DESCRI PTI ON  METHOD FOR PRODUCI NG METAL OXI DE CATALYST
TECHNICAL FIELD I't is known that acrylic acid is g¢ HA
produced in one stage by vapor phase oxidation of
propane. This production process has an advant age of
usi ng cheap propane as a raw material conparing with
a process for producing acrylic acid using propyl ene
whi ch has hitherto been known. |In the oxidation
reaction for produci AFEEATI®Nacid from propane, it
was general that a netal oxide catalyst is wused. In
the present invention, a process is proposed for
producing a netal_oxide t e used in | dation
P eactsiras FoR RO GEIE MRt ST SRFEhEne. By
usi ng the netal oxide obtained by the production
process of the present invention as a catal yst for
[ xi dation reaction, acrylic acid can be
TEcéﬁi)uce |%§a hi gh vyield. BACKGROUND ART In general
acfyl iiG aghfwhs {HAdugedyRY -2 J00s Stiagepr8Xhdali Ofh  one
reacti on of undergoi ng catalytic reaction of
stad¥ Oppeneapidih Qupan | exidgcpsrsenge Praphid al yst Thas
produce acrlolein and undergoing catalytic reaction of
prodilietide gptdtags atss Okri AdweihBagsygENus1ing8chARp2B@bpane
In the recent years, due to a price difference between
as pr epanensnte i lopybreper tmgl Wokht ke progpose H6r producing

g §

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

yield.

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 acrlelein with oxygen.




overcom ng problens such as conplexity in the process

i nvol vi ng the two-stage oxidation, a process for AT T
producing acrylic acid in one stage by using proﬁﬁne"'?fﬁ*fiqg A
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

oLah SHRCSLE TR SLgiride g 65 1§ fpjodclobansnce

betx%g%gm iv%(wo?éﬂgr e%lhév%%ér% e%rﬁpﬁ%(ﬁ,pplthgat #)Q?%Oé@r of

pa respect ‘to further | mprovenents o e

ove%ggﬁggbngpggﬁﬂémQXiQ@bﬁakﬁiy%kﬁmﬂiﬁhﬁﬁﬂoi$37§§é process

I scloses” a process for producing a catalyst by
invBlL¥iRE 2R cAGYRCES age0ldktilan iQkt aiangd-diesd | NPrdducing

nol ybdenum conpound, a vanadi um conpound and an

acr@i bMRRM L OIPoLNd keapeatiy ivwsiafy agopats mediunstdrting
70C or higher with a niobium conpound, evaporating to

rawdfipiess athe sr eduldiienly mnd uhesrarndifarbdmr madd & mygper
it at a high tenperature. JP-A-10-230164 descri bes

of plrapoisalliseatiithg nerpeate e cta trd yedisl te dmposrid thexgfor.
aqueous nedi um described in the foregoing

As Jepraeen3yses aexgrblesntidistarf . nbheEq| aFoxsydreyated
i ntroduced_into the aqueous medi um Eyrthergnre, &g B

catpdygésc st thad \ﬁﬁé‘ﬁ’ot‘sl’réecé‘teaq%ﬁsto ©pfidicad il =
this process is_used far. yvapor. phase cat ti - g5>
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of acrylic acid

bases.

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 foregoling JP-A~10~137585, a gas containing
molecular oxygen is introduced into the agueous medium.

Furthermore, it is described that when the catalyst as

produced in this process is used for vapor phase catalytic




i s enhanced. Al so, JP-A-11-285636 describes that
hydr ogen peroxide is added to a reaction liquid of

the respective netal conpounds in the aqueous [ )
during heating and reaction, or after tﬂe reac?anMgE 2007
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

oxlcqgffgﬁnkﬁactt &n Yl 9robaRE! Vithe agid @sopbhairedd hcid

ne- st age OX|dat|on of propane does not reach a

is @ﬁg&ﬁbg&[ l evel required in the acrylic acid
production. JP-A-11-226408 discloses a nethod for
al howbNgsa-anet abbbe3beHesiirtiepowdia tt hydeactenipdran.de
oxonic acid salt (oxonetalate) of other elenent, such
is aMdEEDRbun Mmeavdradal équid| ybilli ¢chaci despadtaveomalnl
par anol ybdate, in an aqueous nedi um thereby
comgbasdkvi ng t Hhesubjpetowet ahedpondeduring r dgeliisy and

l'iquid and using the resulting reaction liquid as a
reaghiomt epfal 26ten nekal m@@*@m@at%ﬁys@%%’%%% iR pethe

particle size of the tellurium _particle to be used in
foregeingvdRrpohQad3deser PBEdTFALTR Qggﬂfgct patent
docunent exceeded, 100 m and a41 er| g,
waHOreHaEr e @Y Y'hePBalESEn 9 Ee us ta%? no2s

desggg.gfeégﬁol{ géﬁi\h nf tlgl(’? r %S:JJ:'%%{Q %ﬁﬂegﬁ( gl%télugngnts , the

&5 n-afmox propane, it

yie§§38|fbl ec%fljpé oQHE? %Csr ycglgigélt_rﬁéé elhn o%eo-rs%%%e oxidation

nver si rom to 30 % and a sélectivity
of ?Irc%éq{eoxaaggelrﬁé@ore@ch a practical level required in

the acrylic acid production.

JpP-A-11-226408 discloses a method 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 agueous medium, thereby dissolving the subject metal
powder in a reaction liguid and wusing - the resulting
reaction liquid 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 um, 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 is

possible to produce acrylonitrile in a propane conversion




However, when used for the reaction for producing
acrylic acid frompropane, there was no drastic
advance in perfornmance as conpared with

conventional ly known catalysts. DI SCLOSURE OF THE g 4R 2007

I NVENTION In order to obtain a catal yst capabl e of”
producing acrylic acid and acrylonitrile in one stage
by a catalytic oxidation reaction of propane in a
high yield, _th resent, .inventors [

of Frilrdh bS] Abed: POS: Fors  TRE VA oSt PrEh RbeaY B0 .

Howéggfg %hggt%gguck§33qgkglygéctfg aEB?bF%gPP%?hgﬂgcrylic

W Nng pro i On processés. Specif

. nv [.on st rogess r I n mRial
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per:@? 05kL1 0Ny § OF M Ana Bk Ch dStieharaahwidtzieshdMy  known
allowng a fine particle of netallic tellurium as
cat@Pyatsed by reducing a Te4+ conpound or a Te6+
conmpound in the presence of a reductant and water or
an organic solvent to react in the presence of an M
conmpound, a V conpound, a conpound containing an A
DISeLesERE aFRdTHAt ENVENBIONen drying and cal cining.
Conposition fornmula: MVi Tej AkOy (In the fornula, Ais
at Theastdegnete| ehdtins et ecedalybtorgagpblm, ofy pProduging
Re, Fe, Ni, Co, Sn, Tl, Cu, rare - 4 earth elenents,,
acrghticapkafl 2pdt acTelendirdle ign@rg stage by ot tic
to 1.5, and j/i is fromO0.3.to 1.Q; k.is. fr 0.001 .
oxigatiop. reAgtyOPs oL hBTRERBEr 1 &t Sfitibd presen

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 seolvent to
react in the presence of an Mo compound, a V compound, a
compound containing an A element and water and then drying

and calcining.
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, Sn, Ti, Cu, rare




the oxidized state of other elenents.) Also, the

invention is concerned with a process for produgg@ B 0T
xbn‘ Ut

net al oxi de catal yst represented by the follow
conmposition formula, which is characterized by

enpl oying a process conprising the followng step (1),
step (2), step (3), step (4) and step (5). Step (1)

A step for reduci ng a Ted+ conpound or a Teb6+

car PRI [ NEARY GIR0TE Mot LUGHENL AN MALEE o are

gani csol Vet aln a dispersion contal ni

eac{n ne.pard I ¢l e gf 1mat ala!ﬂd:dff'i | Ve WP StEs (2 1A0St &P is

renovi ng the unreacted reductant and organic

froﬁobvgﬁﬁ ¢@ntaigned fdn t he oL aRintE ditsPaisSitedfined by
obtained inthe foredoing step (1) to obtain an

the28XEQYUS cdlkSRRES b8N ctBRE-ANERGnasl.)ne particle of
netallic tellurium Step (3): A step for mixing the
agpeeds dirspelsventienntiai Ridigerrfddhewpent aclercgfess for
nmetallic telluriumas obtained in the foregoing step
profdpingt haanmitd coxicend cadrd v /5w amorgemuriecaindy  the
allowing the mxture to react at a tenperature of 40C
folbpwhigherorimys oo fiproulepr evitish obs aichagacdgetizegt by
liquid. Step (4): A step for mxing the reaction
emp&pqunq a3 mmcaa&fedcpﬁlp@*ﬁém& ebf® nd PP RieR atl)

ste ngound - cont ai ni n% the f Iel OV\(I r;g A elenment to
Bbt(dd m &tﬁpxé&‘) 1 iSG§Pd. (4 té‘ﬁ’d(é’) PA s;c’tep f or

eva[:l):or at(1)g 5;0 djég e%%rt hreegl]léfxgjg 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 solvent contained in the foregoing dispersion
as obtained in the foregoing step (1) to obtain an agueous
dispersion containing a fine particle of metallic
tellurium.

