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1 DESCRI PTI ON METHOD FOR RECOVERI NG MOLYBDENUM AND
COBALT 5 TECHNI CAL FIELD [0001] The present
application clains the Paris Convention priority
based on Japanese Patent Application No. 2009- 179452
filed on July 31, 2009, the entijre content of which 10
i's incorporated herein by reference. The present
invention relates to a nmethod for recovering

mol ybdenum and cobalt from a conposite oxide
cont ai ni ng nol ybdenum and EGBAEETIAM to a net hod for
produci ng a conposite oxide or a conposite oxide

catal yst, 15 using the nol ybdenum and cobalt recovered
by the aboNeHOteSOR [Ret OVERTONG MIS YBEDENUM GINTAICOBALT
[0002] Conposite oxides containing nol ybdenum and
cobalt conventionally have been w dely used as

cakahystarf ¢rrpa 20 variety of catalytic gas phase
oxi dation reactions. Generally, catalysts tend to

dé§dde in their performance after used over a given
period

d th di d
ot o yals Prieatorst i o rueu s Thadat roponvent on
I eQvenichg bareddr %@N@alpasgle@a yedememagi icehaldn 2 1 R009-

such waste catal ysts. a nmethod for recovering both

oft "R6P¢bdéngm and J@ébfal3t1f 2% |t§16pre<§ﬁd§@j qQod-afdt tdd which
f | tively,
ot AT RaConr Publ LAt er T That 1o, o

conposiThe pxe@en¢onhmamﬂu@mnﬁ%mmmmwnxamdneamwd ficsr
| eached i,n an 3 ggous 30 sol n of an al kali .such

ad SERUST 0 9s BG4 YEADYT dd & atld Fp pPRRPSS te oxide
| eaahati@ i 6gNhail Fiodd nil ¥RderWHal1dNd and to a method for

producing a composite oxide or a composite oxide catalyst,
using the molybdenum and cobalt recovered by the above-
described method, as raw materials.

[0002]

Composite oxides containing molybdenum and cobalt
conventionally have been widely used as catalysts for a
variety of catalytic gas phase oxidation reactions.
Generally, catalysts tend to degrade in their performance
after used over a given period of time, and are then
discarded as waste catalysts. Therefore, there arises a
demand for recovering and recycling molybdenum and cobalt
in such waste catalysts. As a method for recovering both
of molybdenum and cobalt, there is proposed the method for
recovering molybdenum and cobalt, respectively, as follows
(Patent Publication 1): that is, a composite oxide
containing molybdenum and cobalt is leached in an agqueous
solution of an alkali such as caustic soda or sodium

carbonate to obtain a leachate containing molybdenum; and
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2 the insoluble residue is | eached in an aqueous

solution of sulfuric acid to obtain a | eachate

contai ning cobalt. There is al so proposed the nethod

for recovering nol ybdenum by mxing a conposite

oxi de which contains nol ybdenum and 5 cobalt, wth an

aqueous solution of alkali hydroxide, to obtain an

aqueous solution cont ai ni ng nol ybdenum so as to

recover %bdenunr(Patent Publication 2). PRI OR ART
RAI‘FEJPQEU PRTERT 1PUBLEeatrerBed1 1] 8003[UPSUSHECLution of

P 637 P
|ﬁ?£?ﬁgrrgﬁsrdrgﬁ SprainCdl pebehate ERBkagBnio sEbagt-
1Bh€IBMM$NhIFOTHEOPNVENTtﬁN RROBLEMEG® BEcBS@eYERgBYiolybdenum,

THE | NVENTI ON 0004] Ho
CBRVBN TOfaT FEEROTLFop™ HEehUerPnGoRLR) BloRaRYRAgNUN and

cebohit, dpsehi BRJagheNes Eblgth¥n o%oaﬁQEXQdﬁ@Hgbkide, to
recovered and then, cobalt is recovered fromthe

resfale. anhafleepneseol BEo0Rr FAGtABDADIsMalgbdenunm, so as to
agg@gg@ge¥?§gbgeﬁaﬁe gge%gttgsbﬁ$8§¥ered bedenum

and re -separ y recyc suc% et hods are
dPBa0R aARAYGBDUERANUREEW of facility and

%$§ f ctiveness, 25 since a nunber of steps are
g% ed ?%?I?%EBQQ§ In the neantine, there are a
|l ofo@%) catal ysts mhlch contain both of nolybdenum and

cobalt_as catalyst constitutive elenents. In sone
cases, Petﬁ@tthbiecatéQovériﬁ@-boﬁh1663ﬂﬁlybdenun1 and

bal d 30
ol ybOEACHE AnGRObAT E (B8 F ot AEEEPF 581 Pbr RGeR0DSn

Catalysts Publication No. 2007/032228

SUMMARY OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
[0004]

However, in any of the conventional methods for
recovering molybdenum and cobalt, described above, firstly,
molybdenum is recovered, and then, cobalt is recovered from
the residue. While these recovering methods are
advantageous in case where the recovered molybdenum and
cobalt are separately recycled, such methods are
disadvantageous in view of facility and cost-effectiveness,
since a number of steps are required for recovery. In the
meantime, there are a lot of catalysts which contain both
of molybdenum and cobalt as catalyst constitutive elements.
In scme cases, a method for recovering both of molybdenum
and cobalt at once is advantageous so as to recycle
molybdenum and cobalt as raw materials for such catalysts.

Thus, a demand for such a method has been increasing.
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Thus, a demand for such a nmethod has been increasing.
3 [0005] Qnbjects of the present invention are
therefore to provide a nethod for recovering both of
nol ybdenum and cobalt at once at a higher recovery,
and to provide a 5 nethod for pgoducing a conposite
oxi de and a nethod for producing a conposite oxide
catalyst, using as raw materials the nol ybdenum and
cobalt recovered by the above- described nethod. 10
SEOR SOLVI NG THE PROBLEM [0006] As a result of

the pr @Egeht'snlé%mtﬁ% mf‘)re%'é?l'%s' ensc%‘iil' &5 U SUAIW o
t he foregoing prob oW ng found out
t heousdeot aetagudedos abkahem&ngob@tmomfohb&yhdénﬂﬁ.mmd

dis&ghéin at Ieagt %& %f amoni a and an rganlc base

i f© s “BfFelti §&Lt FEECVESEn & OyEH%H’
andtneababt bRbAuRndgueeusBlRase akideSuhid 6 etdnsg for
high recovery, while the use of an aqueous sol ution

oPrafughral p, coppesite basdesgehadystaustsilngs eda ramw
SﬁQtHgFS?Eb%ﬂétﬁﬁ%ggﬁgnﬁ% L0t %%b%E%V%e%%% [1BEq _ the above-

convéenti onal or recoverlng molybdenum
cdbattibed hardotio extract cobalt with the aqueous
solution at a sufficiently high recovery. The present
i nvention is acconplished based on such a finding.

[ QOfE %éRTB@Lv&ﬁG &hﬁ PRE8ERls | nvention provides the
following. (1) A nmethod for recovering nol ybdenum and

cbBBPP] characterized in that a conposite oxide
aaucout ol FARE) RgoCSbr ot FbSaBtar REE Y Tae<BIs T] &
| eastiieperet aBUoONhg 8RE foregoing problem, the following is
found out: the use of an aqueous alkaline sclution obtained
by dissolving at least one of ammonia and an corganic base
in water 1is effective to extract both of molybdenum and
cobalt into an agueous phase at a sufficiently high
recovery, while the use of an aqueous solution of an alkali,
i.e., a base such as caustic soda or sodium carbonate, used
in the above-described conventional methods for recovering
molybdenum and cobalt, 1s hard to extract cobalt with the
aqueous solution at a sufficiently high recovery. The
present invention is accomplished based on such a finding.
[0007]
That is, the present invention provides the following.
(1) A method for recovering molybdenum and cobalt,

characterized in that a composite oxide containing
molybdenum and cobalt is mixed with an aqueous extracting
solution obtained by dissolving at least one of ammonia and
an organic base in water, to thereby extract, from the

composite oxide, molybdenum and cobalt into an aqueous
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30 an organic base in water, to thereby extract, from
the conposite oxide, nolybdenum and cobalt into an
aqueous 4 phase. (2) The method defined in the above
item (1), wherein the conposite oxide contains cesium
toget her with nol ybdenum and cgpbalt, and wherein
cesiumis also extracted into the 5 aqueous phase.

(3) The method defined in the above item (1) or (2),
mhereln the pH of the aqueous extracting solution is 8
oPhafBre. (4) The nethod defined in any one of the

aque TE%”ReQ%Ed &%f&%eh3& W%%r%b%v% H%%H@WQIur%ﬁ&&%ln the
mxmgteco e

wi th the aqueou
exbrpotiing salide aonits ifisomed itim th@ythqﬁﬁﬂﬂﬂnamuﬂyhﬂhnum
defi ned an ne._of the abqve ite 1) to (4), .
ARBHOCROENG  oPGaNFESEEea CEaEM daeth Lote Sof T Lof into the
aghleoQk dnhddaternary ammoni um conpound. [0008] (6) A
met hod for producing a conposite oxide which contains
mol(ybd&henmetdodobglti nechdmnadher ispeys i tefat( her (2),

AAHEPUS pPRARS pEORAL R R eq D ARd oliurion s 8 or
oneref the above itens (1) to (4), is drled and |s

then cal cined, (7). A methaod for produ0|ﬁﬁﬁa conposite
oxilde EE@aW§§P°dePéHn@§nﬂ§1ﬁ@yhﬁpfb&éh CaRPShaitems

wherein mp t i1%in site
apd Wi chidg @t nl §a%kmp@Re tEREP IS &1%5inde Rt oo

selected fromthe group 25 consisting of "a catalyst

f oripeoddthi sheobquesaisueatedctdngelspdatamd is from 0 to
unsagurated carboxylic acid, a catalyst for

pﬂggdﬁtion of unsaturated carboxylic acid, a catalyst

fOQS) The method defined in any one of the above items (1)
to (4), wherein the organic base is at least one of an
amine or a guaternary ammonium compound.

[0008]

(6) A method for producing a composite oxide which
contains molybdenum and cobalt, characterized in that the
aqueous phase containing molybdenum and cokalt, obtained by
the recovering method defined in any one of the above items
(1) to (4), is dried and is then calcined.

