DESCRI PTI ON  PROCESS FOR PRODUCI NG METAL OXI DE
CATALYST TECHNI CAL FI ELD The present invention
relates to a process for producing a netal oxide
catal yst which is used in the production of acrylic
acid by vapor phase catalytic oxidation of propane,
the production of acrylonitrile by ammoxidation of
propane and the |ike. BACKGROUND ART I n general,
acrylic acid is producgflsbyrpriwR-stage oxidation
reacti on of undergoing catalytic reaction of
propyl ene with oxygen in the presence of a catalyst to
produce acrl ol ein and undergoing catalytic reaction of
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hand, in the recent years, due to a price difference
bet ween propane and propyl ene and for the purpose of
over com ng probl ems such as conplexity in process
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BACKGROUND ART

In general, acrylic acid is produced by a two-stage
oxidation reaction of undergoing c¢atalytic reaction of
propylene with oxygen in the presence of a catalyst to
produce acrlelein and undergoing catalytic reaction of the
resulting acrlolein with oxygen.

On the other hand, in the recent vears, due to =z
price difference between propane and propylene and for the
purpose of overcoming problems such as complexity in
process 1inveolving the two-stage oxidation, a process for
producing acrylic acid in one stage by using propane as a
starting material is studied, and there have been made a
number of proposals with respect toc catalysts to be used
therefor. As representative examples thereof, there are

enumerated catalysts made of a composite metal oxide such




patent with respect to inprovenents of the foregoing
nmetal oxide catalysts. That is, JP-A-10-137585
di scl oses a process for producing a catal yst by
m xing a reaction aqueous sol ution obtained by
all owi ng a nol ybdenum conpound, a vanadi um conpound
and an antinony conpound to react in an agqueous
medi um at 70C or higher with a niobium compound,
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JP-2-10-230164 describes that in heat treating the
respective metal compounds in the aqueous medium described
in the foregoing patent document, a gas containing
molecular oxygen is introduced into the aquecus medium and
that when the catalyst as produced in this process is used
for wvapor phase oxidation reaction of propane, the yield
of acrylic acid is further enhanced.

Also, JP-A-11-285636 describes a method for adding
hydrogen peroxide to a reaction liquid of the respective
metal compounds under heating and reaction or a reaction
liquid thereof after the reaction in the agqueocus medium as
described in the foregoing JP-A-10-137585 and JP-A-10-
230164

However, even in the case of using the catalysts as

described in the foregoing patent documents, the yield of




acid production. JP-A-11-226408 discl oses a nethod for
allowing a netal powder to react with an oxonetal ate
of other elenent and using a reaction liquid having
the nmetal powder substantially dissolved therein as a
raw material in the production of a catalyst. In this
nmethod, it is described that for the purpose of

accel erating the reaction of the nEtaI powder havi ng
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oxidizing agent 1is added. However, JP-A-11-226408 does

not provide any description with respect to a grinding

treatment of the metal powder.

DISCLOSURE OF THE INVENTION

In order to obtain a catalyst capable of producing
acrylic acid, acrylonitrile or the like in one stage by
catalytic oxidation reaction of propane in a high vield,
the present inventors - made extensive and intensive
investigations. As a result, it has been found that the
foregoing problems can be solved by using one prepared by
finely grinding Te or Sb as a raw material in the
producticn of a metal oxide catalyst in water or an
organic solvent, leading to 'accomplishment cf the

invention. Accordingly, an object of the invention is to




concerned with a process for producing a netal oxide
catal yst represented by the foll ow ng conposition
formula, which is characterized by using, as a raw
material, a fine particle dispersion of netallic Te
or Sb obtained by grinding the followng netallic Te
or Sb in the presence of water or an organic solvent
not containing any of Mbo6+ conpounds and V5+
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Composition formula: MoViA;B,O,

{In the formula, A is Te or Sb; and B is at least one
element selected from the group consisting of Nb, Ta, W,
Ti, Zr, Re, Fe, Ni, Co, Sn, Tl, Cu, rare earth elements,
and alkali metal elements. i and j are each from 0.01 to
1.5, and j/i is from 0.3 to 1.0; k is from 0.001 to 3.0;
and y is the number to be determined by the oxidized state
of other elements.)

Also, the invention is concerned with a process for
preoducing a metal oxide catalyst represented by the
following composition formula, which is characterized by
employing a process comprising the following step (1),
step {2}, step (3) and step (4).

Step (1): A step in which the following metal A is

ground in the presence of water or an organic solvent not



conpound and a V5+ conpound to the subject aqueous

di spersion is heated at 60C or higher for at |east 10

m nutes, or in the case where an organi c sol vent

di spersi on has been obtained in the step (1) , an

aqueous dispersion resulting from addi ng an M6+

conpound and a V5+ conpound to an aqueous di spersion

obtai ned by substituting the organic solvent with
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Step (3): A step in which a compound containing the
following metal B is added to a reaction liquid obtained
in the foregeoing step (2); and

Step (4): A step in which a dried material obtained

by evaporating to dryness a mixed liquid obtained in the

foregoing step. (3} is dried and further ealcined.
Composition formula: MoViA3B:Oy

(In the formula, A is Te or 8Sb; and B is at least one
element selected from the group consisting of Nb, Ta, W,
Ti, Zr, Re, Fe, Ni, Co, Sn, Tl, Cu, rare earth elements,
and alkali metal elements. i and j are each from 0.01 to
1.5, and j/i is from 0.3 to 1.0; k is from 0.001 to 3.0;

and y is the number to be determined by the oxidized state




of the netal oxide catalyst as produced by the
foregoing processes. BEST MODE FOR CARRYI NG QUT THE

I NVENTI ON The process for producing a netal oxide
catalyst of the invention will be hereunder described
while dividing into steps (1) to (4) (Step 1) In the
process for producing a netal oxide catalyst of the
invention, a netal A as a raw material of the

ofCatAky¥Sti ik si g, metallic Te or metallic Sb, is
ground and dispersed. The raw material netal Ais
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PregRpSeids is already filed as an application for
pat ent (Japanese Patent Application No. 2002-360492).
Though the organic solvent which is used during
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The process for producing a metal oxide catalyst of
the invention will be hereunder described while dividing
into steps (1) to (4).

(Step 1)

In the process for producing a metal oxide catalyst
of the invention, a metal A as a raw material of the
catalyst, that is, metallic Te or metallic Sb, is ground
and dispersed. The raw material metal A is preferably one
in a particulate form. Specifically, one having a
particle size of not more than 200 um is preferable_
because it i1s easily ground.

The grinding of the metal A is carried out in the
presence of water or an organic solvent. Water or an
organic solvent which does not contain any of Mo®
cémpounds and V> compounds (hereinafter scmetimes referred
to as “specific metal compounds”) is used. The case where

the metal A 1s ground in water or an organic solvent



easily renoved in a post step are preferable.
Specifically, alcohols such as nethanol, ethanol, and
propanol , and hydrocarbons such as hexane,

cycl ohexane, and toluene are preferable. Wen water
or the organic solvent is co-present at the tinme of
grinding, an increase of the surface energy
acconmpanying the grinding is relieved, and grinding
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hours. By the fdoregoing grinding treatnent, a
solli;8A€r $k0Bc-present at the time of grinding, an increase
of the surface energy accompanying the grinding is
relieved, and grinding efficiency is enhanced.