Step (3): A step for mixing the aqueous dispersion
containing 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 liquid as

obtained in the foregoing step (3) with a compound




liquid as obtained in the foregoing step (4), drying

the resulting dried material and further calcinin o181}
it. Conposition fornula: MV:LTej AkOy (In the fibr 1& s
Ais at |east one elenent selected fromMNbo, Ta, W

Ti, Zr, Re, Fe, Ni, Co, Sn, T1, Cu, rare earth

el emrents, and alkali netal elenents. i and )_are

each from0.01 to 1.5, and j/i is from0.3 to 1.0; k

LSsnifomQ, 00 and ¥iLgchhe pynbsged o, be, d
con?e%%%%?ne%% Jfélh Cﬁ%l%gdl zl}“ed}éstbgl?et&of ot her el enment sl,nl)xe
lijﬂzng foregO|ng production processes include an

i'nvention wherein a primary particle of the netallic

tedidsi un) hag at8pzecef clapoftenynNad 4rgne¥s lthe mixed
addition, the invention is concerned with a process

1igqhdd aéowme@rwl ehacifbregodeidy | onepd rifh e, wdirvihg ithe
characterized by subjecting propane to oxidation or
res@Dxd datied hytuapel phdsfuecahaekythiciedoti ot.in the
presence of the netal oxide catal yst as produced by
the foregoing processes. BRI EF DESCRI PTI ON OF THE
DRAhNGSL Fign formudn: eMe¥t PR cr oscopi ¢ phot ogr aph
showing a crystal of nmetallic telluriumas obtained
in Exanple 1. - 08 MAR 2007 Fig. 2 is an electron
rné?@sggﬁléﬁﬁﬂﬁ%@¢aﬁhl§h@ﬁlﬁf%FEr9§?aPl&Peﬁ&zﬂ?ﬁ%?te

froteIIurlumas obtal anp Flg A care
8| ¥Rt r §R mi'er o'glcop h&t’%reapﬁgs'ho% a ghys A’ of
earggt%hgh%n%gjlgﬂ aﬁiagbtal 1£%gﬁpée 31 and ] are
each from 0.01 to 1.5, and 3j/i is from 0.3 to 1.0; k is
from 0.001 to 3.0; and y iélthe 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.

BRIEF DESCRIPTION QF THE DRAWINGS
Fig. 1 is an electron microscopic photograph showing

a crystal of metallic tellurium as obtained in Example 1.




BEST MODE FOR CARRYI NG OQUT THE I NVENTION I n the
invention, as a raw material for the production of a
catal yst which is used in the vapor phase catal
oxi dation reaction of propane, a fine powder of ¥ &
nmetallic telluriumas obtained by reducing a Te4+
conpound or a Te6+ conpound (a tellurium conpound
having a valence of 4 or 6) in the presence of a

éftQQtlgn P f@bﬂybﬁﬂhléy&EEBﬁiéoﬁﬂgﬂégrgﬁﬁf%hb@Qng

di ments o e 1nvention wl her eunder

r_‘lﬁssﬁ hedl whidse sdb i gk Oasstc%)@aiﬂédtﬂu (Byample 2.

I'ncidentally, in the respective steps, technical means
WHiCh af e knawn dirdthich frhidshssssic ashbeayrapratsienting
copreci pitation, drying, calcination, and hydrothernal
a cr?yiﬁﬂeﬁiﬁ,m@mm etrgll 0yweidin 4 $1ootb td i med at h obsamSt ep3.
1) In this step, a Tea+ conmpound or a Te6+ conpound
is reduced in the presence of a reductant and water
or an organic solvent to obtain a dispersion
BEST OMNRE HOR) GARRVIENG (T i TR DIVERTEPYic tellurium The
Te4+ conpound or Te6+ conpound (a tellurium_conpound
haks ngthevall@W@@téPM ord3%) #s AEH pé‘i‘%?%‘iﬂ%]r for 7the
08 !"i"A:0200 limted, and speC| ic e h
produl it PhcRugatReMFlr MR ilok i HRE t%WIEE?uHFpor phase

ot L S oL B L CRo N o o7 (ROLPhL UL ter o
metégggh EQ1£§££H&353 o%k%%hidﬂ%&mré&ﬂéfH§“§ Té“n%ompound
or a Te® compound (a tellurium compound having a valence
of 4 or 6) in the presence of a reductant and water o£ an
organic solvent.

Preferred embodiments of the invention will be
hereunder described while dividing into steps (1) to (5).
Incidentally, in the respective steps, technical means
which are known in this field, such as heat treatment,
coprecipitation, drying, calcination, 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.

4+

The Te compound or Te®" compound (a tellurium

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

tbcwﬁﬁ r‘g{\n




tellurate, calciumtellurate, silver tellurate,
thallium tellurate, copper tellurate, and magnesi um
tellurate. Incidentally, in the invention, since

noxi ous el enents such as chlorine can be renovedf ifin#iik 20

the subsequent step (2), chlorine conpounds can be
used as the Ted4+ conpound or Te6+ conpound. As
reductants, any reduci ng substances (atons, nolecul es

llml%erc]f Onz?ncllfa\éb'%g:l@{l%peéﬁér@ﬁl@ afct-QokFi kel udy ovbl@urium

ecule with electrons) having an
dio )Seqat | oy { eAuGhT oRrRPOkentl al w@galnisiture steddaeHloride,
ectrode of not higher than 0.53 V (the potential of
ortﬂé%éﬂﬂﬁﬂﬁa dicad dembtaitBllieivi capitly opoDyhdt¥}fetanric
be used. Fwdra2|ne hydr adi ni um salts, hydroxyl am nes,
acid@ndaif®niliketal eupaeéer allealn wieswwlof teddoriatat,y gfinc
the reduction reaction or because they do not act to
tel Matetfe, Spetiiim texddnpted= t hekbveri e lideatir azhaélium
acetate, hydrazine dihydrobrom de, hydrazjne
tellditytd octimpe ;e Hyunata n b ARaIRRF e HFok} weate .
hydr azi ne nonohydrate, hydrazine sulfate, . .
hyidvaidereia ey - hy dPoxy ERRmom R R i de, S%‘ﬂﬁ? noxious

hydr oxyl - anmoni um sul f at e.. The anount educk nE% £
elenantse A Aar PRLOTLRS M Pe LEBHETR H‘n& 5t © en

reduct ants.and the reactiqn condltlon \JtréAka+
sterypH2)por CBXQAPIE, ﬁﬁ@ﬁoﬁ9§?a2|ne i us tﬁe no

comgfend % T kG PRSP S or et erably from ‘if R

trﬁ%anggghcggnts, 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.

