DESCRI PTI ON  METHOD FOR PRODUCI NG METAL OXI DE CATALYST
TECHNI CAL FI ELD The present invention relates to a
process for producing a netal oxide catalyst 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
| i ke. BACKGROUND ART In general, acrylic acid is
produced by a two- st ggescorpeiadk on reaction of
undergoi ng catal ytic reaction of propylene with
oxygen in the presence of a catalyst to produce
acrl ol ein and undergoing catalytic reaction of the
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BACKGROUND ART

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

On the other hand, in the recent years, due to a
price difference between propane and propylene and for the
purpose of overcoming problems such as complexity in
process involving 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 to 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 agueous
medi um at 70C or higher with a ni obi um conpound,
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JP-A-10-230164 describes that in heat treating the
respective metal compounds in the agqueous medium described
in the foregoing patent document, a gas containing
molecular oxygen is introduced into the aqueocus medium and
that when the catalyst as produced in this process is used
for vapor 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 aqueous 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




JP- A-11- 226408 di scl oses a nethod for allow ng a
nmetal powder to react with an oxonetal ate of other

el enent and using a reaction liquid having the netal
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
accelerating the reaction of the netal powder having
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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 1like in one stage by
catalytic oxidation reaction of propane in a high yield,
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
production of a metal oxide catalyst in water or an
organic seolvent, leading to accomplishment of  the

invention. Accordingly, an object of the invention is to




catal yst represented by the foll ow ng conposition
formula, which is characterized by using, as a raw
material, a fine particle dispersion of nmetallic Te
or Sb obtained by grinding the followng netallic Te
or Sb in the presence of water or an organic sol vent
not containing any of M6+ conpounds and V5+
compounds. Conposition formula: MVI AjBkOy (In the
I e s, a st
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Composition formula: MoV:A;B.O,

{(In the formula, A is Te or 8b; and B is at least one
element selected from the group consisting of Nb, Ta, W,
Ti, 2r, 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 oxidized state
of other elements.)

Also, the invention is concerned with a process for
producing 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 (l1): A step in which the following metal A is

ground in the presence of water or an organic solvent not




di spersion is heated at 60C or higher for at |east 10
m nutes, or in the case where an organi ¢ sol vent
di spersi on has been obtained in the step (1), an
aqueous dispersion resulting fromaddi ng an M6+
compound and a V5+ conpound to an aqueous di spersion
obt ai ned by substituting the organic solvent with
water is heated at 60C or higher for at |east 10
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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 ligquid obtained in the

foregoing step (3) is dried and further calcined.
Composition formula: MoV;A;B,0,

(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, 2r, Re, Fe, Ni, Co, Sn, Tl, Cu, rare earth elements,
and alkali metal elements. i1 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




processes. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON
The process for producing a netal oxide catal yst 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 nmaterial of the
catalyst, that is, netallic Te or netallic Sh, is

of 8£ﬂ§9delﬁﬂgngés ersed The raw material netal Ais
preferably one "in a particulate form Specifically,

ONPuPENERY &hePA AVEALLiSHZA Ol chitbefEE WA 200 pRdcess
preferable because it is easily ground. The grindi ng
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proggpffeati on No. 2002-360492). Though the organic
solvent which is used during grinding is not
particularly limted, organic sol vents which are
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The process for produc:n.ng 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 o¢f not more than 200 pum 4is preferable
because it is easily ground.

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

the metal A is ground in water or an organic solvent




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
acconpanying the grinding is relieved, and grinding
efficiency is enhanced. Wth respect to a m xing
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I Spersion
solvent is co-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 wused 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 solvent 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
exceads 1,000 parts by mass, the solvent abscrbs the
impact during the grinding so that grinding efficiency is
lowered.

For a grinding machine, a mode by which grinding is




AR e e e L

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 m and
nore preferably from15 to 0.6 Fan. The node size of
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described later,”and it 1s prefera hat t
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after grinding exceeds 20 pm the netal A powder
milhavand a&havddkesi z& frihdimpm imeaDie sedvablye¥ebm 0.5
after conpletion of the heating step, thereby
to 24vierung.t he performance of the netal oxide catalyst
as ultimately produced. In the foregoing grinding
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sol uti.on of hydrogen_ peroxide to water or the organic
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organic solvent, dispersion of the netal A powder iIn

not tile€ré €6NbhI 20 um, and more preferably from 15 to 0.6 um.
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 pm. On the other hand, in
the case where the mode size of the metal A powder after
grinding exceeds 20 um, the metal A powder having a mode
size of 0.5 um 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 solvent. With the presence of

aqueous solution of hydrogen peroxide, the performance of

the resulting metal oxide c¢atalyst 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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hydrogen peroxide is less than 0.1 nol es,
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An addition amount of agueous solution of hydrogen
peroxide to be added to water or the organic solvent is
preferably from 0.1 to 3.0 moles, and more preferably from
0.3 te 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 agueous 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

aqueous dispersion.




Exanpl es of a nethod for substituting the organic
solvent with water include a nethod by distilling off
the organic solvent fromthe organi c sol vent

di spersion in vacuo and a nethod by renoving the
organic solvent with a centrifugation operation and
then redi spersing the residue in water. Incidentally,
it is not necessary to conpletely renpve the organic

