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 oxi dation 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
reacti on process which conprises a contact reaction of propylene and
oxygen in the presence of a cataly8tCREFpFPuce acrolein, and then a
contact reaction of the resultant acrolein and oxygen. Recently, however,

rocesses T OrEr ddtfei TRPIHGING MEBRL OX b A B usi ng propane as a
P : . Cryth .
starting material are being investigated, and nany proposals have been
made on WA YStls ¥GyLlyse therein. Representative exanpl es ther eof
i nclude netal oxide catalysts such as an [Mo, ["e, V, Nb] system (patent
docunent L000Olland [Mh, Sb, IT, ] systems (patent- documents 2 and 3)
[00:;3:1 Furthernore, sone patent applications were recently filed with
respect to procesSespfesept cdventdon rebdttdysb howdddss for producing
a metal oxide catalyst for use in the production of acrylic
acidbythevapor—phasecontactoxidationofpropaneorpropylene
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 propylene and oxygen in the presence of a catalyst to produce
acrolein, and then a contact reaction of the resultant acrolein
and oxygen., Recently,however,processesforproducingacrylic
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, Nb] 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 disc uses a process for producing a catalyst
whi ch conprises reacting a nol ybdenum conpound, a vanadi um conpound, and
an antinony conpound in an aqueous nediumat 70 or higher, mxing the
resul tant aqueous reaction solution with a niobium conpound, subsequently
vapori zing the resultant m xture to dryness, and calcining the solid
rature. [00041 Patent document 5 discloses a nethod

matter at
of cataly%?prQé%ﬁ ??W?Qﬁﬁ%h%%nfﬁmgﬁ%@¢r&ﬁ%@n%ﬁ?%@ BatENOxide, V)]
catalyst or an V] catalyst with a solution. containing one or
nore el enemtdt ié%t'f%ct g@ﬁ‘?%@?h@gﬂﬁi@%‘ﬁ%@%@@%@ dofisSlofps a ¥ocgss Ti,
No, Ta, V. B. Bi, Te, Pd, Co. Ni, Fe, P, Si, rare-earth elenents, al kal i
metal s, afRE &eAlicA® Jearqat atetsl shight herebysedepositing hemolmb@damgra) on
the catalyst. The catalytic perfornmances of the nodified catalyst in the
ammoxi dat¢@reourehctd orerofd jpropamer arred e val didre it thienei n. c g0 Fd Rat ent
Docunent JP-A-7-010801 (clains) Patent Docunent 2: JP-A-9-312063 (cl ainms)
Pat ent Doouagneo8s miR-Aulde 0868lor hebhkrs niHatethe Resuimein tdiqueous
JP-?.-10-137585 (clains) Patent Docunent 5: :JP-A-10-28862 (clains;
DI SCLOSUREe dd%. TidiE ddWHENHrOWith 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, Mo,

Cx, Zr, 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-10-036311 (claims)

Patent Document 4: JP-A-10-137585 (claims)

Patent Document 5: JP-A-10-28862 (claims)

DISCLOSURE OF THE INVENTION



PROBLEMS THAT THE | NVENTI ON TO SCLVE [0006] In order for the on, -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
conditions_ including such a high water vapor proportion are enployed, the

succeedi N TR i THT ot st P Mhast et Tt eat ment step require a

consi derable cost and the overall cost of acrylic acid production _
i ncreaseslO@Pthe other hand, an industrial process for producing acrylic
acid from propyl ene has al ready been established. {omesre.r, the existing
process is a two-Igtegecplocesse canrptrgsiany dag ifdr seast age ofgaodpare f or
converting propylene to acrolein. and a second-stage reaction for
converti ngp teecaer el bilght selactylvii¢ yacbdacapdithasipgrecessany . ¢f the .
conplicated,, There is room for inprovenent. An object of the invention is
to provi detalproceserdtorfqreoduciung, aicatal ystevwbhn vhikdi @eryhienaci d can
be produced in high yield even under such reaction conditions that the
proporti grafomaiter ompertd:s it b pridarkeri dodhofrddopane. gAnot her
object is to provide a process for producing
Specifically, water vapor proportions of 8.0 mol and higher
rer mol of propane have been used. However, there has been
a problem that when conditions including such a high water
vapor proportion are employed, 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 improvement.
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 about 3.3 mol per mol of propane.
Another object is to provide a process for producing