Hydrazine, hydradinium salts, hvdroxylamines, and the

like are preferable in view of reactivity of the reduction
reaction or because they do not act to water. Specific
examples 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.




hydrazi ne added is I ess than 0.5 nole, unreacted
tellurium dioxide remains in a |arge anount. On the
ot her hand, when the anount of hydrazi ne added
exceeds 4.0 noles, even by further increasing the g § MiR 20
addi ti on anmount, there is no advantage at all
Rat her, in order to renove unreacted hydrazine,
excessive labors and rinsing liquids are required. In
the_ca of .ot he nt.s, t hy [T | ;
For o w&an §L%f’ th1heP‘TI{r1 éﬁg?g?g%gsg%stlg%?él %3/]%?0@0% tb ﬁg%oofOf
nya {421 8. cIRPLGUHCLION JARGLLON | £:GAI 61 801Ul . ) dnd
iquid such as water and an organic solvent. As the
mor??%&ra&mWe@&%m aj cohales, shydr ocanhkans thandahdient of
I Ke are preferable. Wth the presence of the
hyd Sk VEAt §ddbheist gbklr kHAnCONBOWd o, S uirserteetl ted vhatum
the reduction reaction becones easy to proceed. As a
diok£84| tremdies resukt i ngrgar tivohetof nohalthie bEhewyrihemd,
becones uniform The reduction condition of the
wheh ethar amousonpbuhgdirs ziadegdded wxclvesen by @ myen
the solubility of the telluriumconpound to be used
by iffuntdteer bdncanasiganitthe sekddafionetamoynl, t Heere 1s no
reactivity of the reductant. For. exanple, in the case
advapgpgewdterakbl ublRe 8T urie KGET sto uLepoye Hyeacted
starting teIIurLun1cog§9und and. hydrazine a

. th
hydFsaubeant SFESFEUE vaIPOOhI B abUlAG Hy drdAHES nidre
e Lut i £ tellyr] - ,
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on reactli on occurs,

the&%%éygﬁrgkckﬁegg aﬁ%ﬁ%ﬁ%&cshggﬁﬁﬂﬁﬂgﬂf§ffyﬂﬁﬂhé'Ehat of
hydrazine.

The reduction reaction is carried out in a 1liquid
such as water and an organic solvent. As the organic
solvents, alcohols, hydrocarbons, 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




In the case where telluriumdioxide, a tellurium
conpound havi ng poor solubility in organic solvents,

is wused as the staring tellurium conpound and ) AR 20RT
hydrazi ne as the reductant, the rate of the redu tloﬁ
reaction is low In this case, it is necessary to

pronote the reaction by stirring and heating over a
| ong period of tine. Specifically, the reaction is
carried Qut

L. t
a7 BAPFPAG B |H?189 ﬁbte%hghugg léi?ﬁg%ggéte g?%?ature’
100 .t f f
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enperature o boi l'i ng p0|n

stLrebpgegat g Qhefrom 200 to 300 rpm
met¥@if§rgﬁglg%%é%oigou?s eFurthernDre as a nethod for

pregotiny thesd edueklontel @aet 1AN, dbssides heattdld urium
stirring, there is a wet-type grinding nethod in the

comPORRESMEA Y Bobel IselnideRpoindorgamiedusbaneéntand is
wat er and/or an organic solvent. In this way, the

usededucttion keaetingn faidl uthieuryr cotboyngr costdhytiraehpe as
same time, and nore finely particulate netallic

thetebauctantusbmazmaﬁﬁiOﬂ¥¢keregdt@tlgaoaeﬁﬁﬁﬂﬂ@néés1°W
are given to the performance of the resulting

In thtal ysise Thbtghst Recesganic tsol Reptohi ERei §e@§§&°n by
during the inding is not part.icularl te

Stlérgaﬁl c 256} vg?ﬁ%tl%l chVaFe P qu]ﬁ)“%t P%E H]b é?%t time.

nper at ur e

d t
SpeStBpeaAl Y. piBPeFSRFEIOBEE FFE%?%? R
t h h : h rrin
of FRbR 38" EhnER8 poRlfindl BRARY ordidcdl URFAION i rring

Xane, g5t O Udne ‘are
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. 1In 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, corganlic solvents

which are liquid at the ambient temperature and can be

- 10 -




preferable. Wien water or the organic solvents are
present at the time of grinding, the increase of the
surface energy acconpanying the grinding is relleWé@ HAL
and grinding efficiency is enhanced. Wth respect to

a mxing proportion of water or the organic solvent

to the telluriumconpound at the tinme of grinding,

wat er or the organic solvent is preferably used in an

amount of from 10 , 000
cas Pl rarsn  FEuras a0 piF: by il ascrdn g2
f L |l
a1t g SHFbpert | BF S Faver I oPRo or San & sarvEn 15"

hydéo?er aﬁé AHchsgéﬁﬁﬁiégg‘1&&8@5ﬁ§x§ﬂega§§d &H@@@%e are

eres to grinhding vessel so that the

pre%é%ggigg becpes difféfuldy ASO. oMM ET LXGRAUSs are

parts by mass, the solvent absorbs the inpact

prefehinG ¢ henar i 8diBg 69 td@indiMddi Rthe efihiceeaBey o6 the
| onered. For a grinding machi ne, a node by which

surfiéddeRgrhy eeEucisd iy hé vgnindhagvéesseleljevesy and
containing the naterial to be ground is preferable.

griffenyf &€t byentheie eahenerdnerated a ball mll, a
vibration mll, and a planetary ball mll. Ginding
t|WEthsr9@pE@mlwxerHWQXSngtmmPQQRﬁNQﬂ yheHasepomderthe

whi ch is obtained by drﬁ a solid as - 11 obtalned
orgdyighsolyeddoitry EBaude éﬁrﬁéa*ctqczﬂpq’«gl%u%}ieét’@d Jfft? of
powder X-ray diffraction analy i 1S unders 4

rlPﬁanth§a§85|&ﬁ ?ﬁﬁ|ﬂrg%“b¢cﬁ9 Yﬁptoﬁspﬁﬁf éhﬁﬁe

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 lessg 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 1s lowered.

For a grinding machine, a mode by which grinding is
conducted by driving the vessel per se containing the
material to be ground is preferable. Specifically, there
are enumerated a ball mill, a vibration 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

- 11 -
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metallic tellurium Wen the foregoing dried powder of
metallic tellurium is observed by an el ectron

m croscope, with respect to the appearance of theiian 7607
primary particle, a spherical particle or an acicular
particle is observed dependi ng upon the difference of
the reduction nethod. Any primary particle has a very
narrow particle size distribution. Furthernore,

t.hou ag (o] j bar Lel e
Pt RRAPRG 808 LS Rl s b hEeroCa o s IR

to %%% qenﬁﬂaég genefal edi &t Lhgatjdms of idryisg drstood
anple an oes not affect the production of a

thai?att@lleysguﬁfpchh%o]ﬁQ[f QiEMBACBfsidle bESUbtirag hexagonal
catalyst. The size of the primary particle of metallic
metd€l{4riamasielt ai ned by the foregoing reduction
reaction is in the range of not nore than 4.0 pm and
prgfher abhy fopégobng Hhand2pbwger wiamdteddticorfellurium
direction. Though a lower linmt of the size of the
is @samrydpayt aol elpstron mparoiscerar| yigfeg@apegh 4§ the
preferably 0.01 pmor nore fromthe viewpoint of .
appeasaness off e ppéraryoP2THEH G he? spherdraipparticle
primary particle is 4.0 pmor nore, I spersibility of
or e AELEPLRE (RATHHGFIAN P&r tPRFRTYRL eé?ép“ qhgpo}(l the
_organi c sqlvent beconmes worse so that the . pr |
aichpranca: afy 3G erEH%*F;P’ho‘{}%E’%%‘gy A
er eby. t e L.n.the.step;: . . unre
has, aqUEEYnP2ESR a%ﬁ%&lp%e sf%e‘ﬁngrlﬂJ%iéﬂk a@ﬁf%hermore,
though agglomeration of the primary particle is 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 pm, and preferably
not more than 2.0 um in at least one direction. Though a
lower 1limit of the size of the primary particle is not
particularly present, 1it 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 ig likely adversely affected