With respect to a mixing proportion of water or the
organic solvent to the metal A at the time of grinding,
water or the organic¢ solvent is preferably used in an
amount of from 10 to 1,000 parts by mass, and more
‘preferably from 30 to 300 parts by mass based on 100 parts
by mass of the metal A. When the mixing proportion of
water or the organic scolvent to the metal A is less than
10 parts by mass, the metal A adheres to a grinding vessel
so that the grinding becomes difficult. Also, when it

exceeds 1,000 parts by mass, the solvent absorbs the

impact during the grinding so that grinding efficiency is

For a grinding machine, a mode by which grinding is




having the netal A dispersed in water or an organic
sol vent is obtained. The netal A powder in the

di spersion preferably has a node size (a particle
'Size region where when a particle size distribution
of the powder is neasured, the |argest anount of
powders are contained) of not nore than 20 gm and
nore preferably from15 to 0.6 m The node size of
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after conpletion of the heating step, thereby
tel Bdehongst he performance of the netal oxide catal yst
as ultimately produced. In the foregoing grinding
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The mode size of the metal A becomes smaller by a heating
step as described later, and it is preferable that the
particle size of the metal A powder after that heating
step becomes not more than 0.1 pym. On the other hand, in
the case where the mode size of the metal A powder after
grinding exceeds 20 pum, the metal A powder having a mode
size of 0.5 pm or more remains even after completion of
the heating step, thereby lowering the performance of the
metal oxide catalyst as ultimately produced.

In the foregoing grinding treatment, it is preferred
.to further add aqueous solution of hydrogen peroxide to
water or the organic sclvent. With the presence of
aqueous solution of hydrogen peroxide, the performance of

the resulting metal oxide catalyst is more enhanced.



di spersion is stabilized, the high dispersion state is
kept wi thout causing sedinentation, and this gives
preferabl e influences in the production of the netal
oxi de catalyst. An addition amount of aqueous

sol ution of hydrogen peroxide to be added to water or
the organic solvent is preferably fromO0.1 to 3.0

nol es, and nore preferably from 0.3 to 1.5 noles per
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An addition amount of aqueous solution of hydrogen
peroxide to be added to water or the organic solvent is
preferably from O.ll to 3.0 moles, and more preferably from
0.3 to 1.5 moles per mole of the metal A. When the
addition amount of hydrogen peroxide is less than 0.1
moles, the enhancement of the performance of the resulting
metal oxide catalyst is small, whereas when the addition
amount of hydrogen peroxide exceeds 3.0 moles, the metal A -
powder is completely dissolved in the heating step as
described later so that the performance of the resulting
metal oxide catalyst is lowered.

(Step 2)

In the case where an aqueous dispersion of the metal
A has been obtained in the foregoing step (1), an Mo®
compound and a V' compound are added to the subject

agueous dispersion.



W th water include a nethod by distilling off the

organic solvent fromthe organic solvent dispersion

in vacuo and a nethod by renoving the organic sol vent

with a centrifugati on operation and then redi spersing

the residue in water. Incidentally, it is not

necessary to conpletely renpove the organic sol vent.

In the case where the content of the organic sol vent
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théahRyt=90l Aibhgsabeeholodthiurkd 8§ tHe GRS ngSUMENt (1),

an aqueous di spersion nmay be prepared by adding water
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Mo6+ conpound i nclude amoni um nol ybdate, nol ybdenum
coopbded anddnokybui’c acimpoutk t hese addspounds,an aqueous

ammoni um nol ybdate is preferable because it is
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remove the organic solvent. In the case where the content
of the organic solvent in the aqueous dispersion is less
than 3 %, there is not substantially generated a problem.
When a water-scluble alcchol is used as the organic
solvent, an aqueous dispersion may be prepared by adding
water to an alcochol-containing dispersion.

Examples of -the Mo®*" compound include ammonium
molybdate, molybdenum oxide, and molybdic acid. Of these

compounds, ammonium molybdate is preferable because it is

water-soluble. Also, as the V* compound, ammonium
metavanadate, vanadium pentoxide, and the 1like are
preferable.

The addition amount of each the Mof*

compeound and the
5+ . . .
Vv compound 1is from 0.01 to 1.5 in terms of an atomic

ratio of V and the metal A (i and j) based on Mo, and an
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treatnment. For the purpose of inproving the
operability or other purpose, the agueous dispersion
may be diluted by the addition of water as the need
arises. Wth respect to the heating condition, the
heating is carried out at 60C or higher, and
preferably at from70 to 100C preferably for from 10
mnutes to 10 hours, and nore preferably for from 30

atSh{Wl 2619 3eNPHESmeth1i & PEETE8Y) t QsSELERIBEs to 1.0.
aqueous di spersion during heating. By adding the M6+
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deeply blue reaction liquid in which the netal A fine
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nmis stably dispersed is obtained. Wen the peating
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operation, a fine precipitate | ormed inthe
orl 8aghied) ld:i grefOPHONtB® from 70 to 100°C preferably
for from 10 minutes to 10 hours, and more preferably for
from 30 minutes to 3 hours. It is preferred to stir the
agqueous dispersion during heating.

By adding the Mo®" compound and the V°* compound to
the aqueocus dispersion of the ground metal A fine particle
and heating the mixture under the foregoing condition, a
deeply blue reaction liquid in which the metal A fine
particle having a particle size of not more than 100 nm is
stably dispersed is obtained.

When the heating temperature or heating time £alls
outside the foregoing range, the metal A is liable to
cause excessive reaction. As an example of the excessive
reaction, in the case of using Te as the metal 2,
tellurium dioxide which is inscluble in water is formed,

resulting in a reduction of the performance of the
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reaction tenperature is not particularly limted, the
reaction tenperature is usually at roomtenperature.
The netal B is at | east one elenment selected fromthe
group consisting of No, Ta, W Ti, Zr, Re, Fe, N, Co,
Sn, T1, Cu, rare earth elenents, and al kali netal

el ements. Exanpl es of the B-containing conpound which
can be wused in the invention include oxides,

el iAhES me AT RPMIALETa 1 et al ates, and oxal at es,
The 1 nsol uble B-contalning conpound may be di spersed

in watey and provided for use. In this case, by
jointly using oxalic acid, etc., the conpound can be

di sgel vad | sreat ¢y , AR addidd o aeBti9ingh8 metal B is
B- cont ai ni ng compound is an anount such that when M
addeddefd ek asabtitdie INefald Bid sobfaied. W ti9e 3SfdRegoing
terms of an atomic ratio in the resulting netal oxide
steptsal ¢ . ahd t (@) subjRct thasaladkiitidm ¢hersasenywher efine
when Mo is defined as 1, the proportion of the netal
predipiltads tifanf @onosd inethe| seacitéanofl igvéd.r estilaugiy the
catalyst is liable to occur. On the other hand, in
repidieRs o LNBRE 2T c#6ds N0, PRRBLGRIAYLYy bimifed, the
reiyltln atal¥st hecones |.ow, and the conversi on of
re

5o ST& e oPSH%HYh@tstr@ﬁﬂ( éaemparaafdm
t t t
R R AL e e
t h f
gr%fq ?Ir%%%el\sg t| ngjfrsreh?)g’l (Il?)(ll J&e L Cen ance’d Bo?e/\’; Iﬁ{ ST s
T, e3RECH-hQ RILHeS re‘i@rr%@:s@% $1%21i metal elements.

