DESCRI PTI ON  PROCESS FOR PRODUCI NG METAL OXI DE
CATALYST TECHNICAL FIELD It is known that acrylic
acid is produced in one stage by vapor phase

oxi dation of propane. This production process has an
advant age of using cheap propane as a raw materia
conparing with a process for producing acrylic acid
usi ng propyl ene which has hitherto been known. 1In the

oxi dation reaction for_producing acrylic acid from
RESGRAPE

propane, it was gener tal oxide catalyst is
used. In the present invention, a process iSs proposed
for producing a netal oxide to be used in the

prO¥EE! bOA pREAGELRE {Rhab! 8RUBENEARKEYLLC acid from

propane.” By using the netal oxide obtained by the

production process of the present invention as a

catal yst for foregoing oxidation reaction, acrylic
reéfikfcaanykprproduced in a high yield. BACKGROUND ART

In general, acrylic acid is produced by a two-stage

oxi gat i 0§ KkeRkid OBhet Wil ldat ngetdt alyt iprodeaetl ofin Ofone

propyl ene with oxygen in the presence of a catalyst to
stageduesy acvdpdbei nphadeunderigitigncataf yt propanet i on dfhis

the resulting acrlolein with oxygen. - 1 - In the
produoeitiope procegse has anppidvendiafgfee cdn s ingetahe@p propane

propane and propyl ene and for the purpose of )
as a raw material comparing with a process for producing
acrylic acid using propylene which has hitherto been known.
In the oxidation reaction for producing acrylic acid from
propane, it was general that a metal oxide catalyst is
used. In the present invention, a process is proposed for
producing a metal oxide to be used in the oxidation
reaction for producing acrylic acid from propane. By
using the metal oxide obtained by the production process
of the present invention as a catalyst for foregoing

oxidation reaction, acrylic acid can be produced in a high

yvield.

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 catalytic reaction of the

resulting acrlolein with oxygen.




over com ng problens such as conplexity in the process

i nvol vi ng the two-stage oxidation, a process for

producing acrylic acid in one stage by using propane

as a starting raw material is studied, and there have

been made a nunber of proposals with respect to

catal ysts to be used therefor. As representative

exanpl es thereof, there are enunerated catalysts made

of a conposite netal oxi de such as Tel %es
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evaporating to
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Recently, there have been filed some applications for
patent with respect to further improvements of the
foregoing metal oxide catalysts. JP-A-10-137585 discloses
a process for producing a catalyst by mixing an aqueous
solution obtained by allowing a molybdenum compound, a
vanadium compound and an antimony compound to react in an
aqueous medium at 70°C or higher with a niobium compound,
evaporating to dryness the resulting mixture, and further
calcining it at a high temperature.

JP-A-10-230164 describes that in heating the
respective metal compounds in the aqueous medium described
in the foregoing JP-A-10-137585, a gas containing
molecular oxygen is introduced into the aqueous medium.
Furthermore, it is described that when the catalyst as

produced in this process is used for vapor phase catalytic




I's enhanced. Also, JP-A-11-285636 describes that

hydr ogen peroxide is added to a reaction liquid of
the respective netal conpounds in the aqueous nedi um
during heating and reaction, or after the reaction as
described in the foregoing JP-A-10-137585 and

JP- A-10-230164. However, even in the case of using the
catal ysts as described in all of the foregoing patent

docunments, the vyield of acryljc aci.d.as
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15Fﬁ n. JP-A-11-226408 discl oses a method for
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iquid and using the resulting reaction liquid as a
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particfe size of the tellurium particle to be used in
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Furthernore, when the resulting netal oxidation
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possi bl e to produce acrylonltrll in a _propa
ylgéﬁvgﬁy§gp i¢c acid as obtained in one-s age oxidation

of propane does not reach a practical level required in
the acrylic acid production.

JP-A-11-226408 discloses a methoed for allowing a
metallic tellurium power to react with an oxonic acid salt
(oxometalate) of other element, such as ammonium
metavanadate, molybdic acid, and ammonium paramolybdate,
in an aqueous medium, thereby dissclving the subject metal
powder in a reaction liquid and using the resulting
reaction 1liquid as a raw material of a metal oxide
catalyst. However, the particle size of the tellurium
particle to be used in the invention as described in the
subject patent document exceeded 100 pm, and a long period
of time was required for the reaction in the aqueous
medium. Furthermore, when the resulting metal oxidation
catalyst is used in ammoxidation of propane, it 1is

possible to produce acrylonitrile in a propane conversion



of from25 to 30 % and a selectivity of approxi mately
60 % However, when used for the reaction for
produci ng acrylic acid from propane, there was no
drastic advance in performance as conpared wth
conventional ly known catalysts. DI SCLOSURE OF THE
I NVENTION I n order to obtain a catal yst capabl e of
producing acrylic acid and acrylonitrile in one stage

a catalytic oxidation_reaction o ropane in
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g a fine particle of netallic tellurium as
caé%ié?%%d by reduci ng a Te4+ conpound or a Te"

conpound in the presence of a reductant and water or

an organic solvent to react in the presence of an M
DISCNBOURE, 0B YHEOMRUENGION conpound containing an A

el ement and water and then drying and cal cining.

Conpasidrider f oo malkdain\od/i TethA®y (dapatie fof nrgduging

is at | east one elenment selected fromMNbo, Ta, W Ti,
acPyliReackd, aNd, acrylemitTileCin pace séageh by emsatalytic

and al kali nmetal elements. i and 1 are each fromO. 01
oxidatisn zeactipn off PERFENS & £ Gigh jyield, the present

inventors made extensive and intensive investigations. As
a result, they have found a metal oxide catalyst
obtainable from the following production processes.
Specifically, the invention relates to a process for
producing a metal oxide catalyst represented by the
following composition formula, which is characterized by
allowing a fine particle of metallic tellurium as obtained
by reducing a Te** compound or a Te® compound in the
presence of a reductant and water or an organic solvent to
react in the presence of an Mo compound, a V compound, a
.~ compound containing an A element and water and then drying

and caleining.
Composition formula: MoV;Te A0y

{(In the formula, A is at least one element selected

from Nb, Ta, W, Ti, Zr, Re, Fe, Ni, Co, 8n, Ti, Cu, rare



fromO0.001 to 3.0; and y is the nunber to be

determ ned by the oxidized state of other elenents.)
Al so, the invention is concerned with a process for
produci ng a netal oxide catalyst represented by the
foll owi ng conposition formula, which is characterized
by enploying a process conprising the follow ng step
(1), step (2), step (3) , step (4) and step (5)

Step (1) : A step_for.reducing.a Ted4+ conpound or, a.
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Bbtal i an- aqueous  dispersion, confaining a fine
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m xing fhe aqueous di spersion containing a fine
prBattighe af pekah! i extigll uthuangst oblpirkednited hedy the
foregoing step (2) with an M6+ conpound and a V5+
ol 0BRHA ciitbad il oMM OEbhAuDh Xt whd cho T®achagbcéerized by
tenperature of 40C or higher for one hour or nore to
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the reaction liquid as .obtained in the foregoing
steped2( 3) sweph (3)comternd4) Bndcsiteri MPhg t he fol | ow ng
A elenment to obtain a m xed ] 4t

Step (1): A step for reducing a Te compound or a
Te® compound in the presence of a reductant and water or
an organic‘ solvent to obtain a dispersion containing a
fine particle of metallic tellurium.

Step (2): A step for removing the unreacted reductant
and organic solwvent contained in the foregoing dispersion
és obtained in the foregeing step (1) to obtain an aqueous
dispersion containing a fine particle of metallic
tellurium.

Step (3): A step for mixing the aqueous dispersion
cﬁntaining a fine particle of metallic tellurium as
obtained in the foregoing step (2) with an Mo®* compound
and a V°' compound and allowing the mixture to react at a
temperature of 40°C or higher for one hour or more to
obtain a reaction liquid.

Step (4): A step for mixing the reaction 1liquid as

_obtained in the foregoing step (3) with a compound.



liquid. Step (5): A step for evaporating to dryness
the mxed Iliquid as obtained in the foregoing step
(4), drying the resulting dried nmaterial and further
calcining it. Conposition forrmula: MV1Tej AkKOx (In the
formula, Ais at |east one elenent selected from Nb,
Ta, W Ti, Zr, Re, Fe, Ni, Co, Sn, TI, Cu, rare earth
~elements, and al kal i rretal el enents. i andj are each

from001t015 and j/i is from0.3 t h}%.kis  xed
contRin@otthey $31 Oéﬁ;lﬂlgy s ?h%m%’aﬁbe@td’ in a mixe
.determined by the oxidized state of other elenents.)
11 f or egoi ng production processes i ncl ude an
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anmoxi dat1 on by vapor phase catalytic reaction in the
presence of the netal oxide catalyst as produced by

thec:o&g 890168 PHLRASSESMoBRI&GE,GFSCRI PTION OF THE
Fig. 1 is an electron mcroscopic photograph
showing a crystal of netallic tellurium as obtained
in Examthe Formfla Fily. i2 iat dressdeconeneleoedscegilected
~ photograph showing a crystal of netallic tellurium as
fromt Hmea’arnVEXanbl eZp, Re, Fe, Ni, Co, Sn, Tl1, 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.)