- 12 -




the dispersion containing the netallic telluriumfine

particle as obtained in the step (1) is renoved. Wen

the organic solvent is used as a nedi um of the e Ao

reduction reaction, the solvent is renoved, andlfatés 2T

is then added to obtain an aqueous dispersion. As a

nmet hod for renoving the unreacted reductant and

organi c solvent, there are enunerated a nmethod for
thef¥gporating off the reductant and organic solvent in

vacuo and a nethod for separating and renoving the

ste%EQQPtaUt and organic solvent by centrifugation or
iltration operation. After the renoval, by
regdi sper sicag t(he ,r et Linkgamdical |Heeiveiditr iatmtained in
particle in water, it is possible to obtain an aqueous
thedi @pepseironcofl tbetabtahgi cthel Imetabl i¢netobivripe, fine
is inmportant that the reductant does not remain in
partheleessl bbiigingdedns tiles sdesi o)) drfd Hamdveedyr ef'Biefb| Ehe
that the netallic telluriumfine particle as obtained,
orghyicf $ekeenbn s tsecounnl @ i of waber zepction
then dispersed in water to obtain _an aquequs
reagtiplrsithf. SWHIResipectereved cofBEnFREE ot SofthigTe 2dded
solid in the aqueoys dispersion, the unt . of r.
to pbtaiaf @PaBFVeP%&mdlf@eﬁ?lfﬁ’o I ir})tser‘_’é %%@on%lgo%fxm?@lﬁ(gVIng
nmetallic tellurjumfine arti St - n
theth%“%?%%t?g)f: ‘%ﬂ%%lucﬁﬁg d%%%%?%?oﬁﬁgaégg?ni%gerkheare

e BSHE St L e B el pona bl bt o
oranY@+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 cbtain an aqueous
dispersion of the metallic tellurium fine particle.

Tt is important that the reductant does not remain in
the resulting aqueocus dispersion, and it is preferable
that the metallic tellurium fine particle as cbtained 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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conmpound, and the m xture is allowed to react at a
tenperature of 40C or higher for one hour or nore.
Exanpl es of the M6+ compound i ncl ude anmoni um g AR
nol ybdat e, nol ybdenum oxi de, and nol ybdi c aci d. o
these conpounds, anmmoni um nol ybdate is preferable
because it is soluble in water. As the V5+ conpound,
annnniun1netavanadate vanadi um pentoxi de, and the

%ﬁhgﬁq%bgsg?%&”e% he. th LE0LY 149 sRAdLE LAN APUNLS: ng

ouhd " a compound, an atonic

therﬁ'ga't%l(l' ic@Ndad 1 %r?ﬁmvfﬁ% TSartPcM % WM O&d 68 the

respective an atomc ratio (j/i) of Te to

ford, b§n~£}r eLp. 3250113 Ghi LRI 24 amsPt Eembalihdouhsi de v

the foregoing ranges, it is inpossible to obtain a
comPBhAl , Oxhfle cehal yalxwhk8 absexpkloeddpetd orremce. &or a

t he purposes of inproving the operability, etc. t he
tem@@ﬂﬁﬁﬁﬁedbfpeo%cO@rnmygberdfbntedebyoﬁnrbhemoadding

water thereto. A reaction tenperature is 40C or

hi Bhempleand qif ef thabl yof  onvddpevnd00&ncAukeat i Frgnonium

time is preferably from1 to 10 hours, and

nor e
molpbdageabiplibsenzm taxiBithornd Pelybdpeepeidhl e Ghathese

t he aqueous dispersion _is stirred during E
compeyBEFon AMBCES U My RdRt et vh P&)efeaaloésc eGRYSSqulity 1S
as obtalned inthe - 14 n, Q foregoing step (3) is
solybkedifi Rt&Tconpound containing a netal element A as
degpruggd_&aterI&perqinafter refertr

onidm el‘:%vanadate, vanadium
pentoxide, and the like are preferable.

With respect to addition amounts of the Mo®* compound
and the V" compound, an atomic ratio (i and Jj) of V and Te
to Mo is from 0.01 to 1.5, respectively, and an atomic
ratioc (j/i) of Te to V is from 0.2 tc 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 aqueocus 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 1is
preferably from 1 to 10 hours, and more preferably from 2
to 5 hours. It is preferable that the aqueous dispersion
is stirred during the reaction.

Step (4)

In the step (4), a reaction liquid as obtained in the

- 14 -
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to as "A-containing conpound"). Though m xi ng
tenperature is not particularly limted, it may be
usual |y room tenperature. It is preferable that fhe, .o onpy

netal element Ais nixed in the state of an aquebus “* *
solution or an aqueous dispersion. In this case,
since a fine precipitate is forned during this
m xing, the mxed liquid usually changes into a
sl ry. hal; el it a teaséusdecsheBBAing a
for%&ﬁ%é%eﬁgggrgﬁetﬁggdﬁg%%&cﬁﬁgisting of Nb, Ta, W Ti?
metd  cRemeh® MNas GRscPibel . 1{3kr r ghereanhbteremeflesred
and al kali nmetal elenents. Exanples of the
to As COALabALAInCAFPaUNEowhECH . S Thaedh imixtine itewgrtiadmre
i ncl ude oxides, nitrates, carboxylates, oxonates, and
is et atesetibelinbpl ubiei tedpntal nimy dowposuklngy bBeoom
di spersed in and mxed with water. In this case, by
temperaithyeusi iy drabrefachbleetbat tthe med@goi¢ment Be 1
di ssolved in water. An addition amunt of the
mixdédcant aitreé ngtabapefndt sagrecHfp L WA t Pat 2RhSWRPY S
is defined as 1, the netal elenent Ais fron10~90% to
disgepsiant er nEnofthdrf afdffe NG Bf TS nBFSFPhAteRE *°
resulting nmetal .oxide catalyst. In. th ubj ec
forpgdal GUrInFn théSca®e*wh8re %ﬁ@h ﬁﬁxi§gdéﬁ fe§ asvptly
the proportion of the netal element Ais |ess than
chapggyln 8t3rFEP5FVOn of the resulting catalyst is

li@ggeméfaiSefgkéétéi iz 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 wusing 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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to occur. On the other hand, in the case where it

exceeds 3.0, the activity of the resulting catalyst
beconmes | ow, and the conversion of propane beconesg AR 7007
worse. In the step (4), by adding amoni a water ﬁe _—
nitric acid or ammobniumnitrate in a mxed liquid as

obtai ned by m xing the A-containing conpound with the
reaction liquid as obtained in the step (3), the

%{aﬁ;?‘a ce.pl Lhe  resulting weLal..ou dhccal Al Shedcbas

réspect o preferre anmoun

3. o mm”' a&%g ofN¢pal tzrés%lﬁ‘}lgd 9L + DI ngahﬁa%atl%w

e USG nount” of ammonia water Is an anount

cont a 0 a i forkerns of a nol ar
andr%Fé o&?%\p% ge)lém% gfngggg%get ﬁgggir‘}%ﬁnt ng nitric acid

Or y AMPRRI WRIH L {8f & bS JRBIU kiRl RLBOr Bndl Alitric
more of a nitric acidioninterms of a molar ratio

acid OcthammehaumAnirtaspesctiy el ymiSb@pligriinashedtagémed by
(5), the mxed liquid in the state of slurry as

mix Dig aitRed A-redrite ifrdmegobagosted ¢4¥hi shevapecdtiet Yiguid
dryness, and the resulting dried material is dried and
as tdieraimddi ned. thee a sterhod3foer Eheoviepfommencer ovd t Hére
foregoing mxed liquid, there are enunerated a variety
resiof tingnmetalomailde m‘qmlmt hb8sfsaEhers eebapsedti offith
to dryness and spray dr¥ In the case, of :
resmqport@uw%rr%tﬁyﬁ@@gn Fh&fgﬁ"‘ﬂ‘%mv%t E?tﬁﬁyaﬁ‘é nitric

evapor at ed  ner el 3&&3%% xed | i ddf bY monia
acig)| g ﬂﬂmﬁﬁlflf?er“t%ﬁ adSs F%r o %aé‘hd“ o ddr ! g
watégezevﬁgoratl%EG(%éHég¥§¥hglb.hsor ﬁ%&e of ammonia in
terms of a molar ratlo to the metal A, and the amount of
nitric acid or ammonium nitrate is an amount containing
2.0 or more of a nitric 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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67 ? ...:.:~ Luy( possible to efficiently achieve
evaporation to dryness. A tenperature of the

evaporation to dryness is preferably from50 t@ 339C: 7407
Next, the dried material as obtained by the foregoing
operation is calcined. It is preferable that the
calcination is carried out on two stages. First of

a}l, thezcalcination is carried out at a tenperature
0 ro 1o 3 : f I : 8 C
pos bl B, 870 6053005, e eRE" SHaRe b e et A

hours n t RL €SEI Qty9en- dhglsadt gc,
tem?%%% ?%%gfﬂit%r%al i?%égﬁﬁ erﬁgalciné%ﬂ%n gn I nert
fro£a§om@grgggo@p oxygen is present at a tenperature of
rom 500 to 660C, and preferably from570 to 620C for

freaxf, Sthe &rhedr satanda1paef eahlindd @p ItHsd foregoing
hours. In this way, it is possible to produce the

opePBtabnOXige alldiysid.accordingiko bthefaravdeti dhat the
Incidentally, the determ nation of the contents of

calfBhatiehermentsarm ddeonet eh dxicdes tagad yst Fagsdbtcadi reldl ,
by the foregoing calcining can be carried out by

thef lcadrdsednton Xis agaamdlegsieut Thbugh teeprasahprexiode from
catal yst as obtained by the foregoing nethod can be