SOtyeRhe ldLdd1ewf836 WIEr&x 18°%B‘1%nt°fd£%?e:9§3£c?&i of

solvent in the aqueous dispeérsion is |ess
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a wat er-sol ubl e al cohol is used as the organ
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adding water to an al cohol -contai ni ng di spersion.
compamg| emdf a har*Vbecommomodinchianc laddiecanmeni am aqueous
nol ybdat e, nol ybdenum oxi de, and nol ybdic acid. O
di spémesieon cohpthmdee talnbnaanchbayheddt byi thpr efibsgblkation.
because it is water-soluble. Al so, as the V5+
Exanpig®upll, aapethedmiafetsnheataditteing obhgli ongaphcorpdwent
and the |like are preferable._ The addition_amunt of
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1 % £ in terns of gn €%031 ratio of V. and th
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cenEPffﬁ%( rE%) fén é‘n&re&ﬁ‘én gégﬁ ?é&@hgét Rgga¥ég%due
an expected performance cannot be obtaine
in WakePUS fhsPedstaMipavi 89i EhRoMRE-eQERGYNHs completely
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-soluble alcohol is used as the organic
solvent, an aqueous dispersion may be prepared by adding
water te an alcohol-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 Mo®" compound and the
V" compound is 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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and the V5+ conpound added thereto is subjected to
heat treatnment. For the purpose of inproving the
operability or other purpose, the aqueous 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
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m nut es to 3 hours is preferred to stir the
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conmpound an V5+ conpound to the aqueous
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heating the m xture under the foregoing condition, a

haviegpay dkpectedgenfornantel danndit Ghe tdietathad . A fine
particle having a particle size of not nore than 100
nriféxt, sthel squeeper dégpessébrahasdngWidre tNe" heampognd
tenpepégure or heating tine falls outside the

andf ghegdl ng qemRpand hadded altharedo || subjectegseto heat
excessi ve reaction. As an exanpl e of the excessive

treatmedton, EQ¥t?ﬂ?CEEEPBFeuQFndmREQ%éqgmth%tQPeAabllltY
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who PHAEUsAD LOBASSSER) ol gty oY aElaRieac cor
or HR§haLI ORnd did¥erably at 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
aqueous dispersion during heating.

By adding the Mo®" compound and the V°' compound to
the aqueous dispersion of the ground metal A fine particle
and heating the mixture under the foregoing condition, a
deeply blue reaction 1liquid 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 falls
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 mnmetal A,

tellurium dioxide which is insoluble in water is formed,

resulting in a reduction of the performance of the
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precipitate is fornmed in the reaction Iiquid. Though
the reaction tenperature is not particularly limted,
the reaction tenperature is usually at room
tenperature. The netal B is at |east one el enent
selected fromthe group consisting of No, Ta, W Ti,
Zr, Re, Fe, Ni, Co, Sn, TlI, Cu, rare earth el enents,
and al kali metal elenents. Exanples of the
restl £ORG 3hOELD ?QH@QUSQtﬁbyQE,Can be wused in the
I nvention 1 nclude oxides, nitrates, carboxyl ates,
oxe8eLtgl 4 es, and oxal ates. The insol uble
B- contai ni ng conpound may be di spersed in water and
proxi €ad fs@epuses) | nat Bbapbaad, dbhﬂa(iinﬁ.td?’ diSh8€al B is
oxalic acid, etc., the conmpound can be dissolved in
addedt e6. tha addction dfguid ak btheaBnednwidianithg doreauisg
is an anmount such that when Mo is defined as 1, the
stepet 1)B asd f(Rdm 0. BP1 tthoi8 addition olpempatdicni ca fine
ratio in the resulting nmetal oxide catalyst. In the
pregipitatecasafpsmed in thhe ceeactinn eligrehd o [hough the
defined as 1, the proportion of the netal Bis |ess
reaghifn, BRAPSTREWS ot | SIPtf PAFRFLGHARLY nd i@ittad st the
is.liable to occur, On thféother hand in the case

reaghleR FEMRKTRERES 319 USHR %t?%if9°%ft?ﬂ83r?ﬁgﬁ?ting
C | yst, becgnes | and the conversion.of
a&ﬂeymetaf.ﬁfé?i%gwi?ﬁsgh ngtgpeﬁgy’ gﬁlg&&ﬁ%éfram the

propane s in

a d ni a&;water ether w th_th
oroff BOLUILELAG 8 B0 TETTHE L DifozE), RAOPIRET n L Bol %,

71, OBhai Pefe VéAriNCe BREn£<)  ahliCa1kai 8l Hét a1 PELERERRECE
of the resulting netal oxide is

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, ete., the compound can be dissolved 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
of the metal B is less than 0.001, deterioration of the
resulting catalyst is liable to cccur. On the other hand,

in the case where it exceeds 3.0, the activity of the

resulting catalyst becomes 1low, and the conversion of
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enhanced. Wth respect to preferred use anmounts of
anmmonium nitrate and anmoni a water, the anount of
amonia water is an anmobunt containing 0.4 or nore of
ammonia in ternms of a nolar ratio to the netal B, and
the amount of ammoniumnitrate i s an anount
containing 2.0 or nore of a nitric acid ion in terns
of a nolar ratio to the netal B, respectively. (Step

n; L h 4), the mxed liquid (slurry) as
1)‘mo Itléli Jfléedf?/?%f%)%'{é'foregoi ng step (3) is evaporated to

dr¥Resghe antdd1e (8§SUl biyNdadiiRy NBrfr fim | SidAk aRGq

then cal cined. For the sake of Termpving a | arge anount
amméiia Wb ra oy thitir ogh th henborsgaintg ifi e sbkigben8ano
be dried by a conventionally known nethod such as '

the evaaetaidronlitaidr e ssbaadnedr ayiar wheg. stept he2)casahe
of evaporation to dryness, though the water may be
catzlynpbe atpeer frarmeince)y ofhedhengresmbhing nowdicall f grxide is
- blowng an inert gas such as nitrogen and air is
enhangpdyed, With s grepaqf e to pReEfatines | psgchpmpunts  of
evaporation to dryness. A tenperature of the _
anmeRLyp B EBERLEo 2Ry AETSTIS St abtRe | AMPPRE r gfigemmenia
from50 to 130C 13 Next, the dried material as ) )
wateht 4 néh b@m?mtfsr’&aa%ﬁgngog’er t Pon™PEef (Hst AVEPRT Red™

t a-tenperature of fro 50 0,380C,__and, preferably
rerff B o HN R e iy F9okms F83Y Hol Him =heant of

rom 0] ours,
amm%){(fﬁﬁrﬁg#ﬁai:éo' 3a§10 a#Qu%“rﬁ%d&Hl%gprzescf”&F ?81:? of a

ygen. ereafter, the resulting material 1S urt her
nitric acid ion in terms of a molar ratio to the metal B,
respectively.