The foregoing ©production processes include an
invention wherein a primary particle of the metallic
tellurium has a size of not more than 4.0 pm.

In addition, the invention 1is concerned with a
process for producing acrylic acid or acrylonitrile, which
is characterized by subjecting propane to oxidation or
- ammoxidation by vapor phase catalytic reaction in the

presence of the metal oxide catalyst as produced by the

foregoing processes.

BERIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is an electron microscopic photograph showing

a crystal of metallic tellurium as obtained in Example 1.



Fig. 3 is an electron mcroscopic photograph show ng
a crystal of netallic telluriumas obtained in Exanple
3. BEST MODE FOR CARRYI NG OUT THE I NVENTION In the
invention, as a raw naterial for the production of a
catal yst which is used in the vapor phase catalytic
oxi dation reaction of propane, a fine powder of
nmetallic tellurium as obtained by reducing a Ted4+
conpound. or a TeG+ compound (a tel.luri,umco und .
ha&gﬁg ézvéFeﬁBeelﬁptfgﬁ'Wﬁch§QQR§?NQ§%ﬁﬁ%£%§haShOWlng
reduct.ant_an t.er .or..an . organi g .solvent.. R g{ﬁ;r
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descri bed while di,viding int COS; h showi
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a %rcypsr%’}:l?p?e%a |on,l ry%g, ca cianati on, and hydr ot her mal
synthesis, can be enployed without limtations. Step

(1) In this step, a Te4} conpound or a Te6+ conpound

BESP MOSEUSER CARKIENE!ESeNTEE of NVENEIDICt ant and wat er
or an organic solvent to obtain a dispersion
cont®i nicRg a ifiwadmtiedrti e o0& netaal | inmtestial i ufier Théhe
Ted4+ conmpound or Te6+ conpound (a tellurium conpound
préa@viébion val encateflyétowh@ch sisnotseghrin cthar vppor phase
limted, and specific exanples thereof include
catalybicuaxidatibte repeition @f tRYPEY, 2 eF1DR| BRWder of
tetrachloride, orthotelluric _acid, netateII%éLc aci d

mepal Laet fedlngipe as obtained by reducing a

compound
or a Te®" compound (a tellurium compound having a valence
of 4 or 6) in the presence of a reductant and water or an
organic solvent.

Preferred embodiments of the invention will be
hereunder described while dividing inte steps (1) to (3).
Incidentally, in the respective steps, technical means
which are known in this field, such as heat treatment,
coprecipitation, drying, caleination, and hydrothermal
SyntheSiS, can be employed without limitations.

Step (1)

In this step, a Te'® compound or a Te®* compound is
reduced in the presence of a reductant and water or an
organic solvent to obtain a dispersion containing a fine
particle of metallic tellurium.

The Te'* compound or Te®* compound (a tellurium

compound having a valence of 4 or 6) is not particularly



acid, ammoniumtellurate, alkali nmetal tellurate, zinc
tellurate, calciumtellurate, silver tellurate,
thallium tellurate, copper tellurate, and nagnesi um
tellurate. Incidentally, in the invention, since

noxi ous elenments such as chlorine can be renoved in

t he subsequent step (2), chlorine conpounds can be
used as the Ted4+ conpound or Te6+ conmpound. As

duct ant s, .reduci bst t,
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ium dioxide Isin the vicinity o

Qe u H)(,sir[ agl dr adini A saldisa1 hxdnoxyaal neginc
2CaHd %ﬁ%mn}ll eég?guggggérg%P%Qin view of reactivity of
telNErd €LUCLEORI uhe A&l Rk e PecaUFErt hRLMdarated, athaldium

wat er. Specific exanples thereof include hydrazine
tePOStAEL, dMsbari 61 16hkdye) ahid mateneddyin azékurate.

di hydrochl ori de, hydrazi ne nono- hydrochl ori de,

hy oI e@ident®ibpydr dtre, hidr azimeesul émt e, since noxious

hydr oxyl am ne, hydroxyl ammoni um chl ori de, and
eldyenoxysuchnasnchhosihéacan Bperamouad 4n thgustiseguent

to be used varies dependin upon the kind, of th% o
stepdutdlant shdmrinee comPPMBAScoRARt M. used pBs the Te

exanpl e, whep hydrazine is used, the nolar ratio of

compepRdi AE TO t SOFROURA-is preferably from0.5 to 4.0,

andAs reductants, any reducing substances (atoms,

molecules or ions having properties so as to likely
provide other molecule with electrons) having an
oxidation-reduction potential against a standard electrode
of not higher than 0.53 V (the potential of tellurium
dioxide is in the vicinity of 0.53 V) can be used.

Bydrazine, hydradinium salts, hydroxylamines, and the
like are preferable in view of reactivity of the reduction
reaction or because they do not act to water. Specific
éxamples thereof include hydrazine acetate, hydrazine
dihydrobromide, hydrazine dihydrochloride, hydrazine mono-
hydrochloride, hydrazine monohydrate, hydrazine sulfate,
hydroxylamine, hydroxylammonium chloride, and hydroxyl-
ammonium sulfate.

The amount of reductants to be used varies depending

upon the kind of the reductants and the reaction condition.




nore preferably from1.0 to 3.0. Wen the anmount of
hydr azi ne added is less than 0.5 nole, unreacted
tellurium dioxide remains in a large anount. On the
ot her hand, when the anount of hydrazi ne added
exceeds 4.0 noles, even by further increasing the
addi tion anpunt, there is no advantage at all
Rat her, in order to renove unreacted hydrazine,
excessi ve labors and rinsing |iquids e required..In
Fox¥ heXgEpacof "HaherNYSHREIBRt <5t H%??Cﬂyd?g?i H@i%‘i Hgatio of
amount of thelr additi.on suhstanti al foll that o
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liquid_su as _wat er d.,an grganic lLve
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hyéfkgig eadgﬁgff%ai%gs.¥%gﬂ bhe Rgﬁ%%”gﬁr%%ckﬁﬁ tellurium
solvents, e el 'uri um conpound i s dispersed so that
diéﬁfd]%e%%%i% {gag! i ON-HECAABENGASY bR RIHCES8EheAS hand,
result, the resulting particle of netallic tellurium
whBRCOHBS anBLA®r B hlarkedHet hafegoRstickietis af. O RRles, even
tel lurium conmpound is adequately chosen by exam ning
byt FusElawi hhbyeabihe thel bdditioaonmeomit | 0 theresedls no
in water or an organic solvent, etc. and the
adtrafthiyei tat o1l he rRetlodxnt inFordesxanpl gempret i neasted
where water-soluble telluric acid is used as the
hystrartineg t @xXaesisime orjrhans aneRdy drdpphBdas ligydds are
reductant, respectively, only by addinq:hydrazine i nt.o
regnizgdeoudnsdhet iceFeoPh aihey Feducrants ddian hydrazine,
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hydrazine.

The reduction reaction is carried out in a liquid
such as water and an organic solvent. As the organic
solvents, alcohols, thydrocarbons, and the 1like are
preferable. With the presence of the solvents, the
tellurium compound is dispersed so that the reduction
reaction becomes easy to proceed. As a result, the
resulting particle of metallic tellurium becomes uniform.

The reduction condition of the tellurium compound is .
adequately chosen by examining the solubility of the
tellurium compound to be used in water or an organic
solvent, etc. and the reactivity of the reductant. For
example, in the case where water-soluble telluric acid is
used as the starting tellurium compound and hydrazine as

the reductant, respectively, only by adding hydrazine into



metallic telluriumis formed in water. In the case
where telluriumdioxide, a tellurium conpound havi ng
poor solubility in organic solvents, is wused as the
staring tellurium conpound and hydrazine as the
reductant, the rate of the reduction reaction is |ow
In this case, it is necessary to pronote the reaction
by stirring and heating over a long period of tine.
Specificallx, the reactigon is carrjed out at a

an { aAperas upelugionr oh 4¢3 WG REIHI 3T nEORBI FEmpprature,
wat er and at stirring rate of frgg;loo %o 500 r

a
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of from60:Cto the boiling. point_of water and at a
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hougs. T NEION G eR ArlPiRREGEO G ASLIBL] NG,  R.1 1 urdum
reducti on reaction, besides heating or stirring,
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uri umconpound, a réductant,” and water
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reaction and the grinding proceed at the sane tine,
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obtained. As a result, good influences are given to

Int hdigerdzyarance HE hbeesesuit ity matrabiyst th&hoegetiibe by
organi ¢ solvent which is used during the grinding is
sthetripgrt iacwl arhgatimgt edveor gani dosal vepesioghi of artdme.

liquid at the anbient tenperature and can be - 10
Spegsifiigaldipy &lei Hepesiont dFs cardiprefitafite 2 temperature
ofsggghju%ﬁél¥b the boiling point of water and at stirring
rate of from 100 to 500 rpm for from 1 to 20 hours, and
preferably at a temperature of from 60°C to the boiling
point of water and at a stirring rate of from 200 to 300
rpm for from 2 to 10 hours.