250 yted 3B9°Ft aad inrdfeynkdnerpre 28Rator FSIet fiorofup 2
catal yst is ground in an_appropriate rticle size t

to i2ftr bayEsa ARd aPEeaPEFRLY t@é‘?rﬁat?’al’il%?%oanlao‘t‘ﬁ%nln the

rovi ded for use. i_ndi k. . .
pregence of oxygen. %%é%é¥f€g¥fwtﬂgﬂggghléqggwkaterlal is

g erably

further c¢alcined in an inert gas wherein no oxygen is
present at a temperature of from 500 tg 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 uée. As a grinding method, known

dry-type grinding method and wet-type grinding method can
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dry-type grinding nethod and wet-type grindi ng nethod

can - 17 HTf }~" 2 ,107 be enployed. Specific

exanpl es of a grinding device include a nortar q?@ B0 9087
ball mll. In the case of wet-type grinding, as -~ =~ *# &%
grinding assistants, water, alcohols, and the Iike

are enunerated. The particle size of the catalyst

after grinding is preferably not nore than 20 m and

be SRS oL ef er agbe\écﬂ?%eméz%&g@@s 5d4r Thoughnbihagmelavice

oXFae cat ‘al yst™ can used in a non- supported state,

incldasan s bessiged By SURPOr ti NEni £h@NcasekBeWiet-type
carrier having an appropriate particle size, such as

grlﬁﬂﬂddﬂ%aéﬂéﬁﬂﬁﬁhnélééé&bﬁﬂﬂﬁ&ﬁawaﬂ@ﬂ skl tepalsar bhdethe
supporting anount is not particularly limted but
11ké<&£@w@nmmdxyﬁgﬁulomab sHAdrdliengs ameuntt, ther ceesdyst
for producing acrylic acid from propane by using the
aftdiet@plirakie catptySéraisl procucedreythhe 2fopmgokng more
producti on process w il be hereunder described. By
prefietaidducioly peoparieamne WXxygen gas as raw materials
of the production of acrylic acid into a reactor
helhiaugh h@%e‘ﬂ%tabx@ﬁbd%a‘F%F?/%YsEhﬁ?‘@eﬁet Repgi p» @ non-
propane is cataly tlcaII% oxi di z by the n@tal g@ de
SUPRQIERY sTEALR het Bby2YeRtf t?ﬁguﬁﬁ yPVcsggpa THE
reaction tenperature is prefer 0Q.1 gggﬁ
knoﬁﬂuF?ﬁﬁ%?ﬁrggg?%%I?n %%ﬁl?ge é@f& r%pgﬁegé as
asngansh {BhEhY, | 0hhodueeohntd:bife.  The
Slllr%%ct%ﬁr&nl?%é %l?ﬁé & Ich are then mxed wthinthe
supﬂé?%%ﬁg'aﬂggnt ig 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 dJgas 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 from 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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the both can be m xed in advance and then introduced

into the reactor. 18 Exanples of the oxygen gas

i ncl ude pure oxygen gas and air, or a diluted gas, ... .
thereof with nitrogen, steamor a carbon di oxi dé §déii 2017
In the case where propane and air are used as raw
materials, the proportion of air to propane is

preferably not nore than 30 tines, and nore

PrEkeRBhLY [dOM a2 g(g{g[%_ ( LOPS AR Pyl BavBLtRyas

space vel erelnafter erre 0 as

) ol tPRoLaEMRL ehi &li t9R3R% | St
and §Ytra’lblog%f fatr:}?nl 1, 0%08%% EIg%ogé%r-l. Wen the spacéeam oF

cg%eﬁ' BYok$akegast.han 1,000 hr-1, a yield of acrylic
acid per unit nmass of the cat al yst becones |low, while

WheR i4heeXegeds whd¥) ProganéhendcCOaVer siren tSed as raw
| oner ed. Though the unreacted raw material propane

matfFeatsl ithe praaenitiom gal #Dr beodipsopanged f nomearably
outl et of the reactor or propylene as an internediate

notcanrbke thaed 38s tamdsyelangs midre preafegraininedoted G.8&yvto 20
mat eri al propane or propylene as an internedi ate

timghi ¢h hasmseol Seyadamed rétdm- ot her conponents |n t he

reaction gas can be returned into the reactor an ~gy)
r edibed SPRFE iRy déh%%‘f”aﬁ‘/%t:eés rsEgyLeed oy atEh SV

|nvent|on c | so be applied_to anmmoxidatiq
o HGAHRSLSy AnddiS | FE" b PFETPLr [99PTh, AonG i, £rom
1'05§r é:&owodﬁll'@p C%Eglnt I gg %%bc\%'éar\]}él%cllytg %_lsl QLVg’sé hi?han
1,000 hr™, a yield of acrylic acid per unit mass of the
catalyst becomes low, while when it exceeds 8,000 hr™, the
convergion is lowered.

Though the unreacted raw material propane present in
a reaction gas to be discharged from an ocutlet of the
reactor or propylene as an intermediate can be used as a
fuel as it ig, 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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vapor phase catal ytic oxidation condition of propane.

The invention will be nore specifically described -

19 below with reference to the Exanples and e e
Conparative Exanples. Incidentally, in the fol [igwifng 25
respective Exanples (exclusive of Exanple 4) and
Conparative Exanples, the respective raw materials

were bl ended such that a nolar ratio of the

belo%:)e(.s S Ve PR aksCoRZLi LL niﬁfgﬁﬁleéesiﬁlhai n@orﬂ@éiﬁétive

I dé Ccatalysts becane the followng value. A nolar
Examdldd of the.r&spectiyve netalghd N folBERLn@Xi B@spective
atal yst as obtained’in Exanple 4 is described | ater.
Exarif/e¥ TRLND 175 ihd/ Lk 20{epli 01 )1 Zand heorpd ph t DXé dBxamples,
catal yst as obtained in each of the Exanples was once
the t 28Bkpbotldedraananadtia-irall dedeart i blendads gpudtverthadd 2
into a size of from16 to 30 nesh and provided for
molaiserakib nbf( aboait dedbaptiofe t retedisal gonsgd tpaadgcetihe
in each of the Exanples was charged in a quartz-nmade
resulddiotd owetaUubexidyicmtalys phdrecimaetee HPL10WHRY YRLUS.
reaction tube was heated at 400C, and_a m xed gas .
A mobaraimaitie 0% Yhey ressrGE VS TR gbhhelno 3 1F oxide

vol ume of oxygen, 36.1 % by volu of nitrogen and
catal st bR S o SRR Pl SSTHTLRTE TRHE | on

tube at a space velocity of 3,924/ hr-1, thereby

oduci ng acryli i he basis of results
MO/%K%%XE@d‘b ‘é%éméﬁi 1%§/§Eﬁélysis of the respective

conponents as forned in the reaction product, a

Cqﬂyeerél.égglo%xerd%p%}ﬁ:a@.%@ 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 vclume of steam was fed
into the reaction tube at a space velocity of 3,924/hr?,
thereby producing acrylic acid.

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

reaction  product, a converslon of propane and a

selectivity of acrylic acid (all of which are on a molar
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selectivity of acrylic acid (all of which are on a

molar - 20 basis) were cal culated according to the
followi ng expressions. The results except those @fff il 707
Exanple 4 are shown in Table 1. In Table 1, AA stands

for acrylic acid; and P stands for propane.