(Step 4)

In the step (4), the mixed Iliquid (slurry) as
obtained wvia the foregoing step (3) is evaporated to
dryness, and the resulting dried material is dried and
then calcined. For the sake of removing a large amount of
water as contained, the foregoing mixed 1liquid c¢an 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 blowing an inert gas such as
nitrogen and air is 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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calcined at a tenperature of from500 to 660C, and
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
metal oxide catal yst represented by the follow ng
conposition fornula by this two-stage cal cining.
Conposition formul a: MVi Aj BkOy (In the formula, Ais

TeNQI:t Sbthéngrﬁeiismg‘:e#:?.ﬁlgt gngbﬁ..l gan&,{s %h,gctf%g fgroq'ﬂg

the group consisting o

opePhtilR, isN fiblst Q’alé:ﬁ{&i egeth &l SturdNde akkaln' 250

netal elenents. i and j_ are each fromO0.01 to . 5,
to 380°G/ iard Prerarhbly Exbm);280 it f330PC0.£201 ftr%us-zo,to 20
and Y. is the nunber to be determ ned by the oxidized
hous$ at endopreifleaabdlyenfutins. 3 tacildeialdsy/, ihh€he presence
deternmination of the contents of netal elenents in
of phygent al Thempalftsry| e aseobl Gingdndfierial fer fyaithgr
cal cining can be carried out by fluorescent X-ray
calghaegsiat Fne tampsiraduizge oft afysm aB0Bbt b ne@ﬁ%ﬁﬁ rt h@md
foreg 0|ng met hod can be used as it is. However,
prefeErRtubFEom1270h 40 tﬁ?é’ feffar &HaMe Cat aF9sh PQ“Q’F@uﬁ@d
n. appro ate article sj t hereby increasing a
PreéﬁF%%:Dé Fel % h%ph%%-’f%w%t theyeb ﬁ%ﬂcﬁr%u ﬂ’élig?%r
grlndl neth ds nmet had ,of
grlndﬁﬁﬁ et hod and aqhe t?ﬁéfegfl mﬁ%;$k§$%% Wﬁﬁ?l
oxi 8QP IRy W CELLLE: EXELR! BY Otnd USIfMEhG'®WoliBosi tion

I ncl
formula by this two-stage calecining.

Composition formula: MoV,A B0,

(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, 2r, 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 carriéd out by fluorescent
X-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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nortar and a ball mll. In the case of wet-type
grinding, as grinding assistants, water, al cohols,
and the like 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 nore than 5 m Though the netal oxide
catal yst can be used in a non- supported state, it can

pay o . _ _ : .
thagnﬁgﬁpﬁe!ii oGP 3 RIS éﬂﬂgk‘¥Lgﬁgﬁﬂﬁyhéf%ﬁgggpﬁéﬁkﬁgte

| ropr!a_te partl_ceS|ze, SU( !
par8l &l N@4 281 | 1 GRs Al Bacrand; syl :éoguf?égéd%ge&teof the

supporting anount i's not particularly Tinmte

catiDy$OWEnd A£ABAY PHIvARY FHPAdd NY ﬁapgeindhﬁﬁtmehmads;
vapor phase catal ytic oxidation reaction nmethod of

any Pmefhbd W ng Wi Hipal edrdisgt akyhbdasandrodweed type
the foregoi ng production process will be hereunder

grinditoy i hethodr caarise aatpbaygdn as raw materials of the
production of acrylic acid are introduced into a

r eSpeoiftharqrahmies ofheaf ogeiypibggnedevici declude a
catal yst and_catal yticall oxi di zed by the nmetal
morBa¥ dand o2 PFLL mih reb?np¥BGu€Pﬁ§ ofswedrfyre geinding,
Progane and QX% en may be separately introduced_into
as gripdipgr asphs %6Fﬁf0ﬁ%ﬁ%%ﬂ1%%Q939ﬁﬁrrﬂ&%dfﬂftﬁihetﬁée

reac%%%; and the both may be m xed in advance and then
enupgt#otfited into a reactor. Exanples of oxygen include

2 1RULRCOXKIE" AR M ifrodin? SLEL1 L 982 LDSERA ana
used, its particle size is preferably not more than 20 pm,
and more preferably not more than 5 um.

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 vapor phase catalytic oxidation reaction
method of propane using the metal oxide catalyst as
produced by the foregoing production process will be
hereﬁnder described.

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

oxidized by the metal oxide catalyst, thereby producing
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ni trogen, steam or carbon dioxide. In the case where
propane and air are used as raw materials, a use
proportion of air to propane is preferably not nore
than 30 tines, and nore preferably fromO0.2 to 20
times in terms of a volunme ratio. Though the
unreacted raw material propane present in a reaction
gas to be discharged froman outlet of the reactor or

acrf%ggygg¥§_as an internmedi ate can be used as a fuel as
e unreacted raMInaterlaI pr opane or

prﬁpxﬂasas aﬁdaex m ity quh Cs bl £ DG Qﬁ%eoaseaaa&%%

from ot her conmp e reaction gas ca

a reRldHoied ¢Hd OpbRe dfagh@enand.d eHRER- nA.:!é%ﬁ%iEHm the
tenperature is preferably from300 to 600C, and nore

reaftéfer abldy tHHNb3el tnapO0BE. mAxEHRCEnVRIAEHAde and then
(hereinafter referred to as "SV') of the raw nateria

intgaducsdsintablay ¥eamdy 000EkemB1880 dff -dxygeheinthade a
space velocity is less than 1,000 hr 1, a space tine
purg gxygen a@as| apdaciik asorhe tdileted gampotimereof with