Examples of the B-containing compound which can be
used in the invention include oxides, nitrates,
carboxylates, oxometalates, and oxalates. The insoluble
B-containing compound may be dispersed in water and
provided for use, In this case, by jointly using oxalic
acid, etc., the compound can be dissclved in water.

An addition amount of the B-containing compound is an
amount such that when Mo is defined as 1, the metal B is
from 0.001 to 3 in terms of an atomic ratio in the
resulting metal oxide catalyst. .In the subject catalyst,
in the case where when Mo is defined as 1, the proportion
bf the metal B is less than 0.001, deterioration of the
resulting catalyst is liable to occur. On the cther hand,
in the case where it exceeds 3.0, the activity of the

resulting catalyst becomes low, and the conversion of
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“ammonium nitrate and anmoni a water, the anount of
anmmonia water is an anount containing 0.4 or nore of
ammnia in ternms of a nolar ratio to the netal B, and
the amount of ammoniumnitrate is an anount
containing 2.0 or nore of a nitric acid ion in terns
of a nolar ratio to the netal B, respectively. (Step
4) In the step (4), the mixed liquid (slurry) as

prggggbneg Yheet-heforegoing step (3) is evaporated to
dryness, and the resulting dried material is dried and

theancatgenegkeFor(he $RKeaaH: HGMOM RGN duhal §t AIBENtand
of water as contained, the foregoing mxed liquid can

ambenidr et dly BogetNent wﬁzmal | yhe&k NRVWBofEd RN UM@SUNnd to
evaporation to dryness and spray drying. In the case
thef wwapoiati digutial daynesgstaiwiiglrikhetiwat ertarny (B¢, the
evaporated nmerely by heating, when a nethod for
cabréwag aperhermagaes sech @ mwesudgemgandedpl jexide is
enpl oyed, it is possible to efficiently achieve
ené@ﬁﬁ@datl onWighdr yRaeBSCEA tenperaferesdofusse amounts of

evaporation to dryness is preferabl |n t he ran e of
aMMPRAFE0 MEGTREFGC AN AR ia ¢ YR_teTF r e§RRafEC AL ammonia

tai.ned by the foregoin operation is first cal cined .
el o er ATOEE o TN P o) 360C TR BF e POFEBI 7
eebh@eE00, LR PI0CLplof BT A %l MBU 8na2le gmount of

prefera e presence

amREHWI B ﬁ[@%&%gtf§’a&r§hégﬁg %6Hga£%£§§ Q'o' ffWQgé of a
calcined at a tenperature o rom 500 fo 660

nitric¢ acid ion in terms of a molar ratio to the metal B,

respectively.

(Step 4)

In the step (4), the mixed 1liquid (slurry) as
obtained wvia the foregoing step (3) is evaporated to
dryness, and the resulting dried material is dried and
then calecined. For the sake of removing a large amount of
water. -as contained, the foregoing mixed liquid can be
dried by a conventionally known method such as evaporation
to dryness and spray drying. In the case of evaporation
to dryness, though the water may be evaporated merely by
heating, when a method for bklowing an inert gas such as
nitrogen and air ie employed, it 1is ©possible to
efficiently achieve evaporation to dryness. A temperature
of the evaporation to dryness is preferably in the range

of from 50 to 130°C.
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preferably from570 to 620C for fromO0.5 to 6 hours,
and preferably from1l to 3 hours in the absence of
oxygen. In the invention, it is preferred to obtain a
nmetal oxide catal yst represented by the follow ng
conposition fornula by this two-stage cal ci ning.
Conposition formula: MVi AjBKkOy (In the fornula, Ais
~Te or Sb; and Bis at |east one elenent selected from

theNQﬁeugFﬁQn§£§éanﬂa9Er§@l ;@ oﬂkalﬁbd %&’Hﬂ% ﬂg%eg01ng

, rare earth elenents, “and al kal I

op8BLal ofl exeH S 4 éﬁﬁhﬂn@aeaﬁa%hﬂﬂﬁﬂ@f&éﬂréooflf§om 250
and j/i is from0.3to 1.0; kis from0.001 to 3.0;

toangosc ) Sartch%oféﬂ@ﬁbl@ beoflet 80 ntdeskdnc tha @ddgh 2edo 20
state of other elenents.) Incidentally, the

hodes er BhdatdrefeafadiRe £omt eRt $00f10 redwts el enehks dresence
the netal oxide catalyst as obtained by the foregoing

of cakygirinng Cdredes itz ethoutebyl Eingrmetemntial Ximayfurther
anal ysis. The netal oxide catal yst as obtai ned by t he

calgiegdi ngt et HovnrewrR Berasef afrom | S00HokevepE07E, | sand
preferable 14 that the nmetal oxide catalyst is

ProfeuARlY nfaRTapifopid 120" @dran T 2e> thefebpurs, and

i ncreasin rfac rea of the tal yst and t hen
prﬁF%?HiE gBPmu etOAS PPREI 1Y %Fhﬁgéencﬁn? nEtHIE of

d d di
et i T8 FE/ Gy et CopEe Mt Shrapl B2 gheatn & metal

oxgﬁéndéa[llgal &Cﬁekaﬁ}%'sgﬁ%eé %Sg”t%f apgh 82kl Mddpodition

the case ype grinding,
formula by this two-stage calcining.

Composition formula: MoViA;B,0y

V(In the formula, A is Te or Sb; and B is at least one
element selected from the group consisting of Nb, Ta, W,
Ti, Zr, Re, Fe, Ni, Co, Sn, Tl, Cu, rare earth elements,
and alkali metal elements. i and j are each from 0.01 to
_1.5} and j/i is from 0.3 to 1.0; k is from 0.001 to 3.0;
and y is the number to be determined by the oxidized state
of other elements.)

Incidentally, the determination of the contents of
metal elements in the metal oxide catalyst as obtained by
the foregoing calcining can be carried out by fluorescent
¥-ray analysis.

The metal oxide catalyst as obtained by the foregoing

method can be used as it is. However, it is preferable
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as grinding assistants, water, alcohols, and the |ike
are enunerated. In the case where the present
catalyst is ground and wused, its particle size is
preferably not nore than 20 pm and nore preferably
not nmore than 5 W Though the netal oxide catal yst can
be used in a non- supported state, it can al so be used
by supporting on a known carrier having an

th2PPERAT At 61 PALL ! %asc}alzlg%séL&&bb@goué%iiegaana'agogr{})agriate

silica-alumna, and si n car e. supp

paPPDENE 15§ 20t PREELGH RLly-cLishied, bBErEQ!cleov@reaﬁ of the
t. “Nex phase

convent i onal’ supporting anount. t, the vapor

catal Pyt AEAOXhEAL iR vieRet i &L hodaof REARAAE WRitiGds,
the netal oxide catalyst as produced by the foregolng
anPr aggbbdoroNr acess -Wide bgri el egnderndesdrided. wet-type
Propane and oxygen as raw naterials of the production
griofidiey yheéthadi daarkei ahpbduedd into a reactor charged
with the foregoing netal oxide catalyst and
catSpgtitat| yexanplksedhy at hgrimtahgoxdeel cat alrigsityde a
t hereby producing - 15 acrylic acid. Propane and
mophkferday beliepatitel ¥nj fheodased ofntet-&vbsactdmding,
the _bqth of which are then m xed within the reactor
asaﬂﬂlPﬁénEo?ﬁsﬁ§$aB§5ni%@69%1zﬁﬁ&ﬂﬂﬁﬁ%mmﬁ%%eﬁhe like are

introguged into a reactor. Exanples of oxygen incl ude
eREneRUre® oxygen gas and air, or a diluted gas thereof

_m%;$% PLLT QUED 3LEAM e GAUDON, A1 XL 98 L N; LN 38 Lng
used, its particle size is preferably not more than 20 pm,
and more preferably not more than 5 pum.