Furthermore, as a method for promoting the reduction
reaction, besides heating or stirring, there is a wet-type
grinding method in the copresence of a tellurium compound,
a reductant, and water and/or an organic solvent. In this
way, the reduction reaction and the grinding proceed at
the same time, and more .finely particulate metallic
tellurium is obtained. As a result, good influences are
given to the performance of the resulting catalyst.

Though the organic solvent which is used during the

grinding is not particularly limited, organic solvents

which are liquid at the ambient temperature and can be
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al cohol s such as net hanol, ethanol, and propanol, and

hydr ocar bons such as hexane, cycl ohexane, and tol uene

are preferable. Wien water or the organic solvents

are present at the time of grinding, the increase of

the surface energy acconpanying the grinding is

relieved, and grinding efficiency is enhanced. Wth

respect to a mxing proportion of water or the

organi c solvent to the tellurium conpound at the tine
cagpily gremeved, inapestortens argarrefespbeftr j Specifically,

preferably used in an apount of from 10 to 1, 000
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ts_b d.on 100 parts . b f th
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ter,. or the .argani c solvent tQ the | A |
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parts mass, ground Tat erl eres to

L ndi \Y; el th t A.ndi n ec
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“that grirnding efficiéency is |owered. For a

grihlindhnarerehbney asnadfahlyewhi ch grinding is

conducted by driving the vessel per se containing the

mat wi Al deepRetgrosing s xphef enrelplortiSpecet | vatéy, or the

there are enunerated a ball mll, a vibration mll,
orgadia sollaeettarto behé mellur@Gondicageduntk as thet &dmg of

fromO0.5 to 24 hours. Wien a powder which is obtained
grbyddnghnga;qnﬂqnjthg]grganic 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 tellurium compound. When the mixing
proportion of water or the organic solvent to the metal A
is less than 10 parts by mass, ground material adheres to
the 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 lowered.

For a grinding machine, a mode by which grinding 1is
conducted by driving the vessel per se containing the
material to be ground is preferable. Specifically, there
are enumerated a ball mill, a wvibration mill, and a
planetary ball mill. Grinding time is suitably from 0.5
to 24 hours.

When a powder which is obtained by drying a solid as
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obt ai ned by the foregoing reduction reaction is
subjected to powder X-ray diffraction analysis, it is
understood that the subject solid is a crystal of
pure hexagonal netallic tellurium Wen the f.oregoing
dried powder of netallic tellurium is observed by an
el ectron m croscope, with respect to the appearance
of the primary particle, a spherical particle or an

acicular particle is_observed depending .upon.th .
obtaiiriast ahtethe RESERHNGT MORURCRGY oo W nprjl“smarglﬁbJQCtEd

particle _has a ve nar.r ow particle si - a
to gperrrtyt XohaY Fﬁ%ﬁ%ﬁa\’%}%",n g éub’ﬁlggm %ﬁerlast i BRagFstoe
the primary.particl.e is.see gsg i ngeURQR- he 1
th%ﬁuﬁﬂ&? t%u%%gﬁ séFggﬁ% %%igyis %%ﬁén%nenon as oaona
I at time of drying the sanple and does
TeYY %ﬁf%%&fﬁ?éﬁﬁfoduction-of a catal yst and the

perdoLepse PErLHEihgsabibadpentiakysE. mékalshize tefllubeum
primary particle of nmetallic telluriumas obtained by

is tEs&PEEAOLPOahedUsELOBN! RREFbBROPES Wi thheesprge &b the
not nore than 4.0 pm and preferably not nore than

appefrdhid f |@astponeatyr eetritdmleThaughpherioakr paintitcle
of the size of the primary particle is not

orpaid | gulaslyrpresentgle t iks ghredeved| gepepdipdoruper ¢ the
fromthe viewpoi nt of easiness of the operation. Wen

diffieresieecoff thee yadunptrioparetled. | sARYQ PR IFpRRT ticle

. dispersibility of the netallic telluriumpartigle.in

hagageveryr DEKECYT Fafitd cd6 Pdife eSO sd’%{% ermore,

thtgﬁégcf’ éggggingggt%na SELaLyst LR bl KG! Yo RAVELPE! Vis

seen
depending upon the sample to be observed, this is a
phenomenon as generated at the time of drying the sample
and does not affect the production of a catalyst and the
performance of the resulting catalyst.

The size of the primary particle of metallic
tellurium as obtained by the foregoing reduction reaction
is in the range of not more than 4.0 pum, and preferably
not more than 2.0 pm in at least one direction. Though a
lower limit of the size of ﬁhe primary particle is not.
- particularly present, it is preferably 0.01 pm or more
* from the viewpoint of easiness of the operation. When the
size of the primary particle is 4.0 um or more,
dispersibility of the metallic tellurium particle in water

or the organic solvent becomes worse so that the

production of a catalyst is likely adversely affected
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- 12 thereby. Step (2) In the step (2), the
unreact ed reductant contained in the dispersion
containing the nmetallic telluriumfine particle as
obtained in the step (1) is renoved. Wen the organic
solvent is used as a nmedi um of the reduction
reaction, the solvent is renoved, and water is then
added to obtain an aqueous dispersion. As a nethod
for removing the unreacted reductant and organic
thepgl®nt, there are enunerated a nethod for
eva oratlng of f the reductant and organic solvent in
StgRc(® and a nethod for separating and renoving the

d
][ ie| st ?ﬁ%nagﬁgr g??m %h%?il\éeg%ﬁggd ¢ QJ.I t];HQatc BAtalhed in

e renov
thr e ?I S grr_sSiglg tggmt u‘ﬁéngtﬁ@t E}llléﬁaplf ecj:l Llfél‘i'ﬁxfuﬁ? fine
%ar | wat er I ST pOSSI ble to Olbt aln an aqueous

ag{fgféség aoBEa%hgdnﬁhalthbc stel Yahums§ @R Chienl tthe

I S™ I npor at the reductant does not remain in

or% fikessbivag: agueousedi SRET i Oedaith | bfi Stipk efreicaldlid on
at the netallic telluriumfine particle as obtained

rel¥tibhl ! taki @olverthauglhyvedshaeddwibhevater theth added
t hen dlspersed in water to obtain an aqueous

todobpaini an. aghebusesiagierisdon .codeemt matilod dfoxt emoving
solid in the aqueous dispersion, the anmount of water

thies pneézchéedy dfadnntar( t endoerganie Folvedlite ofheke are

metallic telluriumfine particle.
enumerated a method for evaporating off the reductant and

organic solvent in vacuo and a method for separating and
removing the reductant and organic solvent by
centrifugation or filtration operation. After the removal,
by re-dispersing the resulting metallic tellurium fine
particle in water, it is possible to obtain an aqueous
dispersion of the metallic tellurium fine particle.

It is important that the reductant does not remain in
the resulting aqueocus dispersion, and it is preferable
that the metallic tellurium fine particle as obtained by
‘filtration is thoroughly washed with water and then
dispersed in water to obtain an aqueous dispersion.

With respect to a concentration of the solid in the
aqueous dispersion, the amount of water is preferably from
10 to 100 liters per mole of the metallic tellurium fine
particle.

Step (3)
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Step (3) - 13 - In the step (3), the reducing

di spersion containing the nmetallic telluriumfine

particle as obtained in the foregoing step (2) is

m xed with an Mb6+ conpound and a V5+ conpound, and

the m xture is allowed to react at a tenperature of

40C or hi gher for one hour or nore. Exanples of the

Mo6+ conpound i nclude amoni um nol ybdat e, nol ybdenum

oxi de, and nolybdic acid. O these  conpounds, ..

anmbhi HRentiEARIal @) i s threfRadi D ePhBRRT P10 s containing

soluble_in water. As the V5+ conpaund, a ni.um, .
theroMAFAHIdS otS L HEHITIT 1PEn (R GBSt P17 ik, bn  the

referable. W respect to.additi sd 5+
S M IRE R L O

and 1) of ang, Te s fro 0,5, £t at
Coi g‘ﬁ%éf [ vaé%‘/cy}, glﬁ% a%fjé%%r:néc I%aﬁ %%‘%) %c% 'Feeatco Va% S =

ter}n%gmagug‘et 8rl48oc WEM Mo ABE odQ £kt SbiRbEE. the

regorng ranges, It is inpossible to obtain a netal

oXi f@amBliakySlofM tfhan f¥Pect 88nPSER@r MTRAGEUJEOr dmfifnium
pur poses of inproving the operability, etc., the

mo2{Haas , dinsd§bslicommmaykikie didnd edobybdit hetdaddiofy these
water thereto. A reaction tenperature is 40C or '

cohbghads, anthopiede madillybdatom 46 poefpabld besbiusg it is

time is preferably from1 to 10 hours, and nore
sopubfler abl yafteem 2 to 5 hours. It is preferable that

the aqueous dispersion is stirred during the )

r eadssi dihe compound, ammonium metavanadate, vanadium
pentoxide, and the like are preferable.

