DESCRIPTION METHOD FOR RECOVERING MOLYBDENUM AND COBALT 5[TECHNICAL FIELD]
[0001] The present invention relates to a method for recovering molybdenum and cobalt from a
composite oxide containing molybdenum and cobalt, and to a method for 10 producing a composite
oxide or a composite oxide catalyst, using the molybdenum and cobalt recovered by the
above-described method, as raw materials. In addition, the present invention relates to a method for
producing an unsaturated aldehyde and/or an unsaturated carboxylic acid 15by using the catalyst
obtained by the method for producing the composite oxide catalyst. [RELATED ART] [0002]
Composite oxides containing molybdenum anghggbalt 20 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 25demand for recovering and recycling molybdenum and cobalt
METHOD FOR RECOVERING MOLYBDENUM AND COBALT

5 [TECHNICAL FIELD]
[0001]

The present invention relates to a methoed for
recovering molybdenum and cobalt from a composite oxide
containing molybdenum and cobalt, and to a method for

10 producing a composite oxide or a composite oxide catalyst,
using the molybdenum and cobalt recovered by the above-
degcribed method, as raw materials. In addition, the
present invention relates tc a methed for producing an
unsaturated aldehyde and/or an unsaturated carboxylic acid

15 by using the catalyst obtained by the methed for producing
the composite oxide catalyst.

[RELATED ART]
(00027

Composite oxides containing molybdenum and cobalt

20 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

25 demand for recovering and recycling molybdenum and cobalt



2 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 5 containing molybdenum and cobalt is leached in an
agueous solution of caustic soda to obtain a leachatescontaining molybdenum; and the insoluble
residue is treated in an aqueous solution of sulfuric acid to obtain a leachate containing cobalt. There
is also proposed the method for 10 recovering molybdenum, by mixing a composite oxide which
contains molybdenum and cobalt, with an aqueous solution of alkali hydroxide, to obtain an agqueous

solution containing melybdenum, so.as tp-recover molybdgpup(Patent Publication; 2), 15 {RRIOR
ART LITERATURE] [Patent Publications] [0003] Patent Publication 1: JP-A-5-156375 20Patent

Publication 2: ¥Oxpublisation: o, 200 #832228 [SUMMARY; Ofr BB BY ENHORN {Rrablem to be
Solved by the Invention]
recovering molybdenum and cobalt, respectively, as follows
{(Patent Publication 1): that is, a composite oxide
5 containing molybdenum and cobalt is lLeached in an agqueous
solution of caustic soda to obtain a leachate containing
molybdenum; and the insoluble residue 1is treated in an
agueous solution of sulfuric acid to obtain a leachate
containing cobalt. There is also proposed the method for
10 recovering molybdenum, by mixing a composite oxide which
contains molybdenum and cobalt, with an agueous solution of

alkali hydroxide, to obtain an aguecus soluticn containing

molybdenum, so as to recover molybdenum (Patent Publication

2).
15
[PRICOR ART LITERATURE]
[Patent Publications]
[0003]
Patent Publication 1l: JP-A-5-156375
20 Patent Publicaticn 2: WO publication No. 2007/032228

[SUMMARY OF THE INVENTION]
[Problem to be Sclved by the Invention]
[0004]

25 However, in any of the conventional methods for



[0004] 25However, in any of the conventional methods for 3 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 5
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. 10 In
some cases, a method for recovering both of molybdenum and cobalt at once is advantageous so as

to recycle molybdenum;and cohalt.as raw materialsifan suchcatalysts= dhiys.ca-demandden such a

method has been increasing. [0005] 150bjects of the present invention are therefore to provide a
method for regevefingbeth of malybderumand:cabaliraionce abahigher reeevery rate, andio
provide a method for producing a composite oxide and a method for producing a composite oxide
catalyst, using as raw-2@ imaterials theitholybdenuneard cobaltseeovergd byrteralibve-deseribed
method. Other objects of the present invention are to provide a method for producing an unsaturated
aldehyde and#otaminssstarated carbexglic acieiEsubjettingss esmpotndseledids o piopylene,

isobutylene 25and tert-butyl alcohol to a catalytic gas phase oxidation
3 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.
10 In some cases, a method for recovering both c¢f molybdenum
and cobalt at once 1s advantageous so as to recycle
molybdenum and cobalt as raw materials for such catalysts.
Thus, a demand for such a method has been increasing.
[(0005]
15 Objects of the present invention are therefore to
provide a method for recovering both of molybdenum and
cobalt at once at a higher recovery rate, and to provide a

method for producing a composite oxide and a method for

producing a composite oxide <catalyst, using as raw
20 materials the molybdenum and ccbalt recovered by the above-

described method. Other objects of the present inventicn
are to provide a method for producing an unsaturated
aldehvyde and/or an unsaturated carboxylic acid Dby
subjecting a compound selected from propylene, iscbutylene

25 and tert-butyl alcohol to a catalytic gas phase oxidation



4 with molecular oxygen in the presence of the composite oxide catalyst produced by the
above-described method for producing the composite oxide catalyst. 5[Means for solving the
Problems] [0006] As a result of the present inventor's intensive studies for solving the foregoing
problem, the followings are found out: 10[0007] That is, the present invention comprises the
features as follows: (1) A method for recovering molybdenum and cobalt, characterized in that a
composite oxide containing 15 molybdenum and cobalt is mixed with a ceramic compact and an
agueous extracting solution obtained by dissolving at least one of ammonia and an organic base in

water, to therghy extragt from the composite axide, molybrdenum apd cobalt jnto an,agueousphase.

20(2) The recovering method according to the above item (1), wherein the amount of the ceramic

compact is fram dde 30paits/y mass.hased op100Harts byreassetthedetal ameunatiof the
composite oxide and the ceramic compact. (3) The recovering method according to the above item
producing the composite oxide catalyst.

5 [Means for solving the Problems]
[000¢]

As a result of the present inventor's intensive
studies for solving the foregoing problem, the followings
ares found outbt:

10 [0007]

That i3, the present invention comprises the features
as follows:

(1) A method for recovering molybdenum and cobalt,
characterized in that a composite oxide containing

15 molybdenum and cobalt is mixed with a ceramic compact and
an agueous extracting solution obtained by dissolving at
least one of ammonia and an organic base 1in water, to
thereby extract, from the composite oxide, melybdenum and
cobalt into an aguecus phase,

20 (2) The recovering method according to the above item
(1), wherein the amount of the ceramic compact is from 1 to
30 parts by mass, based on 100 parts by mass of the total
amount of the compesite oxide and the ceramic compact.

{3} The recovering method according to the above ltem

25 {1y or (2), wherein the ceramic compact 1s at least one



5 selected from the group consisting of a ceramic compact containing an oxide as a main component,
a ceramic compact containing a carbide as a main component, and a ceramic compact containing a
nitride as a main component. 5(4) The recovering method according to the above item (3), wherein the
oxide in the ceramic compact containing an oxide as @ main component is at least one selected from
the group consisting of silica, alumina, zirconia and mullite. (5) The recovering method according
to any one of the 10 above item (1) to (4), wherein the composite oxide contains, together with
molybdenum and cobalt, at least one selected from the group consisting of cesium, potassium and

rubidium; and tgi aéi%a}t?t qne seleccted from the group consisting of cesium, potassium and rubidium is
extracted 15iMt6 thé équeouléoﬁﬁasef} & gfé))u?he r%%o&ésrﬁjgnr%etﬁod éaccéjr%lnabmtjocan? THR%F the

above ftem (1)10,(5) whetei he.pl f e aqusgup esagling soton,s A.0LMOre.copy (1) The
m Wi

recovering method according to any one of the above it 1) to (6), wherein a température for
mixing the compgsite gxide with the, eeramic;compagt-and the agueus-extragtingsolugion is from 0 to

100C. (8) The recovering method according to any one of the above item (1) to (7), wherein the
organic base iscatdaast 25one0f ar-aminenara guatessary ammenitsheempeund.

5 {4) The recovering method according to the above item
(3}, wherein the oxide in the ceramic compact containing an
oxlde as a main component 1s at least one selected from the
group consisting of silica, alumina, zirconia and mullite.

(5) The recovering method according to any one of the

10 above item (1) to (4), wherein the compcesite oxide contains,
together with molybdenum and ccbalt, at least one selected
from the group consisting of cesium, potassium and
rubidium; and the at least one selected from the group
consisting of cesium, potassium and rubidiuwm is extracted

15 into the agqueous phase.

(6) The recovering method according to any one of the
above item (1) to (5}, wherein the pH of the agueous
extracting solution is 8 or more.

(7) The recovering method according to any cne c¢f the

20 above item (1) fto (6}, wherein a temperature for mixing the
compcesite oxide with the ceramic compact and the agueous
extracting solution 1s from 0 to 100°C.

{8) The reccvering method according to any one of the
above item (1) to (7)), wherein the organic base is at least

25 one c¢f an amine or a guaternary ammonium compound.



6 (9) A method for producing a composite oxide which contains molybdenum and cobalt,
characterized in that the aqueous phase containing molybdenum and cobalt, which is obtained by the
recovering method according to any one of 5the above items (1) to (8), is dried and is then calcined.
(10) A method for producing a composite oxide catalyst which contains molybdenum and cobalt,
characterized in that molybdenum and cobalt contained in the aqueous phase, which was obtained by
the recovering method according to any one 10 of the above items (1) to (8), are used as raw
materials for the catalyst so that an aqueous solution or aqueous slurry, containing the raw materials
for the catalyst, is drie?i and is the cglciped. %l A method fornBrodutcing a qocﬁnposge Oéide
catalyst 15 which corg ins morpyebL Enum and cobalt, chardctetized i that m%lyﬁéénuem And Gobalt

contained in thg,aqueoys phasg, yuhich was ebtaipea by thgk{gg%vce[_riggirgggwog@cg%rg@ggggny one

of the above items (1) to (8), are used as raw materials for the catalyst so that an aqueous solution or

aqueous 20 slurns containing.the rawimaterials farthercatalyst, is subjected to a firgt drying; treatment
and then to a first calcination treatment, followed by being mixed with an acid and water, subjected to

a second drying deeat@entanddhen teasecond caleination treatment: 25(12)» The methad for
producing a composite oxide 7 catalyst according to any one of the above item (10) or (11), wherein a
catalyst for prodeciagamnsaturates aldehyde dfd unsaturatéd ¢acbokylic atigks preduced: 13) A
method for producing an unsaturated aldehyde
(10} A method for preoducing a composite oxide catalyst
which contains molybdenum and cobalt, characterized in that
molybdenum and cobalt contained in the agueous phase, which
was obtained by the recovering method according to any one
10 of the above items (1) to (8), are used as raw materials
for the catalyst so that an agueocus solution or agueous
slurry, containing the raw materials for the catalyst, is
dried and is then calcined.
{11} A method for producing a composite oxide catalyst
15 which contains molybkdenum and cobalt, characterized in that
molybdenum and cobalt contained in the agueous phase, which
was obtained by the recovering method according to any one
of the zbove items (i) to (8), are used as raw materials
for the catalyst so that an agueous solution or agueous
20 slurry, ccntaining the raw materials for the catalyst, is
subjected to a first drying treatment and then to a first
calcination treatment, followed by being mixed with an acid
and water, subljectaed to a second drying treatment and then

to a second calcination treatment.

25 (12) The method for producing a composite oxide



5 and/or an unsaturated carboxylic acid, wherein a composite oxide catalyst is produced by the
method according to any one of the above item (10) or (11), wherein a compound selected from
propylene, isobutyiene and tert-butyl alcohol is subjected to the catalytic gas phase oxidation with
10molecular oxygen in the presence of the composite;oxide catalyst. [Effect of the Invention] [0008]
15According to the present invention, it becomes possible to recover both of molybdenum and cobalt
at once at a higher recovery rate, 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 20 recovered by

a simple method. 1n ggitigb%,c%rlbgrﬂ% urggedaarg,ehggg and/or eungg%%teq g@ﬁpm@ﬁ&;}acjjq:can be
produced at a ﬁigﬁe yield by subjecting a compound Selécted from propylene, isobutylene and

tert-butyl alcohel to thercatalytic ga%Qt-)éi%%idégmM%rae@%glaﬁ%xg%&g@whgmgﬁ of the
obtained composite oxide catalyst. 8 [MODES FOR CARRYING OUT THE INVENTION] [0009]
and unsaturated carboxylic acid is produced.
(13) A method for preducing an unsaturated aldehyde
5 and/or an unsaturated carboxylic acid, wherein a composite
oxide catalyst is produced by the method according to any
one of the above item (10) or (11}, wherein a compound
selected from propylene, iscbutylene and tert-butyl alcchol
is subjected to the catalytic gas phase oxidation with

10 molecular oxygen 1n the presence of the composite oxide

catalyst.

[Effect of the Invention]
(00081}
15 According to the present invention, it becomes
possible to recover both of molybdenum and cobalt at once
at a higher recovery rate, so that a composite oxide or a
compesite oxide catalyst, containing molybdenum and cobalt,
can be produced at a lower cost by recycling such materials
20 recovered by a simple method. In addition, an unsaturated
aldehyde and/or an unsaturated carboxylic acid can be
produced at a higher vyield by subjecting a compound
selected from propylene, isobutylene and tert-butyl alcohol
to the catalytic gas phase oxidation with molecular oxrygen

25 in the presence of the obtained composite oxide catalyst.



Hereinafter, the present invention will be described 5in detail. METHOD FOR RECOVERING
MOLYBDENUM AND COBALT The method for recovering molybdenum and cobalt according to
the present invention, is intended to recover 10molybdenum and cobalt from a composite oxide
containing molybdenum and cobalt. [0010] The cgmposite oxide to be used in the recovering
method of the present invention is not limited, in so far 15 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 one or more other metal element as a constitutive
element, in addition to molybdenum and cobalt. As other 20 metal element, there are exemplified
bismuth, iron, nickel, manganese, zinc, calcium, magnesium, tin, lead, phosphorus, boron, arsenic,
tellurium, tungsienrantFaany; siicemyaluminumy,; titanikBynzireanium, cerium, potassium, rubidium,
cesium, thallium, vanadium, copper, silver, lanthanum, etc. 25[0011] 9

[0009]

Hereinafter, the present invention will be described

5 in detail.

