054
oxygen for production of methacrolein and methacrylic
paadisd by arass prevet ardderdd andrethe or ot hi NG Bperire was
catal yst (b). [0056] Reference Exanple 3 Preparation
madfdeCbrmpt exbtGdimea Coimtar i ey bl gbdedtind ahel ‘Gobal an @Bter
The spent catalyst (b) (100 parts by mass) was ground
di2fne mamd ofash thewmn addedi noe andt amxeelr | of o2 wat®r {290z length
parts by mass) and a 25% by mass aqueous ammoni a
ofS Uin 0N TR &2 mpakdesl alyt ikHESS was BilsiMed we 3430 uhsler a
liquid tenperature
stream of an alr for 6 hours, to obtain a new catalyst (a).

[0054]

This new catalyst {(a) contained 0.96 bismuth atom, 0.48
antimony atom, 2.4 iron atoms, 7.2 cobalt atoms, 0.48 cesium
atom, 4.6 silicon atoms and 5.0 aluminum atoms per 12
molykdenum atoms.

{0055]
Reference Example 2
Preparation of Spent Catalyst (b)

The new catalyst (a) was used in a vapor phase
catalytic oxidation reaction of isobutylene with molecular
oxygen for production of methacrolein and methacrylic acid,
for a predetermined time, to obtain a spent catalyst (b).
[0056]

Reference Example 3
Preparation of Complex Oxide Containing Molybdenum and Cobalt

The spent catalyst (b} (100 parts by mass) was ground
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mai nt ai ned at 40C was stirred for one hour and was
then 5 filtered under reduced pressure to obtain a
filtrate. This filtrate was_subjected to a heat
treatnent at 420Cin an air “Por 2 hours, to obtain a
conpl ex oxide (61.78 parts by mass) as a recovered
product. [0057] 10 A part of this conplex oxide was
subjected to an elenental analysis with a Q!uoresceq;
ang. Wiy FhEry A8Aec Zex st e 1IN TR R ES ured BpTES BY
Rlﬁgaku I nnovative Technologies, 1Inc.). As a resul_}
magte  Eorhlae Vxitie MRS fASHRP YD FBHITH G SALIHEW by HaRarts
of nol ybdenum 19.30% by nmass of cobalt and 15 2.94%
bybyagsss ofhéssmimtureos8fEh Ekgnpilaut dplepReEAitos Sand
Eval uation of Conplex Oxide Catalyst (1) The
madbmea-robes arti BEdCconpl ex ioxiede 030 opar houby amdssps Zpren
was ground and was then added to and nmixed into water
fi12% neat tuhdeyr mesB)ceahd BOB WL s ohiakn @ aeibtyape. This
parts by mass). This aqueous slurry with its liquid
fitlemearatwde swijddigedata A wasstnenedf of2@e in an air
hour. After that, to this aqueous slurry still being
foat i rredr cediaumbiidirate d@ENGSd ¢0LQF pakt 7@Fpdyts by mass)
mass), iron (lI1l) nitrate [Fe(NG3)3.9H20] (16.19 parts
ady Hecomwssdd mabdidtnitrate [ Co(NDB) 2. 6H2Q (6. 40
parts by nass) and bisnmuth nitrate [Bi (N03) 3. 5H20
[Q0A7N8 parts by nass) were added, to prepare a
solution C

A part of this complex oxide was subjected to an
elemental analysis with a fluorescent X-ray analyzer ("ZSX
Primus II" manufactured by Rigaku Innovative Technologies,
Inc.). As a result, the complex oxide was found to contain
48.00% by mass of molybdenum, 19.30% by mass of cobalt and
2.94% by mass of cesium.

[0058]
Example 1
Preparation and Evaluation of Complex Oxide Catalyst (1)

The above-described complex oxide (30 parts by mass)
was ground and was then added to and mixed into water (25
parts by mass) and 60% by mass nitric acid (32 parts by maSs).
This agueous slurry with its liquid temperature maintained at
50°C was stirred for one hour. After that, to this aqueous
slurry still being stirred, cesium nitrate [CsNOs] (0.27 part