(7) A method for producing a composite oxide catalyst
which contains molybdenum and cobalt and which is at least
one composite oxide catalyst selected from the group
consisting of a catalyst for production of unsaturated
aldehyde and unsaturated carboxylic acid, a catalyst for
production of unsaturated carboxylic acid, a catalyst for
production of unsaturated nitrile, and a catalyst for
hydrotreatment, characterized in that the mclybdenum and
cobalt contained in the aqueocus phase obtained by the

recovering method defined in any one of the above items (1)



10

15

20

25

30

production of unsaturated nitrile, and a catalyst for
hydrotreat nent, characterized in that the nol ybdenum

and 30 cobalt contained in the aqueous phase obt ai ned

by the recovering nethod defined in any one of the

above itens (1) 5 to (4) are used as raw materials

for the catalyst; and in that an aqueous sol ution or
aqueous slurry, containing the raw materials for the
catalyst, is dried and is then calcined. 5 (8) The
pEaduéri sremusked adefianetaite rtikd satfove ufteema(ta)lystf,orand in

alLys r.prod i,on of unsaturat d aldeh and
R E bR A B R e T B e gy ene

debivnadtenibhe dbevehet emtellyser, iEB)risereidn,isaftiem
the_cal cination, the resulting catalyst 10 is
sEBﬂééP@Q to a heat treatnent in the presence of a

re(w @aemgghehom%tﬂ% Reeduct qn RLhag defined (7,

int It wherern heat treatnment 1Is
céprledceualastafbenpeodUameoafoﬁr@msai@ﬁat@dﬁ@a@ehyﬁe and

11) The duct ion thod .,defined in the item (9) or
(Tﬁ}atuﬁﬁgﬁgiﬁaﬁbpﬁygggfa&é ease in nass attriéuzed

t o (bheTheaprotiiedt BBNkeithollr ARFAnQY i@ @HDWIMES item (7) or
(12) The production nethod defined in any one of the

i t8hs WheYeis, (2fferwhbrecalchBatdguei fengestildling catalyst
selLe 0.t r stin f r n
AL T e oot S T
akedholisg ﬁﬁtérabdehydes and C1_6 anmines. EFFECT OF

TEEQLP&EETLEFdBEE&EQO hé%cgg H% t%ntQ%epa%%%PH9), wherein
the heat treatment is carried out at a temperature of from
200 to 600°C.

(11) The production method defined in the item (9) or (10),
wherein a rate of decrease in mass attributed to the heat
treatment is from 0.05 to 6% by mass.

(12) The production method defined in any one of the items
(92) to (11), wherein the reducing material is selected from
the group consisting of hydrogen, ammonia, carbon monoxide,
Ci-¢ hydrocarbons, C._¢ alcohols, Ci-s aldehydes aﬁd Cig

amines,

EFFECT OF THE INVENTION
[C009]

According to the present invention, it becomes
possible to recover both of molybdenum and cobalt at once
at a higher recovery, so that a composite oxide or a
composite oxide catalyst, containing molybdenum and cobalt,
can be produced at a lower cost by recycling such materials

recovered by a simple method.
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possi bl e to recover both of nolybdenum and cobalt at
once at a higher recovery, so that a conposite oxide
or a conposite oxide catalyst, containing nol ybdenum
and cobalt, 30 can be produced at a | ower cost by
recycling such materials recovgred by a sinple

met hod. 6 MODES FOR CARRYI NG OUT THE | NVENTI ON
[0010] Hereinafter, the present invention will be
described 5 in detail. Method for Recovering

Mol ybdenum and Cobalt The nethod for recovering

DbyRAeRsm BRERGIRA byr 3EORHAGHoN he present

i nvention, I's intended to recover " nol ybdenum and
cobaltlfrom a conposite oxide containing 10 nol ybdenum

and copalt . 9011] The conposite oxide to be used in
the re 868&Pﬁ% Shet hB& Bif SERE Tprayent-1rmy éitliloks slegsribed

| i edzihn so far as the conposite oxide contains
mol ybdenum and cobalt. It 15 nmay be, for exanple, a
cYapbsilt éosxRaeowhiréhgcHail abdenumphyldd€obmland cobal t

al one, ‘ osi.te ide which .contains _at, | east

oo ot AOF RePATROR Lo RBebYE Ry oy SRALBLAS Pl PR
addtbrabngoteokybdppeseandiegbaltionfs iet herendRizalto recover
el ement, there are exenplified bisnuth, iron, nickel,

200 hiRgaReSeand; Rebadh) rgm anagRessHre PrAde eggtaining

PROSPBAEHSM aRQr @Bpa@ksenic, tellurium tungsten,
antinony, silicon, alumnum titanium zirconium

céPPub potassium rubidium cesium thallium
vanad 4l SORRSLs -3l LYer, LATHanIL Sicy, ] 00121, 2 4
method of the present invention is not limited, in so far
as the composite oxide contains molybdenum and cobalt. It
may be, for example, a composite oxide which contains
molybdenum and cobalt alone, or a composite oxide which
contains at least one other metal element as a constitutive
element, in addition to molybdenum and cobalt. 2As other
metal element, there are exemplified 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.
[0012]

A preferable composition of the above-described
composite oxide is represented by the following formula
(1):

McaBibFecCodAeBfCgOx {1}).

In the formula (1), Mo, Bi, Fe and Co represent molybdenum,
bismuth, iron and cobalt, respectively; A represents an

element selected from the group consisting of nickel,
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conposite oxide is represented by the foll ow ng
formula (1) : MaBi bFecCodAeBf CgOx (1). In the
formula (1), Mo, Bi, Fe and Co represent nol ybdenum
30 bisnmuth, iron and cobalt, respectively; A
represents an el enent selected;fromthe group

consi sting of nickel, 7 manganese, zinc, calcium
magnesium tin and |l ead; B represents an el ement

sel ected fromthe group consisting of phosphorus,
b@ﬁ@ﬁanaﬁ§enﬁén0tePE&ﬁPUﬁm W@ﬁ@@ﬁéMNJaﬁﬂmn@@W;leadr B

SEELEQUengbUah Ly bh A tgdr%gghv%h%ngfaaﬁl&@ngié%ing of
represents an el emen Fecte fromthe oup
cphebphbngsofbopohasare&nlcubtéﬂ&mmlmﬂs|mmm@mﬁen, antimony,
thahllu 0 reprgsents g wherein the

f of I 6P Hg éEHQ&PHﬁ‘s Féa%flfnsf% g CRRdHT énids CEFiumi=C

1gé%re9eﬁt9 gn é@em@nf %efec%@d ¥rom ¢ng g0u0 $r®isting of
< 0, 0 < f 10 and g 2; and x is a value

mﬁcéhéEéumlordb@elmmneaebyumhendx|th|aiédugrt,ata@si 6f refpeesents

r iv epen e _conposi te _oxide

RATEEb . BFETE tRe TEURRaL e GUraasnSr Fhy Tar ied when
fel kgwipg (hormybas 6f cog <Whpchpoxygen apoms arg < 10, 0 < e
extruded) are preferable: 15

Mol 28} Q0 1< SFeD, 56 54105-0 CECs. 0121, arafdldt is a value which is
Mol 2Bi O, 1- 5FeQ. 5- 5Co5-1 OsbO. 1- 5K0. 01-1. [0013] The
aBeveruésedi B¥dthenpisPiécexrlatray Cbe theungsegctive
coMpQsite oxide or nay be a conposite oxide which

al ready 20 has been used as a catalyst or the liKke,

oAmpay beeaccoppestteosxide wiii thehdsrmalreeduliinedhe

performapce as .a t al st altho roduced as.a
P aPy ST CEeaER 8 cBhpaRr: BF bPASOTLoMRGE Srampies 4 fxom
CARPERI bRyg¥hderpRwderededUi-iRBd) are preferable:
Mol2Bi0.1-5Fe0.5-5C05-10Cs0.01-1, and
Mol2Bi0.1-5Fe0.5-5C05-108b0.1-5K0.01-1.
[0013]

The above-described composite oxide may be a unused
composite oxide or may be a composite oxide which already
has been used as a catalyst or the like, or may be a
composite oxide which has no required performance as a
catalyst although produced as a catalyst (such a composite
oxide is, for example, a composite oxide powdered during
production thereof, or a composite oxide which has degraded
due to a thermal load or the like). The type of a catalyst
usable as the above-described composite oxide is not
limited. Examples of such a catalyst include catalysts for
hydrotreatments such as a catalyst for desulfuration of
heavy o0il or the like, a catalyst for denitrification of
heavy o0il or the like, a reforming catalyst (for

hydrogenolysis) of heavy o0il or the like and a catalyst for



production thereof, or a conposite oxide which has
degraded 25 due to a thernmal load or the like). The
type of a catalyst usable as the above-described
conposite oxide is not limted. Exanples of such a
catal yst include catal ysts for ghydrotreatnents such
as a catalyst for desulfuration of heavy oil or the
like, a catalyst for denitrification of 30 heavy oi
or the like, a reformng catalyst (f.or

hwfﬂé@@ﬁ@la;tép@) odt hesdy odill Br thfe likee diy addition to a
c I r atd V.

I i%tl?g,axl n agr&rt |pc§Jr'(1%;11 c():oC g‘%%catfgl nqua1{]]'&&]‘5'\ltpercg(il4 ctl c}fncnegfand
unsabiiuataee dalodetyckey 1ard adn&atwrcaitmm ey lpmodanition of
a catal yst for produ t.ion of quatur d ca;{)oxyl%ﬁijuctlon

ali3 A& 34 SCa AP Y

5 Niler ih@a th 00k dlrtrtln%.rret hod for recovering
nol ybdenum and cobalt, according to the present

i i¥@ddilon, any of the above- described conposite
oxi des is xed t aque 0] t t
of at I'Eadt*oRE \gffocgmf%r%nlrge%ag%%ljn Zﬁr%g Iﬁgnseq{&] éO%lt
aabasire inenpenehle) priessaterinvn dikrs amwcmg the above-

nol ybdenum and cobalt are extracted from.the
c@#ﬁ€§ﬂp@doﬁmeQ§%ﬁ§1Q%%@%mé6h§”ﬁﬁ5§&%ﬁht4Re%ﬁﬂﬁ&ﬂ%

10 Cxkkachng oS %lolitu'tfi%nato £ i QRSB QRURT 1o U {AChI P

5 percent age) When the above-describ
bas"lg@namw@ment(m ® arrrmmaaslca cwmnmmtt)mrthva@r By this
deconEPsed to.form ammo reinaft

g b Shot AR R A eI N8 Yo

beogipssalteed HiRienatilo, ﬁﬂ@stae@@c@fs PHENY & Ahd heyueous
amoni a-form ng material, there are exenplified
affdEAgRing solution at a high recovery (or extraction

15 percentage).
[0015]

When the above-described basic component is ammonia, a
compound which is decomposed to form ammonia (hereinafter
optionally referred to as "an ammonia-forming material™)

20 may be dissolved in water, instead of ammonia. As the
ammonia-forming material, there are exemplified ammonium
carbonate, ammonium bicarbonate, urea, etc. As the
ammonia-forming material, each of these materials may be
used alone, or two or more selected therefrom may be used

25 in combination.