METHOD FOR RECOVERING MOLYBDENUM AND COBALT

The methed for recovering molybdenum and cobaltl
according to the present invention, 1is intended toc reccver
10 molybdenum and cobalt from a composite oxide contalning
molybdenum and cobalt.
[0010]
The composite oxide to be used in the recovering
method of the present invention is not limited, in so far
15 as the composite oxide contains molybdenum and cobalt. It
may be, for example, a composite oxide which contains
molybdenum and cobalt aleone, or a composite oxide which
containg one or more other metal element as a constitutive
element, 1n addition to molybdenum and ccbalt. As other
20 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, wvanadium, copper, silver, lanthanum, etc.

25 [0011]



A preferable composition of the above-described composite oxide is represented by the following
formula (1): MOaBibFecCOdAeBfCgOx 5In the formula (1), Mo, Bi, Fe and Co represent molybdenum,
bismuth, iron and cobalt, respectively; A represents at least one element selected from the group
consisting of nickel, manganese, zinc, calcium, magngsium, tin and lead; B represents at least one
element selected from the group 10 consisting of phosphorus, boron, arsenic, tellurium, tungsten,
antimony, silicon, aluminum, titanium, zirconium and cerium; C represents at least one element
selected from the group consisting of potassium, rubidium, cesium and thallium; and O represents

oxygen, wherein th?‘gllogﬁg ng é}&}gg’%ﬂoné a8 Satisfied whenza is 1,2.(a-12); Osh 142 05e10: 5
<g

1-Cd-C10, 0-.10 an 2; and x is a value which is determined by the oxidized states of the

respective elerpgniss inthe gasewhere each,otAeBand Cepntains two o1 mere §lements; 1he total
amount of the two or more 20 elements may be within the range of Oe-.10, 010 and 0<g--2, when a is

12.[0012] (13Among the composite oxides of the formula (1), the composite oxides of any of the
following formulas (from 25which oxygen atoms are excluded) are preferable: 10
Mo12Bi0.1i5Fe0.5-53CQB1L0EsONOE B Qxiek (L)

5 In the formula (1), Mo, Bi, Fe and Co represent molybdenum,
bismuth, iron and cobalt, respectively; A represents at
least one element selected from the group consisting of
nickel, manganese, zinc, calcium, magnesium, tin and lead;
B represents at least one element selected from the group

10 consisting of phosphorus, boron, arsenic, tellurium,
tungsten, antimeny, silicon, aluminum, titanium, zirconium
and cerium; C represents at least one element selected from
the group consisting of potassium, rubidium, cesium and
thallium; and O represents oxygen, wherein the following

15 equations are satisfied when a is 12 (a=1Z2}: 0<h<10, 0<ec=10,
1£d<10, 0£e<10, 0<f£10 and 0<gs2; and x is a value which is
determined by the oxidized states of the respective
elements, In the case where each of A, B and C contains
rwo or more elements, the total amount of the two or more

20 elements may be within the range of 0=2e<10, 02£210 and
0<gs2, when a is 1Z2.

00127
Zmong the composite oxides of the formula (1), the
composite oxides of any of the following formulas (from

25 which oxygen atoms are excluded) are preferable:



MoieB 05Fe0.5-5C05-10Sb0.1-5K0.01-1 [0013] The above-described composite oxide may be an
unused 5 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 (The composite oxide is, for example, a composite oxide which has powdered
10during production thereof, or a composite oxide which has degraded due to a thermal load or the
like). However, a composite oxide supported by a ceramic compact and a Keggin-type heteropoly acid
are excluded. The type of a catalyst usable as the above-described composite oxide 15 includes, for
example, a catalyst E%_ipg)iq)ug::tis%g)f?)qgh%rggaot@gaeted aldehyde and/or an unsaturated carboxylic acid, a

0i-1inx

catalyst for production of an unsaturated carlboxyl'lc acid and a catalyst for production of an

unsaturated nitrile. Arpong;thems-the. catalyst fox production of an unsaturated 20aldehyde and an

unsaturated carboxylic acid is preferable. [0014] In the method for recovering molybdenum and
cobalt accordirmotphe present invention, the above-described composite oxides is mixed with a
ceramic compact and an 25aqueous extracting solution of at least one of ammonia and 11
The above-described composite oxide may be an unused
5 composite oxide or may be a composite oxide which already
has been used as a catalyst or the 1like, or may be a
composite oxide which has no required performance as a
catalyst although produced as a c¢atalyst (The composite
oxide is, for example, a composite oxide which has powdered
10 during production thereof, or a composite oxide which has
degraded due to a thermal load or the like). However, a
composite oxide supported by a ceramic compact and a
Keggin~type hetercpoly acid are excluded. The typs of a
catalyst usable as the above-described composite oxide
i5 includes, for example, a catalyst £for production of an
unsaturated aldehyde and/or an unsaturated carboxylic acid,
a catalyst for production of an unsaturated carboxylic acid
and a catalyst for production of an unsaturated nitrile.
Among them, the catalyst for production of an unsaturated
20 aldehyde and an unsaturated carboxylic acid is preferable.
[0014]
In the method for recovering molybdenum and ccbkalt
according to the present invention, the above-describked

composite oxides 1s mixed with a ceramic compact and an

25 agueous extracting solution of at least one of ammonia and



an organic base (i.e., a basic component) in water. By mixing the composite oxides with the ceramic
compact and the aqueous extracting solution, molybdenum and cobalt are extracted from the
composite oxide into the aqueous phase 5of the aqueous extracting solution at a high recovery rate (or
a high extraction percentage) . [0015] The cerami¢ compact includes, for example, a ceramic
compact containing an oxide as a main component, a ceramic 10 compact containing a carbide as a
main component, and a ceramic compact containing a nitride as a main component, and two or more
among the above may be used as necessary. Above all, the ceramic compact containing an oxide as a
main component igvprglgtleq:r%blg. 'SI'Qe Lati%of the %xéiidse, 15 c%rbé%%grg n;}gd% cggtained in the ceramic
compact as a main*c%mp”onenéf is pr er'rabfy 4t Ieast%b‘%%ypmass, ore pre?eraf)cly at least 70% by

mass, for example,;atjeast, 8006 by-pass, hased ondhe, cergmic, compact,, the oxige contajped in the

ceramic compact containing an oxide as a main 20 component includes silica, alumina, zirconia,

mullite and cordierite; Above allxsilica and aluminaare pr ef%@bﬁ&éﬁﬁ»@f%’mﬁ GorpRact coptaining an
oxide as a main component may be the ceramic compact containing two or more oxides as a main
component. Inter akia;tthe cerammic chmpachizocontaining stiea and alumina asagnain component is
12 preferable. In the ceramic compact containing two or more oxides as a main component, the total

amound of thectivotdramerguexides iFrtheaetamic coripdct araysHave the ghove range: T headagbide in

the ceramic compact containing a carbide as
(or a high extraction percentage) .

[0015]
The ceramic compact includes, for example, a ceramic
compact containing an oxide as a main component, a ceramic
10 compact containing a carbide as a main component, and a
ceramic compact containing a nitride as a main component,
and two or more among the above may be used as necessary.
Above all, the ceramic compact containing an oxide as a
main coemponent is preferable. The ratio of the oxide,
15 carbide and nitride contained in the ceramic compact as a
main component 1s preferably at least 60% by mass, more
preferably at least 70% by mass, for example, at least 80%
by mass, based on the ceramic compact. The oxide contained
in the ceramic compact containing an oxide as a main
20 component includes silica, alumina, zirconia, mullite and
cordierite. Above all, silica and alumina are preferable.
The ceramic compact containing an oxide as a main component
may be the ceramic ccmpact containing two or more oxides as
a main component. Inter alia, the ceramic compact

25 containing silica and alumina as a main component 1s



5a main component includes silicon carbide and tungsten carbide. The ceramic compact containing a
carbide as a main component may be the ceramic compact which contains silicon carbide and
tungsten carbide as a main component. In the ceramic compact which contains silicon carbide and 10
tungsten carbide as a main component, the total amoupt of silicon carbide and tungsten carbide in the
ceramic compact may have the above range. The nitride contained in the ceramic compact containing
a nitride as a main component includes silicon nitride and aluminum nitride. The ceramic 15 compact
containing a nitride as a main component may be the ceramic compact which contains silicon nitride
and aluminurg, pitide g5 Amaincompanenl. o e ceiamic compagt that epniaing silicongirige and
aluminum nitride as a main component, the total amount of silicon nitride and aluminum 20nitride in
the ceramic cgmpastmay havg the abeye sange: [0016] +odhe caramic-compactinay,be an unused
one or may be a ceramic compact which already has been used as an inert filler together with the
catalyst. The geramie compact 25which-alreadyhaschgen-usethas aairert fillerdbgether ak3ywith the
catalyst means a ceramic compact which was used in a catalytic reaction as a filler inert to the
catalytic reacfibretogettierdeithi the tdoenpositeroxideccatalystt Incthetcaseiwliere the composite oxide is
used as a catalyst 5 and the ceramic compact is used as the inert filler in a catalytic reaction, the
composite oxidle &dd the EeFamicCompactaftel t8edThay BesuLfEcted ¥6 the Riixing tFéathfht with

the aqueous extracting solution without separating the composite oxide from the ceramic compact.
10[0017] carbide. The ceramic conmpact containing a carblde as &

main component may be the ceramic compact which contains
silicon carbide and tungsten carbide as a main compenent.
In the ceramic compact which contains silicon carbide and
10 tungsten carbide as a main component, the total amount of
silicon carbide and tungsten carbide in the ceramic compact
may have the above range. The nitride contained in the
ceramic compact containing a nitride as a main component

includes silicon nitride and aluminum nitride. The ceramic

-
(8]

compact containing a nitride as a main component may be the
ceramic compact which contains silicon nitride and aluminum
nitride as a main component. In the ceramic compact that
contains silicon nitride and aluminum nitride as a main
component, the total amount of silicon nitride and aluminum
20 nitride in the ceramic compact may have the above range.
[0016]

The ceramic compact may be an unused one or may be a
ceramic compact which already has been used as an inert
filler together with the catalyst. The ceramic compact

25 which already has been used as an inert filler together



The shape of the ceramic compact includes, for example, pellets, cylinders, spheres, rings, and
granules obtained by being pulverized and classified after molded. When the ceramic compact is used,
it is possible to contain a 15 ceramic compact which has been pulverized, a ceramic compact which
has been crushed and pulverized during the productiargprocess or the used process as the inert filler
as well as an unshaped ceramics, in addition to the ceramic compact. 20[0018] The size of the
ceramic compact is not particularly limited, but the compact preferably has a diameter from 1 to 20
mm. The diameter of the compact means a diameter of a sphere as to the spherical particle, a

diameter of a 25cjreylar cross:seglipn.as i the cylinder and a maximuny, 12 digmeter, of gross-section

as to the other shapes.The ceramic compact preferably has a bulk density from 0.5 to 20 g/cm3, more

preferably from 1.Q,ta,3 gfGm3. {0Q19] ifhe amount of the:ceramic-eompactwkendhe £omposite oxide
is mixed with the ceramic compact and the aqueous extracting solution is preferably from 1 to 30 parts

by mass, based gatlOfrpartsdyyrmass afithe totakof thencarmpasitewxideandthelcesamic campact.
The ceramic 10 compact is dispersed as a solid phase in the mixed slurry containing the composite
oxide, the cerainic compactand¢heagueourrextrattingsdldtioni whereil thesatio ofahé tgramic

compact is preferably from 0.1 to 10% by mass, based on the mixed slurry containing the composite
Oﬂde’S and the ceramic compact 1s used as the inert filler in a

catalytic reaction, the composite oxide and the ceramic
compact after used may be subjected to the mixing treatment
with the agueous extracting solution without separating the
composite oxide from the ceramic compact.

10 [0017]

The shape of the ceramic compact includes, for example,
pellets, cylinders, spheres, rings, and granules obtained
by being pulverized and classified after molded. When the
ceramic compact is used, 1t 1s possible to contain a

15 ceramic compact which has been pulﬁerized, & Cceramic
compact which has been crushed and pulverized during the
production process or the used process as the inert filler
as well as an unshaped ceramics, 1in addition to the ceramic
compact.

20 (0018}

The size of the ceramic compact is not particularly
limited, but the compact preferably has a diameter from 1
to 20 mm. The diameter of the compact means a diameter cf
a sphere as to the spherical particle, a diameter of a

25h circular cross-section as to the cylinder and a maximum



15the ceramic compact and the aqueous extracting solution. [0020] 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 £xemplified ammonium carbonate, ammonium
bicarbonate, urea, or the like. Any of these ammonia-forming materials may be used alone, or two or
more selected therefrom may be used in combination. 25[0021] 15 When the above-described
basic component is an organic base, there are exemplified, as the organic base, amines including

caturated aliphaligamiges yich.as metylaming, dimetylaming, tsiiyianing, elylaming

diethylamine and 5 triethylamine, unsaturated aliphatic amines such as allylamine, diallylamine and

triallylamine, aromatic-amiggsuch as:aniline; guaternary ammonium £osipounds dcluging each of
hydroxides or halides of those quaternary ammonium such as tetramethylammonium,

tetraethylammaniym:m?,10psepylisineetbyla@mmonitien tetra-n+propylarmonium, tetra-n-
butylammonium,4,4'-trimethylenebis(dimethylpiperidium),
benzyltrimethylairirionium,dibenzyldimethylammonium,1,1'-
butylenebis(4-aza-l-azoniabicyclo[2,2,2]octane)and

The amcunt of the ceramic compact when the composite
oxide 1s mixed with the ceramic compact and the agueous
extracting solution is preferably from 1 to 30 parts by
mass, based on 100 parts by mass of the total of the
composite oxide and the ceramic compact. The ceramic

10 compact is dispersed as a solid phase in the mixed slurry
containing the composite oxide, the ceramic compact and the
agquecus exXtracting scluticn, wherein the ratio of the
ceramic compact 1is preferably from 0.1 to 10% by mass,
based on the mixed slurry containing the composite oxide,

15 the ceramic compact énd the aqueous extracting solution.
[0020]

When the above-described basic component is ammonia, a
compound which is decomposed to form ammonia (hereinafter,
optiocnally 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, or the like. Any of
these ammonia-forming materials may be used alcne, or two

or more selected therefrom may be used in combination.