acatalystwithwhichacrylicacid canbe produced frompropylene
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a. catalyst wth which acrylic acid can be produced from propyl ene in one
stage. MEANS FOR SCLVI NG THE PROBLEMS [0007' The present inventors made
intensive investigations in order to overcone the problens described
above. a result, they have found that when a conposite netal oxide
obtained fromart No, Te, V] conposite netal oxide or [M, Sb; v]
conposite netal oxide by adhering a specific nmetal conpound thereto it,

t he absence of water is used, then acrylic acid can be produced in high
yi el d ever urgerstamh. reaction conditions that the proportion of water
vapor to propane is relatively low They have =t rth : found that with
this conptHiN®e FER SILOKIGeTHRCRROBIEMAci d canoe produced in one stage from
propyl ene as a rawmateriai.. The invention has been thus conpl eted. 000a]
Nanely, thEodnventi on provides a process 1 _or producing a netal oxide
catal yst having the follow ng conposition fornula, the process conprising

the following steps (Ehesit (iRventCHPesidd omfafdma Vo d A BT iOn%

(wherein Ais Te or Sb; Bis at least one element selected fromthe group

consi sti nig 8§d5|91toT@ve§Egm$'th&8k§b§bm9rdecfér1Bedankoeea9i% %dle e 0, 0L-1.5

and-j/i from0.3 to 1.0; 0; x 15 y 1's a nunber

det erm ned,dy nthe Axif z8d Stal&s é)fcglﬁ?osof‘é@ M& LMY Sde obtained

froman [Mo, Te, V] compositemetal oxide or [Mo, 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 yield 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
acidcanbe produced in one stage frompropylene as a rawmaterial.
The invention has been thus completed.

[0008]

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

Composition formula MoV;ABxCx0Oy
(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
0.001-3.0; 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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Step (1) : a step in which an. aqueous liquid containing 1 M, V, netal A
and netal }3 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 containing substantially no water,
a conmpound containirig ?-ietall-c elenent Cis adhered to the netal oxide
obtained in step (1) to form an oxide of netal r on the surface of the
net al oxi de. The invention further provides a prone ss for producing
acrylic a&d ‘or eyl éni enid eetali BhicorprbPeestedbfectd ngesprapanthor
propyl ene t: o oxidation through a vapor-phase contact reaction or to
ammoxi datdohid matheprasenicedfia oetalnakiat a datgl ystmobtained thy t he
process descri bed above. ADVANTAGES OF THE | NVENTI ON [0009] According to a
product i drmeragesstofin ke nateentdsoinje; aamet al oxi de catalyst is easily
obtained with which acrylic acid can be produced from propane or propyl ene
in high yield. . St (aetab oxégdeicalalgrstinhas stedssie X @il ©Mitning
performance that eSenwhei' | ow water-vapor reaction conditions, which

bring abaisw@rteducty 88 wdk Mas bewahebuhd @R iandnBYRI i i catiQncost s,
are used, a selectivity to acrylic acid is not inpaired. The catalyst

attai ni ng Such gaHeah t3ekeet kikhy bgiBePEstalhyg advaptgoepps yhen a
so-cal l ed recycling process is enployed
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
[0009]

According to a production process of the invention,
a metal 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, whichbring
about a reduction in wastewater treatment 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.



in which propane, in particular, is separated and recovered as a raw
material. S According to another product ion processor the invention,
acrylic acid can be produced from propylene in one stage. Furthernore, this
net al oxi de catal yst can be used also for the amoxidation of propane.
BEST MODE FOR OAPZ' . C:1:Ns OUT 'P}:-E LNVENT: 1: ON [001.0; The aqueous
liquid containing Mo, 1% netal A and netal B, which. is to be used in
step (1) in the invention, preferably is an aqueous |iquid obtained by the
fol | ow ng net hodccoNdaebyo athetipeebepdedt aqueous dsisqui theamtvainniing, Me, \1,
metal A, and nmetal B is one prepared by first producing an aqueous liquid
cont ai ni AgrMa,icVacand caet ake Arioduichel ffablopirngylearnenh aned addigeg a netal B
conpound to the aqueous liquid obtained. The aqueous |iquid containing M,

V, and netal . A roeyhbemobtai RBdsbyecfbXi bgiaa PAteoyBeUEan: be Mseanmpound,
and netal A conpound, exanples of which will be shown |later, together in

an aqueous sgediodm-and sheakingttibe beswhbanhel.iquid mxture with stirring.
The tenperature at which the liquid mxture is heated is preferably 404 or

hi gher, gpEe pogherall yadRyi®e4oyrTharheaiERg biyme is preferably 1-10
hours, nore preferably 2-5 hours. Metal Ais Te or. Sb as stated above.