[0016]

When the above-described basic component is an organic
base, there are exemplified, as the organic base, saturated
aliphatic amines such as methylamine, dimethylamine,

30 trimethylamine, ethylamine, diethylamine and triethylamine;

unsaturated aliphatic amines such as allylamine,
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car bonat e, ammoni um bi carbonate, urea, etc. As the

ammoni a-form ng nmaterial, each of these materials may

be wused alone, or two or nore selected therefrom may

be used 25 in conmbination. [0016] When the

above-descri bed basic conponents is an organic base,

there are exenplified, as the organic base, saturated

al i phatic am nes such as net hyl am ne, di nethylam ne,

30 trinethylam ne, ethylam ne, diethylamne and

t¢+%%hyl%m+%@ an@ngafaiéféamanﬁphamﬂeeanﬁﬁég dfchramatic
B YhET DEq D afl LY} ¢ n%agtégﬂ §h§ﬂhneom BLABS such

such as aronht | am ne g., |ne quat er hary

ammﬁ@ydnmxndesundshsbchesaefhgdabgrdesyoammahﬁdms ef.g.

uat er na moni um e e nmet h [, ammoni um
e et uEERea i b raptry Ermety RBmmBAi um
t féﬁyﬂt?f@@ﬂﬁ?ﬂﬂﬁﬂbﬂﬂtmteEé@rQ nbytybamaRAbHAUN, tetra-n-
4'-tr|nethyleneb|s(d|neth peri1 di uim
U@@tyl@mm©®thw}aﬁn@hrunimat%éggyﬁbnﬁédhyeﬁhﬁéﬁpgﬁrldlum),
| - ne -
iR RS PRl R B By BEBER RO BY RGP ndbATLATCL 1
ew@tyléﬂeﬂhg(ms@z@#1aazbﬁasblopels¢Eezteﬁoﬁtaneehand

am nes_and the quaternary amoni um conpounds anong
t%%%%eB?ﬁéﬁﬁ%m%%Eéé ?%mOBF%$erBBFéd1Kﬁy B¥ Tt Rd€ene?

of gani Se bages: My, be Hﬁ@dsékgeged ProhWPner afl®h8s and the
sel ected therefrom may be used In conbination. 15

[@@aﬂ@rﬁheynﬂmem1um cohpsunfist Awchastbosenpogentict bases is

d h : '
SREL GBS 1 arbB? Thah TRE RGADEI CoPePapaffoPBeugpd =lone,
ot ybdensim aegle sobattednthbee€oMOBAEbOXERdt Onbe

m xed with the aqueous
combinaticon.

[0017]

etc.

The number of moles of the basic component to be
dissolved in the agqueous extracting solution should be
larger than the number of total moles of molybdenum and
cobalt in the composite oxide to be mixed with the aqueous
extracting solution. Specifically, a ratio of the number
of mocles of the basic component to the number of the total
moles of molybdenum and cobalt is preferably 1 or more,
more preferably 2 or more.

As the aqueous extracting solution, an aqueous ammonia
solution is preferably used from the viewpoint of cost.
(0018]

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

[0019]
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20 extracting solution. Specifically, a ratio of the
nunber of noles of the basic conponent to the nunber

of the total noles of nol ybdenum and cobalt is
preferably 1 or nore, nore preferably 2 or nore. As

t he aqueous extracting sol ution,p an aqueous ammoni a

25 solution is preferably used fromthe viewoint of

cost. [0018] The pH of the aqueous extracting

solution is preferably 8 or nore. Wen the pH of the
aqueouBhe ekePRErpRYreofati BAXiBY) 88 £RBRC§ItEnexide with

ehOvE ¥e8£ 38ng%¥g?ﬁ§3§b$H918ﬂb§Etg%@%@%gb@yb%rom 0 to

| nsuf CI en e tenper ure m Xi ng

t peoRpRAsSHd & xfdieai ¢ e #de BOUEOUSOBX! I atdd NPixing time
solution is preferably fromO to 100C, nore

pray ebabhyprepriabels 8otectRd AnxRAGOrAABCENH) the the mixing
SPRLoRLLELELY seLect edal 0:a5C0daN5S ek lin! BRCMRIGES co 100

are I S usua from one m nut

teodPo, pouEsrabplef eranl y f:bomfllhbor34 hours. [0020]
The order and nethod for m xing the conposite oxide
ahBC€Ré aqueous extracting solution are not |inited.

For 107gxagpher LAqOREtALJ! REraguRoHS %ﬁ%r%%hbﬁglte oxide
solutlon and the conposite oxide, the other one may

benddded; agnebosonstoactihg aq&e@mgneﬂrEa@pinélmlted For

I d I d
or* R RompasT B Oki GES HINRDEY, SCReCHIRG: “onbongy) BRd the

aQSﬁﬁotheabxh§é$ttﬁ@eoﬁﬁe@nﬁﬁél&a@obeaﬁdﬁéd, or to one of
amoni a-formng material) and an organi c base may be
dEBSoRUBHONR GXpFa¢iengdl FopHEPIRedn GeBE§V&P§§éWSP6ﬁPared

g%ﬁpggﬁ§gaﬁpgékg§09Xb§etha WBhebsiBeebgiall ¥n Wiker, the
other one may be added; or at least one of ammonia (or an
ammonia-forming material) and an organic base may be
dissolved in a previously prepared aqueocus dispersion of
the composite oxide in water. Preferably, the composite
oxide should be ground before the mixing.

[0021]

In the method for recovering molybdenum and cobalt,
according to the present invention, as a result of the
mixing of the composite oxide with the aqueous extracting
solution, there are obtained an aqueous phase containing
the extracted molybdenum and cobalt (hereinafter optionally
referred to as "a molybdenum-and-cobalt-containing aqueous
solution”) and a solid residue derived from the composite
oxide. The molybdenum-and-cobalt-containing aqueous
soluticn and the residue, thus recovered, are obtained
usually as slurry. Therefore, this slurry is separated by
filtration such as decantation, gravity-filtration,

filtration under reduced pressure, pressure filtration or
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oxi de should be ground before the m xing. [0021] 20
In the nmethod for recovering nol ybdenum and cobal t,
according to the present invention, as a result of the
m xi ng of the conposite oxide with the aqueous
extracting solution, there areiobtained an aqueous
phase containing the extracted nol ybdenum and cobalt
(hereinafter optionally 25 referred to as "a

nol ybdenum and- cobal t - cont ai ni ng aqueous solitlon"
arenbrsbpgalr el guatdent vea FREAFPHeOLoAPBsPREY GRE

Tﬁslggagﬁgﬁngﬂaaeg g@babgnegahgha'aqu@augogglu%qb%IIOWhen
and |y

e resi us recovered, "are obtai ned usual
asmsbniayisTheeef esethehbassburpypbsesépatatiedabyposda can be

filtratjon such as decantation, ravity-filtration,
f??P?S?#%ﬁyuﬁﬁngﬁﬁag 28rpF8§¥ﬁ}g Ipressure filtration

oEo@gg]centrlfugal filtration, to thereby obtain only
| ybdenum and- cobal t - cont ai ni ng_agueous
sol uti &n. tipemetharpAPa Fscavediag mRévbdepgm and cobalt,

| d.ong-
FPESEEShe, hY. SoeTHBbPrntpREnsIFRTLEH S| HoLGB0R I an
nbbybﬂEHUﬂhaﬂdnﬁﬁbaEQueoascGDduMgohOthebprebeaﬁned as the

i nvention, the bdenum and- _cobal t -contain .
aﬁﬁ@%ﬁ@rge|m€F8ﬁlﬁﬁy BE BBFaPﬁéa%§§nﬁﬂeanPeE8béﬁéaC°ntalnlng

maLgebak; s@ﬁuEQSn”ﬂhbe@nEUE@H@TCQQQEH aeat aubhkettd to a
aqueous solution may be further dried and subjected to

aheHEatrEBEaEnEnDrothEhélkekéotéhﬁﬁ@béb?bﬁbﬂalﬁ golid

t th t |. [0023] Th
" Ba00} PhoSHeLhBa 6 SURESHr HRERT Pavent | on makes. 15

|q0993$|ble to recover especially nolybdenum and
cobalt at
The recovering method of the present invention makes
it possible to recover especially molybdenum and cobalt at
a higher recovery. If the composite oxide contains cesium
in addition to meolybdenum and cobalt, the recovering method
of the present invention also makes it possible to
efficiently extract cesium into the above-described agqueous
phase, so that cesium can be recovered at a sufficiently
high recovery.
[0024]
Method for Producing Composite Oxide Containing Molybdenum
and Cobalt
In the method for producing a composite oxide which
contains molybdenum and cobalt, according to the present
invention, the molybdenum-and-cobalt-containing aqueous
sclution obtained by the above-described recovering method
of the present invention is dried and is then calcined to

thereby obtain a composite oxide which contains at least

molybdenum and cobalt.
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a higher recovery. If the conposite oxide contains
cesium in addition to nolybdenum and cobalt, the
recovering nethod of the present invention also nakes
it possible to efficiently extract cesiuminto the
above-descri bed aqueous 20 phage, so that cesium can
be recovered at a sufficiently high recovery. [0024]
Met hod for Produci ng Conposite Oxi de Contai ni ng

Mol ybdenum and Cobalt 25 In the nethod for producing
al €dapbsi t e oxi de which contains nol ybdenum and

cobal ty, aceorfll pod OrbheoPLaaethy LMUSRbLETC! Bide,

nol ybdenum and- -cont al ni ng”aqueous sol ution
(ﬂﬁ@mﬁ@dn@yt@hEhabpyesdeBCLnbedtLenovehengohebﬁedumoﬁnd-

t t d d i h ' d t
SRR G55 EBA Y oF GEFRBE P61 BRFOR GRFNEOnDAI hEeaPoove"

| gastri 904 YPLesysr 8y ROPRLYE- 0 E2tnb0RZBkehn &heeﬁﬁﬁhﬁdmay be
for producing a conposite oxide, according to the

ps B3@hy dnvedtaod, C@h@lﬂﬁﬁyb@énuﬁ}ﬁﬁﬁerlal compound for

CoReLLZ SO B! B0c B0pEBySy SOLY! LODnoRLaLDRLDY bLheno1 yoenun

des bed"recovérin e present
| AveNEdIoNL bayaPebe SaAgEN dbleﬂeamdlghﬁehnmdandﬁcohalt—
mat eri al , conpound for _introducing a different neta
e@%%%ﬁ%nb$%e?qFﬁ%HSnﬁP}BHéﬂBn?taﬁngBBﬁFFtﬁa§lﬁéngddéde ’

tQ f@fen@k?PgﬁnWﬂhaﬂgecggﬁké foﬁhé'ghﬁgo@gU§@Q§tlon) or
ution a approprlate timng, i.e., 10 before dryin

(baf®he st htenatiohe (Aguebesssakbat pénfher drpeflopelid) . When
CBLEATE 40 B2eShahR, 0 Bl 480 FOLL e eB: erorent
dioé £ &1 eat em&Bt abt Bk enenanohbeybibaomnahybdebamtandt becomes
cobalt, it becones

pOSSlble to control the composition rate of the resultant
composite oxide to a desirable one. The composition of a
composite oxide to be obtained by the composite oxide-
producing method of the present invention may be the same
as or different from that of the composite oxide used in
the above-described recovering method of the present
invention.