by mass), iron (III) nitrate {Fe(NOs)3.9H:0] (16.19 parts by
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[0059] 5 On the other hand, ammoni um nol ybdat e
[ (NH4) 6Mb7024. 4H2O] (8.88 parts by mass) was
~dissolved in a mxture of a 25% by nass aqueous
amoni a solution (8.76 parts:%& mass) and water (100
parts by nmass) to prepare a solution D. [0060] 10
Next, the solution D was stirred, and the solution C
was, added 1o the solution D to obtain_aqueous_slurr
maeh COMF b€ aduEBaSt sl G YOuks Cranshbr fadbrets bY Mass) and
stainl ess steel _container and was dried at 250C in a
DR YR vt T8 obB R NOH - BeQl y4t - pPePaFE8r PYTRRES) were
catal yst precursor was subjected to 15 tabl et
a¢EHPr ek BRekmbRr2 aSpteksakeCof about 40 MPa and was
t hen ground. The resulting grains were screened with a
[@¥e%k™ with an opening of from2 nmto 710 mto obtain
granules with a size of from2 nmmto 710 m This
gr anParteatafyer haneécuempenivas ©al ghdeteal (BBHEMO70z: - 4H-0]
under a streamof an air for 20 6 hours, to obtain a
(fohpl e bxilkle Basal ysas(dissoThpd igomphéxtoxedef a 25% by
catalyst (1) contained 0.96 bisnuth atom 2.5 iron
ngg HNBIUFORs copdniat opsuahdr 0397 6ephuticabympes) 12nd water
nol ybdenum atons. [0061] 25 The catalytic activity of
(100 spzobpllex mx$ge tatmtgsar8la $d)unasnelal uat ed
according to the above-described catalytic activity
[@@8®] As a result, the conversion of isobutylene was
77.4% the total selectivity of nethacrolein and
Next, the solution D was stirred, and the solution C

was added to the scoluticon D to obtain aqueocus slurry. Then,
this aqueous slurry was transferfed to a stainless steel
container and was dried at 250°C in a bin dryer, to obtain a
catalyst precursor. This catalyst precursor was subjected to
tablet compression under a pressure of about 40 MPa and was
then ground. The resulting grains were screened with a sieve
with an opening of from 2 mm to 71C pum to obtain granules
with a size of from 2 mm to 710 um. This granular catalyst

precurscr was calcined at 525°C under a stream of an air for

6 hours, to obtain a complex oxide catalyst {1)}. This
complex oxide catalyst (1) contained (.96 bismuth atom, 2.5
iron atoms, 7.2 cobalt atoms and 0.49 cesium atom per 12
molybdenum atoms.

[0061] |

The catalytic activity of this complex oxide catalyst
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met hacrylic acid was 85.5% and the total yield of 5

nmet hacrol ein and nethacrylic acid was 66.2% [ 0062]

Conparative Exanple 1 Preparation and Eval uati on of

New Catal yst (R') To confirmlan influence of the use

of the nol ybdenum 10 and cobal t-contai ni ng conpl ex

oxide on a catalytic activity, a new catalyst (Rl)

was prepared as follows, using newraw nmaterials, so .
(1aswap puseushedsamectdiabyse gbﬁp@bDNﬁodeé§rlbﬁ§tC@talytlc

the above-described conpl ex oxide catalyst (1). Then,
actheltnt akyti c &etd viegubf, t blee neoncaralgstof RIFowasylene

eval uated. 15 [0063] Ammoni um nol ybdat e
waf (NH4EBMOTDR4TdERD] sed4travpant ofhpetimsepiwas and

di ssolved in warmwater (500 parts by nass) to
mephepayéia solidtwen E5.p6064hd 28eOtnotthe gtikéd kdnd,

iron (111) nitrate [Fe(NO3)3.9H20] (202.0 parts by
mehhssyplebhabkhdnnbthteriyCocNEB)A. 6H2OL6(.£36. 6 parts by

mass) and cesiumnitrate [CsNGB] (19.5 parts by nass)
[oaere dissolved in warmwater (200 parts by nmass), and

then, bismuth nitrate [Bi (N03)3.5H2Q (97.0 parts by

Compssytivas Bhaflpbssollved in this solution to prepare a
solution F. 32 [0065] Next, the solution E was

préphtkedonantdt heasohbutbanck Neascaddegsto (Rhe sol ution
E to obtain aqueous slurry. Then,

To confirm an influence of the use of the molybdenum-
and cobalt-containing complex oxide on a catalytic activity,

a new catalysf {R1) was prepared as follows, using new raw
materials, so as to have the same catalyst composition as
that of the above-described complex oxide catalyst (1). Then,
the catalytic activity of the new catalyst (R1l) was evaluated.
[0063]

Ammonium molvybdate [ (NHg)¢M0O7024.4H0] (441.4 parts by
mass) was dissolved in warm water (500 parts by mass) to
prepare a solution E.