. becones | ow, whereas when it exceeds 8,000 hr-1, the
nityeudRr sisheams PHweraibon cdipgidetal Fn déheatedsat where
roduced . in the invention, can also be applied to
Propangxi #agi oA sf ﬂir&paﬁ'e"%i’nd &S5n TAWntHaEPFeals, a use
acrylonitrile a iel.d. Th xi dat i on
PEORGREF R oREs A%t it | RFPRRHS) £ Bul et e TPIRaiTh MOEpofhan
30 Q:%.'in%syt I gngxirr‘% Ll op ggngaﬂl.? i CanPrBDQ” E§ times in

i nvent’i on Rore Spect f y d&scrT b
terms of a wvolume 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
components in the reaction gas ¢an be returned irnto the
reactor and reused.

A reaction temperature is preferably from 300 to
600°C, and more preferably from 350 to 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 vyield of acrylic acid as the targeted compound
becomes low, whereas when it exceeds 8,000 hr™', the

conversion is lowered.
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AR DNy P agly TN 2y T S

below with reference to the Exanpl es and Conparative
Exanples. Incidentally, in the followi ng Exanples 1 to
7 and Conparative Exanples 1 to 2, the respective raw
materials were bl ended such that all of proportions of
the respective netals constituting the resulting

nmetal oxide catalysts becane the foll ow ng val ues.

Mo/ V/IA/Nb = 1.0/0.3/0.18/0.08 1.5 nL (about 2.2 g) of

h ' l.
oShaLIE! c88B BINGEU:A e REGIRP LS A, T

t h dedi €90Gmmd IX%E£d5£0 i Qi ag
canG%%%\ﬁ?/evo ume of 1gropane, g%éénoﬁfﬁyoso%}r% t(?? ddf can

syn@X¥8ehe 3GadrPbdyitellwe afn ni br 0gRAGANd ¢7e¥d% bY The
vol une of steamwas fed into the reaction tube at a
ammSpAdativer| 66h8YtDEN3sUB4Ranti al Ngr €BY 1phedthicnForegoing
acrylic acid. Respective conponents as fornmed in the
vappeacatahytpeoduidatior sobfditied o6 poapaséeti on
anal ysis. By using the results of the conposition
anghgsiinventigvemsildn b meopampenificallecdesicryibed
of acrylic acid (all of which_are on a nolar basis)
belgu, e“%:é‘ crefkPRRR ortf nFhe B¥emples o/anshi fgmparative
expressigns, and the perfornmance of fhe used _catalyst
Exapleg, o daFEdeREahiEhe 1ol M EHLPYARY, | ESSHPLSS sholf 7
n.Tabl e I

[ i ble 1 fqr l i i d;
and (GORPAFARHE | JFABPoREhe L Cohvarsi ARr PBRRIE YE00 SV
natb£EEHs PhOPETE) enal NLERR! £Mlal” QRENSH LERY L0002 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 volume of nitrogen and 47.7 % by
volume of steam was fed into the reaction tube at a space
velocity of 3,924hr™', thereby producing acrylic acid.

Respective components as formed in the reaction
product were subjected to composition analysis. By using
the results of the composition analysis, 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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Selectivity of acrylic acid (% _ 100 x (Forned
acrylic acid)/[(Fed propane) - (Unreacted propane)]
Yield of acrylic acid (Conversion of propane) x
(Selectivity of acrylic acid)/100 Exanple 1 In a
ceram cs-nmade pot for grinding having a volunme of 500
m., 2.01 g of a netallic telluriumpowlder (a nean
particle size: 150 m and 2.6 g of distilled water

c I X 2 j La.Dballs [
£or kg AL ALY Gl b et oL (Y e
catéi | %aQf dvidQuat3dP FEIer LRe GHQEEEY'“&H@Qrésﬁl%E %re
nm were then charged therein. The foregoi ng pot

shomslﬂl B8BUe 0N . t Won T8bB&Y 1N OhhSs@addsUbbechedyllac acid;
grinding treatnent by rotating at a rotational speed

and F dZ&ndpnEdprpPdpdmelr S. A snmall amount of a sanple
was col lected froman 18 aqueous di spersion after
grinding treatment (hereinafter referred to as
"di spersion a"), and the particle size ‘'distribution

* Cogfvertad are|df maapanendd) Was neasured by using HORI BA,
LA-500 Mbdel, a | aser dlffractlon type partlcle si ze
i STt | Fesh BEpRane) A ol zsas s prepana Iy Fed
rep entative particle size mas 2.0 M InC|dentaIIy,

PQQPanﬁﬁe foregoi ng grinding step, a weight ratio of

+ st T M hrgpe Y 0 A e

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

acid) /100

Example 1

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

A small amount of a sample was collected from an
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amoni um nmet avanadate, 15.45 g of ammoni um nol ybdat e,
and 50 nL of distilled water were added and di ssol ved
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
wat er for one hour while rotating at a rotationa

aquégﬁgd cﬂf Eg%énﬁm %?1[] S‘gjrrﬂl' 19 . n?f@é&gen% hqrtf%@élnaf ter

tainn eepl e reactl hereafter

reféf:f:@&r%tﬁsas“ +&06n | Iaqgl S Rnk the fRaskidayi ng ze

t he foregoing rea ion |iquaf charged therein was

‘dis€PObeidR SHCtHb! Bellerv@hepowdart has ablsurldnty 4sihg
of oxalic acid and 1.16 g of niobic acid were

