DESCRI PTI ON PROCESS FOR PRODUCI NG METAL OXI DE CATALYST TECHNI CAL FI ELD

[ 0001] The present invention relates to a process for producing a netal

oxi de catalyst for use in the production of acrylic acid by the
vapor - phase contact oxidation of propane or propylene and in the
production of acrylonitrile by the amoxi dation of propane. BACKGROUND ART
[0002] In general, acrylic acid is produced by a two-stage oxidation

reaction process which conprises reaction of propylene and
oxygen in the presence of a catapg§§ﬁ?%%gb§duce acrolein, and then a

cont act reac ,.on Cr ygen. Recently, however,
processeg Po Sﬁrggh FE@DQ§E§ @E&é QQhﬁk ﬁ%%gggg usi ng propane as a
starting material are_ _being |nvest|gated and many proposal s have been
made on TEaPHIG8EsFEBFCuse therein. Representative exanpl es thereof

i ncl ude netal oxi de catal ysts such as an [Mb, Te, V, Nb] system (patent
docurrent [2904hd [Mb, Sb, V, Nb] systens (patent docunents 2 and 3). [0003]
Furthernore, sone patent applications were recently filed with respect to
processes for prodecregeatcaretysiohaeilagesito aprocess for producing

a metal oxide catalyst for use in the production of acrvylic
acidby the vapor-phase contact oxidationof propane or propvlene
and in the production of acrylonitrile by the ammoxidation
of propane.

BACKGROUND ART

[0002]

In general, acrylic acid is produced by a two-stage
oxidation reaction process which comprises a contact reaction
of propyiene and oxygen in the presence of a catalyst to produce
acrolein,andtheneaconﬁactreaction, of the resultant acrolein
and oxygen. Recently, however, processes for producing acrylic
acid in one stage using propane as a starting material are
being investigated, and many proposals have been made on
catalysts for use therein. Representative examples thereof
include metal oxide catalysts such as an [Mo, Te, V, Nk] system
(patent document 1) and [Mo, Sb, V, Nb] systems (patent documents
2 and 3).

[0003]

Furthermore, some patent applications were recently

filed with respect to processes for producing a catalyst having
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i nproved performances as conpared with those netal oxide catalysts. For
exanpl es, patent docunent 4 discloses a process for producing a catalyst
whi ch conprises reacting a nol ybdenum conpound, a vanadi um conpound, and
an antinmony conpound in an aqueous nediumat 70C or higher, mxing the
resul tant aqueous reaction solution with a niobium conmpound, subsequently
vapori zing the resultant m xture to dryness, and calcining the solid

matt er aﬁg@r'&iv%@ %%%%&%%H %go%lnpg%%r%l‘ﬂ?ﬁ‘&%% Redlge 9:%@% a ”Et hod

of cataly CCALT On WhT |ses I Mpregnat i ngan

cat al yst r an [ Mo, ..Sb, ata sol.u ontainin one or
nore el efd) ?& § Féctg%rfﬁg%l ggou% |seFﬁg£8@%ﬁﬁ e% EF Nb,

Ta, V, B, Bi, g hﬁ g P,. Si rare earth. .el ements aIkaI

net al s, Jﬁ’& BFR Wh%g@af:?ﬁa BRI O (RBPEGY © SUEPBS F LR 8th &P P&P{% on the
catalyst The catal ytic performances of the nodified catal in. the
annnxrdaFP@ﬁouPQacﬁrHﬁnéﬂlHP068W€O§PQ'e@&ﬁuépeénFﬁ@PéﬁnCOFé@G@F iPat ent
Docunent 1: JP-A-7-010801 (clainms) Patent Docunent 2: JP-A-9-312063

(cl ai ns) anpuaRUTBedERE t37 0 JPoA- higrhse3n 1% tep dies) e st @ht 2pYeaNsnt 4:

JP- A-10- 137585 (clains) Patent Docunent 5: JP-A-10-28862 (cl ains)

DI SCLOSUREzCE iTHESPRVENTRONLI2h a niobium compound, subsequently

vaporizing the resultant mixture to dryness, and calcining
the solid matter at a high temperature.
[0004]

Patent document 5 discloses a method of catalyst
modificationwhichcomprises impregnatingan [Mo, Te, V] catalyst
or an [Mo, Sb, V] catalyst with a solution containing one or
more elements selected from the group consisting of W, ﬁo,
Cr, 2r, Ti, Nb, Ta, V, B, Bi, Te, Pd, Co, Ni, Fe, P, Si, rare-earth
elements, alkali metals, and alkaline earth metals to thereby
deposit other metal(s) on the catalyst. The catalytic
performances of the modified catalyst in the ammoxidation
reaction of propane are evaluated therein.

[0005]

Patent Document 1: JP-A-7-010801 (claims)

Patent Document 2: JP-A-9-312063 (claims)

Patent Document 3: JP-A-i0-036311 (claims)
Patent Document 4: JP-A-10-137585% (claims)
Patent Document 5: JP-A-10-28862 (claims)

DISCLCSURE OF THE INVENTION




PROBLEMS THAT THE INVENTION IS TO SOLVE [0006] In order for the one-stage
oxi dation reaction of propane to attain a high selectivity to acrylic acid
with any of the catalysts heretofore in use, it is necessary to heighten
the proportion of water vapor to propane in the reaction gas.

Specifically, water vapor proportions of 8.0 nol and higher per nol of
propane have been used. However, there has been a problemthat when

condi ti opgopaghgdirag TSHeR Ankizgh 1oat €k TwapervRroportion are enpl oyed, the
succeeding rectification step and wastewater treatnment step require a

consi der ghlpgsGost and the overall cost of acrylic acid production
i ncreases. On'the other hand, an industrial process for producing acrylic

acid from propyl epe, has alr %%‘éyoxpeeﬁé‘ta?qsé 89&&3??911 re A o ?ﬁgﬁ%i sting

process is a two-stage process conprising a first-stage rea or
convertin [ | en acrplein..and. a second- st r.eaction for
convertiﬁ% Eﬁggégr%?%%ﬁht%éf%gth%gya%?CECE§%fIEﬁ%%ggﬁgggégnﬁéocoE%Ficated.
There is roo for. i ovenent. An object of the invention isS to provide a
orocess CPORLEFGAUBFAE A BAFalYSEo £ he v I GRS He P Lokt Be FBFoduced
in high yield even under such reaction conditions that the proportion of
wat er vaéSPpp§té88qu3W§tﬁEl VBBPTNHP BFCBR8Fane. “ARotREFteBfe8BSis to

provi de a process for producing a catal¥st with which acrylic acid can be
pr oduced SPEERPEEPYI-Enewager vapor proportions of 8.0 mol and higher

per meol of propane have been used. However, there has hkeen
a problem that when conditions including such a high water
vapor proportion are emploved, the succeeding rectification
step and wastewater treatment step require a considerable cost
and the overall cost of acrylic acid production increases.

On the other hand, an industrial process for producing
acrylic acid from propylene has already been established.
However, the existing process is a two-stage process comprising
a first-stage reaction for converting propylene to acrolein
and a second-stage reaction for converting the acrolein to
acrylic acid, and this process is complicated. There is room
for improvenment.

An object of the invention is to provide a process
for producing a catalyst with which acrylic acid can be produced
in high yield even under such reaction conditions that the
proportion of water vapor is aﬁout 3.3 mol per mol of propane.

Another object is to provide a process for producing

acatalyst withwhichacrylicacidcanbe produced frompropylene
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in one stage. MEANS FOR SOLVI NG THE PROBLEMS [0007] The present inventors
made i ntensive investigations in order to overcone the problens described
above. As a result, they have found that when a conposite nmetal oxide
obtained froman [M, Te, V] conposite netal oxide or [M, Sb, V]|
conposite netal oxide by adhering a specific netal conpound thereto in

t he absence of water is used, then acrylic acid can be produced in high
yi el d even under %uch reaction conditions that the proportion of water

vapor tolﬁrgﬁgngtlgefelatively | ow. They have further found that with this

conposi t a xigﬁLt ryli.c 'g an be produced in one stage from
propylen@Egsga%P§WS Vg%%aﬁkb P$ﬁ§i'wéention has been thus conpl et ed.
[ 0008] Nanelﬁ, the invention provides a process for producing a netal
oxi de caﬂgpﬁ ﬂ having the followi ng conposition fornula, the process
conprising the following steps (1) and (2): Conposition formula MV A
BKCXOY (wherei n AREsPTESBRLSHNVBRLET gt MRdgsingRBSeVEneRVes§ELERELEARSf rom t he
group consisting of Nb, Ta, and Ti; Cis Si or Ge; i and j each are
0. 01- 1. 5iamird¢y tosoTelpmile Shedguolptens descolped-adh@ie x A DXEERLE./1; and y
is a nunmber determ ned by the oxidized states of the other elements) Step
(1) : a stey havehifohnanthgqevbenl kquidpoontai nengl 4xide obtained

froman [Mo, Te, V] compositemetal oxide or {Mc, Sb, V] composite

metal oxide by adhering a specific metal compound thereto in

the absence of water is used, then acrylic acid can be produced

in high yielid even under such reaction conditions that the

proportion of water vapor to propane is relatively low. They

have further found that with this composite metal oxide, acrylic

acidcanbeproducedinone stage frompropylene as arawmaterial.