Though the metal oxide catalyst can be used in a non-
supported state, it can also be used by supporting on a
known carrier having an appropriate particle size, such as
silica, alumina, silica-alumina, and silicon carbide. The
supporting amount is not particularly limited but follows
a conventional supporting amount.

Next, the wvapor phase catalytic oxidation reaction
‘method of propane using the metal oxide catalyst as
produced by the foregoing production process will be
hereunder described.

Propane and oxygen as raw materials of the production
of acrylic acid are introduced inte a reactor charged with
the foregoing metal oxide catalyst and catalytically

oxidized by the metal oxide catalyst, thereby producing
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"~ .propane and air are used as raw materials, a use
proportion of air to propane is preferably not nore
than 30 tinmes, and nore preferably from0.2 to 20
times in terns of a volunme ratio. Though the
unreacted raw material propane present in a reaction
gas to be discharged froman outlet of the reactor or
propyl ene as an internedi ate can be used as a fuel as
L3148, unreacted raw material propane or

a°$$%$§|%%§§as an internedi ate which has been separated

fromgithel ~RQMBRYSRLS A the gsﬁgﬁg@lgam‘:@egpgﬁd into

returned into the” “reactor and reuse A reac

a LRERLAL Urehd SHBER! e4@bldi £ER0m:300ct8n GA%ed ARICHPAE the
preferably from 350 to 500C. A space velocity

reddese} nahtercief BotAd gy abe” M Wedf int BRVENMTBLLAT &hen
gas is suitably from1,000 to 8,000 hr-1. When the
intspadeced| dokby a srdasisot hanExafplebr of @xpPaceintitBe a
yield of acrylic acid as the targeted conpound
Pubeceomygehowgasshendasivhenort sexdebdsed, @& hthdredfie with
~conversion is lowered. 16 The netal oxide catal yst as
nlyegkit ed Steahecr netbon déaridieso bdrappheedcase where
ammoxi dati on of propane and can synthesize
PropaRf onfifli | 81Fn &*Ri gSFEkl RS THEY anfidkeahdlsn 2 use
cond'tiono%ubsta tially follows the foregoing vapor
X

PTERPRIYTT cOBxPadt 1'6h BBRFET on SoPTHGHARLY THer mofe than
o) AR,y TREEEEREELL) Y eacrt pol PELR
terms of a volume ratio. Though the unreacted raw
_material propane present in a reaction gas to be
discharged from an outlet of the reactor or propylene as
an intermediate can be used as a fuel as it is, the
unreacted raw material propane or propylene as an
intermediate which has been separated from other
compconents in the reaction gas can be returned into the
- reactor and reused.

A reaction temperature is preferably from 300 to
600°C, and more preferably from 350 toc 500°C.

A space velocity (hereinafter referred to as “SV") of
the raw material gas is suitably from 1,000 to 8,000 hr’.
When the space velocity is less than 1,000 hr™?, a space
time vield of acrylic acid as the targeted compound
becomes low, whereas when it exceeds 8,000 hr™, the

conversion is lowered.
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Exanpl es. Incidentally, in the follow ng Exanples 1 to
7 and Conparative Exanples 1 to 2, the respective raw
mat eri al s were bl ended such that all of proportions of
the respective netals constituting the resulting

nmetal oxide catalysts becane the follow ng val ues.

Mo/ VIA/Nb = 1.0/0.3/0.18/0.08 1.5 nL (about 2.2 g) of
_the catalyst as produced in each Exanpl e was charged

i e )ALz D0 £EaCtigNcolubR, Jhe spvention

rea e was heaf ed m xe

ca&oﬁiébn'w Qgﬂil%eﬁy M| H%oQEgQEQB%neof p@g%émé Vé&'ug”%an

oxygen, 1 %by volune of nitrogen and 47.7 %

syﬂ/@ﬂéﬁ'@z@f %tceﬁmae@sf:xflchlntﬁths regeghon yubgjat a  The
space velocity of 3,924/ hr-1, thereby produci ng

am@Sk Ydd €1 A6 | GondReBPEEt E¥Bs CONPOARIY SFas1bREMeHel FoiRQoing
reaction product were subjected to conposition

vaphal ystslyvByc usktiptide casdd tsonfof hercpapesi ti on
anal ysis, a conversion of propane and a selectivity
of Hoe ylircreadiicor( awii1df ki oorar erseid i ldry bdsissyribed
were cal cul ated according to the 17 follow ng
belgpr esstlonssefgrendre ger f dhfan&eaolEase asdd Compalnpdtive
was_ eval uated fromthe values. The results are shown
Examphept e InCiAerhpléyl, 1Mt§1%rfd%ufcd’fl%r%€“6p]a%ﬁ5 dl to 7

nd_P stands for Conversi on_of propane .
a“‘ilo&‘?{“l{’ﬁae \6%&3??@53 5% U oddt o pr Qe FERpRGHivE Taw
ma erfgfs weggl Heéysuchagﬂng l?c 9 gﬁ%portlons of the
respective metals constituting the resulting metal oxide

catalysts became the following values.
Mo/V/A/Nb = 1.0/0.3/0.18/0.08

1.5 mL (about 2.2 g) of the catalyst as produced in
each Example was charged in a 10-mm$ quartz-made reaction
tube. The reaction tube was heated at 400°C, and a mixed
gas containing 6.4 % by volume of propane, 9.6 % by volume
of oxygen, 36.1 % by wvolume of nitrogen and 47.7 % by
volume of steam was fed into the reaction tube at a space
velocity of 3;924/hrd, thereby producing acrylic acid.

Respective components as formed in the reaction
product were subjected to composition analysis. By using
the results of the compesiticon znalysis, a conversion of
propane and a selectivity of acrylic acid (all of which

are on a molar basis) were calculated according to the
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100 x (Fornmed acrylic acid)/[(Fed propane) -
(Unreacted propane)] Yield of acrylic acid
(Conversi on of propane) x (Selectivity of acrylic
acid)/ 100 Exanple 1 In a ceram cs-nmade pot for
grinding having a volune of 500 nL, 2.01 g of a
nmetallic telluriumpowder (a nmean particle size: 150
pm and 2.6 g of distilled water were charged and

xed., and 25 2|rcon|a b haV|n a size of _10
rolp e n e B Rag ki F ey P8 EOEI“BE\FPS o e used

t th
R rarged ﬁée?%’r%f@#kééf 2%%5&2%&3 TSR o 408 R s are
sHd¥na i ﬁ%&h% %ﬂd ﬁodﬁ%fgﬁ%%gktfggta 1P¥ acid;

rotating at a rotatlona spee mfor 24

anloW $tafdsNildr drewahof a sanple was coIIected from
an 18 aqueous dispersion after grinding treatnent

(hereinafter referred to as "dispersion a"), and the
particle size distribution of the tellurium powder

¢ Qasvaeasunedf byrosang (EOREBA, LA-500 Model, a | aser
diffraction type particle size distribution analyzer.
A nodeOg&i zel (Bpd esepping) a- (Epresehédt byeppass | £(Bed
size was 2.0 W Incidentally, in the foregoing
@F?ﬁﬂ?ﬁb step, a weight ratio of water to Te was 1.3.

e aratel‘\é,é in a 500-nL glass-made flask, 3.07 g of
° ALY et 88 apgEet £¢ 261d5(Y) oF anmoni um nol ybdat e,

and 100 x (Formed acrylic acid)/[ {Fed propane) -
(Unreacted propane) ]
¢ Yield of acrylic acid (%) =
(Conversion of propane) x (Selectivity of acrylic

acid) /100

Example 1

In a ceramics-made pot for grinding having a veolume
of 500 mL, 2.01 g of ‘a metallic tellurium powder (a mean
particle size: 150 pum) and 2.6 g of distilled water were
charged and mixed, and 25 zirconia balls having a size of
10 mm (Zr0O,: 95 %, density: 6.0 g/om’) and 5 balls of the
same material quality having a size of 20 mm were then
charged therein. The foregoing pot was placed on two
rotary rolls and subjected to grinding treatment by
lrotating at a rotational speed of 170 rpm for 24 hours.