With respect to addition amounts of the Mo®* compound
and the V°7 compound, an atomic ratio (i and j) of V and Te
to Mo is from 0.01 to 1.5, respectively, and an atomic
ratio (j/i) of Te to V is from 0.3 to 1.0. When Mo, V and
Te fall outside the foregoing ranges, it is impossible to
obtain a metal oxide catalyst with an expected performance.

For the purposes of improving the operability, etc.,
the aqueous dispersion may be diluted by further adding
water thereto. A reaction temperature is 40°C or higher,
and preferably from 40 to 100°C. A heating time is
preferably from 1 to 10 hours, and more preferably from 2
to 5 hours. It is preferable that the aqueocus dispersion
is stirred during the feaction.

Step (4)

In the step (4), a reaction liquid as obtained in the
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Step (4) In the step (4), a reaction liquid as
obtained in the - 14 - foregoing step (3) is m xed
with a conmpound containing a netal elenent A as
described later (hereinafter referred to as
"A-containing conpound”). Though mixing tenperature

is not particularly limted, it may be usually room
tenperature. It is preferable that the netal elenment A
is mxed in the state of _an gﬂueous sol utjon or

forguindos SEPRpURLi it et BiEdsE, ERERTY [raiing a
mefa P HeBSUE! Py 2% HARBEE: PRYo 17 erur e T rn i, Féfrre
to GEURCHR ST PRSI fy fhoffh *ilging, FoRpetacure
s Shneaa gt S BHLAE] ST fra ANl Bbina 9! dkoom

terh'cée%aséﬁifei N the; fnyeakbeariaCkHde exkdmstani blaest A is
arboxyl ates, oxonates, and oxal ates. The insol uble

‘iR 0RhaididUs t£ 0PN hrTByqli€ods S gelued onn cndani xegeous
with water. In this case, by jointly using oxalic

didSéfsi®h¢., Ihethienpeasd, Caninae di sfdnecdorecipitate is
An addi tion anount of the A-containing conpound is an

foanadnt dsuthgt hahishemiibngs déhenetixed], limidet gsually
element Ais from0.001 to 3.0 in terns of an atomc

changes infot heshera¥-in the resulting netal oxide
catalyst. In '

The metal element A 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.

Examples of the A-containing compound which is used
in the invention include oxides, nitrates, carboxylates,
oxonates, and oxalates. The insoluble A-containing
compound may be dispersed in and mixed with water. In
this case, by Jjointly using oxalic acid, etc., the
compound can be dissolved in water.

An addition amount of the A-containing compound is an
amount such that when Mo is defined as 1, the metal
element A is from 0.001 to 3.0 in terms of an atomic ratio
of the metal 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 element A is less than

0.001, deterioration of the resulting catalyst is liable
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the subject catalyst, in the case where when Mo is
defined as 1, the proportion of the netal elenent A
is less than 0.001, deterioration of the resulting
catalyst is liable - 15 to occur. On the other hand,
in the case where it exceeds 3.0, the activity of the
resulting catal yst becones Iow, and the conversion of
propane beconmes worse. In the step (4), by adding
ammonia water_and nitric _acid or ammobniumnitrate in

to peryed |PyubBeastBstabred byt K1Ri FESEhEDPRIEoATarHCRGIS
conpound with the reaction liquid as_aqbtained in thﬁ
3-Q eEhFSﬁCtthété’er?%rﬁgﬁcge@r“]t 9| OJ[X% n}f’r%?ﬁﬁ“es oWy
xjde catalyst is further enhanced. Wth respect to
an%r Br PRV ah Rl sCof ParhBht a~Rater “ali@“ At tric  acid or
anﬂﬂglgggmédétehép bB u%%%iﬂaw 'H &gt H4@nitric
water IS an arou tonyalnlng .470or nmore of ammoni a

acid oLeggpoﬁﬁuﬁ mwﬁyéqgﬂﬂﬂ)échﬁﬁﬁan?iaﬁiéwaéngbkggned by

anount nitric aci or ammoniumnitrate 1s an

mi RIRYNEheORL/AJH TG nitg bHpdiE R{tR Bhél keadtidn Aiquid
in Terns of a nolar ratio” to the netal A,

as' espesind@l Yin St (Btep) B¢, St €he( Perfdemamaed of the
liquid in the state of slurry as obtained in the

refol egagnmethap o)de scetvlnpstat sl footdeynesbanard.t h&ith
resulting dried material is dried and then cal cined.

refpeatniichqurd Derredoampgniat ef fammenime wibergsehdg nitric
m xed liquid, there are enunerated a variety of )

actdneeneimseaiip RAdGKR teettivode sirad adha aint Gf @gmonia

water is an amount containing 0.4 or more of ammonia in
terms of a molar ratio to the metal A, and the amount of
nitric acid or ammonium nitrate is an amount containing
2.0 or more of a nitriec acid ion in terms of a molar ratio
to the metal A, respectively.

Step (5)

In the step (5), the mixed liquid in the state of
slurry as obtained in the foregoing step (4) is evaporated
" to dryness, and the resulting dried material is dried and
then calcined. As a method for removing water from the
foregoing mixed liquid, there are enumerated a variety of
conventionally known methods such as evaporation to
dryness and spray drying. .In the case of evaporation to
dryness, though the water may be evaporated merely by
heating the mixed liquid, by blowing an inert gas such as

nitrogen and air during the evaporation to dryness, it is
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dryness and spray drying. In the case of evaporation
to dryness, though the water may be evaporated nerely
by heating the mxed |iquid, by blowing an inert gas
such as nitrogen and air during the evaporation to
dryness, it is - 16 possible to efficiently achieve
evaporation to dryness. A tenperature of the

evaporation to dryness is preferably from50 to 130C
Next, the dried material as obtained b

poswiakpi kg cEherhenbhY| §cleaﬁ‘6?n%HaPPFaF§°ﬁrE%f’ﬁﬁ?@ss A
that the caIC|nat|on i's on two, sta

ied o
emRtCRreart, HHhelaper A fo Bxfies o P oherably

of from 250 to 380C, and preferably from
fr?%ggﬁo g@ éﬁ from2 to 20 hours, and preferably

fr0H13F§gt%O 25L3 h tgggalp §SSBE§19EdOé¥g%ﬂe foregoing

Ther & e resu tlng mat er|

d a as whgg ei eAnis RRE%ENtH
°pgfgﬁiggnp%?at3%%2%%&%€0n1500 tof%GSE?égﬁdeprefgrably ©

cal EPALBTAnt Q6206 4ia f 6@ BnSthe &thYdss, apdrst of all,
preferably from1l to 3 hours. In this way, it is

th@0TH 1R dtA g O0fsICealrhe cdPtalt Oxtde Cedmpbersdtwes oodi Ifrom
~ to the invention. incidentally, the determ nation of
250heoCc RPN, S a0id prifdraadlgneften | 280 heom3BaPCofbdefrom 2
catal yst as obtained by the foregoing calcining can
tobe@@ahpued , olmndypieferabdgntfrom r 3y tmalPsihpurFhoigh the
the netal oxide catal yst as obtained by the
presence of oxygen. Thereafter, the resulting material is
further calcined in an inert gas wherein no oXxygen is
present at a temperature of from 500 to 660°C, and
preferably from 570 to 620°C for from 0.5 to 6 hours, and
preferably from 1 to 3 hours. In this way, it is possible
to produce the metal oxide catalyst according to the
invention.

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
X-ray analysis.

Though the metal oxide catalyst as obtained by the
foregoing method can be used as it is, it is preferable
that the metal oxide catalyst is ground in an appropriate
particle size to increase a surface area of the catalyst

and then provided for use. As a grinding method, known

dry-type grinding method and wet-type grinding method can
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foregoing nethod can be used as it is, it is
preferable that the netal oxide catalyst is ground in
an appropriate particle size to increase a surface
area of the catalyst and then provided for use. As a
gri ndi ng nmet hod, known dry-type grinding nethod and
wet -type grinding nethod can - 17 be enpl oyed.