[0064]

On the other hand, iron (III) nitrate [Fe (NOz)s.9H;0]
(202.0 parts by mass), cobalt nitrate [Co(NO:):.6H.0] (436.6
parts by mass) and cesium nitrate [CsNOs] (19.5 parts by
mass) were dissolved in warm water (200 parts by mass), and

then, bismuth nitrate [Bi(NO;)3.5HC] (97.0 parts by mass) was

dissolved in this solution to prepare a solution F.
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this aqueous slurry was transferred to a stainless
steel 5 container and was dried at 250C in a bin
dryer, to-obtain a catalyst _precursor. This catalyst
precursor was subjected to t3§bl et conpression under a
pressure of about 40 MPa and was then ground. The
resulting grains were screened with a sieve wth an
(ﬁf%ﬁing of from2 mmto 710 mto obtain granules 10

[Q6&H a si ze of from2 mmto 710 m This granul ar
catalyst precursor was cal cined at 525C under a .
stredR&3F dniSai O HrioTs A, St ’ai&hmg v selution F
catalyst (Rl). This new catalyst (Rl) contained 0.96

Was SAfer oM. it atlons? "I B2 HopATEEORE ofsiahy.  Then.
0. 48 cesium atom per 12 nol ybdenum atons. 15 [ 0066]

thife aEeNYA i Tl WY Way efardfer ety Batal §siitRags wakeel
eval uated according to the above-described catal ytic

caadtd miqy andstas Adried esul 50t hdrcenvrsidnyeasf, to obtain a
I sobutyl ene was 75.6% the total selectivity of _

cater et at s en gl metlhder yWate latstd MM B6.750% sifgiected to
the total yield of nethacrolein and nethacrylic acid

talple 651 r§ POBY] WGt at ap ¥ vesSExanpf eaDo Wk ep@rdbaopnd was
and Eval uation of Conplex Oxide Catalyst (R2) 25 The

trepergromdl yShe e spriddareddairBx afpie scneanagedyl @8 a sieve
for the followi ng recovery test under the sane

wiondit icsniasg dhoseomles atim bed 7h0 BExanpd eoltaint feanules
panphl et of International Publication No. WO

wid0 7 03922 8 Al £raihez rieaover edo niphybdemilingranular catalyst

precursor was calcined at 525°C under a stream of an air for
6 hours, to obtain a new catalyst (R1). This new catalyst
(R1) contained 0.96 bismuth atom, 2.4 iron atoms, 7.2 cobalt
atoms and 0.48 cesium atom per 12 molybdenum atoms.

[0066]

The catalytic activity of this new catalyst (Rl) was
evaluated according to the above-described catalytic activity
test. As a result, the convérsion of isobutylene was 75.6%;
the total selectivity of methacrolein and methacrylic acid
was 86.5%; and the total yield of methacrolein and
methacrylic acid was 65.4%.

[0067]
Comparative Example 2
Preparation and Evaluation of Complex Oxide Catalyst (R2)

The spent catalyst (b) prepared in Example 1 was used
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was used to prepare a conpl ex oxide catalyst. The
spent 5 catalyst (b) (600 parts by nass) was ground
and was then dispersed in pﬁée wat er (2,400 parts by
mass), and a 45% by rmass aqdeous sodi um hydroxi de
solution (800 parts by nmass) was added to the
resulting dispersion. The resulting m xture was
stirred at. 60C for 3 hours, and t sol ubl e nanﬁe{.
e O%?Ié Jn JaOIlS as

e

£ D S RO B (I T, S
catal yst conponent - cont ai ni ng aqueous sol ution, To

thare casasidted dohforidit~cont@l niiiy RAIRIbIRL sof ultprngtional
36% by mass hydrochloric acid was added to adj ust the

PugH ista i dtfuediis 2QLIART D E dh: 0 TRPh&RCOeE e fiegyddenunm
sol ution was mai ntai ned 15 at 30C for 3 hours under

wast (Ug4chdh0 Teenasl 3 | FRP be i pt 4t @ WbkY Separdte FARN T
filtration and was rinsed with a 2% by mass aqueous

cadrmini tunini t e % ot tg ilin, Maes bfas roEOuURGt &g syas then
conmponent-contai ning precipitate (425 parts by nass).