The inventicn has been thus completed.

[ocecs]

Namely, the invention provides a process for producing
ametal oxide catalyst having the following composition formula,
the process comprising the fcllowing steps (1) and (2}):
Composition formula MoV;AsBrCx0y

(wherein A is Te or Sb; B is at least one element selected

from the group consisting of Nb, Ta, and Ti; C is Si or Ge;

i and j each are 0.01-1.5 and j/i is from 0.3 to 1.0; k is

G.001-3.0; x is 0.002-0.1; and y is a number determined by

the oxidized states of the other elements)

Step (1): a step in which an aqueous liquid containing
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Mo, V, netal A and netal B is evaporated to dryness and the solid matter
obtained is calcined at a high tenperature to thereby obtain a netal
oxide; and Step (2) : a step in which in an atnosphere cont ai ni ng
substantially no water, a conpound containing netallic elenment Cis
adhered to the netal oxide obtained in step (1) to form an oxide of netal
C on the surface of the netal oxide. The invention further provides a

process {,ar frogucl gy, a§ﬁ§|+§t§f' €%§#¥6HQ{cf%Je@I§QE%@ %%@ﬁ%h%es

subj ecting’ pfopané or propyl ene to OXI rough vapor - phase cont act

reaction or.to_a de |on i,n.the_presence, of t oxi d al yst

obt ai nedH lF‘h%‘agED 2Bt a1 b e AR S B Ak R B e NP O

[ 0009] Ac ord g a produ%ah gﬂocess of the invention, a netal oxide
% ) BE it R

catal yst §r8 ¥| bt'aPn Péh2BErylic acid can be produced from
propane or propyl ene |n hi gh yield This nmetal oxide catal yst has such an
excel | ent perforiBRBe! 2}t hat %§ﬁ§hlﬂh@ﬁlF%w%%wﬁQﬂauﬁ&ﬁ@PeF€369%6ﬁ186ﬁalt|ons
whi ch brlng about a reduction in wastewater treatnment and purification
costs, aFg §§é6tlélé¥ﬂébWﬁ¢ﬁﬁyf%@qmﬁwmmhc@%F@lﬂénﬁ@@ﬁﬁﬁ&%q@éemewhe
catalyst attaining such a high selectivity is especially advantageous when
a so-cal FedlsredyereAgtprivceseetsl ampldy edtdimashiich spreopdade, tonfpanti cul ar,
is separated and recovered as a raw material. 5

an oxide of metal C on the surface of the metal oxide.

The invention further provides a process for producing
acrylic acid or acrylonitrile, which comprises subjecting
propane or propylene to oxidation through a vapor-phase contact
reaction or to ammoxidation in the presence of a metal oxide
catalyst obtained by the process described above.
ADVANTAGES OF THE INVENTION
[C009]

According to a production process of the invention,
a meital oxide catalyst is easily obtained with which acrylic
acid can be produced from propane or propylene in high yield,

This metal oxide catalyst has such an excellent performance
that even when low-water-vapor reaction conditions, which bring
about a reduction in wastewalter itreaitment and purification
costs, are used, a selectivity to acrylic acid is not impaired.

The catalyst attaining such a high selectivity is especially
advantageous when a so-called recycling process is employed
in which propane, in particular, is separated and recovered

as a raw material.




Accordi ng to anot her production process of the invention, acrylic acid can
be produced from propylene in one stage. Furthernore, this netal oxide
catal yst can be used also for the anmoxidation of propane. BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON [0010] The aqueous liquid containing M, V,
metal A, and netal B, which is to be used in step (1) in the invention,
preferably 1is an aqueous liquid obtained by the follow ng nethod. Nanely,

the preferred agueoHsihd aHi-th AR ALY Mbn pVocBBE Rl he 2RF-HEIG, B is one
prepared by first producing an adqueous liquid containing My, V, and netal

V
A fntheal o)L owl 0g:amannes apc,adeh s Aol Al By OIPGING,L ozt hs. aqueous

liquid I ned. e aqueo iqurd con and "A may be
obt ai ned by m xi n Mo_conmpound, V. ¢ ound, and. net al compound,
oxanpl o5 of i PO T B hout T AFEFS T Rgether et b dn se¥te Hed um and
heat i ng tfe resul fant quuig ﬂixturg With stirring. The tenperature at
whi ch th@ F?quPt hitkt 3FEC*1<47heat el i 8- Preferabl y 40C or higher, nore
preferably 40-100C. The heating tine is preferably 1-10 hours, nore

pr ef er abPyST 2M8Dh ot PR CARER I NG PUT T8, LEAENELQY at ed above. Exanpl es of

the Te conmpound include netallic tellurium tellurium dioxide,
orthotel[ggi%]acid, metatel luric acid, and ammoniumtellurate. The
metallic telluriumpreferably is one which has undergone wet pulverization
bef or ehand or onE§¢ AaigeUBok hilef d faoid agarimiacties V,emetal A, and metal

B, which is tc be used in step (1) in the invention, preferably
is an aqueous liguid obtained by the following method.
Namely, the preferred aqueocus liquid containing Mo,
V, metal A, and metal B is one prepared by first producing
an aqueous liquid containing Mo, V, and metal A in the following
manner and adding a metal B compound to the agueous ligquid
obtained. The aqueous liguid containing Mc, V, and metal A
may be obtained by mixing an Mo compound, V compound, and metal
A conpeound, examples of which will be shown later, together
in an agqueous medium and heating the resultant liquid mixture
with stirring. The temperature at which the liguid mixture
isheatedispreferably40°Corhigher, morepreferably 40-100°C,
The heating time is preferably 1-10 hours, more preferably
2-5 hours. Metal A 1s Te or Sk as stated above. Examples of
the Te compeound include metallic tellurium, tellurium dioxide,
orthotelluric acid, metatelluric acid, and ammonium tellurate.
The metallic tellurium preferably is one which has undergone

wet pulverizationbeforehandor one in the formof fine particles
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of 5.0 pmor snmaller obtained by reducing telluriumdioxide and telluric
acid with a reducing agent in an aqueous nedium Preferred exanples of the
Sb conpound are netallic antinony and antinony trioxide. [0011] Exanpl es
of the Mo conpound include ammoni um nol ybdate, nol ybdenum oxi de, and

nol ybdi ¢ aci d. Amroni um nol ybdate is preferred of these conpounds because
it is water-soluble. Preferred exanples of the V conpound include amoni um

netavanad%t ﬁnd vanadiugh ent X|de unts OE &Ee Vb cgng gd nmet al
A conpoufid, “and"™v°toiis 661888e Ya‘r’@ 45181 Fows - THE &t ot
proportions of_ the V and netal A &i and j) to the Mo are O. 01 1.5 each,
and the &PBntei1aF+o 3714 fe tetareAUESPENeISRE | IT 1 §99e81F BeIipHk - case
where the proportion of any of the Mo, V, and netal A is outside the
range, thBre&pEEEd netAIPbRE def dEtalSs Commpimg. ameghetat aigt PBLpEPRYr mances
cannot be obtained. [0012] By adding a netal B conpound (netal B is at
| east onendepefénpongeleepasddtrom the group consisting of Nb, Ta, and Ti)
to the reaction liquid obtained by the procedure described above, the
aqueous I[puiid containing Mo, V, netal A and netal B is obtained. From
t he standpoint of the performances of the netal oxide catalyst to be
obtained, it is mosaeppesefdr tied Mot comsichiainmpil adeedrefonmhenmbhebaetal B
conpound i s added. 7
molybdenum oxide, and molybdic acid. Ammonium molybdate is
preferred of these compounds because it is water-soluble.
Preferred examples of the V compound include ammonium
metavanadate and vanadium pentoxide.
The amcunts of the Mo compound, metal A compound, and
V compound to be added are as follows. The atomic proportions
of the V and metal A {i and Jj) to the Mo are 0.01-1.5 each,
and the atomic ratio of the metal A to the V {j/i) is 0.3~-1.0.
In case where the proportion of any of the Mo, V, and metal
A is outside the range, the target metal oxide catalyst having
high catalytic performances cannot be obtained.
[(0012]
By adding a metal B compound (metal B is at least one
element selected from the group consisting of Nb, Ta, and Ti)
to the reaction liguid obtained by the procedure described
above, the agqueous ligquid containing Mo, V, metal A, and metal
B is obtained. From the standpoint of the performances of
the metal oxide catalyst to be obtained, it is more preferred

to add ammonia water when the metal B compound is added.
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There are no particular limtations on the tenperature of the liquid to
whi ch amoni a water and the netal B conpound are to be added. Usually, the
tenperature thereof may be room tenperature. By the addition of amonia
water and the netal B conpound, a finely particulate precipitate is fornmed
in the reaction liquid. [0013] Exanples of the metal B conpound incl ude
oxi des, nitrates, carboxylates, oxoacid salts, and oxal ates. A netal B