25 (06211



trimethyladamantyl ammonium; pyridine; pyrimidine; etc. 15 The use of at least one selected from the
amines and the quaternary ammonium compounds among those organic bases are preferable. Any of
these organic bases may be used alone, or two or more selected therefrom may be used in
combination. 20[0022] The number of moles of thesghasic component to be dissolved in the
aqueous extracting solution may be larger than the number of total moles of molybdenum and cobalt in
the composite oxide to be mixed with the aqueous extracting 25solution. Specifically, a ratio of the
number of moles of 16 the basic component to the number of the total moles of molybdenum and
cobalt may be 1 or A, apdaprefesghly fearmere.dheameuntlibe sgueaus sxraging:soltion can
be 5 determined by considering e.g., the necessary amount of the basic component and a solubility of
the basic companent innuater. The ameuns of thesaguegrs exteacting;selutiornomey be frommse to 5000
parts by mass, for example, 100 to 3000 parts by mass, particularly 200 to 2000 parts by mass,
10based on 108yiartsi by; mass of thesconiasitesoxide confairing motybdesumsandycobaltne, As the
agueous extracting solution, an aqueous ammonia solution is preferably used from the viewpoint of a

lower cost. dimethylamine, trimethylamine, ethylamine, diethylamine and
5 triethylamine, unsaturated aliphatic amines such  as
allylamine, diallylamine and triallylamine, aromatic amine

such as aniline; gquaternary ammonium compounds including

each of hydroxides or halides of those quaternary ammonium

such as tetramethylammonium, tetraethylammonium, n-

10 propyltrimethylammonium, tetra-n-propylammonium, tetra-n-
butylammonium, 4,4'-trimethylenebis {dimethylpiperidium),

penzyltrimethylammonium, dibenzyldimethylammonium, I,1'-

butylenebis(4-aza-l-azoniabicyclo[2,2,2]octane) and
trimethyladamantyl ammonium; pyridine; pyrimidine; etc.
15 The use of at least one selected from the amines and the

guaternary ammonium compounds among those organlc bases are
preferable. Any of these organic bases may be used alcne,
or two or more selected therefrom may be used in
combination.

20 (0022}

The number of moles of the basic component to be
dissolved in the agueous extracting solution may be larger
than the number of total mcles of molybdenum and cobalt in
the composite oxide to be mixed with the aqueous extracting

25 solution. Specifically, a ratio of the number of moles of



15[0023] 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 rates of molybdenum and cobalt tend to be
insufficient. 20[0024] The method for mixing the composite oxide with the ceramic compact and the
agueous extracting solution is not particularly limited, apd may be appropriately selected, but the
mixing treatment may be suitably performed by 25immersing the composite oxide and the ceramic
compact into the aqueous extracting solution, followed by stirring with a stirrer. When the mixed slurry
is prepared from the composite oxide, the ceramic compact and the aqueous extracting solution, the
order for mixing the composite 5 oxide, the ceramic com nd the aqueous extracting solution is

t
not limited, and ‘hay B approprately BélediRd. e%rlémﬂﬁlg aﬁ%x?nog th%h@omtp%gﬁi oXide 78 préferably
crushed or p %eg?gge%%%%grg%ﬁﬁ@gm@ y R performed batchwise 08%8%%@%%%5% The
4 j Bhalt . p rerer

temperature for Ing the composite oxide with the ceramic compact and the aqueou’g extr%cting
solution is preferably from 0 to 100C, more preferably from 10 to 80C. The period of time for mixing

may be appropriately selected 15 in accordance with the mixing temperature, etc., and it is usually
from one minute to I0:hattes, pieferably-fremaloheute 24 hovss: {0026 solution can be

5 determined by considering e.g., the necessary amount of the
basic compeonent and a solublility of the basic component in
water. The amcount of the aguecus extracting sclution may
be from 50 to 5000 parts by mass, for example, 100 to 3000
parts by mass, particularly 200 to 2000 parts by mass,

10 based on 100 parts by mass of the composite oxide
containing molyvbdenum and cobalt.

As the agueous extracting solution, an agueous ammonia
sclution 1s preferably used from the viewpoint of a lower
cost.

15 (00237

The pH of the agueous extracting sclution 1is
preferably £ or more. When the pH of the agueous
extracting solution is less than 8, the recovery rates of
molybdenum and cobalt tend to be insufficient.

20 [0024]

The methed for mixing the composite oxide with the
ceramic compact and the aqueous extracting solution is not
particularly limited, and may be appropriately selected,
but the mixing treatment may Dbe suitably performed by

25 immersing the composite oxide and the ceramic compact into



In the method for recovering molybdenum and cobalt 20 according to the present invention, as a
result of mixing of the composite oxide with the ceramic compact and the aqueous extracting solution,
there are obtained an agueous phase containing the extracted molybdenum and cobalt (hereinafter
optionally referred to as "amolybdenum-and- 25cobal{-gontaining aqueous solution") and a solid
residue 18 derived from the composite oxide and the ceramic compact. The slurry containing the
molybdenum-and-cobalt-containing aqueous solution and the residue, thus recovered, is separated by,
for example, filtration treatment such as 5 decantation, natural filtration, vacuum filtration, pressure

itration, or centfugal fitraion, Ip fhoreby obtain gnly fhe raglybdenum pd:gebaliGoptalniog agueous
. en )

. 1
solution as thé ﬁtra ammonia IS used as IFIG%E{SIC component, the ammonia may be

separately recovered, 10and recyled. [027] . »in1the method forrecaveringmolybdenurm;and cobalt

according to the present invention, the molybdenum-andcobalt-containing aqueous solution may be
obtained as the,AH-recoveredimaterial;iardhe sralyhdenun-ang-cobalt-centaining aqueedsselution

may be further dried and subjected to a heat treatment or the like to thereby obtain a solid material as
the recovered:mate: a {0028] 20The methodtfarrecoviring Motybdenumand cebaltomposite
5 oxide, the ceramic compact and the agquecus extracting
solution is not limited, and may be appropriately selected.
Before <the mixing, the composite oxide 1s preferably
crushed or pulverized.
[0025]

10 The mixing may be performed batchwise or continuocusly.
The temperature for mixing the composite oxide with the
ceramic compact and the agueous extracting solution 1is
preferably from 0 to 100°C, more preferably from 10 to B8(°C.
The period of time for mixing may be appropriately selected

15 in accordance with the mixing temperature, etc., and it 1is
usually from one minute to 100 hours, preferably from 1
hour to 24 hours.

[C026]
In the method for recovering molybdenum and cobalt

20 according to the present invention, as a result of mixing
of the composite oxide with the ceramic compact and the
aqueous extracting solution, there are obtained an agueous
phase containing the extracted molybdenum and cobalt
(hereinafter optionally referred to as "a molybdenum-and-

25 cobalt-containing agquecus solution") and a solid residue



according to the present invention, recovers particularly molybdenum and cobalt at a high recovery
rate. When the composite oxide contains at least one element selected from the group consisting of
cesium, potassium and rubidium 25together with molybdenum and cobalt, the at least one 19 element
selected from the group consisting of cesium, potassiugn and rubidium contained in the composite
oxide can also be effectively extracted into the aqueous phase, and thus can be recovered at a good
recovery rate. Thatis, 5 when the composite oxide contains cesium, potassium and rubidium together
with molybdenum and cobalt, the cesium, potassium or rubidium contained in the composite oxide can

be effectively exiracted intofhe agueous phase-and.can; e recvered ata.gopdrecoygry Fate. In

addition, when the 10 composite oxide contains at least two elements selected from the group

consisting of cesium, petassiuarand FubidiumHegetber witk molybdenuss bad cobali-therat heast two
elements selected from the group consisting of cesium, potassium and rubidium contained in the
composite oxieean 45 alsd beieffectivelyi extractedriatolthesaqueblis phasecand:thers canilse
recovered at a good recovery rate. [0029] Moreover, when the composite oxide contains tungsten
together with frfahsdeTRan and cobalk, theamgsten coatainedlt 207 the ToRisite G6xi@€ carfalso be
effectively extracted into the aqueous phase and can be recovered at a good recovery rate. [0030]

METHOD FOREPRUBUERNG COMPOSHE OXIDE'CONTAINING TASEYBDENUNE T3t om,

pressure filtration, or centrifugal filtration, to thereby
obtain only the molybdenum-and-cobalt-containing agueous
solution as the filtrate. When ammonia 1s used as the
basic component, the ammonia may be separately recovered
10 and recycled.
[co27]

In the method for recovering molybdenum and cobalt
according to the present invention, the molybdenum-and-
cobalt-containing agueous solution may be obtained as the

15 recovered material; or the molybdenum-and-~cobalt-containing
agueous socolution may be further dried and subjected to a
heat treatment or the like to thereby obtain a solid
material as the recovered material.

[0028]

20 The method for recovering molybdenum and cobalt
according to the present invention, recovers particularly
molybdenum and cobalt at a high recovery rate. When the
composite oxide contains at least one element selected from
the group consisting of cesium, potassium and rubidium

25 together with molybdenum and cobalt, the at least one



25AND COBALT 20 In the method for producing a composite oxide which contains molybdenum
and cobalt according to the present invention, the molybdenum-and-cobalt-containing agqueous
solution obtained by the above-described recovering method 5 of the present invention is dried and is
then calcined to thereby obtain a composite oxide whigh contains at least molybdenum and cobalt.
[0031] In the method for producing a composite oxide 10 according to the present invention, the
molybdenum-andcobalt-containing aqueous solution obtained by the above-described recovering
method of the present invention may be solely dried and calcined; or, a raw material compound for

introducing a metal element other.thangpalybdegum and, 15 cobalt-nay bepdded tothe; un,

molybdenum-and-cobalt-containing agueous solution at appropriate timing, 1.e., before drying (in the

state of the aguequs-selHtiom-or-hefore;ealcination (indhe state pthestiiesksalig) JWhes stigh a raw
material compound is added to introduce a metal element 20 other than molybdenum and cobalt, it

becomes possibie toreontrok thetcomnpasitiantrate ok the rasuitanteorappsitewsxidetose desirable value.
The composition of the composite oxide to be obtained by the composite oxide-producing method of
the present invention-aay be thie samer2Bhs ot differemt fromaharsiihie E6irposite’didde dsed in 21

5 when the composite oxide contains cesium, potassium and
rubidium together with molybdenum and cobkalt, the cesium,
potassium or rubidium contained in the composite oxide can
be effectively extracted into the aquecus phase and can be
recovered at a good recovery rate. In addition, when the

10 composite oxide contains at least two elements selected
from the group consisting of cesium, potassium and rubidium
together with molybdenum and cobalt, the at least two
elements selected from the group consisting of cesium,
potassium and rubidium contained in the composite oxide can

15 also be effectively extracted into the aguecus phase, and
thus can be recovered at a good recovery rate.

[0029]
Moreover, when the composite oxide contains tungsten
together with molybdenum and cobalt, the tungsten contained

20 in the composite oxide can also be effectively extracted
into the agueous phase and can be recovered at a good
recovery rate.

[0030]

METHOD FOR PRODUCING COMPCSITE OXIDE CONTAINING MOLYEDENUM

25 AND COBALT



the above-described recovering method of the present invention. [0032] As the raw material compound
for introducing a metal 5 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 Molylhdenum and Cobalt", and examples of such
compounds include oxides, 10nitrates, sulfates, carbonates, hydroxides, oxo acids and ammonium
salts of the same acid, and halides. In this regard,a raw material compound for introducing
molybdenum or cobalt may be added when the metal element other than molybdenum and cobalt is 15

introduced, in order it theccopasiion Fate of e esuitant soragailepide may ge conyelied. As

the raw material compound for introducing molybdenum, there are exemplified molybdenum

compounds such as fpalybdenymsrioxide.malybdig.acid and-ammaniym paramelybdatesAs the 20
raw material compound for introducing cobalt, there are exemplified cobalt compounds such as cobalt

nitrate and cobalisutfaten [0038he molybdenum-and-cobalt-containing agueous

solution obtained by the above-described recovering method

o

of the present invention is dried and is then calcined to
thereby obtain a composite oxide which contains at least
molybdenum and cobalt.
[0031]
in the method for producing a composite oxide
10 according to the present invention, the molybdenum-and-
cobalt-containing agqueous solution obtained by the above-
described recovering method of the present invention may be
solely dried and calcined; or, a raw material compound for
introducing a metal element other than molybdenum and
15 cobalt may be added to the molybdenum-and-cobalt-containing
agueous solution at appropriate timing, i.e., before drying
{(in the state of the agueous sclution) or Dbefore
calcination {in the state of the dried solid). When such a
raw material compound is added to introduce a metal element
20 other than molybdenum and cobalt, 1t becomes possible to
control the composition rate of the resultant composite
oxide to a desirable\ value. The composition of the
composite oxide to be obtained by the composite oxide-
producing method of the present invention may be the same

25 as or different from that of the composite oxide used in



In thg _method for producing the composite oxide 25according to the present invention, the drying
conditions 22 and the calcination conditions are not particularly limited, and thus may be appropriately
selected according to known methods for producing the composite oxide or the composite oxide
catalyst. Generally, the drying may be performedt the temperature of 50 to 500C, for example
100 to 350C, for 0.1 to 48 hours, for example, 0.5 to 24 hours. Generally, the calcination may be ’
performed at the temperature of 100 to 650C, for example, 250 to 550C, for 0.2 to 24 hours, 10for
example, 0.5 to 12 hours. [0034] METHOD FOR PRODUCING COMPOSITE OXIDE CATALYST

In a first embeogimentrof the methed ferdprodecing axomposite bikie catdlystdetordif e present
invention, 15 the method comprising using molybdenum and cobalt contained in the aqueous phase
(i.e., the_ molyibdesimi-and-cobaltcontaining aqueous solution) obtained by the above-described
recovering method of the present invention as a raw catalyst material, and drying and then calcining
the 20aqueous 8alation or aqueous slurry containing the raw catalyst material may be adopted.

Thereby a composit .
oneyeyY @ composie oxide calalist e QTS AL SRR mebPIgIUP AL aqRe ! £an beabtained

5 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 c¢ompounds include oxides,

10 nitrates, sulfates, carbonates, hydroxides, OXO acids and
ammonium salts of the same acid, and halides.