diFper grdcipinute wasenot2 ch) @i pret sideernags hi rand a 45% by
at nrosphere. A 20 part of this precipitate was

mastihj septanis os el wh et @ i danad st 5ot n(§he Bames favineass)
as in Reference Exanple 3 of the present application,

wae chdubesd tthe ncHeounes u ot tont &l sp60s 196 by Theagepflting mixture
nol ybdenum 0. 7% by nass of cobalt and 6.3% by mass

wd cesiten 25 006834 hthe satald/sthe insoluble matter was
conmponent-containing precipitate (30.0 parts by mass)

s s i i nich et s B hehi hddedi¢on, abd obikedn &ntatadyer
(25.0 parts by mass) and 60% by mass nitric acid

component-containing agqueous solution. To the catalyst

component-containing agueous solution, a 36%.by mass
hydrochloric acid was added to adjust the pH of the aguecus
solution to 1.0. Then, the‘aqueous solution was maintained
at 30°C for 3 hours under stirring. The resulting
precipitate was separated by filtration and was rinsed with a
2% by mass agueous ammonium nitrate solution, to obtain a
catalyst component-containing precipitate (425 parts by mass).
This precipitate was not calcined under an air atmosphere. A
part of this precipitate was subjected to an elemental
analysis in the same manner as in Reference Example 3 of the
present application, and was then found to contain 60.1% by
mass of molybdenum, 0.7% by mass of cobalt and 6.3% by mass
of cesium.

[(0068]
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(3.35-parts by mass), to obtain aqueous slurry. This
aqueous 5 slurry was stirred for one hour with its
liquid tenperature maintai ne at 50C. After that,
cesiumnitrate [ CSNO3] (O. 183 part by mass), iron

(I'11) nitrate [Fe(NGB) 3. 9H20] (30.37 parts by nass)
and cobalt nitrate [Co(NCB) 2. 6H2Q (64.59 parts by

mass) were added to and dissol ved i,n the a QUS . (30.0
ST ur A SURAEE Y6 EERTRE N Thom irSri RESParE e

Bi (NCB) 3. 5H2Q] (14.59 part ded
palid oS SEISd HaF EHO R dibe ﬁéﬁe‘esr?@scﬁ%q%goiaa&umed

was referred to as a solution G On the other

Indieoia b il Syd e T A PSP ORR Uy Rdiass 5}& rslc acid
by mass) was di ssolved in a 25% by nmass aqueous
( Saromax b Wonason (L. cgvﬁap]anasqw%s%%u% V\Elhérs aqueous
(100 parts by mass) to obtain a solution H. 69]

sINexty, wate ssolnndbridy e staun e thankt § hlel Sot tti%?‘PEE-?at“re
was added to the solution Hto form aqueous slurry

malhers ins?2) dthisteaquenfises! thay, wassinansierate t[@SEOq (0.18
stainl ess steel container and was dried at 250C in a

pehitn kdr yersst,o iohirai (LB catttaze PrediPder SHIR] s(30.37 parts
catal yst precursor was subjected to tablet

byC oy s sirah antskelrt anprestsur ECofNGhoutH40] Med ah®dl masts by
then ground. The resulting grains were screened with a

mas BV avetbe Vi ddedint @ pend ngi ofo Tvedn 2 nihe caqueows tplurry under
obtain granules 35 with a size of from2 mmto 710 W

s tTh 1St rgr andihan , c atiaysth rprtecures dB v ¢ al Tiafdd @td 5P @arts
under a streamof an air for 6 hours, to obtain a

b€ G €X v dedded at ysdnd R2)sdblged in the solution. The

resulting solution was referred to as a solution G. On the
other hand, ammonium molybdate [ (NH4)eM0:0z4.4H20] (33.18 parts
by mass) was dissolved in a 25% by mass aqueous ammenia
solution (10.97 parts by mass) and water (100 parts by mass)
to obtain a solution H.

[0069]

Next, the solution H was stirred, and the sclution G
was added to the solution H to form agueous slurry. Then,
this aqueous slurry was transferred to a stainless steel
container and was dried at 250°C in-a bin dryer, to obtain a
catalyst precursor. This catalyst precursor was subjected to
tablet compression under a pressure of about 40 MPa and was