compound which s insoluble . be used_i.n %he f orm _of di spersion in
water. In this cHRerCRORVBR 1 He Copduid ‘EXAoBe o <051 bBEPSTR tRE wat or
by using oxalic acid or the lLike in, conbinatio therewi.ith. The netal B
conpoundoﬁsg%%dﬁﬂyfﬁi§6bW'&ﬁ aﬁ@ﬁﬂplaagaF%ry?%équf|%9§%1 SxFHBPEHEEl yst in
which the atomi c proportion of metal Bis 0.001-3.0 when the Mo proportion
is 1. | n2gask brhefdetne PiwpbtYi oot eRBear tBrEnCitrec bt Y §€ 0T oner
than 0.001 when the M proportion is 1, the catalyst obtained is apt to
det eri or hewpetatehe- othertanpdlditi wasd wheraiehwatpiropost ba rAGREOf
exceeds 3. 0, the catal yst obtained has reduced activity, resulting in a
poor conBersiprumd, pr dpardy Phetanvlateoprehip bbmoniis Watrered enbthadded i s
such that the nolar proportion of the ammonia to the netal Bis 0.4 or
hi gher, peeteiabl ¥iQu8d3.0. In case where the ammonia anount is |ess than
0.4 in terns of nolar proportion to the netal B, no effect is obtained. On
the otherohand, even when 8
Examplesof themetal Becompound includeoxides, nitrates,

carboxylates, oxcacid salts, and oxalates. A metal B compound

which is insoluble may be used in the form of a dispersion

in water. In this case, however, the compound can be dissolved

in the water by using oxalic acid or the like in combination

therewith. The metal B compound is added in such an amount

as to yield ametal oxide catalyst inwhich the atomic proporticn

of metal B 1s 0.001-3.0 when the Mo proportion is 1. 1In case

where the proportion of metal B in the catalyst is lower than

0.001 when the Mo proportion is 1, the catalyst obtained is

apt to deteriorate. On the other hand, in case where the

proportiontherecfexceeds 3.0, thecatalystobtainedhas reduced

activity, resulting in a poor conversion of propane.

The amount of the ammonia water to be added is such

that the molar proportion of the ammonia to the metal B is

C.4 or higher, preferably 0.8«3.0. In case where the ammonia

amount is less than 0.4 in terms of molar proportion to the

metal B, no effect is obtained. On the other hand, even when
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ammonia i s used in an anount exceeding 3.0, the effect is not enhanced and
a costly waste gas treatnent is necessary. [0014] It is preferred that
nitric acid or ammniumnitrate be further added to the dispersion of a
finely particulate precipitate obtained by addi ng anmoni a water and a
metal B conpound. The anpbunt of the nitric acid or anmmoniumnitrate to be
added is such that the nolar proportion of nitrate ions to the netal Bis

preferably 2.0-6.0, nore preferably 2,2-4.0. n.case e .t he ampunt of
Phe n & rVEOPGAC! Bdeiet s 4T ot Srdart, RCparoRs he Sl 6 He BAGI LI on i s
| ow. [0015% The agugous Iig i d ob%ained §USUﬁ%I¥ in a slurrg form is
heated aRB"805F6r d4P8d%t 6°8 yﬁegg? h828r FEG2MBELEr 1B0PEFREE* Ys cal cined in
t he presence of oxygen at a tenperature of 250-3800C, preferably 280-360C,
for 0.5-160k8drs, preferably 1-3 hours. The solid obtained by the cal cining
is calcined in the absence of oxygen at a tenperature of 480-640C,
preferably 570-8520C Borferned Hok $11 91 écdll proapmensuRolisrateep (1)
ends with this calcining. [0016] A conpound containing nmetallic elenent C
(whi ch ibe Sirphetepd@hdrébntheedishiessconpolind Fsnebfeppredicolasenetal C
conpound) is adhered to the netal oxide (hereinafter often referred to as
cat al ystppeetpitaty obtained bp stidpn@lymdestni Weder9and a metal B

compound. The amount of the nitric acid or ammecnium nitrate

to be added is such that the molar proportion of nitrate lons

to the metal B is preferably 2.0~6.0, more preferably 2.2-4.0.
In case where the amount of the nitrate ions added is outside
the range, the effect of the addition is low.

[0015]

The aqueous liguid obtained (usually in a slurry form)
is heated and evaporated Lo dryness. The driedmatier obtained
iscalcinedinthepresenceofoxygenatatemperatureof 250-380°C,
preferably 280-360°C, for 0.5-10 hours, preferably 1-3 hours.

The solid obtained by the calcining is calcined in
the absence of oxygen at a temperature of 480-640°C, preferably
570-620°C, for 0.1-5 hours, preferably 0.2-1.5 hours. Step
(1) ends with this calcining.

{0016}

A compound containing metallic element C (which is
Si or Ge) (hereinafter this compound is referred to as metal
C compound) is adhered to the metal oxide (hereinafter often
referredtoascatalystprecursor) obtainedinstep (1) described
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above, in an atnosphere in which water is absent. Exanples of nethods for
adhesion include: a nethod in which the nmetal C conpound is vaporized and
this vapor is contacted with the netal oxide; and a nmethod in which the
nmetal oxide is imrersed in an anhydrous organic-sol vent solution of the
metal C conmpound and the organic solvent is then volatilized. The catal yst
precursor to be subjected to this adhesion of a nmetal C conpound

pr ef er abl articles havi of about

is in the formof a.particle dianmeter
From 0. 1°K3VEo SRvePal i PPrRBLers. “TRE  CAEargst® PrEctr sorf R such a
particle size may be one, obtained hy . sievin tgg.net . oxjde powder
bt ai ned®F FSERRAT 13070r 0P L b Ot i airndl 157 déBo¥ Nt FRg: EReTREE Sl oxi de
powder on a support. and then classifying it to obtain an even particle
size. [B037PRI Y hes FERAT G *DRILAEL SuTEresn 1Fe CREARCERIav ek af e C
conpound in the formof_ a chloride, organonetallic conpound, al koxide, or
t he |i kemetphevierdeamns Rd%?’@@‘?lslfbfﬂ@ﬁéﬁlr BHS M Lt c$t aRdpBTNATSef
handl eabi l'ity. Exanples thereof include silicon tetrachloride,
t et r anet boxysihlaner cperrgenhoxyoillvans, so tutmm hoxysi habel G edrphoxygsi | ane,
trinmethylsilane, triethylsilane, hexanethyldisilane, hexanethyldisilazane,
hexamet hyhgi txanegaand $elveet hoxygeemand Lat i Mored pr éfter raeda larss
t etraet hoxysil ane, triethoxysilane, triethylsilane, and
t et r aet hexyger sanitwnbe [QEE#ctEHN to this adhesion of ametal C compound
preferablyis in the formof particleshavingaparticle diameter
of about from 0.1 mm Lo several millimeters. The catalyst
precursor having such a particle size may be one obtained by
sieving the metal oxide powder obtained in step (1) or may
be one obtained by depositing the metal oxide powder on a support
and then classifying it to obtain an even particle size.
[0017]
As the metal C compound, use can be made of a metal
C compound in the form of a chloride, organometallic compeund,
alkoxide, or the like. However, an alkoxide is preferred from
the standpcint of handleability. Examples thereof include
silicon tetrachlioride, tetramethoxysilane, tetraethoxysilane,
trimethoxysilane, triethoxysilane, trimethylsilane,
triethylsilane, hexamethyldisilane, hexamethyldisilazane,
hexamethylsilexane, and tetraethoxygermanium. More preferred
are tetraethoxysilane, triethoxkysilane, triethylsilane, and
tetraethoxygermaniun.

[0018]
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The nethod in which the vapor of a netal C conpound is adhered to
particles of the catalyst precursor can be any of all known nethods as

| ong as the adhesion can be conducted in an atnosphere in which water is
absent. Sinple nethods usable on a | aboratory scale include a nethod in
whi ch use is nade of a scrubbing bottle (equipped wth a filter) for use
in renmoving dust particles or the like froma gas by passing the gas

h h l'i qui I in | indrical | . |y, ' hod
uhi chcompr i Ses BT AU S 11 QU el Gttt TR iR i T

scrubbing b ttledbefore anqj a%gig% a geq drated inert gas herei nafter
often refer?e¥to égoéﬁﬁ9'¥§eﬁg§§ Lin ca&a gy PTEFYLRPEr 68BnPe g&2Y t hr ough
the liquid to thereby produce a_dehydrated inert-gas stream containing the
vapor of©t el hefWICTEohpGEnESi hORR ahoult 2GS HEdp6a% R tenthetdpor
pressure, and bringing this stream into contact with particles of the
cat al yst1praeur58¢Srrea oln THel Gptr toF essuies it t he netal C conpound in
the method described above depends on the tenperature and pressure of the
at nosphere. A siflele@tddbddrudaickeast iy o napory Ppralssurecliywlg o
el evate the tenperature of the nmetal C conpound placed in the cylindrical
vessel . FaoretSet@cti mipiaht erperatirde dr shicsbheati ngitie (sqabvesd ageous
to refer to the boiling point of the metal C conpound. Exanples of the
boi | i ng pwotmts £idfteret dlorCueanpournesevined utdes t12br8Cflers bet thael hioxysi | ane,
11

from a gas by passing the gas through a liquid placed in the

cylindrical vessel. Namely, it is a method which comprises

placing a liquid metal C compound in a cylindrical scrubbing

bottle beforehand, passing a dehydrated inert gas (hereinafterxr

often referred to as carrier gas) such as, e.g., dry nitrogen

gas through the 1iquid to thereby produce a dehydrated inert-gas

stream containing the vapor of the metal C compound in an amount

corresponding to the vapor pressure, and bringing this stream

into contact with particles of the catalyst precursor.