[0026]

As the material compound for introducing a different
metal element other than molybdenum and cobalt, there may
be used the compounds of other metal elements, described as
the constitutive elements of the composite oxides to be
used in the section of "Method for Recovering Molybdenum
and Cobalt", and examples of such compounds include oxides,
nitrates, sulfates, carbonates, hydroxides, oxo acids and
ammonium salts of the same acid, and halides.

In this regard, a material compound for introducing

nmolybdenum or cobalt may be added when the different metal
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possible to control the conposition rate of the

resul tant 15 conposite oxide to a desirable one. The
conposition of a conposite oxide to be obtained by

t he conposite oxide- produci ng nmethod of the present
invention may be the sane as ar3 different fromthat

of the conposite oxide used in the above-described
recovering nethod of the present 20 invention. [0026]

As the material conpound for introducin% a different ,
nelelhert epener ofheR BpbrbadNyBdendnrahaleobsl intrpdpeed, in

depetﬁggdtﬁggc§ﬁ£89999§??U?QEhSE gﬁéakeghﬁg?ﬂgscomposite

escri bed as cons 've el enents o
conposi hey oxe desnt oo beetisedasnthbemaeeriah obmpbehbodor
for Recoverin

( Mol ybdenum . and Cobalt", and,exa e
ot sk eelars) %B%b%ﬁEP%detBiFaegFe ﬁ%@%@?ég}?éuggiyﬁg?num
gg&t @§,s@aﬁrgglﬁ§§gb@éﬁuﬂ0t9§o§m9e apRROLHA-Sakt s and

e sane acid, and halrdes. 30 In this regard, a

natredl Bkm coapaunlypdate nt rdduthagnakekybdenonponnd for

bal b dd h [ .
e

| giclodusedobd Dt QI destéhahdt bergdapesittes.rate of the
resultant conposite oxide may be controlled. As the
nB?@7hl conpound for introducing nol ybdenum there

are exggpiiligdy d§¥9§§?§g§é*ﬁ988382ﬂ§ AYER0ASof the present

nol ybdenumtrio I C” acl anmoni um
phnaemt yboat ehe Adrvheg nadedi i onenpodnthéoralcination

|LLSEELRD SobaLe | heceeat oo exelBlLILed ROVRLLropeiately
[ 90244t ed 02t ot HEn§0APOSI kBoNNI AletRbadBENgraEhRedgok
the present invention, the drying conditions and the
cpBpPeattonoxide or a composite oxide catalyst.

[0028]

Method for Producing Composite Oxide Catalyst

In the method for producing a composite oxide catalyst,

according to the present invention, molybdenum and cobalt
contained in the aqueous phase (i.e., the moclybdenum-and-
cobalt-containing aqueous solution) obtained by the above-
described recovering method of the present invention are
used as materials for a catalyst. An agqueous solution or
aqueous slurry, containing these materials, is dried and is
then calcined, to thereby obtain a composite oxide catalyst
which contains at least molybdenum and cobalt.

[0029]

In the composite oxide catalyst-producing method of
the present invention, agqueous slurry or an agqueous
solution may be prepared by adding other material compound
for catalyst, to the molybdenum-and-cobalt-containing

agueous solution obtained by the recovering method cf the
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conditions are not limted, and thus may be

appropriately selected according to a known net hod

for producing a conposite oxide or a conposite oxide

catal yst. 15 [0028] Method for Produci ng Conposite

Oxi de Catalyst In the nmethod farg producing a conposite

oxi de catal yst, according to the present invention,

nol ybdenum and cobalt contained in the aqueous phase
(i.e., the nol ybdenum and 20 cobal t-cont ai ni ng_aqueous
s@¥%$¢%ﬁ)l@3@%¥h@ﬂ byrt heeaBev¥bdaryBraBddCcPBadsFPRG1ININY

”§§@8§u9f5+fﬁt95§mﬁgg bQVSHEé°8r§E8 tHSEH(3$n MRt gLl aks
for a catalyst. ueous solution or "aqueous
shwteyiabpn@hiohnmayhbeethahemnabd,quhdwaEdraaddlsther

t hen calflned to gereb% oita%n g osite oxid 1

R BPY 53 L 25OMAP URY cHAT aF AE2 LY SFealP RE QBHEnaﬁPSHHS siurry
COPahh . aqhO029] sbtut hencOARPELEE OXi de _ _

cat al yst - produci ng nethod of the present invention,

abledus slurry or an aqueous solution nay be prepared

he’ o BaErter ahi bobartS Bt APk R0~ RyiGouE LBPUEra] 1

obmal@@ﬂp@glt@eokea@veatﬂgysetboddotlhbemééhoﬂrefenhe
i nvention; or the nol ybdenum and-cobal t-contai ni ng
ARERDERE sHIVER bhORmy™BE BRcEEr Falet BNBbAAI ANY aﬁ|&ae

nRLELES %l &@hﬁ@uﬂ@% Q@s&P?BeH‘%ﬁdtﬁ%thE@ESE ard Rbhebd for
mat eri al conpound for catalyst, to prepare aqueous

sPumdyc5n@rCampaqueeu@xsdeuConhatheneoHolypdeBOF @nblefobalt”.
TBLET L SETRELI Lo PRLE St onk 8.2 HBECHH" g DBor ocery
PEeseateiNYENAE8PrdABYebRithetRBNBOAPEsA818AY 0bf at Hesired
catalyst. Again, to contrcl the composition of the
catalyst to be desirable, a molybdenum compound or a cobalt
compound may be used as a material compound, as well as in
the above-described composite oxide-producing methoed.

[0031]

In the composite oxide catalyst-producing method of
the present invention, the conditions for preparing the
agueous slurry or the agqueous soclution and the conditions
for calcining and baking the aqueous slurry or the agueous
soluticn are not limited. The known conditions may be
selected for the present catalyst-producing method,
according to the type (or use) of a desired catalyst. When
an intended composite oxide catalyst is, for example, a
catalyst for production of unsaturated aldehyde and
unsaturated carboxylic acid, the procedure and conditions
disclosed in JP-A-2007-117866, JP-A-2007-326787, JP-A-2008-
6359, JP-A-2008-231044 or the like may be appropriately

selected. When an intended composite oxide catalyst is a
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10 material conpounds described in the section of

"Met hod for Produci ng Conposite Oxi de Containing

Mol ybdenum and Cobalt”. The anmount of this naterial
conmpound may be appropriately selected in accordance
with the conposition of a desired catalyst. Again, to
control the conposition of the 15 catalyst to be
desirable, a nolybdenum conpound or a cobalt conpound
may be used as a material compound, as well as in the
a@@?@lH%%cf@beﬁr@éﬁﬁﬁépﬂeoéxPﬁéaﬁﬂééﬁéﬁnglﬁéﬂﬁéd the

hg?ﬁ&%d uPe g§d°§8H8§£E8ngxh9§ci E%hyﬁbhebogu k093096, JP-B-

I ésén |nven ron con |t|on
fop- pﬁeparOﬂgthhellaqumaysbalappyopmlhhelgqaemested When
solution and the conditions for aIC|n|n% akin%
t e éﬁE%%ﬁ%dsFaPP9stetﬁélﬁauééﬁé Y86l &fi gncatdlyst tor

|h?&%@@regbﬁeﬁﬂomﬂhé0B9bEb@ﬁ§e”§Mdb@on8§k?%h@ddﬁ%&lbﬁ%d in
present catalyst-prodUC|ng nmet hod, 25 according to the

t JPeAtBP- @§é§9ofPatde§|Redl@aratygn NoheR 5948 6Pnt Eadedt
|t id I
CRIBESLE S L Rac ATkl 8L YA 85817181V Sbmese,

unsapurapedl 6apboxyki ehacldket haypbecegprepaidtely selected.

conditions disclosed in JP-A-2007-117866,
Jh0%§%b07 326787, JP-A-2008 30 6359, JP-A-2008-231044

or theg Eﬁeﬁexmgssﬁpefegaa@t §5¥al§§keg&89ucm§n?gt@hod of

i nt ended conposite oxide catalyst s a 15 cat
fbheppndaehtohnménbmeatupabédrabﬁyulEhetde1edraqeeoue phase
and cogdlti ns |scI ﬁgd in b E 8E4309 , %P-B- £

597 188171 07 tﬂ% | FRe"1&Yy BE AP séri8t8|5e§ | &¢pagment 1n
Wiea padstntendedaconpgsihg Axtdeigat ah¥gbinsf@er optionally
catal yst for 5 hydrotreatnent, the procedure and

cOHEP Yoﬁ%fﬁr§@ﬁ05@daﬁn"rgﬁuAISQHGQIQthP&F it Because of

Regl 51 £21),00, N 3990265, PRLENEyBROLSLr 8LLOD 1N of che

ent glstratfon
resultant catalyst can be effectively improved. This

effect is found to be remarkable especially in the
precduction of a catalyst for production of unsaturated
aldehyde and unsaturated carboxylic acid.