HORIBASOID2EG 00N NOdal, ok disser| ed ffaiaertilon ptypar @aaticle
aqueous sol ution of the anbient tenperature, and this
sizqoudstribuititnomnmkyidren addenode tshaed orepgoesgnting a

reaction liquid b. The resulting mxed |iquid was
repyegerbatiye partielief 8tzeowapngt gs Hmand Izmsdgn@ﬁlly, in
ammoniumnitrate was 19 then mxed with this m xed
the| forpacinBegEAREEng FREP. r&sHPLPRY FRkiQr efnwyetR&atey Te
r.concentration and further evaporated to dryness
Wasa? i20C. The resultlng drled mat er i al mas calcined in

0 ft ti
P et crPa A TR | REPEEPER R F R 00t §DP 22
ameRi‘mSﬁ Jth%@an‘aﬁSE& ab BDRNeY €, ¢ héﬁHQH L ﬁgl%h%%?e” and
Was passed, thereby obtaining a netal oxide*cata
50 MiE S£SWildeiq 1ecRtRhySt %%esué’ii&ééle‘ln@ &f&%@ivé@“vﬁ&h

and further

stirring at the boiling 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 mk of distilled water to prepare an
aqueous solution of the ambient temperature, and this
aqueous solution was then added toc the foregeing reaction
liquid b. The resulting mixed 1liquid was vigorously

stirred for 10 minutes, and 2.5 g of ammonium nitrate was
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pul verized into from 16 to 30 neshes, and then used
for production reaction of acrylic acid. The results
are shown in Table 1. Exanple 2 A catal yst was
prepared in the same manner as in Exanple 1, except
that the anobunt of water to be used for the
preparation of the dispersion a was changed to 5.0 g.
A mass ratio of water to Te in grinding step was 2.5.

theJln J‘.j:?{ci Al Yen Tl | bLit ded' IR ems”tr[h%fre%%er, the

Sl ze Ion O e net al

res@ﬂiﬁ&'rﬁlééﬁfé wQE' RdLEga EBE gBﬁ%eH%E:&‘t‘iBﬁ §héef‘&§~°ther

found"to be 2.6 m By using the resulting catalyst,

evapsritded @&ldrygésspggdm:@qt,under the sane conditi on as
In Exanple 1. The results are shown in Table 1.

Exztip| eedulitinyaldtSied\asa Pl edakn daleinade iMNALE at
as in Exanple 1, except that the amount of water to
3007 fieed ¥ ohou2G.t he Thegpafitergn bhet heeglilkipigrsi ealaeined

was changed to 13.0 g. A nass ratio of water to Te in
matgrimti wgsstfaythey GdlcinediabnfOfy, fas 2 rewus dh an
nmeasurenent of the particle size distribution of the
inexkt apFResphepar t t&rought ebigh nddhgfoger nb@e passed,
article size was found to he 8.8 pm By using the

thereky) PPRgiRARY) Pstmetr) yPRL acF&Rﬁ&gstprodE%%dreﬁ&&ftmg
catgﬂ% a;’rﬁagggg Iigg’gién.pp%a%ggiet ma :l.ngr egglitsftal;: her
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 ratio 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 um.

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

A 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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A catal yst was prepared in the sane operation as in
Exanpl e 1, except that 2.5 g of ethanol was used in
place 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
size distribution of the netallic Te particle after
gri ndi ng was neasured. The nnde particle size was

the! gﬁgﬁaLQtPS 308 %eBéiagéégQ g g' Eh%%g%ﬁtg.l V1%, 0

TCoachd sane“condi'tion a
A :dé}.sExngié L T‘l?étefe%é' IPe 850 SHOWY ﬁ‘%T ,‘?E’ lvas 6.5.
Exanple 5 A catal yst was produced in th

Inc8EhBA1 DY, A8si B FXSIDE Cof, mR4ceRlenlhd & thE particle
preparation of the dispersion a, a mxture of 8.5 g

siz@f afigepilsusdobnt i 68 Oothehyfleegihiper ?si dpakadicle aafter
concentration of 35 % by nass and 5.0 g of distilled
grindieg, wbse s gpantdle Asimd awas r dandotohlpdr 8g@num.
peroxide to Te in grinding step was 0.33. 21 The
paByi cising zthdi sresblting chtefystot ahbrylie peeid clwas
after grindi was neasured. The node particle size
Pr°ﬁh§e¢oﬁﬁéeFoé£9EF€@%1CBVd&§Fﬁ§ ¥ testr@mpde 1. The
cat al , acrylic acid was produced under the sane
resE Rl F%ns%gwgnlﬁk%ﬁﬁ}% 1. The results are shown in
Ta le,2. Exanple 6 A catalyst was produced in the same
*fBnfef as in Exanple 1, except that in the

prﬁp%E%LiQQt waJ“%repared in the same operation as in
Example 1, except that 2.5 g of ethancl 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 using 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 1in 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

ratio of hydrogen peroxide to Te in grinding step was 0.33.
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di spersion a, a mxture of 1.57 g of aqueous sol ution
of hydrogen 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 netallic Te particle after

gri nding was nmeasured. The node particle size was

The ;@#{:jﬁiéfe bg; 3o M tPX}aH?i 0g Sg g}:ﬂgséﬁ&ﬁg 1§ : ¥>%tr‘ticle

I'C acid waS ~ produced un he samg con on as

aft%a%?ga%ﬁglwagh@neéﬁﬂ‘g&.s alpheS \éﬁi J@:péfe 2size was

catal yst was produced I n the sane

fou@CESIHONs 36 i), Exanple 1, except that in the
preparation of the dispersion a, a mxture of 3.14 ¢

of BpquRAny Sehdt ixdswitiny dicaganypes,oxadeyayi ngeidd was
concentration of 35 % by nass and 5.0 g of distilled
produted vadegughecnEahedcoAditblian asatiw Bkahpdeoden The
peroxide to Te in grinding step was 2.0. 22 The
resphts i zte shown distTalbleidn of the netallic Te particle
after grinding was neasured. The node particle size
Exappke $ound to be 2.3 m By using the resulting
catalyst, acrylic acid was_ produced under the sane
cohdidatelysd | veExagadiaed TRE  FReySERey BABRABHEN 3% in
Tapl e ié Exanpl e 8 di sper si of Te was foduceg in
Exafpte cate ofHRRton CBAS | nifxatife BTBARAN Thatofn the
diség:?sfégpgr, ata.I Qnr:ll.xci:fuzteheof 1.57 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
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 3.9 um.