[0G12]

The vapor pressure of the metal C compound in the method

described above depends on the temperature and pressure of

the atmosphere. A simple method for increasing the vapor

pressure is to elevate the temperature of the metal C compound

placed in the cylindrical vessel. For selecting a temperature

for this heating, it is advantageous to refer to the boiling

point of the metal C compound. Examples of the boiling points

of metal C compounds include 121.8°C for tetramethoxysilane,

11




166. 8C for tetraethoxysilane, 133.5C for triethoxysilane, 107C for
triethylsilane, 253C for tetraethoxygermanium and 57.6C for silicon
tetrachl oride. Besides the tenperature of the netal C conpound, the flow
rate of the carrier gas influences the anount of the netal C conpound to
be adhered to the catalyst precursor. A suitable carrier gas flowrate is
1,800-5,000 hr-1 in terns of space velocity. It is preferred that a gas

Tor opr of Qsékﬁfcaﬁt Bo BpHCRe T oFRRD b §9E§f§t i%‘]tf's Figbreudhir g??gﬂp(‘i?‘a
[ o C T
Carrior 002 Coai ARG oNe ot sieure o e el compoun, kept

in contact wth the catalyst precursor for an appropriate tine period,
wher eby ﬁ%télCCfQEnsﬁélﬁﬂﬂeF% raffiphateamount in the netal oxide cat al yst
which is determ ned by the conposition formula given above, i.e., in an

anount of 0.0023®s1dabtthrertemtemitute b theoo: FlTﬁeCQEEQPB@rohh%f t he
metal C conpound onto particles of the catalyst precursor is preferably
conduct e@lpv 1dfee phistlde cagfr i ggsel n bl wekess fhenanpen itmb $pkerela by
fixed-layer adsorption or fluidizing-layer adsorption. The tenperature of
t he cat al ysimgrecltsore palhteireldeso durd ngtehgsadsoepiiomn of A shetaetal C
conmpound is preferably fromroomtenperature to 350C, nore preferably
50- 300C. cithenet hgayapbowotatéeisel aB0425, 000 hr™' in terms of space

velocity. It is preferred that a gas mixture having a metal

C compound vaper concentrationcf0.1-10, 000 ppm, morepreferably

1-1,000 ppm, be formed by using a suitable combination of a

carriergas flowrate anda vaporpressure of themetal C compound.

The carrier gas containing the metal C compound in

that concentrationis kept incontactwith thecatalystprecursor

for an appropriate time period, whereby metal C can be adhered

in that amount in the metal oxide catalyst which is determined

by the composition formula given above, i.e., in an amount

of 0.002-0.%1 mol per mcl of the Mo.

[0020C]

The adsorpticn of the metal C compound onto particles

of the catalyst precursor is preferably conducted in the inside

of a vessel blocked from the atmosphere, by fixed-laver

adsorption or fluidizing-layer adscrption. The temperature

of the catalyst precursor particles during the adsorption of

the metal C compound is preferably from room temperature to

350°C, more preferably 50-300°C. When the vapor of the metal

12




C compound cones into contact with the catal yst precursor kept at this
tenperature, the netal C conpound adsorbed on the precursor surface
rapidly changes into a netal oxide and is fixed to the precursor surface
without fail. In the case where fixed-layer adsorption is enployed, wuse is
made, for exanple, of a nethod conprising packing a cylindrical vessel

W th particles of the catal yst precursor, externally heating this vessel

bef hapd t t al
CGCSLSO"SE&?%?‘ PRI hEo FAAEL A S A et I o b by h on
th f 0021 d t h
pert o Lol Eah-BEbrodted B sb by - o TUPHON Wi CRLCORI P ol

t th t th | ut t tal C
CoMpounaPEBCRRSP Eng ChAALR cT BRESE SPaBUEBoBandot BOrRL ChEaFyard bPecar sor
and t hen convertlngﬁthe adherend metal C conpound. to an oxide. In the case

wher e t hé1g&falgst rEEBFEB?OFoSHéféﬁﬁjEé?@ﬁuttga%ﬁe i npregnation is
tenporarily exposed to the outside air, the catalyst precursor absorbs
moisture in the Butdieleasior where fixedielayer edsaferiasy isharpaoesydr at i on
treatnment should be conducted before the inpregnation treatnment. The
t enper at use formate, déhydeaaicpher sc50a300Chopr epepabsyngor25R01Y &n case
where the dehydration tenperature is below 50C, no 13

cylindrical vessel with particles of the catalyst precursor,

externally heating this vessel befcrehand, and passing the

carrier gas containing the vapor of the metal C compound through
the vessel. Thus, an oxide of metal C can be formed on the
precursor surface.

[0021]

A metal oxide catalyst having the same performances
can be produced also by the method which comprises impregnating
the catalyst precursor with a solution containing a metal C
compound to thereby adhere the metal C compound to the catalyst
precursor and then converiing the adherend metal C compound
to an oxide.

In the case where the catalyst precursor to be subjected
to the impregnation is temporarily exposed to the outside air,
the catalyst precursor absorbs moisture in the outside air.

It is therefore preferred that a dehydration treatment should
be conducted before the impregnation treatment. The
temperature for thedehydrationis 50~-300°C, preferably 70-250°C.

In case where the dehydration temperature is below 50°C, no

13




dehydration effect is obtained. In case where the dehydration tenperature
exceeds 300C, the surface properties of the catalyst precursor change and
a chem cal reaction for depositing the mnetal C conpound is difficult to
proceed. The organic solvent to be used is not particularly 1limted.
However, it is preferred to use a hydrocarbon, e.g., toluene or hexane.
The mater content in the organic solvent is preferably 0.005% by nass or

|over, R, B g%gsﬁbéf}'f@cw%%bpxlﬂ@és Of OUENyn L, (e, 685 6aMAE ot he

organi c so wat er content exceedi ng

preferr ege&gergf?ﬂgg%&c%%'&% &?Rﬁé’ s%ﬁ%?&%ﬁ%e@%’e sporte{ﬁé 8?&&1&9 o be

nol ecul a reve drying et he ~or anlc so ven
d f th ' t 0. 100 f bI b
vol ure PREHHSERt ﬁ?gghggeéfalgg?mlFﬁ nggbﬁﬁége%%ﬁed Rothe oF ThE

organi c soIant used is . less g% E glnes effect of nodification is
poor becHfk® tﬂecﬂ@PaPn% Eﬁnﬂb HCEA P ngﬁ?ﬁ ‘adhere to the whole
catal yst. On the other hand, even when the anount of the organic sol vent
used exceeds 100TH¢neEIamEC BRDUARLoFOthR eBRdl Y3tDot HerBEFedtaT kY not
enhanced and the solvent cost increases for the l[imted effect. The
concent r hiirbhedf tHeveral 1€ evnporfrrier tihel st gaRivelresy®et, £sJin the
range of 0.5-300 pnol/ni, preferably 5-150 pnol/nL. In case where the
concent ratioanefot heexetal Cloompdiard domtepiie ior §ami orgehvensoilgehbwer than
0.5 pnol /L, it is difficult 14

is preferably 0.005% by mass or lower, more preferably 0.002%

by mass or lower. In the case where the organic solvent has

a water content exceeding 0.005% by mass, it is preferred to

conduct dehydration by a known method, preferably the meclecular

sieve drying method.

The amount of the organic solvent to be used for the

impregnation is 0.5-100 times, preferably i-20 times, by volume

the amount of the catalyst. In case where the amount of the

organic sclvent used i1s less than 0.5 times, the effect of

modification is poor because the metal C compound cannot evenly

adhere to tThe whole catalyst. On the other hand, even when

the amount of the organic sclvent used exceeds 100 times the

amount of the catalyst, the effect is net enhanced and the

solvent cost increases for the limited effect. The

concentration of the metal C compound in the organic solvent

is in the range of 0.5-300 umol/mL, preferably 5-150 pmol/nL.