[0033]

As the above-described reducing material, there are
exemplified hydrogen, ammonia, carbon monoxide,
hydrocarbons, alcohols, aldehydes and amines as preferable
ones. Preferable herein are C,-s hydreocarbons, C;. alcohols,
Ci—s aldehydes and C;.¢ amines. Examples of the Ci.;
hydrocarbons include saturated aliphatic hydrocarbons such
as methane, ethane, propane, n-butane and iscbutane;
unsaturated aliphatic hydrocarbons such as ethylene,
propylene, a-butylene, B-butvlene and iscbutylene; and
benzene. Examples of the Ci-s alcohols include saturated

aliphatic alcohols such as methyl alcohol, ethyl alcohol,
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JP- A- 2007- 152324 or the like may be appropriately

sel ected. [0032] 10 In the conposite oxide

cat al yst - produci ng nmet hod of the present invention,
preferably, the dried aqueous phase is calcined and

I's then subjected to a heat treag nment in the presence
of a reducing material (hereinafter optionally sinply
referred to as "reduction treatnent"). Because of 15
this reduction treatnent, the catalytic activity of
tnepr©@§h|@hﬂ@h@étanygpr@anlbéléﬁh@étuvebytw&pﬁévéaol

T e ou r a e I
R
unsayuraledhoatdahydEuaadeunsaﬁphated aatbh&YEIGuahlds allyl
20.[0033] As the above-descri bed redu0|n%cnaten

t Rk %h%.%e CEREHDI pLFeRohyaPegRARChAMYAI lcpRPhonand phenols.
MR fes oPYQEQCé Qoa§deﬁyaeeohaclaheeexgﬁéa@ea agippatic

am nes as preferab { ones. Preferable herein are
hytdecadbonsuclclas abrohotishy@s, Cic6tabddhidds,and

e SR P et U RphNL | BLRSET O aPbOne SeRaRYIag Ldehyde;

netdanesaethaped PIOPAREicNabibBREednNdutBOREt @Beblein,
unsat urat ed al i phatic hydrocarbons such as ethyl ene,
pFEphPRAtdehvant gndnBe thapupyreRe aRdalBoBat PEefiBe &nd

o D50z e0ee RABIDLEA- O ohne) KRG+ ALOOROkS ! RELNIES

sat ur at ed hatic alcohol s"such as ne
etdiyhy hdcohe) | diﬁetnybampyé ateomethylanpnepykthylamine,

al coho n-butyl .a coho|, . isobutyl al cohol dary
SOk EBHOF R FEFEPAY) AT BURY| VP EbHOP Lo n st P d Ll
a&mﬂﬂ@£|§u@$CQQ0£§l§Hﬁhn@SaﬁH|Mhal@b@ﬁﬁ@he,Céﬁﬂybnlllne
al cohol and nethal | yl al cohol; and phenols. 5 Exanples

ohny hef Cihesal Hehydeso| meFadeadat upat b uFephalpee, or two

or more selected therefrom may be used in combinaticn.

[0034]

The above-described reducticon treatment is usually
carried out by subjecting the catalyst to a heat treatment
under an atmosphere of a gas which contains the above-
described reducing material. The concentration of the
reducing material in this gas is usually from 0.1 to 50% by
vol., preferably from 3 to 30% by vol. The reducing
material may be diluted with nitrogen, carbon dioxide,
water, helium, argon or the like, to such a concentration.
Preferably, no free oxygen is allowed to be present,
although the free oxygen may be present within such a range
that the effect of the reduction treatment is not impaired.
[0035]

The temperature for the reduction treatment (i.e., a

heat treatment temperature for the reduction treatment) is

preferably from 200 to 600°C, more preferably from 300 to
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al dehydes such as formal dehyde, acet oal dehyde,

pr opi onal dehyde, n-butyl al dehyde and i sobutyl

al dehyde; and unsaturated aliphatic al dehydes such as
acrol ein, crotonal dehyde and nethacrol ein. Exanpl es

of the C1_6 10 am nes include saturated aliphatic

am nes such as nethylam ne, dinethylam ne,

trimethyl am ne, ethylam ne, diethylanm ne and
triethylam ne; unsaturated aliphatic amnes such as
aBDQ%hﬁnéﬂaﬂdtﬂmanqfahhmere@mdtbmmltneatm@my ot ehese heat
reducing%nater be used al one, or two

T eSLRPRlT b ngREr LhR R&§UGE 1084 PATRERET "8 Sfually from

[90§ﬁ$u€B§ 8hoye- HSéEE'bﬁgeE@QHB&&OErBﬁegb”ﬁﬂhuk%s to 10
usually carried out by subjecting the catalyst to a

heatr & r eat ment under an at nosphere of a gas mhlch
cont ai ove scrlﬁed re

concont FSFEACOT" thaS FRRUET AG-ras BPRar SHICERPE GRgn Rent is

usaatt¥df 6ot 8s1£6016Q% byhevehlcipeaf ArabkYafir am. 3.t 0the
30% by vol. The reducing material may be diluted wth
n???%%%h?ecﬁﬁbéﬁ aprbaldel) fAtainedeRifGAY AP§omradfippéion 1s

lLke, 150, SH?ﬁtgl PCSEtEQBhQQr Zéoﬁrﬁgggaﬁk nB015K8E and is
oxygen IS a resent |t e free
oylgeachag be preeenttme&hmanSuwhlaerangas thatatihéng the

effect.of the reduction treat i.S.Nno npai r ed.

T35 PO Erb ot b PR OROL RLTPHANCE PR PPoakEnthe
(totaiBer 30 beAlnkl €At BERLcLERBREAt URE §QE Bﬁgcharged from
reduction treatnment) is preferably from200 to

nehe preEeiadryoPEbAnadbytBaY7be508CyCRg t | Ferf kamhée, the
(ERUELYEE, HAEISHckbosun 8 DERLE ST BRI IBL90 i o
Z@hmsﬂrsxloaeianabhydfaogaQOcnhnutﬁ$ngotﬂ@ reducing material
may be allowed to pass through the tube for the reduction
treatment, and the catalytic gas phase oxidation may be
sequentially carried out,

[0036] _

After the reduction treatment, the mass of the
calcined material (i.e., the composite oxide catalyst)
obtained after the calcination usually decreases. It is
considered that this is because the catalyst would lose
lattice oxygen. The rate of decrease in mass 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 the reduction excessively proceeds with the
result that the rate of decrease in mass becomes toc high,
the catalytic activity, on the contrary, tends to lower.

In this case, the catalyst is again calcined under an
atmosphere of a free oxygen-containing gas, to thereby

lower the rate of decrease in mass. The rate of decrease
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hours. 5 Preferably, the above-described reduction
treatnment is carried out as follows: the calcined
material (i.e., the conposite oxide catalyst)
obtained after the calcination is put in a container
of tubular, box-type or the likg and is subjected to
a heat treatnent while a gas containing the 10
reducing nmaterial is being allowed to flowinto the
container. During this treatnent, the gas discharged
fF@nmaﬁﬁeléoﬁﬁﬁﬁﬁ@#néétbﬁn&hﬁyfﬁé}OUénge@ﬁ@BédonFor

xampl enet ey ccpralual aBL g faskeq yn_a reacti on

tube for "ca e oxi and a gas
cont ai nthg mheSreduth@gcaaheysalf&ﬁnﬂabemeralk@wedeﬁucing

pass through the tube for the reduction_ treatnent,
and t hetESEAPGRFc~ghBepRass 6ti §4ei 6 ﬁtﬁ&ysﬁefound after

sequent £gb! ¥eQaktlgd e%atin@%@]/théf hakst be rtﬁ@uetalt%riyst
treatnment, the nass of the 20 calcined nmateri al

(i.e., fhendohpﬁsreetbnldedcatabystyeabmanmea afer

the calcipation_usually decreases. It i nsi dere

hot o ERe b DB tiRERt  ha CHEERE B ng bry TR EVREREL, Bbe
oxygedsindheatateadf cdeeneasenintiBes dde t8et heSt treatment

reduction treatnment (or the heat treatnent) is
pFeF tRabfheoBefghionobreataonby HassreRBEengr BRECIBRY

fromPsl, fo 58@9¥m HEéa ﬁ¥@ﬁﬂthSeE§@%8tE98m the redugcing

excessi vely procee result that the rate o
dmeteasellnsnﬁskebgcbaesememnhughthethataayatyafmer the

act i vi o] contra ds to th
cEeaitHon BrarbafRlL 21t shERTR: hogeanter GHSs0oL such a
atepspheng RhtariheeiAXyHeNc60AL 3khi Y daparh@ctiRemeBYured,
| ower the rate of decrease in nass. The rate of

deedebBes 180una ®ass valuet éFnPrbdrbytedefron swengass of
egﬂétkggélyst containing the remaining material; and the

mass of the catalyst after the reduction treatment is
calculated. Since the remaining material is typically
carbon, the mass of the remaining material can be
determined, for example, by the measurement of total carbon
(TC) or the like.

(0037]

After the above-described reduction treatment, the
catalyst optionally may be again calcined under an
atmosphere of a free oxygen-containing gas (this second
calcination under the free oxygen-containing gas atmosphere
is optionally referred to as "reoxidation").