Speci fic exanples of a grinding device include a
nortar and a ball mll. In the case of

1] ! wet -t e d .
be gemRdrNgd-as g?Pﬂﬂ%ﬁbca§%¥%WEﬁﬁ%,‘“%t@r,gﬁFBéﬁBPs, -\ e i
the |ike are enuperat T. article size of -t
inqliide A MOmia A g Lk bf oS et oes PELtvpe
20, . and nore.. preferabl t t Thoughihe
arigii 35 Sl Rttt TREG | eloohdls TNaHENen

1iK% ppoLt ed Slal&ed ! Clealn0-NEIusedi DY S¥PRAUd | BEthiyst

h @& “known carrier having an appropriate particle

17 €&y r 88T i s Shib£8rald] YMASE mSkLi €Rasl 2O and
af%llzi%%n car%i }Jlse%b&r%eér%upyporti nra armun? S n%ﬁa' more

prdfdidel) by hérdteshbus (el lows a conventional
supporting anount. A process for producing acrylic

aci thédigmn Phepaseabyoxide ngatdtystt ahnokedesedt ahyst non-
as produced by the foregoing production process will
supsohese ustiete destr tbrdal By bat nsddchbygsprppabéngndt on a
oxygen gas as raw materials of the production of
knewen ybarrier dhavingaaneappoebriatengarkéchet Al 26xi ggch as
_catalyst charged therein, propane is_catalytically Th
sibi¢ali zebuBynehesikigp-aki@engat apgspilicon carbide: e
supporting amount is not particularly limited but follows
a conventional supporting amount.

A process for producing acrylic acid from propane by
using the metal oxide catalyst as produced by the
foregoing production process will be hereunder described.

By introducing propane and oxygen gas as raw
materials of the production of acrylic acid into a reactor
having the metal oxide catalyst charged therein, propane
is catalytically oxidized by the metal oxide catalyst,
thereby generating acrylic acid.

The reaction temperature is preferably f:om 300 to
600°C, and more preferably from 350 to 500°C. Propane and
oxygen gas can be separately introduced into the reactor,
the both of which are then mixed within the reactor; and

‘the both can be mixed in advance and then introduced into

the reactor.
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thereby generating acrylic acid. The reaction
tenperature is preferably from300 to 600C, and nore
preferably from 350 to 500C. Propane and oxygen gas

can be separately introduced into the reactor, the

both of which are then m xed within the reactor; and

the both can be m xed in advance and then introduced
into the reactor. 18 Exanples of the oxygen gas

i ncl ude ﬁgre oxygen gas and air, or a diluted gas

t heFEJPPIES h Ofi t e RXYSEBaARST lacya%oﬁm&‘eox?’asé%‘asgas
In the case where propane and air are used as

ra
angpdefy aP¥, 3 K- 1pHsshrdaontRrrest Yotpr BhERRIFR/ Steam or
refera a $ot nmore than 30 tines, and nore
% %?%?a +§X? Bn¥852 to 20 times in terns of a vol ume
r at ace eIOC|t ereiLnafter.r re 0. as
" 51 t‘ﬁeS(\a/\/nc‘)”r;l(1 %%é%}%\%v ﬁg eraﬁalf gggeéﬁ.’%& a8 raw

ma%é?o %abkﬁe %éy§%téﬁ) %rAﬁgrg}othsnlgh%r%ﬁﬁg%bly

Yy is I el'd of acrylic
noEChQrEeEhHH'bo”%aﬁle %Bﬁ m%@habiéEegﬁﬁﬁﬁeﬁrbﬁWD Jphidee 20

when It exceeds 8, 000 h -1, the conversion is

tithe¥el RdteFhQUER hhepmafnaa%edot aw naterial propane
present in a reaction gas to be discharged from an

out Irat @baldee valrReinr (Hepsopyfesme asfanredt eonedi Ats”)
can be used as a fuel as it is, the unreacted raw
of methey i whole opdinetler rawoppiteméads gasamt b mediigebly from
whi ch has been separated from
1,000 to 8,000 hr'. When the space velocity is less than
1,000 hr™?, a yield of acrylic acid per unit mass of the
catalyst becomes low, while when it exceeds 8,000 hr™, the
conversion is lowered.

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 can be returned into
the reactor and reused.

The metal oxide catalyst as produced by the invention
can also be applied to ammoxidation of propane
synthesizing acrylonitrile in a high vyield. The
ammoxidation condition substantially follows the foregoing

vapor phase catalytic oxidation condition of propane.

The invention will be more specifically described
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ot her conponents in the reaction gas can be returned
into the reactor and reused. The netal oxide catalyst
as produced by the invention can also be applied to
amoxi dati on of propane synthesizing acrylonitrile in
a high yield. The amoxi dati on condition substantially
follows the foregoing vapor phase catal ytic oxidation
condition of propane. The invention will be nore
specifically descrlbed 19 belom1mn h reference to

belpyaniidd argfesrpsrat e t%ﬁaﬁ%?%@P Fhci Y& tex?TPa¥ e
t he fO||OMAng respective | usive

Exa%ﬁﬁ e 4) lzﬁfl VelrEx esé w:.n p]géc tive
teri I h t

o T B R T A ol e

g%:%lsp%)élt(.%% C?L%y%asc&%%@ m.%ef obi aihag vszﬂahe tht a

ratito o e respective netals 1n a nmetal oxid

bt e @l e bty sdesphiksbedukah r.th
“‘°]%7b SC}L “of) i/‘% g%éf%b O o e e T EphE AR tukahg! - the

re&?ﬂﬁﬂg?tm@&Pbéﬁid@dcéﬁh s heddife EXaNPbESOMRSY ONSEUE .
t abl et=nol ded, and the nolded article was pulverized

A h818ra 8ita® ChE f ERE e sreciiweeshetarids pnow deztdloroxide
use. 1.1 ILL (about 1.0 g) of the catal yst as produced

catdl y£ecdis obbtaindt anpl Bsampbe chak g etesertbefiakazemade
reaction tube having an inner dianmeter of 10 mm The

reaction tube was heated at 400C, and a m xed gas
Mo f6fPal Wb rg B.8/0,3§/0.13/0.12

The metal oxide catalyst as obtained in each of the
Examples was once tablet-molded, and the molded article
was pulverized into a size of from 16 to 30 mesh and
provided for use.

1.1 mL (about 1.0 g) of the catalyst as produced in
each of the Examples was charged in a quartz-made reaction
tube having an inner diameter of 10 mm. 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 3,924/hr™,
thereby producing acrylic acid.

On the basis of results obtained by composition
analysis of the respective components as formed in the

reaction product, a conversion of propane and a

selectivity of acrylic acid (all of which are on a molar
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vol une of propane, 9.6 % by vol une of oxygen, 36.1 %
by volunme of nitrogen and 47.7 % by vol une of steam
was fed into the reaction tube at a space velocity of
3,924/ hr- thereby producing acrylic acid. On the basis
of results obtained by conposition analysis of the
respective conponents as forned in the reaction
product, a conversion of propane and a selectivity of

acryllc acid (al]l of which are on a npl ar 20
basdetle cHPER at %‘E’c%??ﬂ ng3F6°ERE Fol | B m’jhe P8P &ding

ex ressi ons. he results exce ose of a 4 ar
QN TablT8eL T§FI D §%FC ST Eﬁ"g‘?‘%’y? £l&re
. P stan rppa r n p .
Shc("’% Jlrboﬁé}%[? F.éd p?% p%%%ljg P L#ﬁeaé?ﬂ%g pj?%]gaarlfg y?{:‘gdgggd'
r pglggld e& tl Vot v Of acryllc acid (%9 = 100 x
an# or e é%ry §>(écB (Fed propane) (Unreacted
pr opane) | Yleld of acrylic acid (% (Conversi on of
dgnq,@:@q)org( ofaPrddah0 (eyekectivity of acrylic Exanple
In a 500-nL gl ass-nade flask, 3.64 g of tellurium
d| oxiidw ard PQradt Prdbifid) | ed (aheeaveed wsmatk) IO(Fed
propane)
« Selectivity of acrylic acid (%) =
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 500-mL glass-made flask, 3.64 g of tellurium
dioxide and 60 ml. of distilled water were charged, to
which was then added 2.8 g of hydrazine monohydrate (80 %
by mass as hydrazine) at 80°C while stirring at a rate of
300 rpm, followed by keeping under this condition for 12
hours. With a lapse of time, the initially white powder
was ultimately changed to a black suspension via a gray
color, thereby obtaining its dispersion.