A small amount of a sample was collected from an
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50 nmL of distilled water were added and di ssolved with

stirring at the boiling tenperature of water. To the

resulting solution, the foregoing dispersion a and 40

g of distilled water were added, and the m xture was

refluxed at the boiling tenperature of water for one

hour while rotating at a rotational speed of 500 rpm

by a stirring machine, thereby obtaining a deeply

r ' 1 | qui hereaft.er referred to as . .

éqﬁééggtﬁgh %%hﬁ%?bégte%héhﬁﬁggﬁl agrnakﬁﬁgkfo éﬁﬁ%%ffter

EgRcLLONd | g dwh sphatged they ei S ¢f00! C s
TeWt h oPhe ong S 180 FrkpePlC size

ice water. On ot her hand, of * oxa

didekdnandonh. 46 gnaf tBh G wACHdwdMEeT Sl SRRl Nadd e/ Qising
m. of distilled water to prepare an aqueous sol ution

HoREBAhe 12BNt Mbaaper & UL 8sednN@ it clBGHEOUGHE0IdH Ikl e
was then added to the foregoing reaction liquid b
siZbe diesiditbhutg.oni xedaliygerd wes wioger ailistiey reprecedtfioyg a
10 mnutes, and 2.5 g of ammoniumnnitrate was 19
rephesentrédvei phrthicdensiee Wagui2d 0 Timer edirtadrderttted 1y, in
resulting m xture was heated for concentrati on and
theyfpregolagapsiarténdt 6 tebPynesyedgh208tithef emilad mp Te
dried material was calcined in air at 300C for 5
Wafodrs. Thereafter, the resulting calcined material
was furthgr cal ¢ci ned SbRGOOC for 2 hours_jn an _inert

at nBSPRER e{¥r oddgh P eH Hit rg&@egﬁ_\?@gepa@%ﬂ?' £h8rely of
BT PRATEL AL B 98 5 L VEE e SR e ane
sof(lgllrﬂ/eakz‘%ﬂs!ﬂtﬂécf oL i6:t Q.3 NESAES: ANF HDERYSEE with
stirring at the beiling temperature of water. To the
resulting solution, the foregoing dispersion a and 40 g of
distilled water were added, and the mixture was refluxed -
at the boiling temperature of water for one hour while
rotating at a rotational speed of 500 rpm by a stirring
machine, thereby obtaining a deeply blue reaction liquid
{(hereafter referred to as “reaction liquid b”).

The flask having the foregoing reaction 1liquid b
charged therein was cooled to 30°C with ice water. On the
other hand, 4.41 of oxalic acid and 1.16 g of niobic acid
were dissolved in 70 mL of distilled water to prepare an
aqueous solution of the ambient temperature, and this
aqueous sclution was then added to the foregoing reaction
liquid b. The resulting mixed liquid was vigorously

stirred for 10 minutes, and 2.5 g of ammonium nitrate was

- 19 -



production reaction of acrylic acid. The results are
shown in Table 1. Exanple 2 A catal yst was prepared in
the sane manner as in Exanple 1, except that the
anmount of water to be used for the preparation of the
di spersion a was changed to 5.0 g. A mass ratio of
water to Te in grinding step was 2.5. Incidentally,
as a result of measurenment of the particle size

ehhSUALRULT Ops of Lhe Selalide T pard] cle Afdflaerer

grinding, the node particle size was fou

refM t BgUsi REulbBeheSHLLERE ¢BkalSen?Ch)tliich %deﬁﬁ¥%her
produced under the sanme condition as in Exanple 1. The

eviBSthtEdate ahomBsknafabbecd. Exanple 3 A catal yst was
prepared in the same manner as in Exanple 1, except

t harhé& hecamuithgofdmisdd®rmbh tebealised sf afal ddthed hén air at
preparation of the dispersion a was changed to 13.0 g.
30X Cragerr ab i draofranat erTHexrd=f ter gr ithei ngestepimas dalszined

Incidentally, as a result of neasurenment of the
mapartpd| wassifartdiest redleined ottt KOO0TEt dldd 2 Thours in an

particle after grinding, the node particle size was
inephnd atyoserers pmhan i fghiee resbreeap c¥esl yRassed,

acrylic_ acid was prod ied under the sanme condition as

thege aﬁ"rﬂtélfl“ﬁhea nekalt £%3A8 FRFAL NS Tabff8e1 resulting
caE%ggg%loﬁagscgﬁ %egﬁs gre% Bﬁ%tlnng ?n%an%nd further

pulverized into from 16 to 30 meshes, and then used for
production reaction of acrylic acid. The results are
shown in Table 1.
Example 2

A catalyst was prepared in the same manner as in
Example 1, except that the amount of water to be used for
the preparation of the dispersion a was changed to 5.0 g.
A mass ratico of water to Te in grinding step was 2.5.
Incidentally, as a result of measurement of the particle
size distribution of the metallic Te particle after
grinding, the mode particle size was found to be 2.6 pum.

By using the resulting catalyst, acrylic acid was
produced under the same condition as in Example 1. The
results are shown in Table 1.
Exémple 3

2 catalyst was prepared in the same manner as in

Example 1, except that the amount of water to be used for
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Exanple 1, except that 2.5 g of 'ethanol was used in
pl ace of the water as used in the preparation of the
di spersion a. A mass ratio of ethanol to Te in
grinding step was 1.3. Incidentally, the particle
Ssize distribution of the netallic Te particle after
grinding was neasured. The nobde particle size was
found to be 3.2 pun. By using the resulting catalyst,

enBEBELLBAS e, ML IS e SO KRS o0 29
2 Rl %a%lé C@éah)é%hrwaéo praduged g E‘nhtﬂﬁgsaé‘ﬁep was 6.5.

operation as In Exanple 1, excep that i'n

1nBieRAkaLN9N Qfs theredusRelcH Qhedsufembit URe AhdD DaBticle
of aqueous sol ution of hydrogen peroxide having a

sigencanktatbanieh 32f% hhemasetaand &. Org GFarwhiisdlid | effter
wat er was suppl emented. A nolar ratio of hydrogen
grpedoxgde the medenpgritidileg sstepwaas foudd to2be Bh@ um.
particle size distribution of the netallic Te particle
af t By gesimgngheasrreadtitad. daeaiwele, pactivilie shzéd was
was found to be 5.8 m By using the resulting
preduarylstundeer yrie &ém@ wendigiicduced daddxameleabe The
condition as in Exanple 1. The results are shown in
regypice ?reEﬁgﬁﬁPelG Eagﬁﬁalyst was produced in the same
er .as in Exanple 1, except that in the
EXBPBEErétuon of the dispersion a, a mixture of 1.57 g

of ﬂq %%ﬁif%ﬂlaégnpggpared in the same operation as in

Example 1, except that 2.5 g of ethanol was used in place
~ of the water as used in the preparation of the dispersion
a. A mass ratio of ethanol to Te in grinding step was 1.3.
Incidentally, the particle size distribution of the
metallic Te particle after grinding was measured. The
mode particle size was found to be 3.2 um.