Conversion of propane (%9 _ 100 x [ (Fed propane) -
(Unreacted propane)]/(Fed propane) Selectivity of

baSJ.sC)ryl I %fgm ?%P&Ji(aiggé?r n%‘é:o%ci:rd)iln'gil aghd) lf{dFedro110owing

propane hreact ed propane) | eld of acrylic acid

Cé,g(}v lonﬁf PLOPENEY %xbSgheatiadd Yool rackiliec 4 are
enge ‘%%%o Exaﬁb le 1 1n a %oognL gl ass- %ade flask, 3.64

showh Ofn tRlb1E i UM dioxhEecand AR Btanfisdisti hbegluet erid;
were charged, to which was then added 2.8 g of

and W drazide fenobysisate. (80 % by mass as hydrazine) at
80C while stirring at a rate of 300 rpm followed by
keepi ng under this condition for 12 hours. Wth a

.- Con¥pseioh tafmprddeme ni#ia |y white powder was
ultimately changed to a bl ack suspension via a
col 300 t Ker Eb§edbtratanane) t < di(YpErarsad 1%0%%%} ¥1’ hed
di spersion was filtered by filter paper to obtain a

pHsipadie)sol i d and a transparent and colorless filtrate.

The solid on the filter efper was washed w th
. Selectivity of acrylic acid (%)

100 x (Formed acrylic gcid)/{{Fed propane) —
{Unreacted propane)]
+» 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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- 21 ti u',"":t r_'O 200 nL of distilled water.

After washing, the solid remaining on the fllte{ cenn ann
paper was collected in a sanple bottle while dlfatiﬁg 2
with distilled water to obtain 80 nL of an aqueous

di spersion (containing 0.28 nole as netallic

tellurium. This aqueous dispersion was divided into

two equal parts while stirring. The half was dried at

20033? :gg 2d1h%gﬁ§e@ndwgbgg used, 43,8 $aRL% 0N t¥el Wolid

ion~ analysis and el ectron m croscopic

remggﬁﬁﬁémﬁﬁ”%hésf@l%@yﬂﬁaﬁgrtngsxdaﬁﬂéﬁﬁéda§h|@1sample

resul ti ng bl ack powder exhi bited

botgifef (qﬂstlbo Qllllh‘l’:@%gahltaﬁgil%a:qule%%z e R b d b 3MR480 mL
0.42, 43.32 8 and 49.62 in terns of 20, and a

of Qﬁy§b@|eoﬂl|%a$iﬁs@%rtsﬁ|dnuf(lddﬁ‘itadjrﬂ)ﬂgjei) VIS mslle as metallic
acknow edged. Thus, it was noted that the black
telpawdem)i.s a crystal of pure netallic tellurium As
shown in Fig. 1, the particle shape of the black
powties vasuedusandaspetisaoncryss adiNadiedg an‘sqbzéiw@f edyal
pm in dianeter and several pmin |length, and
parsesattierliegsbirrihg. si z’@l@fhagé ESD et} 9@ éﬂ:ysFthFs iR 2
smal |l . Separately, in a 500-nL_gl ass-made fl ask, _2.56
hOUgSofan@nﬁ%ﬁﬂthﬁ@@aVﬁhadht§amﬂge4§i§fo# ~ZRYonfthfraction

ybdate, and 50 ml, of dist.ill d wat wer e char ged
anayid 2561 FOEGHRS e MEHAHR O TG ur e o Lhe

ggbﬁll C gé%ﬁﬁrfﬁ%?%oﬁtalThe fgl§gggggl§ngﬁ§l§;y§ the

ni agueous di spersion was

rQSUQ%g%g obﬁg%kreﬁghhegg éghghkggd diffraction lines at
angles of 22.98, 27.52, 38.24, 40.42, 45:32, 45.88 and
49.62° in terms of 20, and a crystal phase of tellurium
dioxide 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 um 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
stirring at a temperature of the boiling point of water.
The foregoing half of the metallic tellurium-containing
aqueous dispersion was added to the resulting solution,

and the mixture was heat treated for one hour. Thereafter,
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and the m xture was heat treated for one hour.
Thereafter, - 22 UU:-< .cL L.W the flask having
the resulting reaction liquid charged therein was, ... ...
cooled to 30C by ice water. Separately, 4.41 g of L =i Lus
oxalic acid and 1.74 g of niobic acid were dissol ved

in 70 mL of distilled water to prepare an aqueous
solution of the anbient tenperature. This aqueous

thescfll%tsjkon %’i@inaddﬁg{et %%%ﬁg'&geggéggtﬂgﬁmi _ic!li Q:lﬂﬂ'ged

Theé resu ng~m xed i s vigorously stirred for

the%egixm L €80 Y b he Whi 6 thendiaeed 2.5 g of

mmonium nitrate. Thereafter, the m xture was

cogcehtfaLed, bys heat igngoandhfan then@vapand ed.va g of
dryness at 120C. The resulting dried material was

niobfbChhed Weral HialsolIRAC ifrpr7® thouss. dibeldeaktiemater to
calcination was carried out in a nitrogen gas

preph ABSspher fqadotO0Gdlartidrhoof s the abbienta tweipgrature.
oxi de catal yst. As described previously, the

Thisesghtbng catlaltjisn wes pdtstsed theofersiopdngl ¥eagrhion
16 to 30 nesh and then used for production reaction of

liqatdy| i Thacresukkangl Bizefinliquédaiiess ViRaPs Pl gytirred
grinding having a volune of 500 nL, 3.64 g of

fort e} P uriimi R oxi Bt ahdbf  Weodr atbRB %'ﬁ%ﬂyd‘? ate §8PF

% by mass_as hydrazi ne and 2.6 g of . disti.lled water
ammgpi @ haPg&gaiRd nixed.hﬁ§??F%?§’zir&&%ja THatyre was

conggrﬂ:ggtgds b%re h%fa t]i%gmgr(cg eP g’:x':{:l){er 6é9ag43%g@eda% 5dryness
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. 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 mL, 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 a 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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balls of the same material quality having a size of 20

mm were then charged in the pot. The foregoi ng pot

was - 23 P 2'R 7 placed on tw rotary rolls arng pEAn 90T

subjected to grinding treatment by rotating at a“ =~ """

rotational speed of 170 rpmfor 12 hours. The

resulting black slurry was filtered by filter paper

to obtain a solid and a transparent and col orl ess

filtrate., The solid, on the filter J shed: . 45
plagety ©Boo-tie o?o%%%fil Y Snaf (lla]trd ?Egﬁgg }ggr,%t@he ST e

i gper. I i.stid |l t t [

tre\éﬁﬁlga&e%&s = [ gﬂaglrggi%} al( c%ﬁ:ta\é@rﬁagl %r%%oﬁggémr&ﬁ for
1o PBL@lslic tellurium. This aqueous dispersion was

divided into two equal parts while stirring. The half

waghdr i gdsal toRE f¥rack heukisryt heas estll itarged bbackeilter
powder was provided for neasurenents of X-ray
papif fe@ctbeaianal ysébiandndl ect tpansparestopinel colorless
observation. The results of the X-ray diffraction
filamaltesi s Tiee esthéd samettes il fscanphpet, vwasd washwad with
noted that the resulting black powder is a crystal of
200punb net atistitdedurvabher As EhewpafheFig.tie wedid was
~ particle shape of the black powder was of an
dispggisedeid diphiilded witar dic vad YinBhdef cdmpddegous
~of a primary partjicle having a size of out O. m
di speggiary stCHRSA PR EPAr 8d 2By THe safre . Hbntabiphibm .
Example 1 b&.usin .the fore(%oi.ncgegalf of .the rretallli
i i T

This adqueous spersion was inte two equa pgrts
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 results 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 of an agglomerate having a size of several um and
composed of a primary particle having a size of about 0.1
urm.