In this regard, a raw material compound  for
introducing molybdenum or cobalt may be added when the
metal element other than molybdenum and cobalt is

15 introduced, in order that the composition rate of the
resultant composite oxide may be controlled. As the raw
material compound for introducing molybdenum, there are
exemplified molybdenum compounds such as molybdenum
trioxide, molybdic acid and ammonium paramolybdate. As the

20 raw material compound for introducing cobalt, there are
exemplified cobalt compounds such as cobalt nitrate and
cobalt sulfate.

[0033]
Tn the method for producing the composite oxide

25 according to the present invention, the drying conditions



25In the first embodiment of the method for producing a 23 composite oxide catalyst according to the
present invention, agueous slurry or an aqueous solution may be prepared by adding other raw
material compound for catalyst to the molybdenum-and-cobalt-containing agueous solution obtained 5
by the recovering method of the present invention; or4he molybdenum-and-cobalt-containing aqueous
solution may be once dried to obtain a dried material, which may be then mixed with water and other
raw material compound for catalyst, to prepare aqueous slurry or an aqueous solution 10thereof.
[0036] The other raw material compound for catalyst, to be used in the composite oxide

catalyst producln fethad of e presentinygalion, Juay be thg same.ane-gs agy of the-an materia
e

compounds daescrif)-’e(?inc%ecsectlon 0 od for Producing Composite Oxide Containing

Molybdenum and Gahalt". The agpount of this raw material campoynd may-be apprepriately.selected in
accordance with the composition of a desired catalyst. Again, to control the composition 20 of the

catalyst to begesirghle, asnolybdenum compeund onpobal compatind mayhe usedas the:raw
material compound. [0037] In the first embodiment of the method for producing the composite
oxide catalystacenrding ta ihes present 25invention, the conditions for preparing the aqueous slurry 24
5 Generally, the drying may be performed at the
temperature of 30 to 500°C, for example, 100 to 350°C, for
0.1 to 48 hours, for example, 0.5 to Z4 hours. Generally,
the calcination may be performed at the temperature of 100
to 650°C, for example, 250 to 550°C, for 0.2 to 24 hours,
10 for example, 0.5 to 12 hours.

[0034]

METHOD FOR PRODUCING COMPCOSITE OXIDE CATALYST

In a first embodiment of the method for producing a

composite oxide catalyst according to the present invention,

15 the method comprising using molybdenum and cobalt contained
in the aqueous phase (i.e., the molybdenum-and-cobalt-
containing agueous solution) obtained by the above-

described recovering method of the present inventlon as a

raw catalyst material, and drying and then calcining the
20 agueous solution or aqueous slurry containing the raw

catalyst material may be adopted. Thereby a composite

oxidé catalyst which contains at least molybdenum and

cobalt can be obtained.

[0035]

2% In the first embodiment of the method for producing a



or the agueous solution and the conditions for calcining and baking the aqueous slurry or the aqueous
solution are not particularly limited, and thus any known conditions may be appropriately adopted as
the method for producing the 5composite oxide catalyst of the present invention according to the type
(or use) of a desired catalyst. When an intended compasite oxide catalyst is, for example, a catalyst
for production of unsaturated aldehyde and unsaturated carboxylic acid, the procedure and conditions
10disclosed in, for example, JP-A-2007-117866, JP-A-2007- 326787, JP-A-2008-6359 or
JP-A-2008-231044 may be appropriately selected. When an intended composite oxide catalyst is a

catalyst for proguction. of u%sa%ratec% ggr'le,skhea%rgg%%urg angocoarlgitions og%cl S(-E-Lq,1 @6%3-86%8-
1543096, JP-BEE18817 of the fike may be approprlatejfy Selected. [%O@gf "I & seconc ’

embodiment of the methad for prodiicing a composite oxide. saalyst,according fo the,present,

invention, 20 a method comprising mixing a composite oxide that contains at least molybdenum and
cobalt, which ggmpegite-axide-being,obtained by usingmolyhdenum and-gebalt,eentaired imthe

molybdenum-and-cobalt-containing agueous solution mentioned above as a raw catalyst material, and
drying and then 25talemning-theaqusous solutiondrraqueousyslary containing 256 obtained
5 by the reccovering method ¢f the present invention; or the
molybdenum-and-ccobalt-containing agueous solution may be
once dried to obtain a dried material, which may be tThen
mixed with water and other raw material compound for
catalyst, To prepare aqueocus slurry or an agueous solution
10 thereof.
[0C36]

The other raw material compound for catalyst, to be
used in the composite oxide catalyst-producing method of
the present invention, may be the same one as any of the

ib raw material compounds described in the section of "Method
for Producing Composite Oxide Containing DMolybdenum and
Cobalt". The amount of this raw material compound may be
appropriately selected in accordance with the compositiocon
of a desired catalyst. Again, to control the composition

20 of the catalyst to be desirable, a molybdenum compound or a
cobalt compound may be used as the raw material compound.
[0037]

In the first embodiment of the method for producing
the composite oxide catalyst according to the present

25 invention, the conditions for preparing the agueocus slurry



the raw catalyst material, with an acid and water to obtain an aqueous slurry, and drying and then
calcining the aqueous slurry, may be adopted. That is, a composite oxide catalyst which contains at
least molybdenum and cobalt is 5 obtained by using molybdenum and cobalt contained in the
molybdenum-and-cobalt-containing agueous solution mentioned above as a raw catalyst material,
subjecting the aqueous solution or aqueous slurry containing the raw catalyst material to a first drying
treatment followed by a first 10 calcination treatment, mixing the obtained calcined material with an
acid and water, subjecting the mixture to a second drying treatment followed by a second calcination

treatment. [0039] 15The acid tq he used.in.the aboye ingludes jnarganig,acids such.as jiric, acid,

sulfuric acid, hydrochloric acid, phosphoric acid and boric acid; and organic acids such as formic acid,
acetic acid, propionicagid butwic agidovalericacid Hexanoie aeidbenznie agid; exalisracid; 20
malonic acid, succinic acid, ad4pic acid and phthalic acid. Particularly nitric acid is preferable. Any of
these acids may:be-usad atobe rartwo: or mede seledtedhtherefrom rmaybe used in-cembination. [0040]
25The above acids may be used as it is, or as an agueous 26 solution. The acid may be in such
amount that thenumnbercofmmeles of thedagid ésihigiser thian the hontberfofmeles dficobalt contained in
the composite oxide. Specifically, the amount of the acid may be generally 1 to 20 moles, 5preferably
from 2 fo 10 miSIBEIFasedl Ghcl FfoledFedpak. ©f the present Invention according

to the type (or use) of a desired catalyst. When an
intended composite oxide catalyst is, for example, a
catalyst for preduction of unsaturated aldehyde and
unsaturated carboxylic acid, the procedure and conditions
10 disclosed in, for example, JP-A-2007-117866, JP-BA-2007-
326787, JP-A~-2008-6359 or JP~-A-2008-~231044 may be
appropriately selected. When an intended composite oxide
catalyst 1is a catalyst for production of unsaturated
nitrile, the procedure and conditions disclosed in JP-B-48-
15 430%¢, JP-B-59-16817 or the like may be appropriately
selected.
[0038]
In a second embodiment of the method for producing a
composite oxide catalyst according to the present invention,
20 a method comprising mixing a composite oxilide that contains
at least molybdenum and cobalt, which composite oxide being
obtained by using molybdenum and c¢cbalt contalined in the
molybdenum-and-ccbhalt-containing aqueous solution mentioned
above as a raw catalyst material, and drying and then

Zh calcining the agueous solution or aguecus slurry containing



[0041] In the second embodiment of the method for producing a composite oxide catalyst
according to the present invention, the temperature for mixing the composite oxide with the 10acid and
water to prepare an aqueous slurry is preferably from 0 to 100C, more preferably from 10 to 80C. The
period of time for mixing may be appropriately selectédin accordance with, for example, the mixing
temperature, and it is usually from one minute to 100 hours, preferably from 151 hour to 24 hou s.
[0042] In the second embodiment of the method for producing a composite oxide catalyst
according to the present invention, when the composite oxide is mixed with the acid and water 20 to

prepare the agugous slury: the,mixing eeder-and thednixing methodsare ned fimiteds and each of the
composite oxide, the acid and water may be mixed with each other in an arbitrary order. For example,
to one of the aeid anglithe:agueousidispersionin whichrthe camposite exidechds:25been préviously
dispersed in water, the other one may be added; or to one of the composite oxide and the aqueous
solution in which:thecacic has beenprevibaskydissoided inTiater, the other@ieemay Headddd; or to
one of the aqueous dispersion in which the composite oxide was previously dispersed in water and the
aqueous solufigii i Whichvhé akidsrereaprevioadly drRa8Ived iwaEF ke ofefay bée added.
Preferably, the composite oxide is, preferably pulverlzed before it is mlxed n[004r1] 10In the second

embodiment 61the Téthod tor Prodtingo Ly bdenum  and coba

molybdenum-and-cobalt-containing aqueous solution mentioned
above as & raw catalyst material, subjecting the agueous
solution or agueous slurry containing the raw catalyst
material to a first drying treatment followed by a first

10 calcination treatment, mixing the obtained calcined
material with an acid and water, subjecting the mixture to
a second drying treatment followed by a second calcination
Treatment.

[00389]

15 The acid to be used in the above includes inorganic
acids such as nitric acid, sulfuric acid, hydrechloric acid,
phosphoric acid and boric acid; and organic acids such as
formic acid, acetic acid, propionic acid, butyric acid,
valeric acid, hexanoic acid, benzoic acid, oxalic acid,

20 malonic acid, succinic acid, adipic acid and phthalic acid.
Particularly nitric acid is preferable. Any of these acids
may be used alone, or two or more selected theiefrom may be
used in combination.

[0040]

25 The above acids may be used as 1t 1s, or as an agueous



the composite oxide according to the present invention, the aqueous slurry alone obtained by mixing
the composite oxide with the acid and water may be subjected to the second drying treatment,or a raw
material compound for 15introducing a metal element other than molybdenum and cobalt may be
added to the aqueous slurry at appropriate timing, fornexample, before mixing, before the second
drying treatment or before the second calcination treatment. The obtained composite oxide catalyst
may be controlled so 20 that the resultant composite oxide has a desirable composition rate by adding
the raw material compound for introducing a metal element other than molybdenum and cobalt. [0044]

25In the secondler]gg)odimen%gfe the method forkgéoq%citr%% 28 the composite axide, accordingto the

. Ol . ac M
present mven?lon, as the raw materlallcompgun for introducing a metal element other than

mO'XPde”“mﬁden‘P&Pé‘gg the same ane as anyof the raw material compenads deseribegsn dire section
of 5 "Method for Producing Composite Oxide Containing Molybdenum and Cobalt" may be used. The

amount of this xaw mategal-compaund, maye-appropiiately-selaeted i peeartianee With theedlesirable
composition of the catalyst. Again, to control the composition of the catalyst to be desirable, a
amount of the acid may be generally 1 to 20 mnmoles,
5 preferably from 2 to 10 moles, based on 1 mole of cobalt.
[0041]

In the second embodiment of the method for producing a
composite oxide catalyst according to the present invention,
the temperature for mixing the composite oxide with the

10 acid and water to prepare an agueous slurry 1s preferably
from 0 to 100°C, more preferably from 10 to 80°C, The
period of time for mixing may be appropriately selected in
accordance with, for example, the mixing temperature, and
it is usually from one minute to 100 hours, preferably from

15 1 hour to 24 hours.

[0042]

In the second embodiment of the method for producing a
composite oxide catalyst according to the present invention,
when the composite oxide is mixed with the acid and water

20 to prepare the agueous slurry, the mixing order and the
mixing method are not limited, and each of the composite
oxide, the acid and water méy be mixed with each other in
an arbitrary order. For example, to one of the acid and
the aqueous dispersion in which the composite oxide has

25 been previously dispersed in water, tThe other one may be



10 molybdenum compound or a cobalt compound may be used as a raw material compound as with
the above-described method for producing the composite oxide. [0045] In the second embodiment of
the method for producing 15 the composite oxide according to the present invention, the conditions
during the preparation of the aqueous slurry or the agueous solution, the drying conditions for the first
and the second drying treatments, or the calcination conditions for the first and the second calcination
20 treatments are not particularly limited, and thus any known conditions may be appropriately
adopted as the method for producing the catalyst according to the type (or use) of a desired catalyst.

or example when the Iptended sompgsite, ade.caiglystisee g agatalys for produgtion ot
e

O . 4
25unsaturated & yde and unsaturated carboxylic acid, the 29 procedure and conditions disclosed

in, e.g., JP-A2007r 117866, JP-A:-2007:32678% IP-A-2008:633% and JPA-2008= 234044 may be

appropriately selt_acted. When an intended composite oxide catalyst is a catalyst for production of
Sunsaturated,nitrilg; the procaduse apd condifions distlesed or to one of the aqueous

in,e.g.,JP-B-48-43096andJP-B-59-16817maybe appropriately selected. [00461
dispersion in which the ccmposite oxide was previously
5 dispersed in water and the agueous solution in wnich the
acid were previously dissolved in water, the other one may
be added. Preferably, the composite oxide is preferably
pulverized before it is mixed.
[0043]

10 in the second embodiment of the method for producing
the composite oxide according to the present invention, the
agueous slurry alone cobtained by mixing the composite oxide
with the acid and water may be subjected to the second
drving treatment, or a raw material compound for

15 introducing a metal element other than molybdenum and
cobalt may be added to the aqueous slurry at appropriate
timing, for example, before mixing, before the second
drying treatment or before the second calcination treatment.
The obtained composite oxide catalyst may be controlled so

20 that the resultant composite oxide has a desirable
composition rate by adding the raw material compound for
introduciﬁg a metal element other than molybdenum and
cobalt.