In case where the concentration of the metal € compound in

the organic solvent is lower than 0.5 pmol/mL, it is difficult

14




to deposit netal C and the effect of depositionis low On the other hand,
in case where the concentration thereof exceeds 300 pnol/nL, deposition
beconmes uneven and the original nodification effect is not exhibited.
After the catal yst precursor is inpregnated with a solution containing a
metal C conpound and then taken out of the solution, the organic sol vent
is volatilized and renoved fromthe precursor. The organic solvent may be

directl % Ltz P feer .t he.ca st
precurSXFObggégé%Edﬁg;?gb¥ﬁéﬁﬁeﬁ§%rg?ggEgrggnggpéggééég %% g?%%Dngthe

raw mat er al 0 nd, i_ni rea e _organjc_sqlvent is
volatiIiéé%fﬂﬁﬁﬁégﬁgﬁhgﬁ{gggepﬂggﬁggjghéégg?gﬁ %%go%b%é%¥xg?e%88? Fcation.
For renogb g.the organic so#vent after the washing,. . a known t hod can be
el oyed: CAUBHORERET SUPPPSE T o RERPEPF UJAFYCeparAt OO OFLFFI trat i on.
Thereafter,%%he catalg % ecursor is.heated to 50-300C, whereby the netal
C conpoufasivhi €A-haR g ﬁgﬁeﬂstBOFh%XEé?éFﬁgt precursor can be converted to
a metal oxide and fixed to the precursor surface. The contents of the

netal ingredi entAIFRr t Bee et B L BT dRr @R aF 5t L of 1tiee et i Whth obt ai ned by
fixing an oxide of netal C can be determ ned by fluorescent X-ray
anal ysi sso} 0022 et ablehai 3 mda W crmararsdiesi shesf takagt aht @ Eonpound
to the catal yst precursor inproves selectivity has not been 15
the solution, the organic sclvent is volatilized and removed
from the precurscr. The organic solvent may be directly
volatiiized. However, it is preferred that the catalyst
precursor be washed with the dehydrated organic solvent to
remcve the raw-material C compound remaining unreacted before
the organic sclvent is volatilized. This method can further
heighten the effect of modification.
For removing the organic sclvent after the washing,
a knownmethed canbe employed, suchasdistillation, centrifugal
separation, cr filtration. Thereafter, the catalyst precursor
is heated to 50-300°C, whereby the metal C compound which has
adhered to the catalyst precursor can be converted to a metal
oxide and fixed to the precursor surface. The contents of
themetal ingredients inthemetal oxidecatalystof the invention
obtained by fixing an oxide of metal C can be determined by
fluorescent X-ray analysis.
[0022]
The mechanismby which the adhesion of ametal C compound

to the catalyst precursor improves selectivity has not been
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el uci dated. However, it is presuned that sites which participate inside
reactions were blocked by chem cal reactions between the ligand of the
metal C conmpound and surface functional groups of the catal yst precursor
and the side reactions could hence be inhibited to thereby bring about the
selectivity inprovenent. Incidentally, it is presuned that in case where

a netal C conpound is adhered in the presence of water, the netal C

conmpound - s ahd r n i ; i.gipating in side

reacti onseﬂégéaé?%g't o effect' \E;i:t a% i%y%r{l%)%? agét%lgg% y"ﬁlé%%si derably

reduce acgtivi t. eferrgd th%} oxi.de cap?kégt obt ained as
[

: a itg' Le S f er 1o eteelggéal hemicTa Ton
partlcleg h&tased-rnth pS?F Euf'at'e For m %?ngff?ng %gr?lgles may
result i decrease.in catalytic g;ornance. Inéltho h %he t al . oxi de
cat al yst SPSUESHBIE | HITREOLUTPORELRF SecoWparas e SHly B (UBGCAPPEF havi ng
been deposited on a known _ support having an appropriate particle_size,
such as §FPPEE, L dfisRd 219155 RASEPERPRaZ S| Hie ot dearbrGé ~°8F FRBLF ke.
There are no garticular limtations on deposition anmount, and a known
deposi t i BANEAD ﬁtlﬁﬁhbbée@dU@nF5@§@Q¥IQréﬂﬁl6?@6? F@@Z@TlﬁﬁtéYbFénation IS
given on the vapor-phase contact oxidation reaction of propane in which
t he et almpxpueneatal ysteldrrdduced By thepbpeoeesd desrdirbedsgboheres used.
Propane and nol ecul ar oxygen (hereinafter referred to as oxygen gas) are
i ntroducedmasataW oeteriatisifoadherytii tnathd predecteonfiwtber 16the

metal C compound hydrolyzes and adheres not only to sites
participating in side reactions but also tce effective active
sites to thereby considerably reduce activity.

It is preferred that the metal oxide catalyst obtained
as particles be used in this particulate form. Pulverizing
the particles may result in a decrease in catalyticperformance.
Although the metal oxide catalyst is usable in the support-free
state, it may be used after having been deposited on a known
support having an appropriate particle size, such as silica,
alumina, silica-alumina, silicon carbide, or the like. There
are no particular limitations on deposition amount, and a known
deposition amount can be advantageously enployed.

[0023]

An explanation is given on the wvapor-phase contact
oxidation reaction of propane in which the metal oxide catalyst
produced by the process described above is used. Propane and
molecular oxygen {hereinafter referred to as oxygen gas) are

introduced as raw materials for acrylic acid production into

16




a reactor packed with the netal oxide catalyst and kept at a high
tenperature to thereby produce acrylic acid. Propane and oxygen gas may be
separately introduced into the reactor and mxed with each other in the
reactor. Alternatively, the two nmay be m xed beforehand and introduced in
a mxed state into the reactor. For reaction control, it is preferred to
use nitrogen, steam carbon dioxide, or the like as a diluent gas in

CO”binatho@e@kEBrtF%ck%@cbﬁﬂhsthEOQ%%bl!Bx&ﬁ% casgiyher enpreraneand air
are used as raw materials, the proportion of the air to the propane is

pref o1 DLy Uyt Pon30ch LAPS £ 0D e LS} Q1 ARG O 2220 4 TSt | et B TROf

vol ume pr rtion. The proportion steam t’o the propane

pref erablyl Bt et 800%08 0 8 LRSS IMSLe LIS RLORILL LaD oL the

steamto wer a conbustion  Teaction occurs

consecut i vel resul t.ing in | ow.sel ectivit to rylic.aci.d. Ln case
where. tha o bharE: ot RhUDAteededlot G Aeaeor  neldebrioi e Mot e cati on
step andwast ewat er treatnent sheg i ncreases, resglting i n a di sadvant age
in profit46i PR¥yPe ThEeHeRELPoRPEaApardt dPEFPEUFR% RB FaftgEe6f S8862460C,
preferably in the ran%e of 350-420C. A suitable space velocity of the
raw mat erPaP §ag F§2£-060- 8EPDOF RS RO} nCTSES hetle ¥ HF &bt eldci ty
thereof is lower than 1,000 hr-1, the space tine yield of acrylic acid as
t he tar géfecohpbanal detittivesarian ddexiniger ert hlee shhee aﬁelao@dyeﬁher eof

exceeds 8,000 hr-1, 17
gas in combination with the reactants.

[0024]

Inthecasewherepropaneandair areusedas rawnmaterials,
the proportion c¢f the air to the propane is preferably up to
30 times, more preferably 0.2-20 times, in terms of volume
proportion. The proportion of the steam to the propane is
preferably in the range of 0.8-8. 1In case where the proportion
of the steam to the propane is lower than 0.8, a combustion
reaction occurs consecutively, resulting in a low selectivity
to acrylic acid. In case where the proportion thereof exceeds
8 times, thecostofarectificationstepandwastewater treatment
step increases, resulting in a disadvantage in profitability.
The reaction temperature is in the range of 300-460°C,

preferably in the range of 350-420°C. A suitable space velocity

of the raw-material gas is 1,000-8,000 hr™*. In case where

"1, the space

the space velocity thereof is lower than 1,000 hr
time yield of acrylic acld as the target compcund decreases.