[0038]

The concentration of the free oxygen in the free
oxygen-containing gas under which atmosphere the
reoxidation is carried out is usually from 1 to 30% by vol.,

preferably from 10 to 25% by vol. As a free oxygen source,
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the rate of decrease in mass (% = (the mass of the

catal yst found before the reducing treatnent - the

mass of the catal yst found after 5 the reduction
treatnment)/the nmass of the catalyst found before the
reduction treatnment X 100 In tRigs connection,

depending on the type of the reducing material or the
conditions for the heat treatnent during the

reduction treatnment, the reducing material 10 itself

0N a3 HecoRpPPLEd @KbqaﬁtlaeﬂEVéélﬁréﬁﬁﬁhe FBd@cpiygen source

”?éec¢9ioh§r gk8£¥?E89r$E§h”n&ErB§8n,t%Qk%éh aﬁgﬁggggewater,

reduction t én n such a ca e nass o
anhel edmj ndhgonaber tak nmkéhefoatabgshsisheemaeatekygen—
measured, and this found mass value is subtra

fEemt 2 el ngsgas 1§h?h§e€é%§P§éPncBEPBPﬁFﬁﬁrﬁhés Bsually
af€§$ %ES ggt§5 % F?é?oﬁ %@et a%@b%f The

reduc |dn ul at ed
th@oﬁ@@@tﬁ@ﬂgtnﬁéeﬁsatrbﬁ Bymnﬁatbs teaecbonputrhe ﬁ&&ferably
of the remaining material can be determned, for
ekbeml 80 BinuheSnbaslPeRBHESof total carbon 20 (TC)
0{05?@ like. (0037] After the above-described
reductlon treatnment, the catalyst optionally may be
agai n Ealtheedompdentanoxadaospheﬂgstpaoﬁueéng method of

t t 5 I Ll
MR P EREoR P othBEyBERRCon Al RRRG 886 AenBpnEre  LYs Subiected
opsi gnablyingf prbedstQ asne rﬁ@ld@ﬁb'@@ reskOR3§] beTharried
concentration of the free oxygen in the free

oYy geAceond ANt hg §asonNEBFiRAREhmaLhBdphépE eHamMBde, tablet
S ELLo0y! SLCRRLELLON S tpln Y R, b 20 Bhapea,
opyheatsbilkeg, spherical or granulated catalyst. The molding
process may be carried out before the drying, the
calcination or the reduction treatment, or after the
reduction treatment. Inorganic fibers or the like
substantially inactive to the intended reaction may be
added to the catalyst in the molding process, in order to
improve the mechanical strength of the catalyst.

[0040]

The composite oxide catalyst-producing method of the
present invention is intended to provide at least one
composite oxide catalyst selected from the group consisting
of a catalyst for production of unsaturated aldehyde and
unsaturated carboxylic acid, a catalyst for production of
unsaturated carboxylic acid, a catalyst for production of
unsaturated nitrile and a catalyst for a hydrctreatment.
Above all, the composite oxide catalyst-producing method of
the present invention is suitably employed to produce a

catalyst for production of unsaturated aldehyde and
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19 an air or pure oxygen is usually used. This oxygen
source is optionally diluted with nitrogen, carbon

di oxi de, water, helium argon or the like, for use as
the free oxygen- containing gas. The reoxidation
tenperature is usually 5 from2Q0 to 600C, preferably
from350 to 550C. The reoxidation tine is fromb5
mnutes to 20 hours, preferably from 30 mnutes to 10
hours. [0039] In the conposite oxide
canakyyarapeddasirhgxgéthodcafl. 10 t he present invention,

t?g ggialyst is optionally subjected to a nolding
p o% . The nol ding process nay be carried out

accor dnggthe aa€ebyent fepaprsBubedonf oFf exsapleated aldehyde
tabl et conpression or extrusion nolding, to obtain a

rPRY- Shapedratpel FarbPrkeicspRarl cahesr gFafitiraPed fied a

c : 0 c out-~

B R R S T
tofatacatytoc ghsephibe orkedattiponoffr pabpeiene with free

I ic fib t ik bstantially i ti
LBRVRERT P bnaetisFBAKE Fofomy T BRI EATBd R0 TERE AP APy By 20
| et RECHDL dENGcPHOBOSGayl BroREeR 140120 ghBPhA%Set BRidation of

mechani cal strength of the catalyst. 0040] The
cohapbuiybensi g6 Earalgsy- ppsdcehAgonethbdtbf firge oxygen. As

. ti s ded . | .
DEaoDb A TYEP. 00, PR IURCeE 0y RALLIRES, LeBRb Nt acia,
cohstst ingeRbmpl idiedt al yatalgstpfoduptrbdncafion of acrylic

unsat ur at ed al dehyde and wunsaturated cargo lic acid,
adthtaPysvaroPlppodtdetieh 6f 2GhReatLFat'ad c§¥68x§ﬁﬁgen or a

aghéal@scakabyptoliRrtPhAAYEt h@RnhkryiReabhial 84 way of
nitrile and a catal yst for a hydrotreatnent. ove
apkidahéoponposttbaoxpdeivavathstrpeodaviony -neBlsodhef
catalyst for production of unsaturated nitrile, there is
exemplified a catalyst for production of acrylonitrile by
way of ammoxidation of propylene with free oxygen or a
catalyst for production of methacrylonitrile by way of
ammoxidation of iscbutylene or tertiary butyl alcchcl with
free oxygen. As the catalyst for the hydrotreatment, there
are exemplified a catalyst for removing a sulfur compound
and/or a nitrogen compound in a petrcleum fracticn or
lowering the concentration thereof by reacting such a
sulfur compound and/or such a nitrogen compound with

hydrogen, and/or a catalyst for hydrogenolysis for use in

lightening of heavy oil.

EXAMPLES
[0042]
Hereinafter, the present invention will be described

in more detail by way of Examples thereof, which however



10

30 the present invention is suitably enployed to
produce a catalyst for production of unsaturated
al dehyde and 20 unsaturated carboxylic acid. [0041]
As the catal yst for production of unsaturated al dehyde
and unsaturated carboxylic acidg there is exenplified
a 5 catalyst for production of acrolein and acrylic
acid by way of catalytic gas phase oxidation of
propyl ene with free oxygen, or a catal yst for
prlodutdi batobenephatFoRdi ASaRdMikdnEakhel SEORE @ Thyhe

a as._p e i dation of isobutylene
2§¥?§% ?a?gb%hké ga?%oﬁ%& W??h free oxygen. As 10 the
cataly$hef9ttmv®dm95iom oheunaabmyatedinambexfbudowing
acid, _there is ex ified a catal yst for C
oEXBRPVEFCWERE| §VB uﬁ/ﬁ?%f’%%b&d“?& ogk S&(’fr P§| E‘ \%ﬁelcll‘?w
fregzexygen or a catalyst for production of
nethacryllc acid by way of oxidation of nethacrolein
mﬁahaivéecokygeMLtBsTEhé 15 catal yst for production of
unsat u dnitri th xenpl i.ed lLy
for pr dagﬁﬁsanPC§%P§|§H5F ﬁggby ﬁgge% Aot 2B 18 mn
aggextHatpea @fitpr @pxtlaeaeywr:thlf gee @magangars aixture of
catal yst _for production of nethacrylonltrl b
ahﬁakuaaﬂﬁaﬁ/@ﬁyggaﬁaﬂyréﬁénéﬁtﬁéwt.arQ/Bu?%| éV@oﬁoPn molar

h 59189 &EQefgéyQEEo %ﬁetQQaE@E@ky%hb oLhttBe f1ow rate of

rotreat nent ere are exenpli a catalyst for
reﬂnﬁumg/alsulﬂataodapdumdmpamdtomeaanﬁtEagéﬁuceﬁpoﬁwdcarry
in a petroleumfraction or |oweri ng t he concentratlon

tﬁBFeéP pyifakdenngedgéhon asupPpirc céﬁﬁoaﬁa Bﬁafor gas
? tHbt58@235°8?p9Hthﬂb%h (35 chydrogg %dﬁafter the

st for rogenolysis for Gsé |n enlng of
heaaytmbh) EXANEhE$yzed by gas chromatography, and a

conversion of isobutylene, and a total selectivity for
methacrolein and methacrylic acid were calculated according

to the following formulae. Standard Temperature and

Pressure hereinafter means 0°C (273.15K) and 1 atm (101,325

Pa) .
[0044]
e A conversion (%) of isobutylene =
[ {the number of moles of fed isobutylene) -
{the number of moles of unreacted isocbutylene)] =+
(the number of moles of fed isobutylene) X 100
e A total selectivity (%) for methacrolein and
methacrylic acid =
(the number of moles of methacrolein and methacrylic
acid) + [{(the number of moles of fed isobutylene} -
(the number of moles of unreacted isobutylene)]
[0045]

Production Example 1
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[0042] 30 Hereinafter, the present invention will be
described in nore detail by way of Exanpl es thereof,
whi ch however 21 should not be construed as limting
the scope of the present invention in any way. The
activities of the catalysts inzaze follow ng Exanples
were eval uated by the nethod set forth below 5
[0043] Catalytic Activity Test A glass reaction tube
with an inner dianmeter of 18 nm was char%ed wth a

cREGPFERLIQNGPT GREPASHAE Ariefr gabplyst Containing

|ﬁgpyﬁgggaﬁ/gﬁagggbglgrogen/stean1(— 1/2.2/6.2/2.0 in
nolar 10 ratio) was fed into the reaction tube at a

rom;rhmmonium8m05yhdahenl (FBt eaddaPel. .Féixpér dédie Japdrts by

Pr ess to ca out. apn oxidati reaction at 35 C
BFeehehs p0s58hkda PHORSRREEER) (B0 BARE S Ryahat?
(bb€aindayas1Qbiahned abhethkhetheeaBhhan) iwas nitrate (III)
anal yzed by gas chronmat ograp hé and a 15 conversi on of

Vi

|é6@uN9ﬂ@n@Hzahd aO?OPaPa§éﬁe PREG) § oFObARLhAGCERERN
| o
apdo prbhacied b 248 Bepe cal Gyl Aled) acear dhagyy 0:thae

ow nd fofrul ae npera ure an essure
heC sNOf t €r9 negresr O K2 8 dS6K)weamel distol(dd1i3280t water

P 2 0044 A conver but Iene =

(T8 Tahbar Db mAarbe BRir cheheBaFPRERCTI T EtRe

npﬁb@ﬁogf @mi@ﬁ @§7UUV§QEE§dbySﬁQHEY|ﬁﬁ@)hlS%bﬂQed in the
umber of moles of fed i sobutyl ene) X 100 25 A total

séﬁ%@ltwngySP@@tﬁeﬁ het patadheinsandtipgt Bacrylic acid
[0046]

Next, the solution A was stirred, and the solution B
was added to the solution A to obtain slurry. Then, this
slurry was dried at 250°C with a flash drier, to obtain a
catalyst precursor. To this catalyst precursor (100 parts
by mass} were added silica alumina fibers (RFC400-SL
manufactured by ITM ASSOCIATES) (18 parts by mass) and
antimony trioxide [Sb;03;] (2.54 parts by mass); and the
resulting mixture was molded into a ring-shaped material
with an outer diameter of 6.3 mm, an inner diameter of 2.5
mm and a length of 6 mm. This molded material was calcined
at 545°C for 6 hours under a stream of an air, to obtain a
composite oxide catalyst (a} containing molybdenum and
cobalt.

This catalyst (a) was found to contain bismuth (0.96
atom), antimony (0.48 atom), iron (2.4 atoms), cobalt (7.2
atoms), cesium (0.48 atom), silicon (4.4 atoms) and
aluminum (4.8 atoms) per molybdenum {12 atoms).