By usihg the resulting catalyst, acrylic acid. was
produced under the same condition as in Example 1. . The
results are shown in Table 1.

Example 5

A catalyst was produced in the same operation as in
Example 1, except that in the preparation of the
dispersion a, a mixture of 0.5 g of aqueous solution of
hydrogen peroxide having a concentration of 35 % by mass
and 5.0 g of distilled water was supplemented. A molar

ratioc of hydrogen peroxide to Te in grinding step was 0.33.
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hydr ogen peroxi de having a concentration of 35 % by
mass and 5.0 g of distilled water was suppl enented. A
nolar ratio of hydrogen peroxide to Te in grinding
step was 1.0. The particle size distribution of the
metallic Te particle after grinding was neasured. The
node particle size was found to be 3.9 m By using
the resulting catalyst, acrylic acid was produced

n ' S C i.ti-en i I 1...Th results
R Ha AUt N W S d e
arRERAUGEG dihd heaSanea0peLat i °”r}?§ ﬂnﬁdeEgg!mli%ﬂg size was

except that 1 n the preparation of the I spersion a, a

folihyt weepef 538l4mg of aqueous solution of hydrogen
per oxi de having a concentration of 35 % by nmass and

5. 0Bg ofisthgt ilHedraguetings SappleseNt &hrA Wl akid was

rati o of hydrogen peroxide to Te in grinding step was
pr2diced?2inddre phet iselne sétareldisdn | Bat iion Dfamhee 1.  The

metallic Te particle after grinding was nmeasured. The
regpdéspare chewsi 2e Wadblef @und to be 2.3 pm By using

the resulting catalyst, acrylic acid was produced
Exgmgde fhe sane condition as in Exanple 1. The results

are _shown in Table 2. Exanple 8 A dispersion of Te was

pr oBucey R hY ¢ he "EfePspersefonin adhien EEfpIRaner as in

except that in the pr rat.ion of the dispersion a
Ex QpignlyLTheeﬁﬁ%Bﬁt EsgihelﬁbtaFW?c pgeparation of  the

dispersion a, a mixture of 1.57 g of aqueocus soclution of
hydrogen peroxide having a concentration of 35 % by mass
and 5.0 g of distilled water was supplemented. A molar
ratio of hydrogen peroxide to Te in grinding step was 1.0.
The particle size distribution of the metallic Te particle
after grinding was measured. The mode particle size was
found to be 3.8 pm.

By using the resulting catalyst, acrylic acid was
produced under the same condition as in Example 1. The
results are shown in Table 2.

Example 7

A catalyst was produced in the same operation as in
Example 1, except that in the preparation of the
dispersion a, a mixture of 3.14 g of aqueocus solution of
hydregen percxide having a concentraticn of 35 % by mass
and 5.0 g of distilled water was supplemented. A molar

ratio of hydrogen peroxide to Te in grinding step was 2.0.

- 22 -



powder was changed to 1.45 g, but also a m xture of

1.13 g of aqueous solution of hydrogen peroxide

having a concentration of 35 % by nmass and 5.0 g of

distilled water was supplenented. A nolar ratio of

hydrogen peroxide to Te in grinding step was 1.0. The

particle size distribution of the netallic Te

particle after grinding was neasured. The node

arti gl ' f ! . he 5.8, PM In. a. 50Q-nL .
Tb%l %Jsa{sr-cer%%dlzé fzﬁel as %jlf%qﬁd%&an?r%nF%?n m‘#é %@%ﬁaggt garticle
af3e® Gyof n@APNAE pRbybdate, apg. SQ.AkL aréyéfél%ege was

wat er” wer e added and di ssol ved with stirring at he

Fold@id itag Heemney atire of water. To the resulting
solution, the foregoing netallic telluriumdispersion

was Byaddetinganthd hecguittdney V\@ﬁtﬁM?Eth etbt@ Neatacid was
. treatnment for one hour. 12.45 g of amoni um nol ybdat e
progsiceids sobded the tdaher esothdi Bigot east iion bikgwpUe 1.4 JThe

of 30 % ammoni a water 23 was further dropped in the
resulinsi e ahdwrhéry &dtlicor?. |iquid then reached 60C

after a |l apse of several mnutes wth stirring. On
ExpA®16t Ber hand, 5.89 g of oxalic acid and 2.32 g of

ni ohi c,.acid were dissolved in 160 nL of distilled

wat & FEHFSIA Sn T iEcuPEIURedn b thp esampabpearation

t enper.at ure, d this _aqueous sol ution was added to
2 g 1 F‘S‘&‘B’ﬁﬁgaﬂea%%ﬁ%n TRt VPEBPRERFyon of the

dit§ :egcrsiirazgl tg? sy ! toin 'm:t)r(ugd Lyl fé?% ét%e;nnﬁ%%sg;lﬁc Te

alll n
m xed’l i'qurd was m xed W h"3.

po%terxatw%-s c%gpe@f L&y 1 .t4r§ gn,] )gLHf & V45 J‘%%Jﬁgrof 1.13 g

concentration and
of aqueous solution of hydrogen peroxide having a

concentration of 35 % by mass and 5.0 g of distilled water
was supplemented. A molar ratio of hydrogen peroxide to
Te 1in grinding step was 1.0. The particle size
distribution of the metallic Te particle after grinding
was measured. The mode particle size was found to be 5.8
um.

In a 500-mL glass-made flask, 2.66 g of ammonium
metavanadate, 3.0 g of ammonium molybdate, and 50 mlL of
distilled water were added and dissolved with stirring at
the boiling temperature of water. To the resulting
solution, the foregoing metallic tellurium dispersion was
added, and the mixture was subjected to heat treatment for
one hour. 12.45 g of ammonium molybdate was dissolved in

the resulting reaction liquid, 1.4 g of 30 % ammonia water
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further evaporated to dryness at 120C by using a
drying machine. The resulting dried material was
calcined in air at 320C for 1.5 hours. The resulting
catal yst precursor was calcined in the absence of
oxygen under the condition at 590C for 1.5 hours,

t hereby obtaining a netal oxide catalyst. This

catal yst had a nmetal atomc ratio of conponents of

wayb/%{ég%@p Qircﬁlppggcp 33/ Otljrél Osc}ﬁ.\ticﬁpl alynd a‘i:b rgggalon
maki ng

resulting catalyst was subjected to tabl et

1ifushhemdpul vesdrad 600 {rom 1§ 1ap3R MEShesyeand Mﬁﬁtes
used for production reaction of acrylic acid. As

wikBS Wt rridCONVEK SERA ft hRIONR Was, 9. & UF a:::cal:.c acid
selectivity of acrylic acid was 80.5 % and a yield

andfl ACc3¥| gc ali divdsc 48cUD UerkesfiecdoVeby. in 160 mL of
Conparative Exanple 1 24 To an aqueous di spersion of

digt@llgdof waheungroupdepaetal anc dipeus i cled (tigan of the

mEarticle size: 150 n) dispersed in 95 a of water,
sent dJ-emfoenmpHium abflyhddise aqrrRb8s 0$ogu§1ioarmmﬂ uagided
net avanadat e were added, and the m xture was heat ed.

topf the t hOUReRiingy, raRICtdn hd il - operAifffons BsIpFOusly

st ghmere f Iomed %ggreb du0|ng a
Chiapge he rase hLEH B kﬂ# derori 00 inpter this
i gdqfed quer th%Jag ﬂdl nas,in Exanp

%ﬁe restits ars s i n %abl . %%a?gfnf’?éuﬁa%?’éate
Th%reafter, the mixture was heated for concentration and
further evaporated to dryness at 120°C by using a drying
machine.