In case where the space velocity thereof exceeds 8,000 hrt,

17




t he conversion decreases. [0025] The propane remaini ng unreacted and the
propyl ene as an internediate product which are contained in the reaction
gas di scharged through the outlet of the reactor nay be directly used as a
fuel. However, the propane and propyl ene nay be separated from ot her
ingredients in the reaction gas, returned to the reactor, and reused. As a
nmet hod for separating the unreacted propane gas fromother ingredients

i ncludin e o] the inert gas, use can be nade of the
known p?g%sggébgafleﬁ ggg}g ?%g nmet hod ( PSAnet hod) , organi c-sol vent

adsorptlgﬂ gg hod, or the I|ke The netal oxide catalyst produced by the
i nventio pllcable al so to the oxidation of propylene and the

ammoxi dati on of ? opane, and acrgljc aci d r r%%% itrile an be
synthesi zed in h éﬁ 9?%??Pe(iﬁﬁﬁ %ﬂﬁ;uQﬁe% npgppg 6By Re or
ammoxi dati on of g ane may LnDst t he sane as the conditions of the
vapor - phaBe BbAFAE asﬁ.aaPﬁaﬁtow prBpahe feSERibed aBoveS FBBSE} The
invention will be explained belowin nore detail by reference to Exanpl es
and ConpdfatdiacBegfst E8rorrb st antlekicfetBatza3Et BBY inedreftite
Exanpl es and Conparative Exanples were evaluated for catalytic

per f or ranees by &h&ufél | MW ehret Hotl . PIeRanea A0l Mgy ify thtbe nade of

gquartz was packed 1.0 g (0.8-1.0 nlL) of a catal yst having an average
particl esep8rated from other ingredients in the reaction gas, returned

to the reacteor, and reused. As a method for separating the
unreacted propane gas fromother ingredients including reaction
products and the inert gas, use can be made of the known
pressure-swing adsorptionmethod (PSAmethed), organic-solvent
adsorption method, or the like. The metal oxide catalyst
produced by the invention is applicable also to the oxidation
of propvlene and the ammoxidation of propane, and acrylic acid
or acrylonitrile can be synthesized in high yield. Conditions
of the oxidation of propylene or ammoxidation of propane may
be almost The same as the conditions of the vapor-phase contact
oxidation of propane described above.

[0026]

The invention will be explained below in more detail
by reference to Examples and Comparative Examples. The metal
oxidecatalystsobtainedintheExanples andComparativeExamples
were evaluated for catalytic performances by the following
method. Into a 10-mmd reaction tube made of quartz was packed

1.0 g (0.8-1.0 mL) of a catalyst having an average parfticle
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dianeter of 0.5-1 mm The reaction tenperature in this reaction tube (the
tenperature neasured with a thernocouple fixed to a central part of the
catal yst layer) was set at 370C. A [ mi xed gas conposed of 7.6% by vol une
propane, 14.2% by vol ume oxygen gas, 53.5% by vol une nitrogen gas, and
24. 7% by volume water vapor was fed to the reaction tube at a space
velocity of 2,200 /hr-1 to thereby produce acrylic acid. [0027] The

r eact | ONGPLAGCE S 26! 6- 2Ral Y 26flo hola GAMROSLL O ru BRSRA O, LOLS: bhe
conversion of the propane and the selectivity to acrylic acid which are

repr ese.”%ﬁﬂebYtEQeg%Qb%%{QEi%g?%h?Qé wX“Efn%?@%Pﬁé‘&&%éﬁ%*ﬂxQéﬁ gl e).

Conversi on of "'prop propane fed unr ea
/ f tivity. t | i id (%,=,100 i id
D1 oF ded [ CBFBbanePF 8 oFufBatt b B opaRE T VIBFa 5F Abr 3T bord (55 =
i f ivit | i i 100 In th f
br opy! riL SRS GrETRE] Gt dnig et el e G PRt verer BF FrOBYene. (%
= 100x[ (propyl ene fed)-(unreacted propylene)]/(prggélene fed%OSeIectivity

to acryl PEYERR U3 = 100XFadPyPE BEFACIGT ¥ @ed)FNY prlopyl Bxevolume

fed)- (unreacted propylenehl Sel ectivity to acrolein (%9 = 100x(acrolein
water vapor was fed to the reactiion tube at a space velocity

of 2,200 /hr™ to thereby produce acrylic acid.
(0027]

The reaction producits were analyzed for cemposition,
Based on this, the conversion of the propane and the selectivity
to acrylic acidwhich are represented by the following equations
were calculated (each by mole).

Conversion of propane {%} = 100x{ (propane
fed) -~ {unreacted propane) ]/ (propane fed)

Selectivity to acrylic acid (%) = 100x({acrylic acid
yvielded)/ [ (propane fed)-{(unreacted propane)]

Yield of acrylic acid (%) = [{conversion of
propane) x (selectivity to acrylic acid)]/100

In the case of propylene oxidation, the following were
used.

Conversion of propylene (%) = 100x[ (propylens
fed) - {unreacted propylene) ]/ (propylene fed)

Selectivity to acrylic acid (%) = 100x{acrylic acid
yielded) /[ (propylene fed) - {unreacted propylene) ]

Selectivity to acrolein (&) = 100x{acrolein
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19 yielded)/[(propyl ene fed)-(unreacted propylene)] Yield of acrylic acid
(%9 = [(conversion of propane)x(selectivity to acrylic acid)]/100 EXAVPLE
1 [0028] Into a 500-nL flask made of glass were introduced 2.66 ¢ of
ammoni um et avanadat e, 15.45 g of ammoni um nol ybdate, and 50 nlL of
distilled water. The solids were dissolved with stirring at a tenperature
around 80C. After conpletion of the dissolution, the heating was stopped

and 30 ni;iefidan) Aqueeusyldhepeedi enuaoshatpBidngrdp¢begepi tel lurium netal
particles (rod-shaped particles having an average najor-axis |ength of

0.3 pmand an aveiage stn9eroxis hengt s pf=0( lcpMepbiained by reducing
telluriumdi oxide with hydrazine was added to the solution. Furthernore,

1.0 g of ,30%,a Laivater wasradded. dropwi se; vhgreto. The reaction |iquid
was stir?egé%o?vggveral n%%%tes, thyough &%igkythe t enper at ure t hereof

became 50C,\Fo tgis reaction liquid was added an aqueous sol ution obtained
by di ssol ving E. 9 g of oxalic acid and 2.32 g of niobic acid in 160 nL of
distillegow?ggr. The liquid mxture obtained was stirred for 5 m nutes,
and 4.0 0 moniumnitrate was further added thereto. Thereafter, this

bt ai ned was cal BT Fod SPU30C TarY SRR EETR i P OB Ter on e The
solid pagtéglggméggﬁmogégggggadate, 15.45 g of ammonium molybdate,

and 50 mL of distilled water. The solids were dissclved with
stirring at a temperature arcund 80°C. After completion of
the dissolution, the heating was stopped and 30 ml of an aqueous
dispersion containing 1.46 g of tellurium metal particles
{rod-shaped particles having an average major-axis length of
0.3 pm and an average minor-axis length of 0.1 um) obtained
by reducing tellurium dioxide with hydrazine was added to the
gsplution. Furthermore, 1.0 g of 30% ammonia water was added
dropwise thereto. The reaction liquid was stirred for several
minutes, through which the temperature thereof became 50°C,.

To this reaction liguid was added an aqueous solution
obfained by disseclving 5.89 g of oxalic acid and 2.32 g of
niobic acid in 160 mlL of distilled water. The liguid mixture
obtained was stirred for Sminutes, and 4.0 g of amnmoniumnitrate
was further added theretc. Thereafter, this mixture was
evaporated to dryness with a 120°C dryer.

The dried matter obtained was calcined at 320°C for
l.5hoursinanairatmosphere. Thesolidparticlesthusobtained
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20 were calcined at 590C for 1.5 hours in a stainless-steel calcining tube
to thereby obtain a netal oxide. Furthernore, particles having a particle
di ameter of 0.5-1 nmwere taken out with sieves, and were used in the
followi ng experinment. As a result of fluorescent X-ray analysis for
conposition, the nmetal oxide (hereinafter referred to as four-netal oxide)
was found to have the following atomc ratio: M/ V/ Te/Nb =

1.0/0. 2840, £4/g1&§ngavgﬁr5g@bbokor[90%9haabg fgue- etal,; geide gltal ned by

t he procedure descri be ove was packe I'n an nto the

space over, 3 qgtal gauze ol %%&ﬂﬁ%%&w%ﬁﬁwﬁ%%wsmm at

200C for nlnutes passing dry nhitrogen ‘gas Pﬁ?0ugh at a
flow rate of ter nltro%ee ga | i ne was nnected to
K

a scrubbpﬁ§t589ﬁﬁeﬁéxﬁpg.ﬁ.ﬁartﬂgéﬁagﬁﬁ8§§§r|a oF HGES RRFE t ho

fIOM/rate |%rog was gt at 0. 5 L/ E§ vagor of tetraethoxy5|

| ane was®H oUéﬁ §VC5  nPhtt ¥SrPnti§eontal emFP PHE e fXPeBx" 8B parti cl es
kept at 200C. Thus, a netal oxide catalyst was obtained. This netal oxide
cat al yst ﬁésafBaﬁaltoOﬁa%u@ﬁ@S%nrowﬁ@y ROAPBSI£i BAY NBFRPTEINBRS =
1.0/0.28/0.14/0.16/0.011 (nmolar ratio) The yield of acrylic acid, etc.

in the okh@anebnl resds dhe e nafdsanscisirngdt bd & ¢ dicaltyse tadecasdehown i n

Table 1. EXAMPLE 2 [0030]
was found to have the following atomic ratio: Mo/V/Te/Nb =

1.0/0.28/0.14/0.16 {(molar ratio).
[0029]

The four-metal oxide obtainedby theproceduredescribed
above was packed, in an amount of 1.0 g, into the space over
a metal gauze placed in a silica tube. This tube was held
at 200°C for about 30 minutes while passing dry nitrbgen gas
therethrough at a flow rate of 0.2 L/min. Thereafter, the
nitregen gas line was connected to a scrubbing bottle containing
tetraethoxysilane kept at 50°C. While the flowrate of nitrogen
was kept at 0.5 L/min, the vapor of tetraethoxysilane was brought
for 5 minutes into contact with the metal oxide particles kept
at 200°C. Thus, a metal oxide catalyst was obtained.