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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tel luriumcontaining aqueous dispersion. Acrylic acid

was produced under the same condition as in Exqul@ ; 2007

by using the resulting catalyst. - 24 .r-. e e

2.06+ Exanple 3 In a 500-nL gl ass-nmade flask, 5.24 g

of telluric acid and 60 nL of distilled water were

charged and dissolved wth stirring at room

tenperature. 2.8 g of hydrazine nonohydrate (80 % by
Exam ? ?s hydrazi ne) was added to this solution. A

ess and transparent solution was changed to

b 6K 28 Isoynraty1tbhe AR tiinkof @ddi ng dhetelluric acid
reductant. The resulting bl ack slurry was filtered by

andf idd ef1, RAPEd:sTNEI&af LBkert R sanBhapEEAL 018 a8ifolved
Exanple 1 was followed to obtain an agglonerate of a

withi necpeFing! et hesdmg tamparbitohe si ze .6f qbadft Wydbapime
as shown in Fig. 3. A catalyst was produced by
mon&hkdiraiteg (dte sadgl onesat esuhgdraztihe)sams cohthd i om BRis
in Exanple 1. Acrylic acid was produced under the
solsaencondi B omdenlesanpice Kinnspargptt heokebidnri ngas
catal yst. Exanple 4 In a 500-nL gl ass-nade fl ask, 3.64
chaggetl t&0| bipgh whosideaind B0 AEmef Wing | PEeddiimgs the

were charged, to which was then added 2.8 g of
redy¢dP®ti -ne nonohydrate (80 % by mass as hydrazi ne) at

8O%h\ghl lrgsgu::lr'.trl!gn%f‘atlclg riurr%r was filtered by filter

paper. Thereafter, the same operation as in Example 1 was
followed to obtain an agglomerate of a fine particle
having a particle size of about 0.05 pm as shown in Fig. 3.
A catalyst was produced by calcining the agglomerate under
the same 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-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 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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300 rpm followed by keeping under this condition for
12 hours. Wth a lapse of tine, the initially white
powder was ultimately changed to a dispersion of, » (.,
bl ack suspension via a gray color. Thereafter, e s
same operation as in Exanple 1 was followed to obtain
an aqueous dispersion of - 25 |~ (} V'--R%c. UVl

netallic tellurium Separately, in a 500-nL gl ass-nmade

f]ask, f ammoni um nmet avanadate, 3.0 g of
mEt%éé%%iE%%ggfg%@éte, and 50 nL of distilled water were

charged, and. di g0lvedoyhid eq1atkifhhg atl a1 empesat o &f
ofgéﬁg %o? ?hg pof%t of matgr. SThe foregoi ng hal f of

ammdDEuEhathianhahtar i gmydiysper sir@bnivas madgedate t Béd 50
resulting solution, and the m xture was heat treated

mb. 0% aQpnethoued Thetreaf weke lchalbyed ohndandbasalved while
nol ybdat e was di ssolved in the foregoing reaction

stitiOnddatt & wheghenasufer bherthaddesi direpvwpsent. 4£g vafter.
30 % anmonia water, and after elapsing for several

The nifiettegeinghi helst iafr i bge riedalddet | ballugivd KaFwapion
60C. 5.89 g of oxalic acid and 2.32 g of niobic acid

was weddedditssotredreaulbdngl sef udiiew | |aRf waker migture was
prepare an aqueous sol ution of_ the apbi ent

heatenperatare. fThi sOBRUENRILT - sol uTIVTFIESaddedf 14 t e of
LSRR bSEEH 90 H et S5 PSRBT M o
s B G A ey TS LG 0
ammgggafu&égg£,e%ﬁﬁ9réﬁﬁ§uierE¥%§§§ akogzqgé$ﬁ&al minutes
while stirriné, the reaction liguid reached 60°C.

5.89 g of oxalic acid and 2.32 g of niobic acid were
dissolved in 160 ml. of distilled water to prepare an
aqueous solution of the ambient temperature. This aqueous
solution was added to the foregoing reaction 1liquid.
After vigorously stirring the resulting mixed liquid for
10 minutes, 3.5 g of ammonium nitrate was mixed with this
mixed liquid. Thereafter, the mixture was concentrated by
heating 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

il

metals in the resulting metal oxide catalyst is as follows.
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using a dryer. The resulting dried material was
calcined in air at 320C for 1.5 hour. Thereafter,

cal cination was carried out under a condition af 590Q ;57

for 1.5 hour to obtain a netal oxide catalyst. A ‘

nolar ratio of the respective netals in the resulting
nmetal oxide catalyst is as follows. - 26 (%!? pin?
n t. U M/V/Te/Nb = 1.0/0.26/0.13/0.16 The foregoing
nmetal oxide was used as a catalyst in the production

Mo/@jT@myI;clm)@l_g?@;l/(bhgs,,s@ngsrranner as in Exanple 1.
As a result, the conversion of propane was 62.7 %
the selectivity of acrylic acid was 81.8 % and the
yimhsl 6bragoyhiycmediad vwasidd. 8a% vGedparsatsveaErdwplte in
1 In a 500-nL glass-made flask, 2.56 g of ammoni um
the npradanadene ofl Sadby i of agidbrinunthe| ywede doaniel 58Sniin
of distilled water were charged and di ssol ved while
Examgplerilng af @ t eapelht urtheof CopEeBsiPPn@poPRPPEPE wWas
wat er . 1.453 of a powder of commercially ay iéa l e
62-?rgg6al Ithe t eeteetivd tY medn 35S ea§iL§e:waf508fr) \/\gs and
added to the resultin sol utign, and the m xture was
the Hehekd ?%ra%ﬁ%lh%u"f‘?l‘ignwgfegi'gft%er heat i ng,

operations exactly the sane as in Exanple 1 were
CO’“?%‘T‘B%\E% Ii?’éalﬂ? %u%e a catalyst. Acrylic acid was

PrP4Usea bR hhe §POESTROBET Afadf, DAY Cg TobY ditidihum
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 one hour.

In stepé 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.

- 27 -

iy




Conparative Exanple 2 A catal yst was produced in the
same operations as in Conparative Exanple 1, except
that in Conparative Exanple 1, after adding the -.n aan-
powder of metallic telluriumto the foregoing ° @ (!
solution, the mxture was heated for 5 hours. Acrylic
acid was produced under the same condition as in
Exanple 1 by using this catalyst. - 27 0 0 V n.
- {7 ipsearipadpi e 3 In a 500-nl gl ass-made fl ask,
2.56 g of ammoni um netavanadate, 15.45 g of ammoni um
oty bdat 8002mb2 @l s -hadid urdlaskci d2.86d §0 ofl eftmonium
distilled water were charged and dissolved while
metStdnddage at 1& .uénpgr atfur emobnihe rgdivhdateoi At 68f g of
water. The flask having the resulting reaction liquid
tel ohargedcifier end &% mbob8d dis @Bddasy waker wiesp, charged
Separately, 4.41 g of oxalic acid and 1.74 g of
and niciigisolatddl Whvid edi §$4FFEAT na%0 AL WTRFER FITRd Sfat &P
to prepare an agueous sol ut %?n of .the anb

bOiJ;@h@eP&FHFle.Of T‘fj’rlgeﬁqueome s ﬁ?f‘oﬁ‘wgadhggt F&S &R
or egoj n i_qui [ had b led.to 30CoT :
rea Ot L N HX GIFOGE RUEm (AR RSP Todt £pr aF Fobtidoe

Watrri nutes, with which was then mxed 2.5 g of anmoni um
Titrate. Thereafter, the nmixture was concentrated by

he@é#ggﬁﬁgﬁfur&w Vaeerg+§91$@ Aypessat 1128C. g of

The § dried materi was calcined in air at
niocbic acid were dissolved in 70 mL of distilled water to

Co

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. 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.