[0044]

25 In the second embodiment of the method for producing



In the present invention, the drying treatment means a 10 heat treatment for sufficiently decreasing a
water content of the aqueous slurry or the agueous solution, and the obtained dried material is
preferably in a solid state. In the present invention, the calcination means an operation for
heat-treating a dried material obtained after the 15 drilitig treatment. The calcination may be performed
under an atmosphere of an oxidizing gas such as oxygen or air, or under an atmosphere of a
non-oxidizing gas such as nitrogen. [0047] In the method for producing a composite oxide catalyst 20
according to the present invention, after the calcination in the first embodiment or after the second

calcination in the: seconshembedimenica heattreatment is praterahly: performed imthecpresence of a
reducing material (hereinafter, the heat treatment in the presence of a 25reducing material may be
optionally simphereterrediatas: 301 reductiontreathent ) iBecadse dDhthiszredection teeatrment, the
catalytic activity of the resultant catalyst can be effectively improved. This effect is found to be
other than molybdenum and cobalt, the same one as any of
the raw material compounds described 1in the section of
5 "Method for Producing Compesite Oxide Containing Molybdenum
and Cocbalt" may be used. The amount of this raw material
compound may be appropriately selected in accordance with
the desirable composition of the catalyst. Again, to
control the composition of the catalyst tc be desirable, a
10 molybdenum compound or a cobalt compound may be used as a
raw material compound as with the above-described method
for producing the composite oxide.
[0045]
In the second embodiment of the method for producing
i5 the composite oxide according to the present invention, the
conditions during the preparation of the agueous slurry or
the aqueous sclution, the drying conditions for the first
and the second drying treatments, or the calcination
conditions for the first and the second calcination
20 treatments are not particularly limited, and thus any known
conditions may be appropriately adeopted as the method for
producing the catalyst according to the type (cr use) of a
desired catalyst. For example, when the intended composite
oxide catalyst 1is, e.g., a catalyst for production of

25 unsaturated aldehyde and unsaturated carboxylic acid, the



remarkable 5 proo_luction carboxylic [0048] As the exemplified above-described reducing
hydrogen,ammonia, material, there are carbonmonoxide, amines as preferable ones. As to the
hydrocarbons, the alcohols, the aldehydes and the amines, those having 1 to 6 carbon atoms are

preferable, respectively. Examples of the 01-5 hydrocasbons include saturated aliphatic hydrocarbons
such as methane, 15ethane,propane,n-butane and isobutane;unsaturated

procedure and conditions disclosed in, e.g., JP-A-2007-

117866, JP-A-2007-326787, JP-A-2008-635%9 and JP-R-2008-

231044 may be appropriately selected. When an intended

composite oxide catalyst 1is a catalyst for production of

5 unsaturated nitrile, the procedure and conditions disclosed

in, e.J., JP-B-48-~-4309¢6 and JP-R-59-16817 may be

apprepriately selected,.

[0046]

In the present invention, the drying treatment means a

10 heat treatment for sufficiently decreasing a water content

of the agueous slurry or the agueous solution, and the

obtained dried material is preferably in a solid state. In

the present invention, the calcination means an operation

for heat-treating a dried material obtained after the

15 drying treatment. The calcination may be performed under

an atmosphere of an oxidizing gas such as oxygen or alr, or

under an atmosphere of a non-oxidizing gas such as nitrogen.
10047]

In the method for producing a composite oxide catalyst

20 according to the present invention, after the calcination

in the first embodiment or after the second calcination in

the second embodiment, a heat treatment 1is preferably

performed in the presence of a reducing material

(hereinafter, the heat treatment in the presence of a

25 reducing material may be optionally simply referred to as



aliphatichydrocarbonssuchasethylene, propylene,.alpha.-butylene,.beta.-butyleneand isobutylene; and
benzene.Examples of the 01_6 alcohols include saturated aliphatic alcohols such as methyl alcohol,
20 ethyl alcohol, n-propyl alcohol, isopropyl alcohol, n-butyl alcohol, isobutyl alcohol, secondary butyl
alcohol and tertiary butyl alcohol; unsaturated aliphatig@lcohols such as allyl alcohol, crotyl alcohol
and methallyl alcohol; and phenols. Examples of the 01-6 aldehydes include saturated 25aliphatic
aldehydes such as formaldehyde, acetaldehyde, 31 propionaldehyde, n-butyl aldehyde and isobutyl
aldehyde; and unsaturated aliphatic aldehydes such as acrolein, crotonaldehyde and methacrole n.

Examples of thg A %-Gta}IBWes H}%Léd&n%q,{[wa)tqd aliphaégcad(giglgs syuch as,methylaming, dimgthylamine,

trimethylamine, ethylamine, diethylamine and triethylamine; unsaturated aliphatic amines such as

allyamine and-digliylamine; andLaniling. 1Any; of these yeducing-materials may:he usedialongser two or
more selected therefrom may be used in combination. 10[0049] The above-described reduction

treatment is usuallyearrieteeuthy subjecting:tbe catalystrieasheat freatment undeman atmosphere of
a gas which contains the above-described reducing material. The concentration of the 15reducing
material in this gras is:asuallyefspmd. 2 16 $O% byhwoly, preferablyfromt3 1d:80%ARevalsThé éducing
material may be diluted with nitrogen, carbon dioxide, water, helium, argon or the like, to such a
conceritrationp AltHough. te motdculatogpjermag be pres8ftwitliin suehch unsaturated

carboxylic acid.
[0048]
As the above-described reducing material, there are
exemplified hydrcgen, ammonia, carboen monoxide,
16 hydrocarbons, alcohols, aldehydes and amines as preferable
ones. As to the hydrocarbons, the alcochols, the aldehydes
and the amines, those having 1 to © carbon atoms are
preferable, respectively. Examples of the C;_s hydrocarbons

include saturated aliphatic hydrocarbons such as methane,

15 ethane, propane, n-butane and 1sobutane; unsaturated
aliphatic hydrocarbons such as ethylene,
propylene, .alpha.~-butylene, .beta.~-butylene and
iscbutylene; and benzene. Examples of the C;.¢ alcchols

include saturated aliphatic alcohols such as methyl alcohol,
20 ethyl alcohol, n-propyl alcohol, iscpropyl alcohel, n-butyl
alcohol, iscbutyl alcochel, secondary butyl alcohol and
tertiary butyl alcohol; unsaturated aliphatic alcohéls such
as allyl alcohol, crotyl alcohol and methallyl alcohol; and
phenocls. Examples of the Cij_¢y aldehydes include saturated

25 aliphatic aldehydes such as formaldehyde, acetaldehyde,



20 range that the effect of the reduction treatment is not impaired, no molecular oxygen is preferably
allowed to be present, [0050] The temperature for the reduction treatment (i.e., a 25heat
treatment temperature for the reduction treatment) is 32 preferably from 200 to 600C, more preferably
from 300 to 500C. The period of time for the reductior freatment (i.e., a heat treatment time for the
reduction treatment) is usually from 5 minutes to 20 hours, preferably from 30 5Sminutes to 10 hours.
[0051] Preferably, the above-described reduction treatment is carried out as follows: the calcined
material (i.e., the composite oxide catalyst) obtained after the calcination is 10 put in a container of

tubular, box-type, 0t ek pdds sublesied 1o & heatiteatment ywhiles gas sontalningpad educing
ng al to flo

material is be owed to flow Iinto the container. During this treatment, the 'gas discharged from the

container optignally may-fe.recycled. For gxample, the dsrcptalyst may.be packed in-a reagtjon tube
for catalytic gas phase oxidation, and a gas containing the reducing material may be allowed to pass

through the tubesfor thel reduetien teeatment ang-the lcatalytic gas phase exidation may becseguentially
carried out. 20[0052] After the reduction treatment, the mass of the calcined material (i.e., the
composite oxmleicatalyst)iohtained afterathe catchuatior usuaily decreases. s considered that this is
because the catalyst would lose
5 methylamine, dimethylamine, trimethylamine, ethylamine,
diethylamine and triethylamine; unsaturated aliphatic
amines such as allyamine and dialiylamine; and aniline.
Any of these reducing materials may be used alcne, or two
or more selected therefrom may be used in combination.
10 [0049]
The above~described reduction treatment is usually

carried out by subjecting the catalyst to a heat treatment

under an atmosphere of a gas which contains the szbove-

described reducing material. The concentration of the
15 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.
Although the molecular oxygen may be present within such a
20 range that the effect of the reduction treatment 1s not
impaired, no molecular oxygen 1is preferably allcwed to be
present,
[0050]
The temperature for the reduction treatment (i.e., a

25 heat treatment temperature for the reduction treatment) is



25lattice oxygen. The rate of decrease in mass due to this 33 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 too high, the
catalytic activity, on the contrary, tends to lower. In thiszcase, the catalyst is again calcined under an
atmosphere of a molecular oxygen-containing gas, to thereby lower the rate of decrease in mass. The
rate of decrease in mass is determined by the following equation: 10Rate of Decrease in Mass (%) =
[(the mass of the catalyst determined before the reducing treatment) - (the mass of the catalyst

determined after the, reduction treatment)) L(thgymass of thecatalystdetermingd before theygduction

treatment) x 100 (centupléed) 15In this connection, depending on the type of the reducing material or
the conditions faythe heatitreatrpentiduring theweduction treatment - thesedueing materialdiself or a
decomposed product derived from the reducing material is likely to remain in the catalyst after the 20
reduction treaftneat.,In sudhea case;dhemass of Smeh d&semaining matedakinrthe catatystis.separately
measured, and the measured mass value is subtracted from the mass of the catalyst containing the
remaining materiaksardthe niassofthe tataest after the rduvetion treasientaay bé ron 20
25calculated.Since the remaining material is typically 34 carbon, the mass of the remaining material
can bedeterriined “fof example, 153/ 4he ‘measurement of total carbon (TC) or the like.

[0051]

Preferably, the above-described reduction treatment is
carried ocut as follows: the calcined material (i.e., the
composite oxide catalyst) cobtained after the calcination is

10 put in a container of tubular, box-type or the like, and is
subjected to a heat treatment while a gas containing the
reducing material 1is Dbeing allowed to flow into the
container. During this treatment, the gas discharged from
the contaliner coptionally may be recycled. For example, the

15 catalyst may be packed in a reaction tube for catalytic gas
phase oxidation, and a gas containing the reducing material
may be allowed to pass through the tube for the reduction
treatment, and the catalytic gas phase oxidation may be
seguentially carried out.

20 [0052]

After the reduction treatment, the mass of the
calcined matérial {i.e., the composite oxide catalyst)
cbhtained after the calcination usually decreases. It 1is
considered that this is because the catalyst would lose

25 lattice oxygen. The rate of decrease in mass due to this



[0053] After the above-described reduction treatment, the catalyst optionally may be again calcined
under an atmosphere of a molecular oxygen-containing gas (this second calcination under the
molecular oxygen-containing gas atmosphere is optionally referred to as "reoxidation"). 10[0054]

The concentration of the molecular oxygen in the molggular 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 molecular oxygen 15 source, an air or pure oxygen is usually used. This oxygen source Is
optionally diluted with nitrogen, carbon dioxide, water, helium, argon or the like, for use as the

molecular ox;g%eggcé%qfﬁgﬂrr;% I%i%[g%%trqugatico@%terﬁﬁgtrcst%% %’%L@@le)fr% 20Q o ggggie,rleferably

from 350to 5 on time'Is from sto ours, preferably from 30 minutes to

10 hours. [0055],, o _dn the.conpesite,oxide catalyst-producing methed4f the prasent inveption, the

catalys_t is optionally su_bjected 25to a molding process. The molding process may be carried 35 out
according to g geaventiogakmethed, forexarmplen tablet eempression o extrasion molding; te obtain a

ring-shaped, pellet-like, spherical or granulated catalyst. The molding process may be carried out
before the dryiag, the Sealcinatine or sthe: rediictien treatmentpomafter thecomes too high,
5 the catalytic activity, on the contrary, tends to lower.
In this case, the catalyst i1s again calcined under an
atmosphere of a molecular oxygen-containing gas, to thereby
lower the rate of decrease in mass. The rate of decrease
in mass is determined by the following eguation:

10 Rate of Decrease in Mass (%) = [{the mass of the
catalyst determined before the reducing treatment) - (the
mass of the catalyst determined after the reduction
treatment)! / (the mass of the catalyst determined before
the reduction treatment} x 100 (centupled)

15 In this connection, depending on the type of the
reducing material or the conditions for the heat treatment
during the reduction treatment, the reducing material
itself or a decomposed product derived from the reducing
material is likely to remain in the catalyst after the

20 reduction treatment. n such a case, the mass of such a
remaining material in the catalyst is separately measured,
and the measured mass value is subtracted from the mass of
the catalyst containing the remaining material; and the
mass of the catalyst after the reduction treatment may be

25 caloculated. Since the remaining material 1s typically



reduction treatment. Inorganic fibers or the like, which is 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. 10[0056] The composite oxide catalyst-producing method of the present invention is
intended to provide at least one composite oxide catayst selected from the group consisting of a
catalyst for production of unsaturated aldehyde and 15 unsaturated carboxylic acid, a catalyst for
production of unsaturated carboxylic acid, and a catalyst for production of unsaturated nitrile. Above
all, the composite oxide catalyst-producing method of the present invention is suitably employed to

produce a caEaAfyf%ggr prodygtion of 20unsaturated aldehyge; and, ynsaturated sarboxylic acid [0057]

As the catalyst for production of unsaturated aldehyde and unsaturated carboxylic acid, there is
exemplified agatalyst for groduction of asteleinand-aerylicacid bynway 2607 catalytic gasiphase
oxidation of propylene with 36 molecular oxygen, or a catalyst for production of methacrolein and
methac ylic acigdpy way ©of eatalytic .gas phase oxidation of isobutylene or tertiary butyl alcohol with
molecular oxygen. As the catalyst for production of 5 unsaturated carboxylic acid, there is exemplified
a catalyst for peadiittion of acrylic acid by way of oxidation of acrolein with molecular oxygen or a
catalyst for production of methacrylic acid by way of oxidation of methacrolein with molecular oxygen.