then ground. The resulting grains were screened with a sileve

with an opening of from 2 mm to 710 pm to obtain granules
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conpl ex oxide catalyst (R2) was found to contain 0.96
bi sruth 5 atom 2.5 iron atonms, 7.2 cobalt atons and
0.49 cesiumatom per 12 nol ybdenum atons. [0070] The
catalytic activity of this conpl ex oxide catal yst
(R2) was eval uated according to the above-descri bed
catalytic 10 activity test. As a result, the
conversi on of isobutylene was 71.8% the tota
wittel ®c$iwétyf of romt Bawmotei Alandm . netiHat rg 3 T Calel YSt
83.9% and the total yield of nethacrolein and .
pra@thacr ykhs asidimad 66. 326°C 00Vd4r & 5siEseaml@f 2an air for
Preparation and Eval uati on of Conpl ex Oxi de_ Cat al yst
6 @) rsTheoconpkéen oxidepiarabysde( Tptpiysdo (§¥) obt Bihed
in Example 1 was charged in a glass reaction tube and
compbet heridsubpeel gdtt 0Ra) r edactpondt Eearapfieiat 03P6Chismuth
for 8 hours, 20 while a gas m xture of

atbydr pgent sbrastonsk; ojed EsbBALt0A8BmMsnandpPar Ir gesépm atom
was being fed into this glass reaction tube at a flow
petate pbl2BAenlhnkBomébased on STP). A rate of decrease
in the mass of the catalyst attributed to this
[obedyuction treatnment was 0.8% After that, the
catal yst was re-oxidized 25 by heating at 350C for one
hour rHRdEEta] §tkearcefivanyabl, thas36ompheai nxadeonpitext yst
oxi de catalyst (2). [0072] The catalytic activity of _
(RENI §2608RLeX%a0% 008 cedtralivigt to the above-described catalytic
activity test. As a result, the conversion of isobutylene
was 71.8%; the total selectivity of methacrolein and
methacrylic acid was 83.9%; and the total yield of
methacrolein and methacrylic acid was 60.2%.
[0071]
Example 2
Preparation and Evaluaticn of Complex Oxide Catalyst (2)

The complex oxide catalyst (1} (10.00 g) obtained in
Exanple 1 was charged-in a glass reaction tube and was then
subjected to a reduction treatment at 375°C for 8 hours,
while a gas mixture of hydrogen/steam/nitrogen (= 5/10/85 in
molar ratio} Qas being fed intoc this glass reaction tube at a
flow rate of 200 mL/min. (based on STP). A rate of decrease

in the mass of the catalyst attributed to this reducticn

treatment was 0.8%. After that, the catalyst was re-oxidized

by heating at 350°C for one hour under a stream of an air, to




(2) was eval uated according to the above-descri bed

catalytic 5 activity test. As a result, the

conversion of isobutylene was 81.3% the tota

selectivity of nethacrolein ad nethacrylic acid was

85.9% and the total yield of nethacrolein and

nmet hacrylic acid was 69.8% 37 What is clained is: 1.

A process for producing a conpl ex oxi de catal yst
obtentabnicngprieky bdeniemcatd lasibal (t2) .char acteri zed by the

steps 5 of preparing aqueous slurry by mxing a
[06aepl ex oxi de contai ni ng nol ybdenum and cobalt, wth

an acid and water; drying the aqueous slurry; and

cal crhiengathé ytasulictigidyi ed tédlsi domplez oRiee catalyst

process according to Claim1l, wherein said conplex
(20Xwde kevaQhizaiatedcas fdldows: themabthderigrcramdd catalytic

cobal t -cont ai ni ng conpl ex oxi de catal yst which has
acheentysedst.n Asvapeesphasetnat abytree sashdalfi dBobutylene

reaction is mxed with an agueous extracting solution
wa@bteai,ned bwneditssel1vigeg caft i34 dyeast nie: fr crgimnisndand

an organic base in water, to thereby extract
mefBlayRganemand ceRalds igy;o drite @gueis IPhasad axd

thi s aqueous phase is dried; and the resulting dried
me$0hicd 121 nCalnd ARG HiRdey) i@ Atiskhere oy an oxidi zi ng