Thismetal oxide catalystwas found tohave the following
composition: Mo/V/Te/Nb/Si = 1.0/0.28/0.14/0.16/0.011 (molar
ratio}. Theyieldofacrylicacid, etc. intheoxidationreaction
of propane using this catalyst are as shown in Table 1.
EXAMPLE 2
[0030]

21




21 The sane procedure as in Exanple 1 was conducted, except only that the
vapor of triethoxysilane was brought into contact wth the four-netal

oxi de produced as a catal yst precursor in Exanple 1. Thus, a netal oxide
catal yst having a nmetal conposition

of Mo/ V/ Te/ Nb/ Si =1. 0/ 0. 28/ 0. 14/ 0. 16/ 0. 012 (nolar ratio) was obtai ned.
EXAMPLE 3 [0031] The sane procedure as in Exanple 1 was conducted, except

only that the vapgg é%fmé ﬁ)kSEQMh§é|aasn§n‘@9§an@l@19Was' &&@@@é@c%x \é’#tth the
four-metal oxide produced as a catal yst precursor in Exanpl e

e ey v ol R 2L Xale DB DD FELE o CRTRARLLIA - gt tnto contact |
EXAMPLE 4 . ho‘%ﬁ%] foRBE SRR ﬁ&%%dk%&%d%%ed 2B ”B'a%ﬁ%y 8%%%‘3%?0%0' except

only t hat" t e vapor of trlet oxygerimani um was roug contact with

he f - I d d | Ex 1. Thus,
2 metal | OF BaBRUE| yst RAUTng® HeRRE aP tUnpeRre ! ghe ofeviny & MeLeL TS

Mo/ VI Tel Nb/ Ge=1. 0/0 2 14/0.16/,0. 007 rati o) i ned. The
ot al oxF&B‘p{?éf%Il%t%fB ord7 ettt 6 58 o B O 888 T8 TGiance a
reaction for acrylic_acid synthesis by propane oxidation. The results

t hereof &P&18¢ WRAGWRPIFAined.

EXAMPLE 3
[0031]

The same procedure as in Example 1 was conducted, except
only that the vapor of triethylsilane was brought into contact
with the four-metal oxide produced as a catalyst precursor
in Example 1. Thus, a metal oxide catalyst having a metal
compositionofMo/V/Te/Nb/Si=1.0/0.28/0.14/0.16/0.033 (molar
ratio) was obtained.

EXAMPLE 4
[0032]

The same procedure as in Example 1 was conducted, except
only that the vapor of triethoxygermanium was brought into
contact with the four-metal oxide produced as a catalyst
precursor in Example 1. Thus, a metal oxide catalyst having
ametal compositionofMo/V/Te/Nb/Ge=1.0/0.28/0.14/0.16/0.007
(moclar ratio) was obtained.

The metal oxide catalysts obtained in Examples 2 to
4 were used to conduct a reaction for acrylic acid synthesis

by propane oxidation. The results thereof are as shown in

22




22 Table 1. EXAWMPLE 5 [0033] A 1.02-g portion of the four-netal oxide
particles produced as a catalyst precursor in Exanple 1 was dehydrated by
heating it at 220C for 30 mnutes in nitrogen and subsequently treated in
the foll ow ng manner w thout being exposed to the air. In a nitrogen

at nosphere, the netal oxide particles which had been returned to room
tenperature were added to 7.5 nL of ann-hexane sol ution having a

tetraet hexysil ane concentration of 12 pnol/nL (the n-hexane used was one
whi ch had been dehydrated w th nol ecular sieve 4A) and this m xture was
sufficie@khyPLﬁt%rred. Thereafter, the mxture was heated at 80C for 30

m nutes or Tonger in a nitrogen streamto vaporize the hexane. The netal
oxi de ca% bggt obtai ned was used in the oxidation reaction of propane in
t he sane nannér as in the Exanples given above. Before being used in the

propane oxidatio reaction, .the t oxi de catalyst.i.s heated.to 370C in
a colum packedﬂtﬁeﬁgﬁﬁtﬁoFBl?ﬂeP b?LSOﬁQBFFm?%QHs???@%npgfgﬁgleﬁerived
fromtetraethoxysil ane adhered by the procedure describeg gbove to an

oxi de. TRECREFEF BRi BeCRatalyStPTFCTRTSr Kt ArETHAS tth¥2FolFEwiRg te

conposition: M/ V/Te/No/Si, = 1.0/0,28/0.14/0.16/0.016 (nplar ratio).
EXAMPLE quqﬁﬁyﬂgltat220 C for 30minutes innitrogen and subsequently

treated in the following manner without being exposed to the
air. In anitrogen atmosphere, the metal oxide particles which
had been returned to room temperature were added to 7.5 mL
of ann-hexane selutionhavinga tetraethoxysilane concentration
0f 12 umol/mL {the n~hexane used was one which had been dehydrated
with molecular sieve 4A) and this mixture was sufficiently
stirred. Thereafter, the mixture was heated at 80°C for 30
minutes or longer in a nitrogen stream to vaporize the hexane.
The metal oxide catalyst obtained was used in the
oxidation reaction of propane in the same manner as in the
Exanples givenabove. Beforebeingusedinthepropaneoxidation
reaction, the metal oxide catalyst is heated to 370°C in a
column packed therewith to thereby convert the silicon atoms
derived from tetraethoxysilane adhered by the procedure
described above to an oxide. The metal oxide catalyst in this
state had the following composition: Mo/V/Te/Nb/Si =
1.0/0.28/0.14/0.16/0.016 {molar ratio).
EXAMPLE 6

[0034;
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23 A 1.02-g portion of the four-netal oxide particles produced as a

catal yst precursor in Exanple 1 was dehydrated by heating it at 90C for 30
mnutes in nitrogen and subsequently treated in the follow ng manner

wi t hout being exposed to the air. In a nitrogen atnosphere, the netal

oxi de particles which had been returned to roomtenperature were added to

4.5 nL of a toluene solution having a tetraethoxysilane concentration of

100 nol /mL (the th%ﬁeguﬁégty\_@ﬁ gRecMbi ehyhadebeen,dehydpated. 1 ust h
nol ecul ar sieve 4A) and this mxture was sufficiently stirred and then

heated a r88;§cﬁara§ 9%‘%&1@% l}%ﬁe&%éf‘%ﬁ %@.ﬁ%‘ Vel swaahgaigeéad- Af t er

conpl etion of heating, ure was a to cool to roomtenperature
and filt i . [ i r re ' 10 nmL

of a sol D= bR letd T ovarar o AL one e St bt cat al yst
obt ai ned, was,used in th idation reacti. f _propane_in the s manner
25 i n TG ERRB 67 1 N Beroh & barha ke 1 IR pFbae ORCASE: GR Feacti on.
the netal ,oxide catalyst is heated to 370C in a columm packed therewith to

t hereby £0hvert the silicon atons derived from tetraethoxysilane adhered

by the procedure_described above to an oxide. The netal oxide catalyst in
this state had the 2folFeaPfy dbRpdRieron: tivb/Np el Nt gie particles

1.0/0.28/0.14/0.16/0.014 (nolar ratio). EXAWMPLE 7
which had been returned to room temperature were added to 4.5

mLof atoluenesolutionhavingatetraethoxysilane concentration
of 100 ymol/mL (the toluene usedwas one which had been dehydrated
with molecular sieve 4A) and this mixture was sufficiently

stirred and then heated at 90°C for 1 hour. In this heating,
the solvent was refluxed. After completion of heating, the
mixture was allowed to cool to room temperature and filtered
in the air. The particles recovered were washed with 10 nl
of a sclvent, which was used in several portions. The metal
oxide catalyst oktained was used in the oxidation reaction

of propane in the same manner as in the Example 1.

Before being used in the propane oxidation reaction,
the metal oxide catalyst is heated to 370°C in a column packed
therewith to thereby convert the silicon atoms derived from
tetraethoxysilane adhered by the procedure described above
to an oxide. The metal oxide catalyst in this state had the
following composition: Mo/V/Te/Nb/Si =
1.0/0.28/0.14/0.16/0.014¢ {molar ratio).