As the Zatalyst for 18 Bréductiofeof GratGratsd ffileSthere fEEkdm pified & Tatdlyst for protiction of

acrylonitr le by way of ammoxidation of propylene with molecular oxygen or a_catalyst for production of
g%?c ﬁ aer p arl

methacrylonitARETY WaY of SRdXidation of Sobutyténe Gt8rtiary Bty AIESHol wit

atmosphere of a molecular oxygen-containing gas (this
second calcination under the molecular oxygen-contalning
gas atmosphere is optionally referred to as "reoxidation™) .
10 (00547
The concentration of the molecular oxygen 1in the
molecular oxygen=-containing gas under which atmosphere the
reoxidation is carried out is usually from 1 to 30% by vol.,
preferapbly from 10 to 20% by vol. As a molecular oxygen
15 source, an air or pure oxygen is usually used. This oxygen
source is opticnally diluted with nitrogen, carbon dioxide,
water, helium, argon or the like, for use as the molecular
oxygen-containing gas. The reoxidation temperature 18
usually from 200 to 600°C, preferably from 350 to 550°C.
20 The reoxidation time is from 5 minutes to 20 hours,
preferably from 30 minutes to 10 hours.
[00557
In the composite oxide catalyst-producing method of
the present invention, the catalyst is optionally subjected

25 to a molding process. The molding process may be carried



15molecular oxygen. [EXAMPLES] [0058] Hereinafter, the present invention will be more 20
specifically described by way of Examples thereof, which however should not be construed as limiting
the scope of the present invention in any way. In Examples, the unit mL/min., which expresses the flow
rate of the gas, is based on STP unless otherwise deseribed. The activities of the 25catalysts in the
following Examples were evaluated by the 37 method set forth below. [0059] <Catalytic Activity Test>
A glass reaction tube with an inner diameter of 18 mm 5 was charged with a catalyst (1 g), and a gas
mixture of isobutylene/oxygen/nitrogen/steam (=1/2.2/6.2/2.0 in molar ratio) was fed into the reaction

tube at a floworl%e of87.5 MIT{;Im in, to,carry gut an gxidation reaction @t 350C. 16, tablet

compression or extrusion molding, to obtain a ring-shaped,

pellet-like, spherical or granulated catalyst. The molding

process may be carried out Dbefore the drying, the
5 calcination or the reduction treatment, or after the
reduction treatment. Inorganic fibers or the like, which

is 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.

10 [0056]

The compcsite 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

15 unsaturated carboxylic acid, a catalyst for production of
unsaturated carboxylic acid, and a catalyst for production
of unsaturated nitrile. Abcve all, the composite oxide
catalyst-producing method of the present invention is
suitably employved to produce a catalyst for production of

20 unsaturated aldehyde and unsaturated carbozylic acid.

[0057]

As the catalyst for production of unsaturated aldégyde
and unsaturated carboxylic acid, there 1is exemplified a
catalyst for production of acrolein and acrylic acid by way

25 of catalytic gas phase oxidation of propylene with



for one hour.A gas from the outlet of the tube (i.e., a 10gas obtained after the reaction) was analyzed
by gas chromatography, and a conversion of isobutylene, and a total selectivity for methacrolein and
methacrylic acid were calculated according to the following formulae. [0060] 15A conversion (%) of
isobutylene = [(the number of moles of fed isobutylene} - (the number of moles of unreacted
isobutylene)] / (the number of moles of fed isobutylene) x 100 A totalselectivity(%)for methacrolein and
20methacrylic acid = (the number of moles of methacrolein and methacrylic acid)/[(the number of
moles of fed isobutylene)(the number of moles of unreacted isobutylene)] x 100 A total yield

(%) for methagrolein and methaciylic 25agid = (the number of moles of methagiglein and mgthacrylic
methacrolein and methacrylic acid by way of catalytic gas
phase oxidation of iscobutylene or tertiary butyl alcohol
with molecular oxygen. As the catalyst for production of

5 unsaturated carboxylic acid, there is exemplified a
catalyst for production of acrylic acid by way of oxidation
of acrolein with meolecular oxygen or a catalyst for
production of methacrylic acid by way of oxidaticn of
methacrolein with molecular oxygen. As the catalyst for

10 production of unsaturated nitrile, there is exemplified a
catalyst for production of acrylenitrile by way of
ammoxidation of propylene with molecular oxygen or a
catalyst for production of methacrylonitrile by way of

ammoxidation of isobutylene or tertiary butyl alcohol with

i5 molecular oxXygen.
[EXAMPLES]
[00581
Hereinafter, the present invention will Dbe more
20 specifically described by way of Examples therecf, which

however should not be construed as limiting the scope of
the present invention in any way. \In Examples, the unit
mL/min., which expresses the flow rate of the gas, 1s based
on STP unless otherwise described. The activities of the

25 catalysts in the following Examples were evaluated by the



38 acid) / (the number of moles of fed isobutylene) x 100 [0061] Reference Example 1 (Preparation of
fresh catalyst (al)) 5SAmmonium molybdate [(NH4)6M0202441-120] (441.4 parts by mass) was
dissolved in hot water (500 parts by mass) to obtain a liquid A.On the other hand, iron nitrate (lll)
[Fe(NO2)2 9H20](202.0 parts by mass), cobalt nitratg {Co(NO3)2'6H20] (436.6 parts by mass) and
cesium nitrate 10 [C5NO2] (19.5 parts by mass) were dissolved in hot water (200 parts by mass), and
then, bismuth nitrate [Bi(NO3)3. 5H20] (97.0 parts by mass) was dissolved in the resulting liquid to

obtain a liquid B. [0062] 15Next, the liquid A was stirred, and the liquid B was added to the liquid A to

obtain aslur%.él't egdthsl%t forth below.

[0059]
<Catalytic Activity Test>
A glass reaction tube with an inner diameter of 18 mm
5 was charged with a catalyst (1 g), and a gas mixture of
iscbutylene/oxygen/nitrogen/steam (=1/2.2/6.2/2.0 in molar
ratioc) was fed intc the reaction tube at a flow rate of
87.5 mL/min, to carry out an oxidation reacticn at 350°C
for one hour. A gas from the outlet of the tube (i.e., a

10 gas obtained after the reaction) was analyzed Dby gas
chrematography, and a conversion of isobutylene, and a
total selectivity for methacrolein and methacrylic acid
were calculated according to the following formulae.

[0060]

15 A conversiocn (%) of iscbutylene = [(the number of
moles of fed iscbutylene) - (the number of moles of
unreacted isobutylene)] / (the number of mecles of fed
isobutylene) x 100

A total selectivity (%) for methacrclein and

20 methacrylic acid = (the number of moles of methacreclein anc
methacrylic acid} / [{the number of moles of fed
ischutylene) - ‘(the number of moles of unreacted
iscbutylene)] x 100

A total vyield (%) for methacrolein and methacrylic

25 acid = (the number of mecles of methacrolein and methacrylic



slurry was dried at 250C with a flash drier, to obtain a catalyst precursor. To this catalyst precursor
(100 parts by mass) were added silica alumina fibers (RFC400-SL 20 manufactured by ITM
ASSOCIATES) (18 parts by mass) and antimony trioxide [Sb202] (2.54 parts by mass); and the
resulting mixture was molded into a ring-shaped matérfal with an outer diameter of 6.3 mm, an inner
diameter of 2.5 mm and a length of 6 mm. This molded material (compact) 25was calcined at 545C for
6 hours under a stream of an air, 39 to obtain a fresh composite oxide catalyst (al). [0063] This
fresh catalyst (al) was found to contain bismuth (0.96 atom), antimony (0.48 atom), iron (2.4 atoms),
cobalt 5(7.2 afems), cesiun404&atem)osiliean (46 afonts)andalmtingume-(5.0 atohis) per

molybdenum (12 atoms). [0064]
[0061]
Reference Example 1 (Preparation of fresh catalyst (al))

5 Ammonium molybdate [ (NH;)¢Mo0z, ¢ 4H01 (441.4 parts by
mass) was dissolved in hot water (500 parts by mass; o
cbhtaln a liguid A. On the other hand, iron nitrate (III}
[Fe (NO3)3 = 9H.0] (202.0 parts by mass), cobalt nitrate
[Co(NO3), » 6H,01 {436.6 parts by mass) and cesium nitrate

10 [CsNO3] (19.5 parts by mass) were dissolved in hot water
(200 parts by mass), and then, bismuth nitrate [Bi{(NOj);-*
54,017 (97.0 parts by mass) was dissolved in the resulting
ligquid to obtain a liguid B.
(00621

15 Next, the liguid A was stirred, and the liguid B was
added to the liquid A to obtain a 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 (RFC400-3L

20 manufactured by ITM ASSOCIATES) (18 parts by mass) and
antimony trioxide [Sbp0s;] (2.54 parts by mass); and the
resulting mixture was molded intco a ring-shaped material
with an outer diameter of 6.3 mm, an inner diameter cf 2.5
mm and a length of © mm. This molded material (compact)

25 was calcined at 545°C for 6 hours under a stream cf an air,



Reference Example 2 (Preparation of used catalyst (b) and used ceramic compact) 10A reaction tube
was charged with a ceramic compact having a spherical shape (11 parts by mass) (ceramic balls
(Z-10) manufactured by Iwao Jiki Kogyo Co. Ltd., the total content of silica and alumina: 90% by mass,
diameter: 6.4 mm) as an inert filler, and further charged with a fresh 15 catalyst (a2) (100 parts by
mass) which was prepared according to the similar process as Reference Example 1. To the reaction
tube, a gas mixture of isobutylene/oxygen/nitrogen/steam was continuously fed for a given period of
time, and the catalytic gas phase 20 oxidation reaction to methacrolein and methacrylic anti was

performed, to_obtaina sed catalyst (h),apd a used ceramic compact {0095} Reference Example 3

(Preparation of used catalyst (c)) 25A reaction tube was charged with a fresh catalyst (al) 40 and a
gas mixture of igpbutylene/oxygen/nitrogen/steam was continuously fed for a given period of time,
thereby the catalytic gas phase oxidation reaction to methacrolein and methacrylic acid was
performed, to obtainmusedreatalysta(c)1[P866](a1) was found to contain bismuth

(0,96 atom), antimony (0.48 atom), iron (2.4 atoms), cokalt
5 (7.2 atoms), cesium (0.48 atom), silicon (4.6 atoms) and

aluminum (5.0 atoms) per molybdenum (12 atoms).

[0064]

Reference Example 2 (Preparation of used catalyst (b) and

used ceramic compact)

10 L reaction tube was charged with a ceramic compact
having a spherical shape (11 parts by mass) (ceramic bails
(z-10) manufactured by Iwac Jiki Kogye Co. Ltd., the total
content of silica and alumina: 90% by mass, diameter: 6.4
mm) as an inert filler, and further charged with a fresh

15 catalyst (aZ2) (100 parts by mass) which was prepared
according to the similar process as Reference Example 1.
To the reaction tube, a gas mixture of
iscbutylene/oxygen/nitrogen/steam was continuously fed for
a given period of time, and the catalytic gas phase

20 oxidation reaction to methacrolein and methacrylic acid was
performed, to obtain a used catalyst (b) and a used ceramic
compact.

[0065]
Reference Example 3 (Preparation of used catalyst (c})

Z5 A reaction tube was charged with a fresh catalyst (al)



Example 1 (Recovery of Molybdenum and Cobalt) The fresh catalyst (al) (100 parts by mass) (which
10 contained 34.6% by mass of molybdenum, 4.0% by mass of iron, 12.8% by mass of cobalt and
1.9% by mass of cesium, and which was obtained in Reference Example 1) was pulverized, and was
then mixed into a ceramic compact having a spherical;shape (10 parts by mass) (ceramic balls (1-10)
15 manufactured by lwao Jiki Kogyo Co. Ltd., the total content of silica and alumina: 90% by mass,
diameter: 6.4 mm), water (200 parts by mass) and a 25% by mass aqueous ammonia solution (272
parts by mass). This mixture was stirred for 1 hour while the liquid temperature of the mixture was kept

20 at 40C, and v(\gs then filtered under r%ducedkg)r S%Fjre. The resultip filtrate W?SS%QJECR?Q to a heat

treatment at 420C in af air frg%ﬁ%uoruersﬁo obtain a so |glnrﬁaa/tg:rxfglg((af)1 ( .BIQS%%na recovered material.

¢ part of the regiitan solid natedal (Bgyas23sublesteddo aneelamentalanalysissiiihon Xifay 41

fluorescence spectrometer (ZSX Primus Il manufactured by Rigaku Corporation). As a result, it was

found to contain 48;3% hy mass ehmelybdenuny: 0:0% by massef ifon, £8.8%6 By massofnebalt and
2.9% by mass of cesium. Therefore, the 5 recovery rates of the respective elements from the fresh

catalyst (al) wese BQ7% in molybdenums 0 8% ifirer;94.086 inctohaltrand 97s2% irceesitims The
recovery rate (%) of each element was calculated
5 (c).
[0066]
Example 1
(Recovery of Molybdenum and Cobalt)
The fresh catalyst (al) (100 parts by mass) (which
10 contained 34.6% by mass of molybdenum, 4.0% by mass of iron,
12.8% by mass of cobalt and 1.9% by mass of cesium, and
which was obtained in Refesrence Example 1) was pulverized,
and was then mixed into & ceramic compact having a
spherical shape (10 parts by mass) (ceramic balls (Z-10)
15 manufactured by Iwao Jiki Kogyo Co. Ltd., the total content
of silica and alumina: 90% by mass, diameter: 6.4 mm),
water (200 parts by mass) and a 25% by mass agqueous ammonia
sclution (272 parts by mass). This mixture was stirred for
1 hour while the liguid temperature of the mixture was kept
20 at 40°C, and was then filtered under reduced pressure. The
resulting filtrate was subljected to a heat treatment at
420°C in an alr for 2 hours, o obtain a scolid material {(d)
(64.0 g) as a recovered material.

A part of the resultant solid material (d) was

25 subjected to an eiemental analysis with an  X-ray



by _the equa_ltion: 10(xI / yl) x 100 wherein x| represents the mass (g) of the element in the resultant
solid matgrlal (d); and yl represents the mass (g) of the element in the fresh catalyst (al). 15[0067]
Comparative Example 1 (Recovery of Molybdenum and Cobalt)  The fresh catalyst (al) (100 parts
by mass) (which contained 34.6% by mass of molybdenum, 4.0% by mass of iron, 20 12.8% by mass
of cobalt and 1.9% by mass of cesium), which was obtained in Reference Example 1, was pulverized
and was then mixed into water (200 parts by mass) and a 25% by mass aqueous ammonia solution ’
(272 parts by mass). This mixture was stirred for 1 hour while the liquid temperature 250f the mixture

was kept at 40C, @f@s\@@%ggn Qgg@grggéggi@r reglygedipressiye. The resultifig ittrate dvas subjected
to a heat treatment at 420C in an air for 2 hours, to obtain a solid material (e) (60.8 g) as a recovered

material.  Rigaku Corporation). As a result, it was fcund to contain
48.5% by mass of molybdenum, 0.0% by mass of iron, 18.8% by
mass of cobalt and 2.9% by mass of cesium. Therefore, the
5 recovery rates of the respective elements from the fresh
catalyst (al) were 89.7% in molybdenum, 0.0% in iron, 94.0%
in cobalt and 97.7% in cesium.
The recovery rate (%) of each element was calculated
by the equation:
10 (x1 / yl) = 100
wherein x1 represents the mass (g) of the element in the
resultant solid material (d); and yl represents the mass

(g) of the element in the fresh catalyst {(al).