The resulting dispersion was filtered by filter paper
to obtain a black solid and a transparent and colorless

filtrate. The solid on the filter paper was washed with
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whi ch was then added 2.8 g of hydrazi ne nonohydrate
(80 % by mass as hydrazine) at 80C while stirring at
arate of 300 rpm followed by keeping under this
condition for 12 hours. Wth a | apse of tine, the
initially white powder was ultimtely changed to a
bl ack suspension via a gray color, thereby obtaining
its di spersion. The resulting dispersion was filtered
filter paper..tqQ obtain a bI?ck solid and

20$r?wgpaﬁénélaﬁaléeﬂorW%g%r filPEELE. wm%h%%$r3*3ﬁ*tﬁslld

t hed h - .d

refat BRI AfTer i ﬁﬁ%ﬁ@%&%ﬁ@%%%&ﬂﬁ%*ﬁ&e
t II I

mobHRCIRESBHGEATH. | SHCH s By BATRLRerbob! Lt o

or 20HeQ gﬁegygpgg§§895£89nﬁégﬁkagn9n 8omake @ieﬂaﬁah@ealllc

agueous di spersi on was VI ded Into

teiﬂgrggﬁgl parts while stirring. The half was dried at
50C for 2 hours and then used as a sanple for X-ray

di f fhast iRfuedNR! HskpeaBilof! GGl 0N A 8EQSGRRIE two equal
observation. As a result of the X-ray diffraction

pa2ial ¥EiiSe tdLirrasgl t i Mhadl eks pendedrédd bat ed0°C for 2
diffraction lines at angles of 22.98, 27.52, 38.24,

hodfts42and3.t32n 46s88 awl ad9s#Hplen ffernsXoefaP8 didfifitaation
crystal phase of tellurium dioxide was not

anadséwl eddeeleThuon micpascepiedobRarveiaonk| ack

powder is a crystal of pure netallic tellurium As
sho®s i Frgull afethar &y Feperagtior pradwsis, the

resulting black powder exhibited diffraction lines at
angles of 22.98, 27.52, 38.24, 40.42, 43.32, 45.88 and
49.62° in terms of 20, and a crystal phase of tellurium
diocxide was not acknowledged. Thus, it was noted that the
black powder is a crystal of pure metallic tellurium.

As shown in Fig. 1, the particle shape of the black
powder was of an acicular crystal having a size of 0.1 pm
in diameter and several pm in length, and a scattering of
the size of the respective crystals was small.

Separately, in a 500-mL glass-made flask, 2.56 g of
ammonium metavanadate, 15.45 g of ammonium molybdate, and
50 mL of distilled water were charged and dissolved while
.étirring at a temperature of the boiling point of water.
The foregoing half of the metallic tellurium-containing
aqueous dispersion was added to the resulting scolution,

and the mixture was heat treated for one hour. Thereafter,
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powder was of an acicular crystal having a size of 0.1
pm in dianeter and several pmin |length, and a
scattering of the size of the respective crystals was
smal |l . Separately, in a 500-nL gl ass-made fl ask, 2.56
g of ammoni um netavanadate, 15.45 g of anmoni um

nmol ybdate, and 50 nlL of distilled water were charged
and dissolved while stirring at a tenperature of the

boi |.i i nt of ter. f [ hal f. of. th
thiohaik REPEOR (HeE e TG Y HERRShEcT dhshéin Chagaed
added to the re u%tigéfé“gl”jéghw %ﬂg the m xture was
th‘ﬁ’éﬁl’nt\%ﬁt%‘aoi%ﬁi Re”nour-y THE: éarter, - 22 the flask
havi h Lt . can .
et el 4 LoSE et ) QAN GRE LIRIC of

ni&%f’ﬁ‘gi &g@&i g:eg.ad hsth1%ed idiAPifL agE daner el deasabyed to
In 70 0 Istilled water to prepare an aqueous

préphbbi b OhqhbSudMAARILIRTPEF aithiee. amPidbist aguaRdsature.
sol ution was added to the foregoing reaction |i1quid.

ThiBeahasukl RGIMLIRG Wil BAIES ¥bd JBheusbyegbii hyedealcdiion
10 mnutes, with which was then mxed 2.5 g of

ligamani urhai reat@tihheméakbtel iqulid wast wigowasisly stirred
‘concentrated by heating and further evaporated to

fodr yhessnimutd2pC. wiltlte ndsight | mgsdr thennemexed| 2B g of
calcined in air at 300C for 5 hours. Thereafter,

amgpghdlimat | oA twasecar ri ed Theyeafiyex ni t thgen Fdgture was
at nosphere at 600C for 2 hours to obtain % gptal

copgeppETated Wit herting 379 eHUpFRST of¥pRporated to dryness

at 120°C.

The resulting dried material was calcined in air at
300°C for 5 hours. Thereafter, calcination was carried
out in a nitrogen gas atmosphere at 600°C for 2 hours to
obtain s metal oxide catalyst. As described previously,
the resulting catalyst was processed into a size of from
16 to 30 mesh and then used for production reaction of
acrylic acid.

Example 2

In a ceramics-made pot for grinding having a volume
of 500 mlL, 3.64 g of tellurium dioxide, 2.8 g of hydrazine
monohydrate (80 % by mass as hydrazine), and 2.6 g of
distilled water were charged and mixed. Next, 25 zirconia
balls having 2 size of 10 mm (density: 6.0 g/cm’) and 5
balls of the same material quality having a size of 20 mm

were then charged in the pot. The foregoing pot was
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the resulting catal yst was processed into a size of

from 16 to 30 nesh and then used for production

reaction of acrylic acid. Exanple 2 In a

ceram cs-nmade pot for grinding having a volunme of 500

m., 3.64 g of telluriumdioxide, 2.8 g of hydrazine

nmonohydrate (80 % by mass as hydrazine), and 2.6 g of

distilled water were charged and m xed. Next, 25

zirconia balls having a_size of 10 mm (density: 6.0 ..
PlgrEAg) ORndt P Rt bf ssaﬁEdrraFB]PP%fggﬁﬂal *f<¥y grinding

hayi ng,a, size, of .20 were then gharged, int pot .
trRRENBY oY 1A AL SF CAERE Lo RS 1Tk AP P o
12agd s%bjected to grinding treatnent by rotating at a

of3fPonal speed of 170 rpmfor 12 hours. The

res%t“ei T‘EeQJan‘Eﬁg' alﬁnlL?YcﬁNa§lEH:gerv?£s b%&fliﬂ Lels BoPSfilter

to obtain a so

( _ a transparent and col orl ess
paplehd el Eopthense | doPut Hadf id t €FaREPEFeMRS aWRSKSh orless
wth 200 n-LL of distilled water. ereafter, the

fid@radanas Tk SPELEA dnn wWHestfd1 sk WhBert QagbtRighe?D with
nmL of an aqueous dispersion (contalining 0.28 nole as

200etmll icr taiktitoe)l wdbes. aquehesedfspel Sithe waslid was
divided into two equal parts while stirring. The half

diwgerdreided mtdisEiQ fegl vateourtsy dbimire B tmIagpf Hmcgueous
powder was provided for neasurements of X-ray .

- digipefrsdon ofcambhirl ng afd 28| eealeonasi mededdgicc tellurium).
observati on. .

This aqueous dispersion was divided into two equal parts

while stirring.

The half was dried at 50°C for 2 hours, the resulting
black powder was provided for measurements of X-ray
diffraction analysis and electron microscopic observation.
The zresults of the X-ray diffraction analysis were the
same as in Example 1, and it was noted that the resulting
black powder is a crystal of pure metallic tellurium. As
"shown in Fig. 2, the particle shape of the black powder
was o©of an agglomerate having a size of several um and
composed of a primary particle having a size of about 0.1
pm.

A catalyst was prepared by the same operation as in
Example 1 by using the foregoing half of the metallic
“tellurium-containing aqueous dispersion. Acrylic acid was

produced under the same condition as in Example 1 by using

the resulting catalyst.
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The results of the X-ray diffraction analysis were the
sane as in Exanple 1, and'it was noted that the
resulting black powder is a crystal of pure netallic
tellurium As shown in Fig. 2, the particle shape of
the bl ack powder was of an aggl onerate having a size
of several | Am and conposed of a primary particle
having a size of about 0.1 A catalyst was prepared by
the_sane operation as in Exanple | by using the
ExppPé§orng hal f of the metallic .tellurium containing

sauggus dogperyn, Mo ko s oduoe st s,
t] tal yst.. - .24 Exanple 3 | 00-nl ..
ang B 0 | A o e P e Pt aR e otves
wi%%x. déént.fi‘:’.x?g \g%t ok’ %eﬁlgggrg% r%r]d d?s o'(#egf M}}J}azine
stirrirng at™room errperat re. . g o Yy azl ne

mogg,;ﬂ KA e dBG %;Pyrpggésaeshw%ﬂha?) wARS RRERM 4P this

solution. Acolorless and transparent sol ution

sol@tidmhanged t allAdkesy Urdng ateddisiavtht | 'BoXition was
addi ng the reductant. The resulting black slurry was

chbinlgle®Y et bp1kicdkt esluPapent MRS eadmer tike 68Madding the
operation as in Exanple 1 was followed to obtain an
realygitairar.ate of a fine particle having a particle size
of about 0.05 Was shown in Fig. 3. A catal yst was

pr odicedrbyud iogniipehe sdggironevas e fiddwred hbysahbl ter

condition as in Exanple 1. Acrylic acid was
paper. Thereafter, the same operation as in Example 1 was

followed to obtain an agglomerate of a fine particile
having a particle size of about 0.05 ym as shown in Fig. 3.
A catalyst was produced by calcining the agglomerate under
the sgame condition as in Example 1. Acrylic acid was
produced under the same condition as in Example 1 by using
the resulting catalyst.
'Example 4