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 agqueous solution of
hydrocgen percxide having a concentration of 35 % by mass

and 5.0 g of distilled water was sﬁpplemented. A molar

ratio of hydrogen peroxide to Te in grinding step was 2.0.
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di spersion a, not only the amount of the netallic Te
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
hydr ogen peroxide to Te in grinding step was 1.0. The
particle size distribution of the netallic Te

Theg@;%ﬁf%ge2%%gémgééﬁgiﬂgt%éﬁggggeggr %F?Iﬁgcgggﬁﬁﬁrticle
aft&£a§§1ﬂﬁﬁﬁ f LASK mea S6-4H Of PHBORIJHD ﬁEiéW@ﬂ@dQEEe was
annnnlun1nnlybdate and 50 nl of distilled

fouM@tﬁé m@rg,gdﬂ@d and dissolved with stirring at the
boiling tenperature of water. To the resulting
sayt ivindg hehborsgoangingt alatadyisdd,| uacuyliles pedisd ORras
was added, and the m xture was subjected to heat
produead mantlefrortheonsameurconditdbng aaf FmBxamplen| ybdatthe
was di ssolved in the resulting reaction liquid, 1.4 g
respit30ase anhowh aipafaple 23. was further dropped in the
solution, and the reaction |iquid then reached 60C
Examppler8a Iapse of several minutes wth stirring. On
the ot her hand, of oxalic acid, _ and 2.32
ni BbILSBEF#LRR @ d?%s%?%‘/eﬂrf’ﬁ“feé P &Pe §REE OF %&fatwn

as {8 eratRfe. Laneine aghe s Rorh °.”8%fe\ﬁie§'=%§&a>éa' 5o tne
d:l.sé :?#19{113 0,:1”910tea1§{~‘i§ éﬂ@“'gﬂ\od?ﬁte o O%Aé’ lic Te
g e resultihg m xe |qU|d or mnat
pow%%f‘g?g] ER9nbLqUid YagsTyxeflyw bhs3d- 2 aiszftuéw amls 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 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 5.8
pm.

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

one hour. 12.45 g of ammonium molybdate was dissclved in

the resulting reaction liquid, 1.4 g of 30 % ammonia water
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Thereafter, the m xture was heated for concentration
and 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

c h t a ] C [ f t T
was B4 85 BB, Gin 5% Sr T TRy SREP D) Sefcrion
liqi£3UthERY reabAbUS 608 S 2RI E ethl & 1P BhvaREN NGinRids

further pulverized into from16 to 30 nmeshes, and then

witWS8€itoingl 0dus i ¥HE reaKkeE: ORafll, 2% . Bol G a6f doxAS$id acid
result, a conversion of propane was 60.1 % a
andsel.get igi bf adiokid yhiotdacksre\adli@@oiviid aivl a 6P ahll of
of acrylic acid was 48.45 % respectively.
disCobbed atwateEx &opl prdpxie r aanloagmeagscosslatspar fHn the
of 2.01 g of an unground netallic Te particle (nean
ambjent| teuperasure;0 and thipergugons B lptionavas, added
15. 45 of ammoni um nol ybdate and 3.07 g of anmoni um
to nEhavahasegeingr eradeeten andigRdd. ni xt BfESRas VRISFORSLY
.After the heating, all, of the sane operations as in_.,
SEiERing| Ehe WIS nELEBES o500 HLRRESS,  this
._catglyst... By_using this, gatalyst, acrylic acid_was
misxgd o RIS  PRESatl PhndiOr ch 85 1 HSAHER o 7 Eate.
Thereafter, the mixture was heated for concentration and -
further evaporated to dryness at 120°C by using a drying
machine.

The resulting dried material was calcined 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 ratio 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 a yield of acrylic acid was

48.45 %, respectively.

Comparative Example 1
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The results are shown in Table 1. Conparative Exanple
2 The step (1) for grinding netallic Te was omtted,
and 15.45 g of anmoni um nol ybdate, 3.07 g of ammoni 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

prpgug ”gacgu%&ged is %‘ 9= Lhigy ﬁt aleyst, AR duha

acl d was he sanme  ‘conditiOn as |n

tEﬁ‘{@' erd. Lélts :ﬁé&nSh tik1Labl & , ol 0
ne Conparative Exang%' 5 45 98%? gnnon|umﬁnﬂyb gte pm)

disPes=&i ssR! ¥ed 4 %f7Qw£:ezOf 1™ 48 | g eds\ahbnitft ﬁo‘l@rb@&te

was then suspended 2.01 g of a netallic Te powd
and (BRAN RArSE ClagmPndim hidtdardda o owekeneRIGdlr eana’o the
this suspension, 4.7 g of 35 % by nass aqueous
mixtutelt was Gfedbsdl.ogeAfperodilce hdaytingenalperofki tieé Taame
3.1 (nolar ratio)] was added, and the m xture 25 was
opehabiens at ag0C iwm t hExampléngl Foidmani nfolhewddat i thereby
Te was di ssolved so that the m xture ultinately becane
produciry o e33tadysti on. BYo usiing séhisi ;patalyst g errylic
amoni um _net avanadat e was added and_di ssol ved, and
a°1@h@a?I%§?d%%??n§ndFﬁl§h§oFEFFoﬁ°BﬁéFg@B pReiBi Fxaaple 1.
to 30Cwith jce te Separately, an aqueous