The reéulting dried material was c¢aleined in air at
320°C for 1.5 hours. The resulting catalyst precursor was
calcined in the absence of oxygen under the condition at
590°C for 1.5 hours, thereby obtaining a metal oxide
catalyst. This catalyst had a metal atomic ratioc of
components of Mo/V/Te/Nb of 1.0/0.25/0.13/0.16 (molar
ratio).

The resulting catalyst was subjected to tablet making
and further pulverized into from 16 to 30 meshes, and then
used for production reaction of acrylic acid. As a result,
a conversion of propane was 60.1 %, a selectivity of
acrylic acid was 80.5 %, and z yield of acrylic acid was
48 .45 %, respectively.

Comparative Example 1

- 24 -



The step (1) for grinding netallic Te was omitted,

and 15.45 g of anmmoni um nol ybdate, 3.07 g of anmoni um
net avanadate, and 4.62 g of telluric acid were
directly heated and dissolved to obtain a reaction
liquid b. After the heating, all of the sane
operations as in Exanple 1 were followed, thereby
produci ng a catalyst. By using this catalyst, acrylic

aci g Wasg, p&%@%ﬁ@ widgtetheosame  £opfi y ofr @8in Munground
Exanple 1. The results are shown in Tabl'e 1.

metaiPacat ine Exanrple1d 1imbang Qbampens umsipkybdatzn  pm)
was dissolved in 70 g of distilled water, into which

diweerkkan isusengdesi 2wltegy, 0F.asngt &l | Gndeh padeslybdate
(mean particle size: 150 m) at roomtenperature. To
anthi3. Buspers cammdnifuy obt3va¥abptenagsraqaddasd, and the
sol uti on of hydrogen peroxi de [ hydrogen peroxide/ Te:
migtirenotay hedteli] wakf taldetdheamdathaayi xa bk ecf25havasame
heated at 70C with stirring. Follow ng the heating,
opEEFaRdeng st vedinso EpgEPlehe ki xvere ulftiqldedd, bethaseby
“a _colorless solution. To this solution, 3.07 % of )
PEm 2 mePddvEfat e 5 H8d4BE JRf%ii $86RY¥E - angcrYlic

Pr

" the flask havin this ,solution charged therein S

achBo T B ot e i aane i es WL ¥8ee1e 1.
sol ut | of .t he i ent rature of 4.41 g of

ThE seeults r&néh%s%‘a%& TR e 4 i seol ved in 70

Coﬁga‘ifatqlv%t iEI,{a%?D_l\gatzer was prepared and mxed with the
regol ng solution cooled to 30C. After vigorously

sti mHendstds r@suldPggrixednl quihilic Te was omitted,
and 15.45 g of ammonium molybdate, 3.07 g of ammonium
metavanadate, and 4.62 g of telluric acid were directly
heated and dissolved to obtain a reaction liquid b. After
the heating, all of the same operations as in Example 1
were followed, thereby preoducing a catalyst. By using
this catalyst, acrylic acid was produced under the same
condition as in Example 1. The results are shown in Table
1.
Comparative ExampleIB

15.45 g of ammonium molybdate was dissolved in 70 g

of distilled water, into which was then suspended 2.01 g
of a metallic Te powder (mean particle size: 150 um) at
room temperature. Tc this suspensicn, 4.7 g of 35 % by
mass aqueous solution of hydrogen peroxide [hydrogen

peroxide/Te: 3.1 (molar ratio)] was added, and the mixture
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for 10 mnutes, 2.5 g of ammoniumnitrate was added to

this mxed liquid and uniformy m xed. Thereafter, the

m xture was heated for concentration and further

evaporated to dryness at 120C. The resulting dried

material was calcined in air at 300C for 5 hours. The

resulting material was further calcined at 600C for 2

hours whil e passing nitrogen therethrough, thereby

bt aL nLnRg I .. Thi.s catalys : m.c _. .

wef hBERER0aR TARE Wy M “hp1 1808 B Meating,
Te tlwgéo-é’i/s%olﬁ/e% 08, dIifqas. GRAlYSt s Qitfﬂatgy@ %%(%ﬁﬁig a

o tabletting, an urther pulverized into from

coBOr1885h881uBYoHSI Netd hhilLsabti P at 8l Y3t o 3% Wrinfonium
acid was produced under the sanme condition as in
me EXodpi@atle Fhe adesdl hadadessbowadi, Nahabltel £1ask6 had¥ing

NWA ri NO... r PO IVr- LOr- Go Qmmri Hv M
thM NsaCutpon0 chaargeol Ghdreldl Was aodBedr ito I0TCWWL the ice
Cl1l] NtOr IO0O"i oW. . . rrrrv) LOr r r r Ji

watg¢rg U Separately, an aqueous solution of the ambient
temperature of 4.41 g of oxalic acid and 1.16 g of niobic
acid dissolved in 70 mL of distilled water was prepared
and mixed with thé foregoing solution cooled to 30°C.

After wvigorously stirring the resulting mixed liquid
for 10 minutes, 2.5 g of ammonium nitrate was added to
this mixed liquid and uniformly mixed. Thereafter, the
mixture was heated for concentration | and further
evaporated to dryness at 120°C.

The resulting dried material was calcined in air at
300°C for 5 hours. The resulting material was further
calcined at 600°C for 2 hours while passing nitrogen
therethrough, thereby cbtaining a catalyst. This catalyst .
had an atomic ratio of components of Mo/V/Te/Nb of
1.0/0.3/0.18/0.08. This catalyét was dried, subjected to
tabletting, and further pulverized into from 16 to 30
meshes. By using the resulting catalyst, acrylic acid was
produced under the same condition as in Example 1. The

results are shown in Table 1.
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Xk wwwwOwOwOwa) www rait HF 27

| NDUSTRI AL APPLI CABI LI TY According to the production
process of the invention, since a fine particle

di spersion obtained by grinding netallic Te or Sb in
the presence of water or an organic solvent is used
as a raw material in the catalyst production, a netal

j t ' ,gh performance can be obtai ned
IN§?%ﬁﬁﬁégdgkégggg%gpggkity. By using this catalyst in
t he Lop of.acryli.c acid by vapor e . .
caf%?%??%g%éiggtﬁgﬁ eggPFoﬁogfF%ngﬁﬁ%fﬁ$?§ri invention,
1 POSSI P! &t Qhtaisnaacr ¥l bdningehighayigld. s
Sl-AIso, thé’preg%nt n%ia? %%F%%hgatar§§ kggﬁ ardo $e-neing