In a 500~miL glass-made flask, 3.64 g of tellurium
dioxide and 60 mlL, of distilled water were charged, to
which was then added 2.8 g of hydrazine monohydrate (B0 %
by mass as hydrazine) at 80°C while stirring at a rate of
300 rpm, followed by keeping under this condition for 12
hours. With a lapse of time, the initially white powder
was ultimately changed to a dispersion of black suspension
via a gray color. Thereafter, the same operation as in

Example 1 was followed to obtain an aqueous dispersion of
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produced under the sane condition as in Exanple | by
using the resulting catalyst. Exanple 4 In a 500-niL
gl ass-made flask, 3.64 g of tellurium dioxide and 60
m. of distilled water were charged, to which was then
added 2.8 g of hydrazi ne nonohydrate (80 % by nass as
hydrazine) at 80C while stirring at a rate of 300
rpm followed by keeping under this condition for 12
hours. Wth a lapse of tinme, the initially white
mepahdiee tedsuglivimat el y changed to a di spersion of
bl ack suspension via a gray color. Thereafter,_ the
sanﬁeeﬁ’éagteixm a8 i3 SEFAbI glesra®ers 1wtk 1 o? 0bt afnof
an aqueou disggggion of -- 25 netallic eu uri um

amagR i BEF2VRR=GaE60- At OgPaS. ARAE T 1HsKoLYPER tf /ofnd 50

a ni,um _net avanadate, 3.0 g .of a ni.um pol ybdat e, .
me ] S S TP R T e oSt o DET ) ARy I S 7od while

; ) P et . ;
ool B ) OO BB B, vcer
ThEB Al dd ok | Hah #MJF SPRES k2 WaS: addetut Puhn@ispersion

resulti'ng solution, and the mxture was heat treated

wabOadRR heyr thdheegafitehg ko ibdf amdMBREURMixture was
nol ybdat e was di ssolved in the foregoing reacti.on

hebitqQUideatadwhirel wasef Uhblier addetetsmpvése 1121 45 ofg of
30 % anmonia water, and after el apsing for severa
amnibnti Les mollyitide tet iwaisi bid s skllerededot itde [ficpagbimenatesd:tion
60C. 5.89 g of oxalic acid and 2.32 g of niobic acid
ligwid, to which was further added dropwise 1.4 g of 30 %
ammonia water, and after elapsing for several minutes
while stirring, the reaction liquid reached 60°C.

5.89 g of oxalic acid and 2.32 g of nicbic acid were
dissolved in 160 mL of distilled water to prepare an
adqueous solution of the ambient temperature. This aqueous
.solution was added to the foregoing reaction liquid.
After vigorously stirring the resulting mixed liguid for
10 minutes, 2.5 g of ammonium nitrate was mixed with this
mixed liquid. Thereafter, the mixture was concentrated by
heat:i.ng and further evaporated to dryness at 120°C by
using a dryer.

The resulting dried material was calcined in air at
320°C for 1.5 hour. Thereafter, calcination was carried
out under a condition at 590°C for 1.5 hour to obtain a

metal oxide catalyst. A molar ratio of the respective

metals in the resulting metal oxide catalyst is as follows.
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di ssolved in 160 nL of distilled water to prepare an
agueous sol ution of the anmbient tenperature. This
aqueous .solution was added to the foregoing reaction
liquid. After vigorously stirring the resulting m xed
liquid for 10 mnutes, 3.5 g of amoniumnitrate was
mxed wwth this mxed liquid. Thereafter, the m xture
was concentrated by heating and further evaporated to
dryness at 120C by using a dryer. The resulting dried

mat eri al mas C d in air at 320C for 1.5 hour.

Mo fipeFedih a7 1 ¢ o {@st€arried out under a
condition at 59OC for 1 5 hour to obtain a netal
oxi

f th
et e ﬂr?ﬁelpgsm%% T %&.séa%é?%"ié%' dgralyst in
th? 0|P|§§ uh:tlon f’Vbécégfﬂ:\'ba&& QLI @ﬁéo ’ O'rrga%nglﬁ as in

grREt 85 oXS Was 2{36d a5 a cata yst

Ex ﬁgcﬁlon BE Q§r¥gkﬁlﬁc'qjkf LBfvaRERoHRIFEN ﬂépéﬂe was

. a resu t he conversion of propane was

6257 Zs %tﬁé‘eséfééeiwtizy ol M&}ll@c aéia vas & &8 %, and
and ‘the yield of acrylic acid was 51.3 S. Conparat|ve

th&Xgiel e drl AcayDOO- 8bigl R56- BR(B %Lask 2.56 g of
amoni um netavanadate, 15.45 g of anmoni um nol ybdat e,
copdri0itt pkampietilled water were charged and
di ssolved while stirring at a tenperature of the _
boi Ihnga p&iodt-mdf ghbaes-madd5 flafk, a Zpdfdeg off ammonium
commercially available nmetallic tellurium
metavanadate, 15.45 g of ammonium molybdate, and 50 mL of
distilled water were charged and dissolved while stirring
at a temperature of the boiling point of water. 1.45 g of
a powder of commercially available metallic tellurium
(mean particle size: 150 pm) was added to the resulting
solution, and the mixture was heated for cne hour.

In steps after heating, operations exactly the same
as in Example 1 were followed to produce a catalyst.
Acrylic acid was produced in the same manner as in Example
1 by using this catalyst.

Comparative Example 2

A catalyst was produced in the same operations as in
Comparative Example 1, except that in Comparative Example
1, after adding the powder of metallic tellurium to the
foregoing solution, the mixture was heated for 5 hours.

Acrylic acid was produced under the same condition as in

Example 1 by using this catalyst.
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(rmean particle size: 150 pn) was added to the
resulting solution, and the m xture was heated for
one hour. In steps after heating, operations exactly
the sane as in Exanple 1 were followed to produce a
catalyst. Acrylic acid was produced in the sane
manner as in Exanple 1 by using this catalyst.
Conparative Exanple 2 A catal yst was produced in the
sanme operations as in Conparative Exanple 1, except
Compaa tiVodiai™e v Exanple 1, after adding the

wd f taljlic telluri he ,f [ .
SOl i 8n, SBRei AT RS ho et or2 sSho s OF ARTSPREm
i d der. 1 . .
me A fa%gqﬁé.ﬁﬁg“#‘h?éﬁ c%?'s%"f‘fyi%“. ;il%%zqﬁdtiiﬁggr%?f%e 9 of
. ?ﬂ].:g S- S r
tel?m%‘{" u?nglélrét %\r/lgn;b- ate, ?g ﬁig%ggc])'f gmmani um n%f?bgg?e?eci

and- Qﬁ%h&lfveci ehdificC a¢i¢riand 80 N denfiestdddrd Wat ekhe

wer e arged and dissolved while stirring at a

boiBIRS’ dbihe & tRLLebOi | iTHEe pelatkohanangy . tHderbkasking
having the resulting reaction |iquid charged therein
reX@5i60O0l eduia 3NGrhvd ahersdirerwvasSepasked| o 2090 Lyofice
oxalic acid and 1.74 g of niobic acid were dissol ved
watér/70 nL of distilled water to prepare an aqueous
solution of the anbient tenperature. This aqueous
sol S¢panatebyaddedik ot heff pxgbiggadigujgnd 1.74 g of

niobic acid were dissoclved in 70 mL of distilled water to
prepare an aqueous solution of the ambient temperature.
This aqueous solution was added to the foregoing liquid
which had been cooled to 30°C. The resulting mixed liquid
was vigorously stirred for 10 minutes, with which was then
mixed 2.5 g of ammonium nitrate. Thereéfter, the mixture
was concentrated by heating and further evaporated to
dryness at 120°C.

The resulting dried material ‘was calcined in air at
300°C for 5 hours. Thereafter, calcination was carried
out in a nitrogen gas atmosphere at 600°C for 2 hours to
obtain a metal oxide catalyst. Results obtained by using
this for production reaction of acrylic acid are shown in
Table 1.

Comparative Example 4
In a 500-mL glass-made flask, 2.56 g of ammonium

metavanadate, 15.45 g of ammonium molybdate, 1.82 g of
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whi ch had been cooled to 30C. The resulting m xed
[iquid was vigorously stirred for 10 mnutes, wth
which was then mxed 2.5 g of ammonium nitrate.
Thereafter, the m xture was concentrated by heating
.and further evaporated to dryness at 120C. The
resulting dried material was calcined in air at 300C
for 5 hours. Thereafter, calcination was carried out

in a nitrogen gas atnnsphere at 600C for_ 2 hours to
tebbaniwma deaidexi dtadd yBE s fistobted neRltgr were

usin this for productlon reactlon cry

chargedhaf SHLITTEHI &%1.3 CoRE é}’gr&% 130%?1189 point
' 500- L ass made fl ask, f noni u

°frré"la§\?§n ’feonfS%fg'uQ of T%Dgl%ﬁg l\aVl&"gt eg%?[ §fSU1

s1jpfe chfbpdhl MILELOK fes 806,93 b %a(g sy i#sd%ao@éxer

ed and rfed a tenper

boi ggg Fggm Lf ypt ey B@r R POU il ahlgask havidigof

t he trn urry “charged thereln was cooled to
nlgggébﬁcheeﬁ@yé”dlégﬂyvéﬁEﬁﬂ 764 8rohigxahneqasiader to

1.74 g of niobic acid were dissolved in 70 nL of
| prabgssél l80 wghebukO sqINAPASE 8F AMiEOoMNEbSeh Ul iteipeirathire .

anbi ent tenperature. This aqueous sol ution was added
Thie tRhfudarLgebbgtibfuivths whddédhad bgen €opkgding 0Quid

The resulting mxed liquid was vigorously stirred for
whi@hnhadt esenniddolwd de Y CtheTheninestltifigy mifxed liquid

amoniumnitrate. Thereafter, the mxture
was vigorously stirred for 10 mlnutes, with which was then
mixed 2.5 g of ammonium nitrate. Thereafter, the mixture
was concentrated by heating and further evaporated to
dryness at 120°C.