Exanpl es gh;oyhe "re compound include nmetallic tellurium tellurium
di oxi de,

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

wet pulverizationbeforehand or one in the formof fine particles
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orthotel .lurc acid, .ttetatelluric acid, and amaon:ium tel.iurate. The
netallic telluriumpreferably is one which has undergone wet

xpul veri zat i onbef orehandor one in the formof fine-particles of 5.0 pia or
smal | er obtained by reducing telluriumdioxide telluric aTi acid with a
reduci ng agent in an. aqueous nedia m Preferred exanples of the Sb
conpound are netallic antinony and antinDny trioxide. [0011] Exanpl es of
the Nib conpound include anfncni'::,r, .y' bdate, nolybdenum oxi de,
and ol yisth . T dim .o AR arm gl e éDYl ‘redisrigferreld wfiithesecamounds
because it is water.--soluble. Preferred exanple ; o - the V conpound

i ncl ude @nfrriedduriet acadadatle anckdwriadi wmepent oxadea gddeuameuhitise.of t he
No. compound, netal A conpound, and ~T conpound to be added are as
fol | ows. Phe fatroridc egropdrti ofisthaf Sbheonpamad net@lmetdl and dnt itn@rtthe M
are 0.01-1.5 each, and the atomc ratio of th.e;, netal Ato the V (j/i)
is 0.3-1ahd dnticass whersxitdee proportion of any of the Mb. V. and netal A
is outside the range, the target netal oxide catalyst ha"i::nr high

cat al yti ggmarifjor mances cannot be obtai ned. 10012] By adding a netal B
conmpound (netal B is at |east one elenent selected. fromthe group

consi sting of PIbxak@leande Fhk md eohB%uhaaé}{d quié hﬂﬂbﬂlﬁmﬂiﬂ%a@ye,t he

procedure descri bed. above, the aqueous liqu containing M

A, ani dyatalgenBrd %xﬁ%ké'%%%.nEhSﬂkﬁD?eﬁﬁﬂﬂdpﬂhﬂBnQLmtHSlQE&BQE”?QCQS Of

preferred of these compounds because it is water-soluble.
Preferred examples of the V compound include ammonium
metavanadate and vanadium pentoxide.

The amounts 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 j) to the Mo are 0.01-1.5 each,
and the atomic ratio of the metal A to the V (j/1i) 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 liquid obtained by the procedure described
above, the aqueous liquid 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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the netal oxide catalyst to be obtained, it is nore preferred to add
ammoni a wat er when the netal B conpound is added. 'here are no particul ar
limtations on the tenperature of the liquid to ammt:n.ia water and the
nmetal B conmpound are to be ad-ded. usually , the tenperature thereof may
be room tenperature. By the addi.tirmof ammonia water and the netal B
conpound, a finely particulate precipitate is formed in the reaction
liquid. [0013] Exanples of the netal B conpound i rclude.: :xi.les , nitr.
ates,. carboxyl aheses axo®ac dasal ts]aandinoxad at@ss oA thed alenBegenmownd
which is insoluble may be used in the formof a dispersion in water . In

this ca ef the togpodntb can die Aingsalaved ter hhe vaé efietyl aXAdmpagiad or the
like in combination therewith. The netal B conmpound is added in such an

anount  ag.t Qo%e,ela@ld%d”et @quMQe €8t Alefferddtur BnkeBokENga §' b@Foom
proportion of netal B is O. 001-3. 0 when the M ; ruportion |s . I'n case

wher e t he pLRRARLL-RN oéyn@ﬂ@' Byl dhes catal yst '@ﬂeoeﬂ%& £3Q1 when
1- ter

the Mo proportion. is 1, cnat yst obtained is apt to |orate

On thee at , r r h+ r e .S, on
t-he ca. f%apg gggdalgl = ghealyré) St{:tg tq &????pl@gtfgtllﬁ ﬂ?}mgé (%%e
conver5|9na%E1850 an% d_The ar ., ount of the amoni a water to be added is
such that the folar proportlon of the ammnia to the nmetal. El is 0.4 or

hi gher, QO%E%rably 0,8-3.0, In case where the ammoni a

Examplesof themetal Bcompound includeoxides, nitrates,
carboxylates, oxoacid salts, and oxalates. A metal B compound
which is insoluble may be used in the form of a dispersion
in water. 1In 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 toyield ametal oxide catalyst inwhich the atomic proportion
of metal B is 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
proportion thereof exceeds 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
0.4 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