[0047]

Example 1
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(the nunber of noles of nethacrol ein and nethacrylic
acid) = [(the nunber of noles of fed isobutylene) -
(the nunber of noles of unreacted isobutylene)] 30

[ 0045] Production Exanple 1 22 Preparation of
Conposite Oxide Catal yst Contaigy ng Ml ybdenum and
Cobal t Ammoni um nol ybdate [ (NH4) 6M7Q24. 4H2O] (441. 4
parts by mass) was dissolved in hot water (500 parts
q¥ mass) to 5 obtain a solution A. On the other hand,
i RePOYREY a® € Nolypdenym( negd) 8obpdd] (202.0 parts by

Taoe) TRQPALILOLLLA! 5 LEOLNER) 2.0 ) (43606 B mg%h

s) and céstumanitra parts
memwtﬂiss@lved6%nbhomaﬂatef mézgﬁdpaums bpgnhysmasandf iron,

then, bismuth nitrate 3 5H20] (97.0 part
b& NS sYY VR3S /i S OFQQ PﬂehngésEVtWﬁ% SFUFFgﬁuF was

Obt #hRd 33 88! WhEOPhBn ﬁ@Qéélln%BXkathe (80bubi g Anwas 253 by
stirred, and the solution B was added to the sol ution

An@@so@qaecnuslammynlarhéﬂlut:hos 156, 4R0r gy - wadhdpi mdxgre was
ég%%ﬁth a f ggge&? g Qggaig 81d°?%§£&§5ture of the
ta y

CUF ca precur

Wﬁ§§%u¥€r§a§dggﬁn gﬁ atugpne, féﬁ&”ﬁbéFfﬁgﬁofﬁitered under
manuf act ured by | ASSQOCI ATES) (18 parts by mass) and

an¢éduoay presxide. [SEBéBieézlﬁanpafiétbytﬁaysﬁ Sahdected to
the 20 resulting m xture was nolded into a r|n $ qb
obtain

n%t%?%wrwpﬂeaﬁ Bht B20T et BT 6EQC nim B %
déa%$f§ Rkt érp 1mna6€4agg4§9tg QECQdeTﬁaiewmed

mat er i was ca ci ned or 6 hours under a
streankopamh afrthéosobidi maderceaipesst eubiedeéed to an

Caiem n%aiagn QE?L”LQQh"E'%9929“¥H839escence spectrometer
(ZSX Primus II manufactured by Rigaku Innovative
Technologies). As a result, it was found to contain 49.30%
by mass of molybdenum, 0.01% by mass of iron, 18.40% by
mass of cobalt and 3.15% by mass of cesium. Therefore, the
recoveries of the respective elements from the composite
oxide catalyst (a) were 75.7% in molybdenum, 0.1% in iron,
76.7% in cobalt and 87.4% in cesium.

The recovery (%) of each element was calculated by the
equation: (x/y) X 100, wherein x represents the mass (g) of
the element in the resultant solid material; and y
represents the mass (g) of the element in the composite
oxide catalyst (a).

[0048]

Evaluation of Recovered Molybdenum and Cobalt

The material (or solid) thus recovered was used for
preparation of a composite oxide catalyst containing
molybdenum and cobalt, and the catalytic activity of the

catalyst was evaluated.
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25 cobalt. This catalyst (a) was found to contain

bi smuth (0.96 atom), antinony (0.48 atonm), iron (2.4
atons), cobalt (7.2 atons), cesium (0.48 aton

silicon (4.4 atons) and alum num (4.8 atons) per

nol ybdenum (12 atons). 30 [0047)a Exanple 1 23

Recovery of Ml ybdenum and Cobalt The conposite oxide
catalyst (a) (2,000 g) (which contained 34. 6% by nass

of nol ybdenum 40% by mass of iron, 8%

cobal tTl&ﬁdrch‘&@b?dn%%%eéiaéeéPano\Jvég époéna‘aéﬁé by mass)

m@ﬁuéhgﬂt§1§sg %QEO Ear%é4 Qogagéoaﬁds@lﬁ%%@ﬁyofngﬁﬁonlum

gqueous anmmoni a sol u IS mXxture was
Smmlybdafgr[15Hﬂ@MbsOmhME@OﬂhelﬁlQupdrtenbgrmﬁﬂsé ofh water
m xture was bein

([ T08r ecbater o7 1 BABELA FPeSBhRet ThaoiELARE g OF the

f&ﬁéétﬁams §HQheﬁ1€9a¢:@ 1@1@;%@5 (beps.meNb]at 242@Cparts
inanair for hours, to obtain a solid nmateria

(hyO@asg),asoaagécnwbredenﬁﬁéﬂNQb2A@Pb@ﬂt (&8 -Bheagsei v
t
TRAEHL A p oS BhCGLERa, oL PPYLEl o Bpel s SR s

mangéagt@ﬁeﬂnbnoalgakgrlmgevatmet$5b§embselogaeﬁ)théa
aresult, it was found to contain_49.30% by mass

nbl §BABRURL tD2b29d BY (Hasks &ﬁ{ZPﬂon131§ REYFBy Ynﬁé§%f was
cgbakta84 3 1§ﬁ;b¥egﬁ§§1ﬁ5 c83u¥AbnTher ebek8n th@clution D.

recoveries o respective elenents fromthe
cOOPé8ite oxide catalyst (a) were 75.7%in

| ybd 1%in iron, .20 76. 7% bal.t .and
e W SN ST e R S
cphsukated by the SSQU@EBQHC €%/ yhtXih0Qluntrer.ei mhxn, this

represents the nass
Eurry was transferggé to a stainless steel container and

was dried at 250°C with a box-type drier, to obtaln a
catalyst precursor. This catalyst precursor was made into
tablets under a pressure of about 40 MPa; and the resulting
tablets were grounded and were then allowed to pass through
a sieve with a sieve opening of from 2 mm to 710 um, to
obtain granules with a grain size of from 2 mm to 710 um.

This granulated catalyst precursor was calcined at 525°C
for 6 hours under a stream of an alr, to obtain a calcined
material. Then, this calcined material (10.00 g) was
charged in a glass reaction tube and was 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) was being fed into the reaction tube at a flow rate
of 200 mL/min. (Standard Temperature and Pressure). The
rate of decrease in mass due to this reduction treatment

was 0.7%. After that, the reduced material was reoxidized

at 350°C for one hour under a stream of an air. Thus, a
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the elenent in the resultant solid material; and y
represents the nmass (g) of the elenent in the
conposite 25 oxide catalyst (a). [0048] Eval uation of
Recovered Mol ybdenum and Cobalt The material (or
solid) thus recovered was usedokor preparation of a
conposi te oxi de catal yst containing 30 nol ybdenum and
cobalt, and the catalytic activity of the catalyst
was eval uated. 24 The recovered material (or solid
(W@Eptatrq wlderzxiatiris bbt afdedohbaiBeded s nanthe

s G S S

Qf I? par S by mass) in water

(DGHBG] parts by mass), to obtain a squtron C. On the

5 ot her hand, |ron nitrate (III é% %g Oi §27.4
parts Ty rREE)tanbzata Wit at® ['¢2F NDRY2< 6FR0FOT 1R
Q@fé@tty (ATBSS)a @5Eh Cesidm mtratsortéiﬁNC@&btpts Past Stoms)

y nmass) mere drssolved I n hot water (25 0 parts by
rearsis)qeatndn t Herd8 diemutibe nine byled¢Big NOBY 32 56291 -

(13.2 arts by. mass) s 10 dissol ved i he,_r ltipng
sol uti %%][ PARES a%‘% Wt Fore %.&T%Oiﬁ?a%\%‘?(%, ?ﬂwjewgg
&,a}atmtiaaﬁtecﬂ IBSosding ech e dhevsolidsi oo wasaagded
to the solution Cto obtain slurry. Then, this_slurr

VR RS e Tled tAS 2@ steshl lesstise e@PN¥BRE AP Rep ahaoasgylene
Was; dfd etk atar?cli_’ot%é(v' & bs)é(l%é’tpfvfjf' efortr??eﬁ’lba@h@l@ln and

catalyst pr ecur sor . I's catal yst precursor was nad
indtthadapl Bt ssaindlevas T essure of about 40 MPa; and
tFe esulting tablets were grounded and were then

g to pass through a sieve with a sieve opening

ofe fd MR MRAMIA0L M to 20 obtain granules with a
grain size of from2 mmto 710 m

To confirm an influence of the use of the recovered
molybdenum and cobalt on the catalytic activity of the
catalyst, a catalyst with the same composition as that of
the above-described catalyst (1) was prepared, using new
materials, and the catalytic activity of the catalyst was
measured.

That is, the same solution A as used in Production
Example 1 was stirred, and the same sclution B as used in

Production Example 1 was added to obtain slurry. Then,

this slurry was transferred to a stainless steel container
and was dried at 250°C with a box-type drier, to obtain a
catalyst precursor. This catalyst precursor was made into
tablets under a pressure of about 40 MPa; and the resulting
tablets were grounded and were then allowed to pass through
a sieve with a sieve opening of from 2 mm to 710 um, to
obtain granules with a grain size of from 2 mm to 710 pm.
This granulated catalyst precursor was calcined at 525°C

for 6 hours under a stream of an air. Thus, a composite



This granul ated catal yst precursor was cal ci ned at

525C for 6 hours under a streamof an air, to obtain

a calcined material. Then, this calcined nmateri al

(10.00 g) was charged in a glass reaction tube and

was subjected to a 25 reductionsgreatnent at 375C for

8 hours, while a gas m xture of

hydr ogen/ steanf nitrogen (= 5/10/85 in nolar ratio)

was being fed into the reaction tube at a flowrate
oPx20e Pa/LALYs T Sfdndaicn trdmperamarlyarnupr egsliragbalt was

T:gsgaepa@e% g%s\%&? % e Ie,rX]ff trl%?c rqtétei to this reduction

ment the reduced
mdi@nsi2dl was reoxidlzed at 350C for one hour under a
stream of an air. Thus, conposi te oxi de cat al yst