The resulting dried material was calcined in air at
300°C for 5 hours. Thereafter, calcination was carried
out in a nitrogen gas atmosphere at 600°C for 2 hours to
obtain a metal oxide catalyst. Results obtained by using

this for production reaction of acrylic acid are shown in

Table 1.
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was concentrated by heating and further evaporated to

dryness at 120C. The resulting dried nmaterial was

calcined in air at 300C for 5 hours. Thereafter,

calcination was carried out in a nitrogen gas

at nosphere at 600C for 2 hours to obtain a neta

oxi de catal yst. Results obtained by using this for

production reaction of acrylic acid are shown in

Table 1. -Table 1 Conversion of Selectivity ofYield of
-TAA P ¥$) AA (% (9% Exanpl e 160.378.547.3 Exanple

258. 680.947.4 Exanpl e _356. 080, 845, 2

gg”para:!VeéégggggégangfaWFésztivity of | Yield of AA
aratl vep. anpl e
___CogEaLaLL¥e?5.GSV.S%S.S Expnp!ezgk (%) (%)
Ex@opbarht i veB. 657.62.3 78.5 47.3
Example 2 58.6 80.9 A7 .4
Example 3 56.0 80.8 45 .2
| Comparative 15.5 59.8 9.3
Example 1

Comparative 5.6 57 5 5.5
Example 2

Comparative 25.6 60.5 15.5
Example 3

Comparative 3.6 57 o 21
Example 4

INDUSTRIAL APPLICABILITY

According to the production process of the invention,
a fine @particle of metallic tellurium having high
reactivity can be allowed to react with other metal in an
aqueous medium, whereby a metal oxide catalyst with high
performance can be obtained. When this catalyst is used
for production reaction of acrylic acid by vapor phase
catalytic oxidation reaction of propane, acrylic acid can
be produced in a high yield. Furthermore, the present
catalyst can be used for ammoxidation of propane, whereby

acrylonitrile can be obtained in a high yileld.
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Exanpl e 4 | NDUSTRI AL APPLI CABI LI TY According to the
production process of the invention, a fine particle
of metallic telluriumhaving high reactivity can be
allowed to react with other nmetal in an aqueous
medi um whereby a netal oxide catalyst with high
performance can be obtained. When this catalyst is
used for production reaction of acrylic acid by vapor
phase catalytic oxidation reaction of propane,
acrylic acid can be pro&li@eMSin a high yield.
Furthernore, the present catalyst can be used for
amoxi dat i on of propane wher eby acrylonitrile can be
obtained in a high yield. CLAI M 1. rocess, for
1-pro&ucpﬁﬁcﬁsﬁetgProxPEQdHEEEPySF F@ﬁ@ seﬁ?&g‘ yqﬁﬁ?lYSt

foll t f I whi t d
reByeSPIGARn BV PEnES Eipeﬂ.‘i%%“e BrefRidhers FRAPNAcT Hitdd 15
ch%%tﬁ_glg.%%g bgi ﬁg C'fﬁov% 4+ C%‘IR un?a?";lél f metallic

presenc or are ant an V\Bt er or

teﬂ]urg{lgla%.' ai@a\i%td §Q, NR@flcidy therdresgnesunl ae M) Te®

conpound conpound, a conpound containing an

colpSURAL 1"’l'pdtH@t %rres@i‘;@et hen g1 Yicdkh a6 tCalrfd Wﬂﬁer or an

anp03|t|on forimul a: MoV1Te] A, ,Oy (wherein A is at

orb8ask @R It reRlactied tHomMEenkis A anl Mo abmpound,
e, Fe, Ni, Co, Sn, TlI, Cu, rare earth elenents, and

a ¥ kahipoticg =£|mdiund icanchihiare eadh diamrt Gind grater
1.5, and j/i is from0.3 to 1.0; kis from0.001 to

and @hen drying and calcining

Composition formula: MoV;Te;ALQy

(wherein A is at least one element selected from 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 0.0l 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.)
2. 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), step (4) and step
(5):

Step (1): a step for reducing a Te** compound or a
Te®® compound in the presénce of a reductant and water or

an organic solvent to obtain a dispersion containing a
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and y is the nunber to be determ ned by the oxidized

state of other elenents.) 2. A process for producing

a metal oxide catalyst represented by the follow ng

conposition formula, which is characterized by

enpl oyi ng a process conprising the follow ng step

(1), step (2), step (3), step (4) and step (5) : Step

(1): a step for reducing a Teo} conmpound or a Te6F

conpound in the presence of a reductant and water or
fing rrybhete sof veatalbloptal HuaiWrspersi on containing a

- 31 - fine particle_of netallic %Elluriu tSteg_ 82)£ ¢

a sTEFPf b%) i eRDTFRY FRE HRAPRNLPEdtPEqURFSARE TS geductan

organi ¢ solvent coptained in said_dispersiqgr .
an%bt%\??@’al?n §8 Heg epC?Ega%geg in Sg:le.d agsggrsz.on as

btali'n an~aqueou

oo Py RS =S "2 4 AL B SalhBEL i oreion

stép Tor mxIlng fhe aqueous

co$%$$ﬁ$§%02 fiﬁgtﬁkgkﬁglé Ek”ﬁg?éiii&'%e@iuﬂﬁﬁﬁh|iC

mas  obtained in said step (2) with an M6+
CO”EEHBO' (Q?'qag \Step CEBRO Lffﬂﬂxﬁﬂ% oW dged e HDEdd & ion

to react a tenperature of C or higher for one
coRfHEnPhgDRE FeneObbairtialeeasiti Omdtaquid; $ed)urdum aas

step for mxing the reaction liquid as obtained in
ob%aifledt am (Qidv tbep qohpouinth contidbHi mpmdeend and a v

following A elenent to obtain a mxed liquid; and Step
cofibpund stzplf onlédvapogat ithg t ontximess tthe Meaet at a

temperature of 40°C or higher for one hour or more to
obtain a reaction liquid;

Step (4): a step for mixing the reaction liquid as
obtained in said step (3) with a compound containing the
following A element to obtain a mixed liquid; and

Step (5): a step for evaporating to dryness the mixed
liquid as obtained in said step (4), drying the resulting

dried material and further calcining it
Composition formula: MoViTe;A Oy

(wherein A is at least one element selected from 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.)

3. The process for producing a metal oxide catalyst
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liquid as obtained in said step (4), drying the
resulting dried material and further calcining it
Conposition formula: MVi Tej AkOy (wherein Ais at
| east one el enment selected fromNb, Ta, W Zr, Re, Fe,
Ni, Co, Sn, Tl, Cu, rare earth elenents, and al kal
netal elenents. i and j are each from0.01 to 1.5, and
jli is from0.3to 1.0; kis from0.001 to 3.0; andy
is the nunber to be determined by the oxidized st
accerddierte| MEnPEe) O%. C’iﬁe‘“ﬁr g]ce'g% POrw)g‘%' aci iy finary
nmetal oxide cata .- 32..accordin 0
pargigifs O (S MO b SOBHIRAR) PRAr B SEES L et more
th’we%g% ic telluriumhas a size of not nore than 4.0 W
P “Aprdtess for producing acrylic acid, which is
2. chatagtarized by, SUBLACHIDGPr ORaRRLEO OXeLA! | Ofhb¥h  is
" vapor T~ phase catal ytic reaction in the presence of the
chd Bl @ eriVdden @S sRh9dHEHg b rbBanBl aee kRN sh Mgy t vapor
any one of clains”1 to %. 5. A process for producing
phfd VIQRahKiHi@ ¥wehehibs ihanket epréednby sobj dtid ngetal
propane t0 amoxi dation in the presence of the netal
oxitxd dgs aprpaadede bybyclideppooesssacaoccdidgnda amnycoaeot

of clainms 1 to 3.
claims 1 to 3.
5. A process for producing acrylonitrile, which is
characterized by subjecting propane to ammoxidation in the

presence of the metal oxide as produced by the process

according to any one of claims 1 to 3.
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