1z (0067 ]
Comparative Example 1
(Recovery of Molybdenum and Cobalt)
The fresh catalyst (al) (100 parts by mass} (which
contained 34.6% by mass of molybdenum, 4.0% by mass of iron,
20 12.8% by mass of cobalt and 1.9% by mass of cesium), which
was obtained in Reference Example 1, was pulverized, and
was then mixed into water (200 parts by\mass) and a 25% by
mass agueous ammonia solution (272 parts by mass). This
mixture was stirred for 1 hour while the ligquid temperature

25 of the mixture was kept at 40°C, and was then filtered



5A part of the solid material (e) was subjected to an elemental analysis with an X-ray fluorescence
spectrometer (ZSX Primus Il manufactured by Rigaku Corporation). As a result, it was found to contain
48.7% by mass of molybdenum, 0.6% by mass of iron, 19.1% by mass of cobalt and 3.0% by 10 mass
of cesium. Therefore, the recovery rates of the respeéfive elements from the fresh catalyst (al) were
85.6% in molybdenum, 9.3% in iron, 90.7% in cobalt and 96.0% in cesium. The recovery rate (%) of
each element was calculated 15by the equation: (x2 / yl) x 100 wherein x2 represents the mass (g) of
the element in the resultant solid material (e); and yl represents the mass (g) of the element in the
fresh catalyst,(al). 20[0068], Example-2 §Raeevery of ielybderusm anttGobait) 1 t ra te mixtare of the
used_catalyst (b) (100 parts by mass) (which contained 39.6% by mass of molybdenum, 4.6% by mass
250f iron, 14.5% bymass of cobalt land2.3% bytmassofat 420°C in an air for 2

10

15

20

hours, to obtain a solid material (&) (¢0.8 g) as a
recovered material.

A part of the solid material (e) was subjected to an
elemental analysis with an X-ray fluorescence spectrometer
(23X Primus II manufactured by Rigaku Corporation). As a
result, it was found to contain 48.7% by mass of molybdenum,
0.6% by mass of iron, 19.1% by mass of cobalt and 3.0% by
mass of cesium. Therefore, the recovery rates of the
respective elements from the fresh catalyst (al) were 85.6%
in molybdenum, 9.3% in iron, 90.7% in cobalt and 96.0% in
cesium.

The recovery rate (%) of each element was calculated
by the equation:

(x2 / y1) = 100
wherein x2 represents the mass (g) of the element in the
resultant solid material (e); and yl represents the mass
{g) of the element in the fresh catalyst (al).

[0068]
Example 2
(Recovery of Molybdenuﬁ and Cobalt)

A mixture of the used catalyst (b) (100 parts by mass)

(which contained 39.6% by mass of molybdenum, 4.6% by mass

of iron, 14.5% by mass of ceobalt and 2.3% by mass of



43 cesium) and the used ceramic compact (11 parts by mass), which was obtained in Reference
Example 2, was mixed into water (200 parts by mass) and a 25% by mass aqueous ammonia solution
(272 parts by mass). This mixture was stirred for 5 4 hours while the liquid temperature of the mixture
was kept at 40C, and was then filtered under reduced pressure. The resulting filtrate was subjected to
a heat treatment at 420C in an air for 2 hours, to obtain 69.9 parts by mass of a solid material (f) as a
recovered material. 10A part of the resultant solid material (f) was subjected to an elemental analysis
with an X-ray fluorescence spectrometer (ZSX Primus Il manufactured by Rigaku Corporation). As a

result it was QUi confain 48.5% fypmass, of oy bIAYD . 0L DYIBASS. OFipNxd 890 1 by

mass of cobalt and 3.0% by mass of cesium. Therefore, the recovery rates of the respective elements

from the used,catalyst; o) ware 85:6% in molybdepynt . 2% imisor, 99,1% dr catialeandi9t.2% in
cesium. The recovery rate (%) of each element was calculated by the equation: 20(x3 / y2) x 100

wherein x3 represents the mass1g) ofthe=elemeat in theZx8sultant sekd nrateral(h; anthy2represents
the mass (g) of the element in the used catalyst (b). [0069] 25(Evaluation of Recovered Molybdenum
and Cobalt) 441utThe sofid inaterialyfthusobtained Was usedF6prepasationtof e €6mpbsite oxide

catalyst containing molybdenum and cobalt, and the catalytic activity of the catalyst was evaluated.
5 4 hours while the liguid temperature oI the mixture was

kept at 40°C, and was then filtered under reduced pressure.
The resulting filtrate was subjected to a heat treatment at
420°C 4in an air for 2 hours, to obtain 69.9 parts by mass
of a solid material (f) as a recovered material.

10 A part of the resultant solid material (£f) was
subjected to an elemental analysis with an X-ray
fluorescence spectrometer (ZSX Primus II manufactured by
Rigaku Corporation). As a result, it was found to contain
48.5% by mass of molybdenum, 0.01% by mass of iron, 18.7%

15 by mass of cobalt and 3.0% by mass of cesium. Therefore,
the recovery rates of the respective elements from the used
catalyst (b) were 85.6% in molybdenum, 0.2% in iron, 90.1%
in cobalt and 91.2% in cesiumn. The recovery rate (%) of
each element was calculated by the eguation:

20 (%3 / y2) = 100
wherein x3 represents the mass ({(g) of the element in the
reSﬁltant aonlid material (f); and vy2Z represents the mass
(g) of the element in the used catalyst (b).

[0069]

25 (Evaluation of Recovered Moclybdenum and Cobalt)



5Thus obtained solid material (f) (30 parts by mass) was pulverized, and was then mixed into water
(25 parts by mass) and a 60% by mass nitric acid (32 parts by mass). This aqueous slurry was stirred
for 1 hour while the liquid temperature of the slurry was kept at 50C, cesium nitrate 10 [CsNO3] (0.27
parts by mass), iron (lll) nitrate [Fe(NO3)3. 9H20] (1649 parts by mass), cobalt nitrate
[Co(NO3)2.6H201 (6.40 parts by mass) and bismuth nitrate [Bi(NO3)2.5H20] (7.78 parts by mass)
were added to the aqueous slurry with continuation of stirring, to obtain a liquid C. 15[00701 On
the other hand, ammonium molybdate [(NH4)6M07024' 4H20] (8.88 parts by mass) was dissolved in a

mixture liquid contaiping a 2596 by mgg%%eggﬁou?@mmn%so%@mé@ Pads by,mass) and water
(100 parts by mass) to 20obtain a liquid D. [0071 Next, the liquid D was stirred, and the liquid C

was added togbeJiguick-D 4 obtain an aquegks-sluey. Them dais agueaus,slurry yas-tiansfered into a
stainless steel 25container and was dried at 250C with a box-type drier, to 45 obtain a catalyst
precursor.ThuscQbtathed eatalyst pregosdor, wasrdadenintodableis unider aqpréssure ob&baut40 MPa;
and the resulting tablets were pulverized and were then allowed to pass through a sieve having a
sieve opening-atalyst was evaluated.

5 Thus obtained solid material (£} (30 parts by mass)
was pulverized, and was then mixed into water (25 parts by
mass) and a 60% by mass nitric acid (32 parts by mass).
This agueous slurry was stirred for 1 hour while the liguid
temperature of the slurry was kept at 50°C, cesium nitrate

i0 [CsNOs] (0.27 parts by mass), iron {(IIl} nitrate [Fe(NOz)s°
9H,0] (16.19 parts by mass), cobalt nitrate {[Co(NOz)z*6H0]
(6.40 parts by mass) and bismuth nitrate [Bi(NOs), * 5Hp0]
(7.78 parts by mass) were added to the agueous slurry with
continuaticon of stirring, to obtain a liguid C.
15 100701
Orr the other hand, ammonium molybdate [ (NHg) Mos0m4 ¢
4H-01 {8.88 parts by mass) was dissolved 1in a mixture
liquid containing a 25% by mass agueous ammonia solution
(8.76 parts by mass) and water (100 parts by mass) to
20 obtain a liguid D.
[0071]
Next, the liguid D was stirred, and the liguid C was
added to the liguid D to obtain an agueous slurry. Then,

this aqueous slurry was transferred into a stainless steel

25 container and was dried at 250°C with a box-type drier, to



5 of from 2 mm to 710 pm to obtain granules with a grain size of from 2 mm to 710pm. This granulated
catalyst precursor was calcined at 525C for 6 hours under a stream of an air, to obtain a composite
oxide catalyst (g). This composite oxide catalyst (g) was found to contain bismuth (0.96 10atoms), iron
(2.5 atoms), cobalt (7.2 atoms) and cesium (0.49 atomj per molybdenum (12 atoms). [0072] The
catalytic activity of this composite oxide catalyst (g) was evaluated according to the above-described
15catalytic activity test.As a result, the conversion of isobutylenewas79.7%,thetotalselectivityfor
methacrolein and methacrylic acid was 78.7%, and the total yield for methacrolein and methacrylic

acid was 62.79%. [0073] 20A glass reaction tube was chargedpyith thusahiained compasite-axide

cataly_st (9) (10.00 g) and a gas mixture of hydrogen/steam/nitrogen was fed at a flow rate of 200
mL/min. (basgd 98 STER)t0,the reaction tubke; therpby the reduetiontrestrentiwas cdrriedaut at 375 C

for 8 hours. 25The rate of decrease in mass due to this reduction
40 MPa; and the resulting tablets were pulverized and were
then allowed to pass through a sieve having a sleve opening
5 of from 2 mm to 710 um to obtain granules with a grain size
of from 2 mm to 710um. This granulated catalyst precursor
was calcined at 525°C for 6 hours under a stream of an air,
toc obtain a composite oxide catalyst (g). This composite
oxide catalyst (g) was found to contain bismuth (0.9%6

10 atoms), iron (2.5 atoms), cobalt (7.2 atoms) and cesium

(0.49 atom) per molybdenum (12 atoms}.

[0072]

The catalytic activity of this composite oxide

catalyst (g) was evaluated according to the above-described
ib catalytic activity test. As a resuit, the conversion of

iscbhutylene was 79.7%, the total selectivity for

methacrolein and methacrylic acid was 78.7%, and the total

yield for methacrolein and methacrylic acid was 62.7%.

[0073]

20 A glass reaction tube was charged with thus obtained
composite oxide catalyst (g) (10.00 g) and a gas mixture of
hydrogen/steam/nitrogen was fed at a £low rate of 200
mL/min. (based on STP) to the reaction tube, thereby the
reduction treatment was carried out at 375 °C for 8 hours.

25 The rate of decrease in mass due to  this reduction



46 treatment was 0.86%.Thereafter, the resultant was reoxidized by heating under a stream of an air
at 350 00 for 1 hour, to obtain a composite oxide catalyst (h). [0074] The catalytic activity of the
composite oxide catalyst (h)was evaluated according to the above-described catalytic activity test.As a
result, the conversion of isobutylenewas80.8%,thetotagselectivityfor methacrolein and methacrylic acid
was 77.9%, and the total 10yield for methacrole n and methacrylic acid was 62.9%. [0075]

Comparative Example 2 A recovering experiment was conducted as follows, using the fresh
composite oxide catalyst (al) obtained in

treatment was 0.86%. Thereafter, the resultant was
reoxidized by heating under a stream of an air at 350 °C
for 1 hour, to obktain a composite oxide catalyst (h).
(00747
5 The catalytic activity of the composite oxide catalyst
(h) was evaluated according to the above-described
catalytic activity test. As a result, the conversion of
iscobutylene was 8C.8%, the total selectivity for
methacrolein and methacrylic acid was 77.9%, and the total
10 yield for methacrolein and methacrylic acid was 62.9%.
[C075]
Comparative Example 2
A recovering experiment was conducted as follows,
using the fresh composite oxide catalyst (al) obtained in
15 Reference Example 1, under the same conditions as those for
Example 1 of Patent Publicaticon 2 (WG Publication No.
2007/032228) . That 1is, the composite oxide catalyst (al)

(300 parts by mass} was dispersed in pure water (1,200

parts by mass), and a 45% by mass agueous sodium hydroxide
20 solution (400 parts by mass) was added to this dispersion.