EXAMPLE 7
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24 } [0035] The same catalyst as in Exanple 6 was used in reaction

eval uation, in which propyl ene was passed, in place of propane, through a
reactor at the sanme flow rate to conduct an oxidation reaction. The
reacti on eval uation was conducted at 340C. As a result, a conversion of
the propylene of 98.4 0, a selectivity to acrylic acid of 84.7% and a
selectivity to acrolein of 1.1% were obtai ned. COVPARATI VE EXAMPLE 1

[ 0036] Theofieur-netal oxi de produced as a catal yst precursor in Exanple 1
was used as a catalyst to conduct a reaction for acrylic acid synthesis by

propane oxi dati onhkNsdhe SaME VRNAS! in &xdnbldhe fxanplas igi yeacabeye. The
results thereof are as shown in Table 1. ARATI VE EXAMPLE 2 [0037] The

sanme proggdyngtasni N CORRRRALFMSy FXRIRIE %ag@éd cenducted, ¢ E’L‘gﬁ,,%ﬁe?“' y that
the reaction tenperature was changed to ARATI VE

[ 0038] Tﬁﬁrééﬁgfp&%%%ﬂ%&eaéﬁjkﬁsSR%pﬂié&H%ﬁxﬁ%én@%ﬁa&cﬁﬁﬁloﬁ?HQHEBﬁd

except on the reaction tenperature was changed

reaction. The reaction evaluation was conducted at 340°C.
As aresult, aconversionof thepropyleneof 98.4%, aselectivity
to acrylic acid of 84.7%, and a selectivity to acrolein of
1.1% were obtained.

COMPARATIVE EXAMPLE 1

[0036]

The four-metal oxide produced as a catalyst precurscr
in Example 1 was used as a catalyst to conduct a reaction for
acrylic acid synthesis by propane oxidation in the same mannher
as in the Examples given above. The results thereof are as
shown in Table 1.

COMPARATIVE EXAMPLE 2
[0037]

The same prcocedure as in Comparative Example 1 was
conducted, except only that the reaction temperature was changed
to 360°C.

CCMPARATIVE EXAMPLE 3
[0038]

The same procedure as in Comparative Example 1 was
conducted, exceptonly that the reaction temperature was changed
to 350°C. It canbe seen from the results of a propane cxidation

25




to 350C. It can be seen fromthe results of a propane oxidation 25
reaction using the catal ysts of Conparative Exanple 2 and Conparative
Exanple 3 that the regulation of reaction tenperature, when enployed as
the only measure, is less effective in inproving product selectivity in

t he oxi dation reaction. COVPARATI VE EXAMPLE 4 [0039] Ina beaker was pl aced
0. 094 gof asilica sol manufactured by Ni ssan Chem cal Industries, Ltd.

(trade nagBct$BaWMIEANn30rheagueaUSdissper shapaehriveershhpbca paghicl es; Si G2
concentration, 30 wt% . Thereto was added S. 0 g of distilled water to

di ssol vecoh 3r§?ﬁve§%éﬁ?ﬁé§9BHE%%@f@@ﬁiéﬁﬁﬁﬁb@réa@t?&n%@ﬁp@?ﬁ%uggtm

oxi de partrcles produced as a catal yst precursor i n Exanpl e

resul tang, e cata 9%%? g%%%ﬂ¥dﬂhﬁggs%9g gfpegékﬁ%e%% v%%ﬂ?z%§|?§198urs The

nmet al oxr talne OW ng netal conpo

Vol VI Tel Mol 2 1.910:2810,14/0.16/ 0,953, (npl gt ratjg) . The catal yst

obtarned was “Use t a reaction ylrc acrd synt hesi s by

pr opane manner as in the Exanpl es and Conparative

Exanples8éhg§%hgggbeE&R@E§EWEArlVE EXAMPLE 5 [ 0040] The four-netal oxide

produced as_a. catal yst precursor in Exanple 1 was used as a catalyst to
Pa

conduct aYPédétion for acrylic acid synthesis by propyl ene oxidation in

t he sane manner o
Inabeakerwasplaced(0.0% gofasilicasolmanufactured

by Nissan Chemical Industries, Ltd. {trade name, Snowtex 30;
aqueous dispersionof finesilicaparticles; S10; concentration,
30wt%). Theretowas added 5.0 gof distilled water to dissclve
the sol. To this solution were added 2.5 g of the four-metal
oxide particles produced as a catalyst precursor in Example
1. The resultant mixture was evenly mixed and then dried at
120°C for 2 hours. The metal oxide catalyst obtained had the
following metal composition: Mo/V/Te/Nb/Si =
1.0/0.28/0.14/0.16/0.053 {(molar ratio).

The catalyst obtained was used to conduct a reaction
for acrylic acid synthesis by propane oxidation in the same
manner a5 in the Examples and Comparative Examples given above.
COMPARATIVE EXAMPLE &

[0040]

The four-metal oxide produced as a catalyst precursor
in Example 1 was used as a catalyst to conduct a reaction for
acrylic acid synthesis by propylene oxidation in the same manner

as in Example 7. A conversion of the propylene of 98.1%, a

26




as in Exanple 7. A conversion of the propylene of 98.1% a 26 selectivity
to acrylic acid of 73.4% and a selectivity to acrolein of 3.4% were
obtained at a reaction tenperature of 340C. [0041] 27 OO d N r4d4Nmf--
mC H MMto U- "~ NNr-i LO (YY), IzT'f" a crd '~d MMV 4-1 W
O00O0-,i rO 4-J41 >1 U> ro-J0olo NHO0OONTr> d ComtolITN
S{HNOto 4ar- OMC4-A0Il-rco Omrr ~00a)ril- QQQU -g0
U -1 0 @kledditvityutad) adyylicahcidr dW 73.4%, and a selectivity to

acrolein of 3.4% were obtained at a reactlon temperature of

340°C.

[0041]
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According to the metal oxide catalyst obtained by the
invention, acrylic acid can be produced in high yield using
propane and alr or propylene and alr as raw materials.

Furthermore, acrylonitrile can be produced with the catalyst

in high yield using propane and ammonia as raw materials.
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| NDUSTRI AL APPLI CABI LI TY [0042] According to the netal oxide catalyst
obtained by the invention, acrylic acid can be produced in high yield
using propane and air or propylene and air as raw nmaterials. Furthernore,
acrylonitrile can be produced with the catalyst in high yield using
propane and amonia as raw materials. 29 CLAIM5S [1] A process for
produci ng a netal oxide catalyst having the follow ng conposition fornula,
the process conprising the follow ®gh8ieps (1) and (2): Conposition
formula MoV A BKCXOy (wherein Ais Te or Sh; B is at |east one el enent

sel ect ed [1fir am phecgsoupocopsestcnggof hbtaTapxated datalCreés ShvongGe; |
and | each are 0.01-1.5 and j/i is from0.3 to 1.0; kis 0.001-3.0; x is
0. 002- 0. theandl yowsna dutighed i dederdimed )y theher oué b zeanystiatesy ehet he
other elements), Step (1) : a step in which an aqueous liquid containing

Mo, V, nebalcAiagdswebal (B)i sngvaperated to dryness and the solid natter
obtained is calcined at a high tenperature to thereby obtain a netal

oxi de; and Step £2hpos@c$bEPrbPmWhALCh i n an,@km bﬁbﬁ cont ai ni ng
substantially no water, a conpound cont ai ni ng netal fic element Cis

adher ed R%h%?@iﬂehahsoﬁgdgrosb@i@eQSi@tsE%Qs@lxngoeﬁQﬁghtagegékgngf met al
C on the surface of the netal oxide.

from the group consisting of Nb, Ta, and Ti; C is Si or Ge;
i and j each are 0.01-1.5 and j/i is from 0.3 to 1.0; k is
0.001-3.6; x is 0.0602-0.1; and y is a number determined by
the oxidized states of the other elements},

Step (1): a step in which an agueous ligquid containing
Mo, V, metal A and metal B is evaporated to dryness and the
solid matter obtained is calcined at a high temperature to
thereby obtain a metal oxide; and

Step (2): a step in which in an atmosphere containing
substantially no water, a compound containing metallic element
C 1s adhered to the metal oxide obtained in step (1) to form
an oxide of metal C on the surface of the metal oxide.
[2] The process for producing a metal oxide catalyst of claim
1, wherein in step (2}, a'vapor'obtainedlniheating'thg compound
containing metallic element C is adhered to the metal oxide
obtained in step (1} to form an oxide of metal C on the surface
of the metal oxide.
[3] A process for producing acrylic acid, which comprises
oxidizing propane or propylene through a vapor-phase contact
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[2] The process for producing a netal oxide catalyst of claim 1, wherein
in step (2) , a vapor obtained by heating the conpound containing netallic
elenent Cis adhered to the netal oxide obtained in step (1) to form an
oxi de of metal C on the surface of the netal oxide. [3] A process for
produci ng acrylic acid, which conprises oxidizing propane or propylene

t hrough a vapor-phase contact 30 reaction in the presence of a netal oxide
cat al yst rmprmedueed inby htthe rprsetess odf ackaitmil oari d2. chdk 1Aspr peesisickar
produci ng acrylonitrile, which conprises subjecting propane to

amoxi datiyorhien pirbecpiesenee a0t @ et al. oxide catal yst produced by the
process of claim1 or 2. it 31

[4] A process for producing acrylonitrile, which comprises
subjecting propane to ammoxidation in the presence of a metal

oxide catalyst produced by the process of claim 1 or 2.
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