(1) wag bF&SHé&anGsHﬁ§QQ%§ r'&dovétest Grinrh deh rRMERED
5 cebakiuthl Q056 a-E%% r esililotnan(tz Atal ot (:@old’ﬁst f(o7ur’2d atoms)

to contain 5 bisnmuth’(0 om, |ron (2
cébal cesium Jlors) atamd GESI mml(}@)dzt&bat o(ri)2 ﬁd:roms

nDbed um (12 -at ons) Cc activit hIS
catalysg f%% gtlgng&gﬁ&&Yég or 3¥¥R)QQ§ﬂ%¥ S T
abweude@@r bbedreanal Yo &heaGlhowd WdsRstibeds s ilo
t he conversion of _i sobutyl ene 10 was 45.5% and the

t BEAILVEENERBYI-t y PPoR e oltéien camy e nedtma @y llisebutylene
10 aghd was 487. Z%? Eﬁ%5{kta%ef l%QQQVgﬁgfgg% ﬁé?%é%ygﬂéfﬂ and

an i nfluente o use of e recov

nmbybaemu&uandcadbahs @6 .t51%e catal ytic activity of the

25@ ﬁzt a catalyst with the sane conposition as that
? above-descri bed catalyst (1) was prepared,

UsbfigaRewiveakebahghs, 1and the catalytic activity of
the catal yst was
A recovering experiment was conducted as follows,

15 using the composite oxide catalyst (a), under the same
conditions as those for Example 1 of Patent Publication 2
(International Laid-Open Publication No. 2007/032228).
That is, the composite oxide catalyst (a) (300 parts by
mass) was dispersed in pure water (1,200 parts by mass),
and a 45% by mass aqueous sodium hydroxide solution (400
parts by mass) was added to this dispersion. The resulting
mixture was stirred at 60°C for 3 hours, and then,
insoluble materials were removed by filtration, to obtain
an aqueous solution containing catalyst components. To
this aqueous solution was added a 36% by mass of
hydrochloric acid tco adjust the pH of the solution to 1.0.
After that, the solution was maintained at 30°C for 3 hours
while being stirred. A precipitate thus formed was
separated by filtration and was rinsed with a 2% by mass
aquecus ammonium nitrate sclution to obtain a precipitate

(53.2 parts by mass) containing catalytic components.




measured. 20 That is, the sane solution A as used in
Production Exanple 1 was stirred, and the sane
solution B as used in Production Exanple 1 was added
to obtain slurry. Then, this slurry was transferred
to a stainless steel container zand was dried at 250C
Wth a box-type drier, to obtain a 25 catal yst
precursor. This catalyst precursor was made into

tablet%nunder a pressure of about 40 MPa; and the

resul t F'n§2talifet&endre cdirdinaded Ward swdeatinsh tal 1aawed
t@1BAss thNr QuEh vsa sSiiave nu ' OR&NI; [1gm

2 Mmto 710 m FS soéta?ngb%gﬁﬁizgﬁ%ﬁ¥hegpd$§ﬁﬁkg#§§ 1. A&s
oft £esml2, miheopTe0ipi t3deThias dgoamd atedcoatadlnyB0.1% by

p rsQr s. cal ci ne 25C for 6 hours under a
DS o0t mii YRR . % Bindas: @ e b Nnta Y by mass
(BE) cesntial ni ngeralrydenymeand ookl RS tﬁ%eﬁ%rs%%ctive
using the new materials. [0052] The resultant

cataigets( Repmnibef sangoss teonkdide Sabiadivstth (@0. 9@re 30.8%
at ' . 4.aknens), t_(7. 2-atgnms) and
cégrﬁﬁ3fga§§&§fo%fbﬁg?£n8?§§§én&&§(%Z-gfo ) CoFEm-
catalytic activity of this catalyst (Rl) was

eval uated according to the above-described catalytic
activity test. As a result, the conversion of

i sobutyl ene 10 was 44.4% and the total selectivity

for nethacrolein and nethacrylic acid was 86.5%

[0053] Conparative Exanple 1 A recovering experi nent

was conducted as follows, 15 using the conposite

oxi de catal yst (a), under the sane conditions as

those for Exanple 1 of Patent Publication 2
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(I'nternational Laid-Open Publication No. 2007/032228).
That is, the conposite oxide catalyst (a) (300 parts

by mass) was dispersed in pure water (1,200 parts by
mass), 20 and a 45% by mass aqueous sodi um hydr oxi de
solution (400 parts by mass) was added to this

di spersion. The resulting mxture was stirred at 60C
for 3 hours, and then, insoluble materials were
removed by filtration, to obtain an aqueous sol ution
cont ai ni ng catal yst conponen¥B82IM% 25 this aqueous

sol ution was added a 36% by mass of hydrochloric acid
to adjust the pH of the solution to 1.0. After that,

t hé .soRutethodasomairetaiveed nat mMAQGHdemud ko $oatlid, e
bejng stirred., A precipitate thys forned was separated
DGR AFPEFAFA Gidand 28 of P SEURRRLE S RISy CHELa 1m0
agyeoHacATROBhEM-BLEN &t € sSaliulioRik® bl dlfle®us extracting
precipitate (53.2 parts by mass) containing catalytic
céfpBhéansobRZinadpart déssrheipgeeaitpileatse was of ammonia and
syhj . 1.0 el. . apal ysis in the sane nner,
agﬁiﬁgéggﬁ%|€§%? %§HB§E%£suFP,¥§ & Pe@ﬁ%FF&Fé IS the
f oumdot bt eonkads, 6flol YobynuaBasdotomallybdemreman0 ad¥ey: s
mass of cobalt and 6.3% by mass 5 of cesium

THef&fore, the recoveries of the respective elenents
fromthe conposite oxide catalyst (a) were 30.8% in

nol ybdenum 1.0% in cobalt and 57.8%in cesium 28

CLAI MSThe ., racaeehodgf nethedowédr Chgimpllybdbeumiandaid

c [t..characterized in that .a c osite oxide

cSRfabsi FE SR THF, bAENanNandoeonm £OPEthe e iy Rodybdenun
agneousbext| aghiingheselitt ko ebkaufedsby1dbseRlt¥aR@edt into
| east one of ammonia and an organic base in water, to

t e eBYUBRVE aBR2SEFOmM t he

3. The recovering method of Claim 1, wherein the pH of

said agueous extracting solution is 8 or more.

4. The recovering methoed of Claim 1, wherein a
temperature for mixing said composite oxide with said

agueous extracting solution is from 0 to 100°C.

5. The recovering method of Claim 1, wherein said organic
base is at least one of an amine or a quaternary ammonium

compound.

6. A method for producing a composite oxide which
contains molybdenum and cobalt, characterized in that the
aqueous phase containing molybdenum and cobalt, obtained by
the recovering method defined in any one of Claims 1 to 4,

is dried and is then calcined.
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conposite oxi de, nolybdenum and cobalt into an aqueous
phase. 10 2. The recovering nethod of Caim1, wherein
said conposite oxide contains cesiumtogether with
nol ybdenum and cobalt, and wherein the cesiumis al so
extracted into the aqueous phase. 15 3. The
recovering nmethod of Claiml, wherein the pH of said
aqueous extracting solution is 8 or nore. 4. The
recovering nethod of Claim1, wherein a 20 tenperature
for mxing said conposite oxide wwth said aqueous

exfracti na +$Qlutd is f t . .
Cedover! g ethad ‘of T AITE “WhETer <A & origart a2yt
base chs cahtldast moigbofenam amdecrsle guat evniarty is at least

amoni um 25 conpqound. 6. A et haod for, producing a

c BRBoSPTEOS e CHEE SAEHUA IS VSIS BSE TR SRR
chanaskeningedd B hakithe f%qu‘gﬁ%%hﬁﬂ%ﬁq ENtAHIH AT ated
nol ybdenum™and cobal t, "obtai ned by 30 the recovering
metlHed vdef mned ung admy adiee clar@logivisicl a4, a i@atdlivatr for
a [ h | ci 7. t far. praodug
cggsgéf%é%gx% e%égggﬁﬁgi%ﬁﬂcgﬁtggﬂ@g%hchﬁﬁyEﬁéﬁﬁ%%g%f for

cplhakiicaidnwhifc liniss tatr alteas thi tarid Gorgeebid eapdldest for
cgﬁalyst selected fromthe group 5 consisting of
c

HAFPEE PO eBtod SOREGH O Lshiidh aPed RudRya R and

UBSRLULALEH tGANREAX Y ¢ACIn A CAHMY JHfained by the
production of unsaturated carboxylic acid, a catalyst

f oecopeodogt imethofl geddtgcatied amiyt onee ofafd sdncatlaltystd are

L@%ﬁﬁﬁé%L%%&ﬁ%%%%@&bl%h%%%c%%g %% Af}JJF“a& Ein that an

aqueous solution or aqueous slurry, containing said raw

materials for the catalyst, is dried and is then calcined.

8. The production method of Claim 7, for a catalyst for
production of unsaturated aldehyde and unsaturated

carboxylic acid.

9. The preoduction method of Claim 7, wherein, after the
calcination, the resulting catalyst 1s subjected to a heat

treatment in the presence of a reducing material.

10. The production method of Claim 9, wherein said heat

treatment is carried out at a temperature of from 200 to

600°C.

11. The production method of Claim 9, wherein a rate of
decrease 1in mass attributed to said heat treatment is from

0.05 to 6% by mass.



10 cobalt contained in the aqgqueous phase obtai ned by
the recovering nmethod defined in any one of Clains 1
to 4 are used as raw materials for the catal yst; and
in that an aqueous solution or aqueous slurry,
containing said raw materials for the catalyst, is
dried and is then calcined. 15 8. The production

nmet hod of Claim7, for a catalyst for production of
unsat ur at ed al dehyde and unsaturated carboxylic acid.

2629. The EF@S‘H@I‘:#@FF rethed of Qlailm 2, whersim saitckr

t?@du% ?' HQR:EQQalt %ﬁ%lctt'e'ag fcr‘:%tmalt@t glr% “@o%%tl%chng of
treatnent in the presence 0 reduci ng

nhydrogbn,1@mm6heaprcdmbbnomome&h@@ ofc: @ ayr®carbons, Ci_g

wherejin_said hea 5 treat is carried out at a

t@ﬁﬁ@hgﬁﬁre bfé Pﬁgﬁﬁigﬁstén 6@@ aP{R%Fhe production

nmet hod of Claim9, wherein a rate of decrease in nass

attributed to said heat treatnent is from 30 0.05 to

6% by mass. 30 12. The production nmethod of Caim9,

wherein said reducing material is selected fromthe

group consisting of hydrogen, amoni a, carbon

nonoxi de, Cl_6 hydrocarbons, Cl-6 alcohols, Cl 6

al dehydes and C1_6 am nes.