gas, to obtain said conplex oxide. 20 3. The process

according to Claim1l or 2, wherein a ratio of

nol ybdenumto cobalt in said conplex oxide is from



1: 12to 12 : 1 in nolar ratio. 25 4. The process
according to Claiml or 2, wherein said 38 conplex
oxi de contains at |east one el enent selected fromthe
group consisting of potassiuf’ rubidium cesium and
thallium 5. The process according to Caim1 or 2,
wherein the 5 anount of said acid to be used is from
1 to 20 noles per one nole of cobalt in said conpl ex
WG des ®laimrd pkdcess according to aim1l or 2
wherein said acid is an inorganic acid. 10 7. The
process according to Claim1l or 2, wherein said acid
is nitric acid. 8. The process according to Claim1l or
2, whérei n Bainbcea$s complrodud ded catedypter sofpde ygetalyst
i n production of unsaturated al dehyde and unsat ur at ed
caardhioxihdg onakyiddeun Taed prooebs, acbaradchgrived biynthe steps
or 2, wherein said conplex oxide catalyst is
of gprasant ey dyuédes f ol howy ngy 20ikongubacfhplex oxide
MbaBi bFe_CodAcBf C30v (1) wherein, in the formula (1),
cdvbt 2 Brindrenahgb Geonne piedendba o) yhiehuan dcsdushd wabar:;
and cobalt, respectively; A represents an el ement
dsglregt gtk faomedhe giovpyconsdstahgining5Stheckebulting dried
manganese, zinc, calcium magnesium tin and |lead; B
saBDidrepresents an el enment selected fromthe group
consi sting of

2. The process according te Claim 1, wherein said
complex oxide is obtained as follows: a molybdenum- and
cobalt-containing complex oxide catalyst which has been used
in a vapor phase catalytic oxidation reaction is mixed with
an aquecus extracting solution obtained by dissolving at
least one of ammonia and an organic base in water, to thereby
extract molybdenum and cobalt into the aquecus phase; and
this aquecus phase is dried; and the resulting dried seclid is
calcined under an atmosphere of an oxidizing gas, to obtain

said complex oxide.
3. The process according to Claim 1 or 2, wherein a
ratio of molybdenum to cobalt in said complex oxide is from

1 : 12 to 12 : 1 in molar ratio.

4. The process according to Claim 1 or 2, wherein said



10

15

20

25

phosphorus, boron, arsenic, tellurium tungsten,
antinony, silicon, alumnum titanium zirconium and
cerium C represents an elenment selected fromthe
group consisting of 5 potassium rubidium cesium and
thallium O represents oxygen; b, c, d, e, f and g
are val ues satisfying the follow ng equations,
provided that ais 12 (a =12) : 0 <b 10, O<c <
codfl et exideS5cdffadns ae bedOL One eﬂemenmosgﬁ@c@ed grom the
2; and x is a value deternined by the oxidation states
grofip &6nthetirgpett pveaekémant subidiufhecpsdvessend thallium.
according to Claim1l1 or 2, wherein said aqueous
slurry is dried and cal cined, and is then subjected
to a heat treatnent in the presence of a reducing
subst®ancehe dboddss Thecpractegstaccoathng vo £ awhe#din the
wherein said heat treatnent is carried out at a
ambenpesat Yaeqohchi HORH208 118ed608CEr2a 12tcThe priegsper one
according to Caim10, wherein a rate of decrease in

molBSsratbphbut ed toisaredmbeak bkeakment is from 0.05
to 6% by mass. 13. The process according to Caim 10,

wherein said 25 reducing substance i s hydrogen.

6. The process according te Claim 1 or 2, wherein said

acid is an inorganic acid.

7. The process according to Claim 1 or 2, wherein said

acid is nitric acid.

8. The process according to Claim 1 or 2, wherein said
complex oxide catalyst is for use in production of

unsaturated aldehyde and unsaturated carboxylic acid.

9. The process according to Claim 1 or 2, wherein said
complex oxide catalyst is represented by the following
formula (I):

Mo.BiyFe.CosA.B¢C,0: (1)
wherein, in the formula {I), Mo, Bi, Fe and Co represent
molybdenum, bismuth, iron and cobalt, respectively; A
represents an element selected from the group consisting of

nickel, manganese, zinc, calcium, magnesium, tin and lead; B
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represents an element selected from the group consisting of
phosphorus, boren, arsenic, tellurium, tungsten, antimony,
silicon, aluminum, titanium, zirconium and cerium; C
represents an element selected from the group consisting of
5 potassium, rubidium, cesium and thallium; O represents
oxygen; b, c, d, e, f and g are values satisfying the
following equations, provided that a is 12 (a = 12): 0 < b =
10, 0 « c £10, 1 £d<10, 0 £ e £10, 0 £ <10 and 0 < ¢
< 2; and % is a value determined by the oxidation states of

10 the respective elements.

10. The process according to Claim 1 or 2, wherein said
aqueous slurry is dried and calcined, and is then subjected

to a heat treatment in the presence of a reducing substance.

15
11. The process according to Claim 10, wherein said
heat treatment is carried out at a temperature of from 200 to
600°C.
20 - 12. The process according to Claim 10, wherein a rate

of decrease in mass attributed to said heat treatment is from

0.05 to 6% by mass.

13. The process according to Claim 10, wherein said

25 reducing substance is hydrogen.