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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300C for 5 hours. Thereafter, calcination was carried
out in a nitrogen gas atnosphere at 600C for 2 heufs,, ...
to obtain a nmetal oxide catalyst. Results obtalned”by“%[
using this for production reaction of acrylic acid
are shown in Table 1. Conparative Exanple 4 In a
500-nL gl ass-nade flask, 2.56 g of ammoni um
net avanadate, 15.45 g of ammoni um nol ybdate, 1.82 g of
teltuRBum!t el steidd) diznd deo amd. 90E£MLdoné il Sédl [wedtamat erere
were charged and stirred at a tenperature of the
chabekdi agdpeititrredf awmtertégpevameuheouef The bloddknigawdaigt
the resulting slurry charged therein was cooled to
of 3@Edyy foe wakerho®epar afled y flask] hpwiinoxihec xagulting
and 1.74 g of niobic acid were dissolved in 70 nL of
sludigt chhededatberesn prepgeelad &quéliS R¥| HEROYRBECt he
anbi ent tenperature. This aqueous so] ution was,added
t oSeRareseeyoi - 41 qf d o twhPERLREd BeEh &%t ed -8 38C.oF

~ The resulting nmixed liquid s _vi gar ousl| tirred for
nloéﬁcnﬁﬁﬂéeyFnﬁ19+ﬁﬂﬁ%ﬁé%&&Ptﬁ@nanggeglfﬁéQ}%% BtdPleo
amoni um ni trate. Thereafter,. the m xjiur va
Prepghtertt a?gaesyshesaftr%%,loa‘hﬁ i ¥ SibiEE: (Bmerature.

Thigra%/a%%ﬁezo&]ast %«@&i%ﬂ%%%é“%%!ﬁl&g Qe e@n&?ﬁ%&%@bi\ﬂﬁs liquid

inTair a hours. ereafter,

i 64l fLpay 16 e oRuUt ithed ULIIG8HY I@Sxed liquid
Whl%ﬁn%éghgreg%ai%%oo%gfor 2 hours to obt aiﬁ{ba msteal T

wasO¥i g8 roakaly st rResUlECy: aldt alingdddy, usitg wiiils w8 then
production reaction of acrylic acid are shown in

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 a2 metal oxide catalyst. Results obtained by using

this for production reaction of acrylic acid are shown in

Table 1.
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Table 1. - 29 (3 (, f7 -Table 1 Conversion of
Selectivity of Yield of AA P (% AA (Y (%9 Exanple

1 60.3 78.5 47.3 Exanple 2 58.6 80.9 47.4 Exafipl €//3 701

56.0 80.8 45.2 Conparative 15.5 59.8 9.3 Exanple 1
Conparative 9.6 57.5 5.5 Exanple 2 Conparative 25.6
60.5 15.5 Exanple 3 Conparative 3.6 57.9 2.1 Exanple
4 | NDUSTRI AL APPLI CABI LI TY According to the production
—raprOcess of the invention, a fine particle of netallic
tellurium having high reactivity can be allowed to

react™ W th{ QT her__net al e u r eby
a ne;al OX %@nggFgﬁy ofn qﬂ%& é%ﬁ&&@ ﬂ@g n2%1$@8 g? AR
obt ai ned. MWhen hil$)cat aI st |9Né|sé96|)
Example 1 60.3 78.5 47 .3
Example 2 58.6 80.9 47 .4
Example 3 56.0 80.8 45 .2
Comparative
15.5 59.8 9.3
Exanple 1
Comparative
9.6 57.5 5.5
Example 2
Comparative
25.6 60.5 15.5
Example 3 -
Comparative
3.6 57.9 2.1
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 vield,
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for production reaction of acrylic acid by vapor phase
catal ytic oxidation reaction of propane, acrylic acid
can be produced in a high yield. Furthernore, fthetsir ona7
present catalyst can be used for anmoxi dation of
propane, whereby acrylonitrile can be obtained in a
high yield. - 30 fl Uif k t!'4 LU dains: 1. A
process for producing a netal oxide catalyst
represented by the follow ng conposition formla,

Claimsiphi ch is characterized by allowing a fine particle of
netalllc tellurium as obtained by reducing a Te41

onpound or a Te6' conpound in the presence of

1. Aéw@ﬁafﬂr PERRY RGeSt OXide cRplysliperesdlted Ry thPJOIPé‘é'&& cqrpposition
formulal lﬂrﬂicﬁﬁﬁgﬁé}‘é@teﬁiedﬁlkﬁy Mbmﬁrﬁgmqtnﬁ%art&lé/oﬁmﬁﬂmufléhungm a;]s obtained by
nd cont ai el ement an ter and .t
reducing 2y [ OO G 1] g CEBRESIE FBP PP IFGI905 TRAGLErS PR cter or an
orgach‘tiWeat fo Aedcs irathe praséncens &1l Mﬁemmﬁc&inewedcﬁmptmriﬂb,a compound

rare earth

Conta’”@gé'ﬁeﬂf]?|§méatrz?d“’dﬂa$%flaln%rlr%?"aﬁ!ry'gp39@8?@'”‘“? and’l are each
from0.01 to 1.5, and jli is from0.3to 1.0; kis

fromO0.001 to 3.0; nw@?e to be
det erm ned by th gioxé%%uia{ ﬁfl Qt her el enents;
wher ei n enpl oyi ng a process conprising the foll ow ng

%\gr@sn(z%gs’ atsféaes?orgg%lemgnte léc?’e)d’ frtﬁn g% 4‘%4)Waﬂd2r ﬁ%efe (l\ﬁ) Co, Sn, TI,

UC|ng a ‘cohpound
Cu, rargeérth elempotsndnd ﬁfkafh@etai eleaments. ichda areehnbtiem 0Qddo 1.5 and jiis

from 0. %5 qu s %WPP gan & 330 Ia?{f Blis ?r% Hm%}‘rr}o %e%e?ef?n%fr%’d% the oxidized

tal'ning a fine partic l'tc tellurium
Sﬁﬂeoﬁﬁ@ﬁe@@rﬁﬂ%.step for renoving the unreacted reductant
and organi c sol vent contained in said dispersion as
obtained in said step A to obtain an aqueo
whereig jeg)ay8190h PrOSBFH %Wﬁ@gé ¢ fNewingrstercile P G?eét%w {3 step (4) and

ﬂep(5;ellur|un1

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 solvent
contained in said dispersion as obtained in said step (1) to obtain an agueous dispersion
containing a fine particle of metallic tellurium;

Step (3): a step for mixing the aqueous dispersion containing a fine particle of
metalfic tellurium as obtained in said 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 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
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Step (3): a step for m xing the agueous di spersion
containing a fine particle of nmetallic telluri A 8S, o
obtained in said step (2) with an M6+ conpound "and<a: £ 1
V5' compound and allowing the mxture to react at a
tenperature of 40C or higher for one hour or nore to
obtain a reaction liquid; Step (4): a step for m xing
the reaction liquid as obtained in said step (3) with

a conpound containing the follomnng el enent to

obtain a mxed | reuPestioafermsias Msherdy st ep for
evaporating to dryness the mxed liquid as obtained in

(where%?{lagsf @S}trl?e 4) eérgqg&/ﬁgg?t%gggm tﬁls'ﬁal, Q\? 'Ig,-r#r(,ege,nﬁéﬁ\rli! 8'() Sn, TI, Cu,
rare eadA S, Qaﬁdfa%mnieaal eMéntee JiAKOY atanbaoheiam A\0i S0 &t5, and /i is from

0.3 to Lgﬁ?ﬁf%rr‘rgg%bgﬁ?gﬁpl c&ej G4k ?5{@8@&?’% dftermifert By th&hxialZ8d state of
other eldntemts.) et al el ements. i and j are each from0.01 to

1.5, and j/i is from 0.3 to 1.0; kis fromO0.001 to

3.0; and y is the nunber to be determ ned by the
2. dxegraeds br ateduchg actdigmoxigk emlylst,aqcoziingﬁh eclgimolc eberefirpg primary

. produci ng. tal oxi ceprding to claimi,

parto g B O B TR oR BB PR B R B 1P Dol

has a size of not nore than 4. O n1 3. A process for

n I v

3. 2\ g%&% : %)é %ggrc%lc’nﬁ a?c?y}hg ag})eihg\.g{kh 5%&%8%{% biggggé{tmg propane to
oxidati@abmqmqrcphaeacatatyhc raactnmmpth@@meecaa@f thé @%t%lde@a Rreduced by
the profSs U RBHRETo By ghdr IREq3g22cCOr ding to any one of

clal ms o 2. 4. process for producing

acrylonitrile which is characterized by subjecting

4. ngggfs Wr o@(ﬂ%@g %Iér@tﬂ!e‘ Whidies RiheseRegPby Lh§efyabropane to

process according to any one
ammomat@péﬁ W@ pregesceg of g'@ metaE oxude as produced by thé process according to any

one of claims 1 to 3.
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