The resulting agueocus solution containing the catalyst
component was stirred at 60°C for 3 houfs, and then,
insoluble materials were removed by filtration, tc obtain
an agueous solution containing catalyst component. To this

25 aqueous solution was added a 36% by mass hydrochloric acid



15 Reference Example 1, under the same conditions as those for Example 1 of Patent Publication 2
(WO Publication No. 2007/032228). That is, the composite oxide catalyst (al) (300 parts by mass) was
dispersed in pure water (1,200 parts by mass), and a 45% by mass aqueous sodium hydroxide 20
solution (400 parts by mass) was added to this dispersion. The resulting agueous solution containing
the catalyst component was stirred at 60C for 3 hours, and then, insoluble materials were removed by
filtration, to obtain an aqueous solution containing catalyst component. To this 25aqueous solution was
added a 36% by mass hydrochloric acid 47 to adjust the pH of the solution to 1.0.After that, the

solution was maintajngd 2t 30C fag3 houts phile heing sfired A precipitate tuis foumed was.

separated by filtration and was rinsed with a 2% by mass aqueous 5ammonium nitrate solution to

obtain a precipi{ate. (532 RAILS by Mass)CotpiniRg catalyst eamponenbil)s whApast afdheg
precipitate containing catalyst component (1) was subjected to an elemental analysis with an X-ray

fluorescence spectremeter (Z6X Brmusdh 1@ manufacturedcby RigakuEerparatian)a Asd reasylt, it was
found to contain 60.1% by mass of molybdenum, 0.7% by mass of cobalt and 6.3% by mass of
cesium. Therefote, thé tecoverydates=cf the respattive eldments feom the freshatalgst(augere

30.8% in molybdenum, 1.0% in cobalt and
5 ammonium nitrate solution to obtain a precipitate (53.2
parts by mass) containing catalyst component (1).
A part of the precipitate containing catalyst
component {1) was subjected tc an elemental analysis with
an X-ray fluorescence spectrometer (28X Primus II
10 manufactured by Rigaku Corporation). As a result, it was
found to contain 60.1% by mass of molybdenum, 0.7% by mass
of cobalt and 6.3% by mass of cesium. Therefore, the
recovery rates of the respective elements from the fresh
catalyst (al) were 30.8% in molybdenum, 1.0% in cobalt and
15 57.8% in cesium.
The recovery rate (%) of each element was calculated
by the eguation:
(x4 / y1) x 100
wherein x4 represents the mass (g) of the element in the
20 precipitate containing catalyst component (1}); and vyi
represents the mass (g) of the element 1in the fresh
catalyst (al}. |
(00767
The obtained precipitate containing catalyst compenent

25 (1} (30 parts by mass) was pulverized, and was then mixed



1557.8% in cesium. The recovery rate (%) of each element was calculated by the equation: (x4 /
yl) x 100 wherein x4 represents the mass (g) of the element in the 20 precipitate containing catalyst
component (1); and yl represents the mass (g) of the element in the fresh catalyst (al). [0076]

The obtained precipitate containing catalyst componesg 25(1) (30 parts by mass) was pulverized, and
was then mixed 48 into water (25.0 parts by mass) and a 60% by mass nitric acid (3.35 parts by
mass). This aqueous slurry was stirred for 1 hour while the liquid temperature of the slurry was kept at
50C and to which, cesium nitrate [CSNO3] (0.18 5 parts by mass), iron nitrate [Fe(NO2)2.9H20]

(30.37 parts S co itr ( ) ] 9.pagsbymass) were,addgd-and
dissolved ang%h%g t??gr% nﬁ?zﬁéru[B?(%é%% 5 2%]9%959@£Cﬁsagygr§ass§%vaas added and dissolved,

to obtain a liquid E. 180n4he other handyagmaonium-melybdatediNH4)0407024541-320} (33:18 parts
by mass) was dissolved in a mixture liquid containing a 25% by mass aqueous ammonia solution
(10.97 parts lyxmass)rang-watet (E0Otpastsihycmass)temmbtaim aligeidoE. the slurry was
kept at 50°C and to which, cesium nitrate [CsNO3]1  (0.18
5 parts by mass), iron nitrate [Fe(NOs}3:*9H0] (30.37 parts by
mass) and cobalt nitrate [Co(NQOs):* 6H,0] (64.59 parts by
mass) were added and dissolved and then bismuth nitrate
[B1 (NOs}s * 5H0] (14.59 parts by mass) was added and
dissolved, to obtain a liquid E.

10 On the other hand, ammonium molybdate [ (NHg)gMoy024
4H,01 (33.18 parts by mass) was dissolved in a mixture
liquid containing a 25% by mass agueous ammonia solution
(10.97 parts by mass) and water (100 parts by mass) to
obtain a liguid F.

15 00771

Next, the liguid F was stirred, and the liquid E was
added to the liguid F to obtain an agueous slurry. Then,
this aqueous slurry was transferred into a stainless steel
container and was dried at 250°C with a box-type drier, to

20 cbtain a catalyst precursor. Thus obtained catalyst
precursor was made into tablets under a pressure of about
40 MPa;\and the resulting tablets were pulverized and were
then allowed to pass through a sieve having a sieve opening
of from 2 mm to 710 um to obtain granules with a grain size

25 of from 2 mm to 710 pm. This granulated catalyst precursor



15[0077] Next, the liquid F was stirred, and the liquid E was added to the liquid F to obtain an
aqueous slurry. Then, this aqueous slurry was transferred into a stainless steel container and was
dried at 250C with a box-type drier, to 20 obtain a catalyst precursor. Thus obtained catalyst precursor
was made into tablets under a pressure of about 40 MPa; and the resulting tablets were pulverized
and were then allowed to pass through a sieve having a sieve opening of from 2 mm to 710 pm to
obtain granules with a grain size 250f from 2 mm to 710 pm. This granulated catalyst precursor 49
was calcined at 525C for 6 hours under a stream of an air, to obtain a composite oxide catalyst (i).
This composite oxide-catalyst ():was found-o.contain bismuth{@.96:atereien (2 5atoms}, cobalt
(7.2 atoms) and cesium (0.49 atom) 5per molybdenum (12 atoms). [0078]  The catalytic activity of
this composite pxide-catalyst (i sascevaluatest aseording=o #e abidve-destribed catafyticidctivity test.
As a result, the conversion of 10isobutylenewas71.8%,thetotalselectivityfor methacrolein and
methacrylic agictwas 83199 yand the) totalsyild focmethacrolsiniandometheadtylittadi® was6D.2%.

iron {2.5 atoms), cobalt (7.2 atcoms) and cesium (0.49 atom)
5 per molybdenum (12 atoms).
[0078]

The catalytic activity of this composite oxide
catalyst (i) was evaluated according to the above-described
catalytic activity test. As a result, the conversion of

10 isobutylens was 71.8%, The total selectivity for
methacrolein and methacrylic acid was 83.9%, and the total
yvield for methacrolein and methacrylic acid was 60.2%.
[0079]

Comparative Example 3

15 (Recovery of Molybdenum and Cobalt)

The used catalyst {c) {100 parts by mass) (which
contained 34.6% by mass of molybdenum, 4.0% by mass of iron,
12.8% by mass of cobalt and 1.9% by mass of cesium}, which
was obtained in Reference Example 3, was mixed into water

20 (200 parts by mass) and a 25% by mass aqueous ammonia
solution (272 parts by mass). This mixture was stirred for
4 hours while the liquid temperature of the mixture was
kept at 40°C, and was then filtered under reduced pressure.
The resulting filtrate was subjected to a heat treatment at

25 420°C in an air for 2 hours, to obtain 58.1 parts by mass



[0079] Comparative Example 3 15(Recovery of Molybdenum and Cobalt)  The used catalyst (c)
(100 parts by mass) (which contained 34.6% by mass of molybdenum, 4.0% by mass of iron, 12.8%
by mass of cobalt and 1.9% by mass of cesium), which was obtained in Reference Example 3, was
mixed into water 20 (200 parts by mass) and a 25% [ipmass aqueous ammonia solution (272 parts by
mass). This mixture was stirred for 4 hours while the liquid temperature of the mixture was kept at
40C, and was then filtered under reduced pressure. The resulting filtrate was subjected to a heat
treatment at 25420C in an air for 2 hours, to obtain 58.1 parts by mass 50 of a solid material (j) as a

recovered matterial. . /A patt of the selid material {) wasspbjected in-an elemental analysis with an

X-ray fluorescence spectrometer (ZSX Primus Il manufactured by R gaku Corporation). As a 5 result, it
was found to contain, 4¢,1% by, masg of molyhdenume £i3% by mass=0f ironh18.8% by massof cobalt
and 3.2% by mass of cesium. Therefore, the recovery rates of the respective elements from the used
catalyst (c) wene:#24% i makybdenysmy4 4% bmiroh; 88y9% inicalvadtand: 97.996 - 10cesham. The

recovery rate (%) of each element was calculated by the equation: _
(28X Primus II manufactured by Rigaku Corporationj. As a

result, it was found to contain 47.1% by mass of molybdenum,

(@)

0.3% by mass of iron, 19.8% by mass of cobalt and 3.2% by
mass of cesium. Therefore, tThe recovery rates of the
respective elements from the used catalyst (c) were 79.1%
in molybdenum, 4.4% in iron, 89.8% in cobalt and 97.9%% in
10 cesium.
The recovery rate (%) of each element was calculated
by the equation:
(x5 / y3) x 100
wherein x5 represents the mass (g) of the element in the
15 resultant solid material (4); and y3 represents the mass

(g) of the element in the used catalyst (c).



(x5/y3) x 100 wherein x5 represents the mass (g) of the element in the 15resultant solid material (j);
and y3 represents the mass (g) of the element in the used catalyst (c). 51 CLAIMS 1. A method
for recovering molybdenum and cobalt, characterized in that a composite oxide containing 5
molybdengm and cobalt is mixed with a ceramic compact and an aqueous extracting solution obtained
by dlsso_lvmg at least one of ammonia and an organic base in water, to thereby extract, from the
composite oxide, molybdenum and cobalt into an aqueous phase. 10 2. The recovering method
according to claim 1, wherein the amount of the ceramic compact is from 1 to 30 parts by mass, based
on 100 parts by mass of the total amount of the cempasie oxide and the ceramic compact. 15 3.
The recovering method according to claim 1 or 2, wherein the cerami. compact is at least one selected
from the group consisting of a ceramic compact containing an oxide as a main component, a ceramic
compact containing a 20carbide as a main component, and a ceramic compact
1. A method for rececvering molybdenum and cobalt,
characterized in that a composite oxide containing
5 molybdenum and cobalt is mixed with a ceramic compact and
an aqueous extracting solution obtained by dissclving at
least one of ammonia and an organic base in water, To
thereby extract, from the composite oxide, molybdenum and
cobalt intc an aqueous phase.
10
2. The recovering method according to claim 1, wherein
the amount of the ceramic compact is from 1 to 30 parts by
mass, based on 100 parts by mass of the total amount of the
composite oxide and the ceramic compact.
15
3. The recovering method according to claim 1 or 2,
wherein the ceramic compact 1s at least one selected from
the group consisting of a ceramic compact containing an
oxide as a2 main component, a ceramic compact contalning a

20 carbide as a main component, and a ceramic compact

containing a nitride as a main component.

4. The recovering method according to any one of
claims 1 to 3, wherein the oxide in the ceramic compact

25 containing the oxide as a main component 1g at least one



containing a nitride as a main component. 4. The recovering method according to any one of
claims 1 to 3, wherein the oxide in the ceramic compact 25containing the oxide as a main component
is at least one 52 selected from the group consisting of silica, alumina, zirconia and mullite. 5.
The recovering method according to any one of 5 claims 1 to 4, wherein the composite oxide
contains, together with molybdenum and cobalt, at least one element selected from the group
consisting of cesium, potassium and rubidium; and the at least one element selected from the group
consisting of cesium, potassium and rubidium is also 10extracted into the aqueous phase. 6. The

recovering methad aggording fg any,enepf slaims-1 ta Sswherein dhe pkk ofithe aqueausiexiracting
solution is 8 or more. 15 7. The recovering method according to any one of claims 1 to 6, wherein
a temperature forapping thecempasite=qxide with the ceramic compact and the agueous extracting
solution is from 0 to 100 C 20 8. The recovering method according to any one of claims 1 to 7,
wherein the organic base is at least one of an amine or a quaternary ammonium compound.
5. The recovering method according to any one of
5 claims 1 to 4, wherein the composite oxide contains,
together with molybdenum and cobalt, at least one element
selected from the group consisting of cesium, potassium and
rubidium; and the at least one element selected from the

group consisting of cesium, potassium and rubidium is also

10 extracted intc the agueous phase.

6. The recovering methed according tc any one of
claims 1 to 5, wherein the pH of the agueous extracting

solution is 8 or more,

15
7. The recovering method according to any one of
claims 1 to 6, wherein a temperature for mixing the
composite oxide with the ceramic compact and the agueous
extracting solution is from 0 to 100 °C
20

8. The recovering method according to any one of
claims 1 to 7, wherein the organic base is at least one of

an amine or a quaternary ammonlium compound.

25 9. A method for producing a composite oxide which



53 contains molybdenum and cobalt, characterized in that the aqueous phase containing molybdenum
and cobalt, which is obtained by the recovering method according to any one of claims 1 to 8, is dried
and is then calcined. 5  10. A method for producing a composite oxide catalyst which contains
molybdenum and cobalt, characterized in that molybdenum and cobalt contained in the aqueous
phase which was obtained by the recovering method according to any one 10 of claims 1 to 8, are
used as raw materials for the catalyst so that an aqueous solution or aqueous slurry, containing the
raw materials for the catalyst, is dried and is then calcined. 1511. A method for producing a composite

oxide catalyst which;cantains molyhdenum.and cobalt; characierized. in;thal;molybdenum and cobalt

contained in the aqueous phasSe which was obtained by the recovering method according to any one of

claims 1 to 8,:a1edised asiaw.materials forithg 20 catalyst so-thal 2a agueaus solution-er agyeous
slurry, containing the raw materials for the catalyst, is subjected to a first drying treatment and then to
a first calcination &reataenty followed by being mixedswithvan acid and water, subjegtedte asecond
drying treatment and then to a second 25calcination treatment. 54 12. The method for producing a
composite oxideadatalyst accordingtoEinl®nrliswhérein aeatalystdor producing an unsaturated
aldehyge and/or an unsaturated

10. A method for producing a composite oxide catalyst
which contains molybdenum and cobalt, characterized in that
molybdenum and cobalt contained in the aqgueous phase which
was obtained by the recovering method according to any one

10 of claims 1 to 8, are used as raw materials for the
catalyst so that an agueous solution or agueous slurry,
containing the raw materials for the catalyst, is dried and

is then calcined.

15 11. A method for producing a composite oxide catalyst
which contains molybdenum and cobalt, characterized in that
molybdenum and cobalt contained in the agueous phase which
was obtained by the recovering method according to any one
of claims 1 to 8, are used as raw materials for the

20 catalyst so that an aqueous sclution or aqueous slurry,
containing the raw materials for the catalyst, is subjected
to a first drying treatment and then to a first calcination
treatment, followed by being mixed with an acid and water,
subjected to a second drying treatment and then to a secocond

25 calcination treatment.



5carboxylic acid is produced. 13. A method for producing an unsaturated aldehyde and/or an
unsaturated carboxylic acid, wherein a composite oxide catalyst is produced by the method according
to claim 10 10 or 11, and wherein at least one compound selected from the group consisting of
propylene, isobutylene and tertbutyl alcohol is subjectedl to a catalytic gas phase oxidation with
molecular oxygen in the presence of the composite oxide catalyst. 15

12. The method for producing a composite oxide
catalyst according to claim 10 or 11, wherein a catalyst
for producing an unsaturated aldehyde and/or an unsaturated

5 carbeoxylic acid 1s produced.

13. A method for producing an unsaturated aldehyde
and/or an unsaturated carboxylic acid, wherein a composite
oxide catalyst is produced by the method according to claim

10 10 or 11, and wherein at least one compound selected from
the group consisting of propylene, isobutylene and tert-
butyl alcchol 1is subjected to a catalytic gas phase
oxidation with molecular oxygen 1in the presence of the
composite oxide catalyst.

15