Thesﬁ?ﬂ?f%ﬁ et feC¥mpi Rt erature_of 4.41 g of
confi P4t Sof nflfl 10 9,91 b acid dissol ved 10 70

The step (1) for grinding metallic 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 producing a catalyst. By wusing
this catalyst, acrylic acid was produced under the same
condition as in Example 1. The results are shown in Table
1.
Comparative Example 3

15.45 g of ammonium molybdate was disseolved 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. To this suspension, 4.7 g of 35 % by
mass agueous solution of hydrogen peroxide [hydrogen

peroxide/Te: 3.1 (molar ratio)] was added, and the mixture
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and m xed with the foregoing solution cooled to 30C.
After vigorously stirring the resulting mxed |liquid
for 10 minutes, 2.5 g of amoniumnitrate was added to
this mxed liquid and uniformy mxed. 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

wasrhgﬁglgé%}ﬂ%tg‘“@:[:i Wi RS AU Ney  cal %Q&Qnﬁf t?%grﬁg%yin%,

Ssing nitrogen ~ therethroug

Te ARSAIND1FLAIH YEhat TRAS GALAWNY ulffn@PePf OBLEame a
rati o of conponents of M)/ V/ Te/ Nb of

coldrDéBs35014848n08. ThithicAtalMistidms Sroedg Sebjagmbsd um
to tabletting, and further pulverized into from16 to

met3PandRabeswaByaddedgahfiediesulireay aadalthst £1acky hiaGring

acid was produced under the sane condition as in
thiExanphéitn Thargees hegresime wiwwwoohedalbbe 30°C2@i8h44.ce

.. MNwOl1tD.l NON 010 .dV-NInlIOtNODPp O
watep.ri Separatalyl Nn Qagpedus rdolutipny of othel pmbdent

AOrl 01 0 %rl NOYMN :p -r Inv Nto Nto > rn ao
tempegaturq RENA ALl g RE oxalygyaid \end) .16 g of niobic
acid dissolved in 70 mL of distilled water was prepared
and mizxed with the foregeocing solution cooled to 30°C,

After vigorously stirring the resulting mixed liquid
for 10 minutes, 2.5 g of ammonium nitrate was added to
this mixed 1ligquid 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 obtaining 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 catalyst 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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E 27 | NDUSTRI AL APPLI CABI LI TY According to the
production process of the invention, since a fine
particle dispersion obtained by grinding netallic Te
or Sb in the presence of water or an organic sol vent
Is used as a raw material in the catalyst production,
a netal oxide catalyst with high performance can be
obtai ned with good reproducibility. By using this
Prpggiction of acrylic acid by vapor

o
IND?ﬁégiﬁﬁiﬁﬁé%é i C oxidation reaction of propane, it is
' PSS B AP OPERE NpASEYEL FolChHobBs8 BEORnY! Shdention,
Al'so, the present 'netal oxide catalyst can al so be
sindSeqd f einaMmpxrdatian PfspdFOPeme. obkhiGled MBy lgrfnding
process for producing a netal oxide catalyst
metd¥picesSPat og 3P tite €iod | présgneeNpES iva Yy fad Ndh aorganic
conprising the followng step (1), step (2), step (3)
solwank si=p fsed: Ssepa( lrawgrnatienjabet ah Athe achatadyst
particle dispersion in the presence of water w thout
procumntisin Mb8+ med@dpoeride andtybystomidindeigly periprmance
aqueous dispersion or grinding netal Ato a fine )
can g t pefaigedpyishogors MFPTiICididd tof- arPbrgahpg this
sol vent wi fhout any of M6+ conpounds and V5+
catabifoutRisthe BEPIFRTARR0PTaMTYGIS i ¥ pErBPHnPhase

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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Step (2) : adding a M6+ conpound and a V5+ conpound
to said aqueous di spersion obtained in step(1l) and
heating to obtain a reaction liquid, or in the case
where an organic solvent dispersion has been obtai ned
in the step (1), substituting water for the organic
sol vent to obtain an aqueous dispersion and then
addi ng a Mo6+ conpound and a V5+ conpound to the
aqueous di spersion and EEﬁE#Eg to obtain a reaction
liquid; Step (3): adding ne B to the reaction
liquid obtained in the step (2)to obtain a m xed
liquid; and Step (4): evaporating to dryness and

1. CahCipidGetde ai:xegrbaeemgobaal R8dahn 8kERe( 3bhRalyst
obtain the conposition fornula: 29 Conposition

repi®sdited MBLA BleBe WnaFcaildwAngs TeocfposiitiBn S #brmula,
| east one el enent selected fromthe group consisting

comptidNmg Tehe WollowZng BeepFe1)N ,stdpo, (B, FtepCy3) and
rare earth elenents, and alkali netal elenents; i and

step fdk:each from0.01 to 1.5, and j/i is from0.3 to
1.0; kis from0.001 to 3.0; and y is the nunber to
beStRP ef hegriding onpdali o stbee & ofire particle
el enents. 2. The process for producing a netal oxide

dispa¥sigRt mac"tl'tﬁ dPRESEBCE| Afm 12tekeMdiTh IR 8g¥n of Mo
er oxi de sed i n ddltlogFto wat er or the qQrganic

comigyRR 2nS V' EopPaEads Fo, SpFoNRcrRgRaRReES dagPagsion
or %%E.ﬁd¥§é gleg;%g.:gsl gi%nto %l:l.glemp]é’rtv:}.ﬁgﬁr e'ci1lst£eersigr? in the
presence of an organic solvent without any of Mo
compounds and V°' compounds to obtain an organic solvent
dispersion;