me H8E0i EOfrea@yDXdlal j ORLE prid-RPRRe. 28, LA NE L drganic
process for producing a netal oxide catalyst

solephesensedubydt hasf okl owbRg eamResii ond ordad a,catalyst
which is characterized by using, as a raw material, &
préduetpant i @ anetthspexsden weftamisl Wi bt aliged g¥rformance
grinding the followwng netal A in the presence of
capaber cbtaamnedr garilc guid/ erngproducibility. By using this
catalyst in the production of acrylic acid by vapor phase
catalytic oxidation reaction of propane, it is possible to
obtain acrylic acid in a high yield. Also, the present

metal oxide catalyst can also be used for ammoxidation of

propane.
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cont ai ning any of M6+ conpounds and V5+ conpounds:
Conposition formul a: MVi A BkOy (wherein Ais Te or
Sb; and B is at |east one elenent selected fromthe
group consisting of No, Ta, W Ti, Zr, Re, Fe, N,
Co, Sn, TI, Cu, rare earth elenents, and alkali netal

elements. I and | are each fromO0.01 to 1.5, and j/i
is from0.3 to 1.0; kis from0.001 to 3.0; andy is
the nunber to be determ t he oxidation state of

ot her el ements). 2. The process for producing a netal
oxi de catal yst according to claim11, wherein hydrogen
peroxide is used jointly in addition to water or the

~1.0rgani g eolaent £ 3 THORAIQGRSS 4 oryprducingaa .r"ég@.hlyst
oxi de catalyst according to claim1 or 2, wherein the

repeden tofd the tiRl afol Wi dercdhbHEl PPoRaBoAmliPde Shih is
of not nore than 20 gm 4. A process for producing a -

chakrbaltemiidel aat algislg, rapresent edabyrife, f ol Fonengarticle
conposition formula, which is characterized by

diemgrejiong @f pmeteds coriprasnerd bhe 29 ndiold ovhagrsilepwing
(1), step (2), step (3) and step (4): Step (1): a step
mejtalwidi din ttHee frotesatior) ofbtwdter isr gnoandanict kelvent not
presence of water qr an organic solvent and w thout
cogp 1gf Ngb GPYe Sifp dlshd sc@iewads cangolind sompoapds2?) :  a
step in which in the case where an aqueous dispersion
has heen obtained in the foregoing step (1), an
CompeEats A %é‘?‘gﬁﬁn F@’ts,vug‘@]?‘f% from addi ng an M6+
conpound and a V5+ conpound to sai d aqueous dispersion

(dh%rein A 1s Te or 8b; and B is at least one element
selected from the group consisting of Nb, Ta, W, Ti, Zr,
Re, Fe, Ni, Co, Sn, Tl, Cu, rare earth elements, and
alkali metal elements. 1 and j are each from 0.01 to 1.5,
and j/i is from 0.3 to 1.0; k is from 0.001 to 3.0; and Y
is the number to be determined by the oxidation state of
other elements).

2. The process for producing a metal oxide catalyst
according to claim 1, wherein hydrogen peroxide is used
jointly in addition to water or the organic solvent.

3. The process for producing a metal oxide catalyst
according to claim 1 or 2, wherein the powder of the metal
A after grinding has a mode size of not more than 20 um.

4, A process for preducing a metal oxide catalyst
represented by the following composition formula, which is

characterized by employing a process comprising the
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heated at 60C or higher for at l|east 10 minutes, or in
the case where an organic sol vent dispersion has been
obtained in the step (1), an aqueous di spersion
resulting fromadding an Mb6+ conpound and a V5+
conmpound to an aqueous di spersion obtai ned by
substituting the organic solvent wth water is heated
at 60C or higher for at |least 10 mnutes; Step (3): a
y i.ch co n ont_ai i Ngkit f i N0
fo%tggﬁh% %,gegdcfgc)i "t gm%%r gggt’i tos?e:ﬁl q%)d%o C% ﬁréggw@n' t he
forggaingisten (epald SHER-H 4khed AdERWIhNIERa® A is
dried material obtained by evaporating to dryness a
grBuxed ik Qi Plhtadned &0 LBeerf @regel NEEER: (S)1¥Snt and
dried and further cal cined: Conposition fornmula:
wilb¥uhj BkOY ofwerti dorfpduinde atid Sb)* Bompoahdkeast one
el enent selected fromthe group consisting of Nb, Ta,
W TitepZr{2)Rea Fetel , inCowhSah Tin Cither aresear where an
el ements, and alkali nmetal 30 elenments; i and j are
aquachsf dowp@r@l aro hesh besmd ghtiained f imntlde 3fepeqobngkstep
is from0.001 to 3.0; and y is the nunber to be .
(1det evhi peHepy St KE PGP onretut 18 Jiussr adepgnes) Mo
5. The process_for producing a netal oxide catal yst. _
(ﬂ %/ on 1s

CoRREURGi P o cVai iFAPIWE eF A PR EhETHH¥0i TR

bl 4 SPRETGRSIRS, PSS R Y ORI 89 o
£ oggg!angw}?e{@t %Jn O&Sgn%t aéé{f%ent dispersion has been
obtained in the step (1), an adgqueous dispersion resulting
from adding an Mo®" compound and a V** compound to an
aqueous dispersion obtained by substituting the organic
solvent with water is heated at 60°C or higher for at
least 10 minutes;

Step (3): a step in which a compound containing the
following metal B is added to a reaction liquid obtained
in the foregoing step (2); and

Step {(4): a step in which a dried material obtained
by evaporating to dryness a mixed liquid obtained in the

foregoing step (3) is dried and further calcined:
Composition formula: MoViA;BxOy

{wherein A i

n

Te or Sb; B is at leazst one element selecte
from the group consisting of Nb, Ta, W, Ti, Zr, Re, Fe, Ni,

Co, Sn, Tl, Cu, rare earth elements, and alkali metal
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according to claim4 or 5, wherein in the foregoing
step (2), the powder of the netal A after grinding
has a node size of not nore than 20 pm 7. A process
for producing acrylic acid, which is characterized by
t he vapor phase catal ytic oxidation of propane in the
presence of the netal oxide catalyst as produced by
the process according to any one of claims 1 to 6. 8.

e18mBhecess falg D@O%‘éﬁ N Aer¥Loni orighe e i Ch i Sha /1 is
characteri zed by subjecting propane to anmoxidation’in

£réRe o By esgnae oof  he snetabm oxi. de1caial ysb;asndf oguged the
by the process dccording to any one of clains 1" to 6.
nudber- -to -be - determined -by the oxidation state of other
elements) .
5. The process for producing a metal oxide catalyst
according to c¢laim 4, wherein in the foregeoing step (1),
hydrogen peroxide is used Jjointly in addition to water or
the organic solwvent.
6. The process for producing a metal oxide catalyst
according to claim 4 or 5, wherein in the foregoing step
{2), the powder of the metal A after grinding has a mode
size of not more than 20 pm.
7. A process for producing acrylic acid, which 1is
characterized by the vapor phase catalytic oxidation of
propane in the presence of the metal oxide c¢catalyst as
produced by the process according to any one of claims 1
to 6.
8. A process for producing acrylonitrile, ' which is
characterized by subjecting propane to ammoxidation in the
presence of the metal oxide catalyst as produced by the

process according to any one of c¢laims 1 to 6.