Step (2): adding a Mo®* compound and a V°' compound to
said aqueocus dispersion obtained in step{(l) and heating to
obtain a reaction liquid, or in the case where an organic
solvent dispersion has been obtained in the step (1),
substituting water for the organic sclvent to obtain an
aqueous dispersion and then adding a Mo®" compound and a
V°* compound to the aqueous dispersion and heating to
obtain a reaction liquid;

Step (3): adding metal B to the reaction 1liquid
ocbtained in the step (2)to obtain a mixed liquid; and

Step (4): evaporating to dryness and calcining the
mixed liguid obtained in step (3)to obtain the composition

formula:
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of the netal A after grinding has a node size of not
nmore than 20 pm 4. A process for producing a netal
oxi de catal yst represented by the follow ng
conposition formula, conprising the follow ng step
(1), step (2), step (3) and step (4) : Step (1):
grinding netal Ato a fine particle dispersion in the
presence of water w thout any of M6+ conpounds and
V5+ conpounds to obtain an aqueous di spersion or

cgm%ggf@lwg g;;,g\tl@ LR A, bgﬁi(/parti cle dispersion in the

resence of an organic? ent w thout any of M6+ 30
conmpounds and V5+ conpounds to obtain an organic

whefé&ﬂeﬂtlsdTép%Esbﬁn BolEd 42)iefdHi 88e2aMVRREnE0MRILRE 4
and a V5+ conpound to said aqueous dispersion

fro@btRé Ngeotp 8b€eH dtiRddobenbl NYagt w, 69€, okirhi gaer FEOr i,
at |east 10 nminutes to obtain a reaction I|qU|d or
Co, i Bn,heTLascwheraran cdgehi @lanlants, ghdpeili«li hagtal

been obtained in the step (1), substituting wat er for
elendémtor ganiandsg vane tecbbtfaiom ah. @ueoud . 5di sped sjdHn is
and then adding a Mo6+ conpound and a V5+ conpound to
fromnh€-3qukud - 8i serss oframd hed ngoat3-61)'c and [ gher the
for at | east 10 mnutes to obtain reaction |iquid;
nunizpep EE3)oe deFagmiredl by thhe hexr-éat:-tpan Stadf qof other
obtained in the step (2)to obtain a mi xed Iiquid; and
elementS (4): evaporating to dryness and cal cining the

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

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

4, A process for producing a metal oxide catalyst
represented by the following composition formula,
comprising the following step (1), step (2), step (3) and
step (4):

Step (l): grinding metal A to a fine particle
dispersion in the presence of water without any of Mo®
.compounds and V' compounds to obtain an aqueous dispersion
or grinding metal A to a fine particle dispersion in the

presence of an organic solvent without any of Mo®*
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m xed liquid obtained in step (3) to obtain the
conposition formula: Conposition formula: MVA BkOy
wherein Ais Te or Sb; B is at |east one el enent
selected fromthe group consisting of No, Ta, W Ti,
Zr, Re, Fe, Ni, Co, Sn, T1, Cu, rare earth elenents,
and alkali netal elenents; i and 1 are each from0.01
to 1.5, and j/i is fromO0.3 to 1.0; k is from0.001
c<:>mt<9u3 Q; a% \ys"'i Sé:the n%%nb . Eagtb(::i‘.ndet er@inegigy t<:»I?I.ev'ent
BxIaati 8f st at e CIFSINS® e efBnts: 3T 58 € p_roscess
: ducing a netal oxide catalyst according to
dls%?%?%%ﬁf wherein in step (1), hydrogen peroxide is

Us§ﬁe§n(2ﬁdi&&&ﬂn&oamﬁbefdﬁmﬂéﬁhd”éﬁﬁﬂé'Wﬁobﬁﬁﬁbudﬁ to
The process for producing a netal oxide catalys

saidC&Qhdbiy HOspbkakiba, oBhaLAaRA R %ﬁ:@?(ﬂ.?) anth@datitig at
particle dispersion of the netal A after grinding has
60°Gd dEddighza Ofo®0t aBDr Pedbtin PO piinvted\ HoOCedsdit a
produci ng acrylic acid, by the vapor phase catalytic
reackiont laqudafl,prgpaire thet kespr edenee @i otrfaniet @olvent
oxi de catal yst as produced by the process according
disperahgnohasobeehaphtained én gheaspepcddy ,f substituting
produci ng acrylonitrile, by subjectin propane to
watehnpkPHat FBR | ATERBLGr cSOAVERES tRe ainoxAfe aqueous

aisGLaLYSt as,prgduced by the process according Lo any s
compound to the aqueous dispersion and heating at 60°C or
higher for at least 10 minutes to obtain a reaction’
liquid;

Step (3): adding metal B to the reaction liquid
obtained in the step (2)to cbtain a mixed liquid; and

Step (4): evaporating to dryness and calcining the
mixed liquid obtained in step {3) to obtain the

composition formula:
Composition formula: MoV;A;B.0,

wherein A is Te or Sb; B is at least one element selected
from the group consisting of Wb, Ta, W, Ti, 2r, Re, Fe, Ni,
Co, 8Sn, 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 oxidation state of other

elements.
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5. The process for producing a metal oxide catalyst

according to c¢laim 4, wherein in step (1), hydrogen
peroxide is used in addition to water or the organic
solvent.

6. The process for producing a metal oxide catalyst
accordihg to c¢laim 4, wherein in step (2), the fine
particle dispersion of the metal A after grinding has a
mode size of not more than 20 um.

7. A process for producing acrylic acid, by the wvapor
phase catalytic oxidation of propane in the presence of
the metal oxide catalyst as produced by the process
according to any one of claims 2 to 6.

8. A process for producing acrylonitrile, by subjecting
propane to ammoxidation in the presence of the metal oxide
catalyst as produced by the process according to any one

of claims 2 to 6.
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