8



amount is less than 0. in terns of nolar proportion: to the netal B, no
effect is obtained. On the other hand, even when ammonia is used in an
anount exceeding 3. the effect is not enhanced and costly waste gas
treatment is necessary. 14 It is pref; :red that nitric acid or anmoni um
nitrate be further added to the dispersion of a fin; | _y particul ate

preci pitate obtai ned by addi ng amonia water and a netal B cor.ipound. The
amount of the nitric acid or. anan.;n.i.i r nitrate. to be a.ddded. is
such t hatntrionEa sl aseprmnoanlaummft rixtcredtde nigoAs 0, t ohe hef faet (1d Adts
preferably 2.0-6,0, nore preferably 2.2-4.0. In case where the ammint of
the nitraheanors added icosoutyswdetd ke angetnidne aff eelceefsatrie addition is
| ow. [0015] The aqueous liquid obtained. ( sual.l ;; in a slurry corm 1is
heat ed andogvaporated to dryness. The dried matter obtained 3.Sc: 1. 7.
Tl~d. 1.7"? t:[le Ire.senf."E, ~. ci oxygen a7. a tenperature. of G SU--S

(!'~"~, prefer a@'ty1389r§f9rrggcth£9rn:Qtr'_g’lé-Oa@ﬂﬂr'rc% a‘?tﬁrﬁ;rﬁrtﬁfplrﬁitgraecf ?Labl y

3 .hor_rs. The solid obtained by the calcining is calcined In

e
absence B% ?ﬁ&&%@ra%dﬁebe%ge%gguﬁﬁ§%§f%§%n6%%'a’f&%%%yeﬁ%éyldﬁl %elo 620" C,

for O. 1 5 houurs, preferably hours. Ste

cal 611 [t LD LB) A GOBUN 0D LAY TELALL G.81 Se G . ahi cf

IS

compound. The amount of the nitric acid or ammonium nitrate
to be added is such that the molar proportion of nitrate ions
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 liquid obtained (usually in a slurry form)
is heated and evaporated to dryness. The dried matter obtained
iscalcinedinthepresenceofoxygenat atemperatureof 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

referredtoascatalyst precursor) obtainedinstep (1) described

)



Si or Ge) (hereinafter this conmpound 1s referred to as netal. C conpound)
is adhered to the netal oxide (hersinaf'ter often referred toas catal yst
precursor) obtained in step (1) described i”. above, in an atnosphere in
whi ch water is absent. Exanples of nethods for adhesion include; -1 nethod
inw =hich the nmetal. C conpound is vaporized and. this va:nor is
on.tact.ed wwth the netal. oxide; and a nethod it, which the :netal oxide
is imersed in ar? anhydrous organic;-solver.; solution of the netal C
conpound abawe ,t He angartine spbleventins whieh waltatdi liiszethsethe cBRkahysés
precursor to be sub ected to this adhesion of a netal C conpound

pr ef er abloy @ thbesf fbl&nh@]flegaoﬁtiﬂlcllhdgasa heyt igd aiparHic end aretar of
about fromO.i _fa:: to several mllinmeters. The catalyst precursor having

such a par togbeusiizesmaypbei one o aimed vh&Vi NG ddi Sl wadrde npowder
obtained in step (1) or nmay be one obtained by depositing the netal oxide

ponde- - Ql@t%lSHQE’Qét an@%dmélﬂﬁﬁdclﬂs(&ilfdfﬂ NG, d ﬁeﬁ:glogzﬁ%@ 1 @i QQL 7] As

t he net al conpoun use can be made of a netal C conpound in the form of
a chloride, .03 g qﬂngggz ver, an
al koxi de_s %rg'e r#dﬁﬁ1 stan pcSO§PE?6ggﬁ% Ieg%lb?g§mmﬁﬁgﬁples

herep! Gel ude ah‘i%” heVEAENL Y gle, tv%éa%qﬁa%éys%hgngat gL aet |oxys

"y5l arle pretcﬁrlsor to be $ubj ectédto %g?grasdhleosnledn of ametal C compound

preferably is in the formof particles having a particle diameter
of about from 0.1 mm to 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 compound,
alkoxide, or the like. However, an alkoxide is preferred from
the standpoint of handleability. Examples thereof include
silicon tetrachloride, tetramethoxysilane, tetraethoxysilane,
trimethoxysilane, triethoxysilane, trimethylsilane,
triethylsilane, hexamethyldisilane, hexamethyldisilazane,
hexamethylsiloxane, and tetraethoxygermanium. More preferred
are tetraethoxysilane, triethoxysilane, triethylsilane, and
tetraethoxygermanium.

[0018]
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triethylsilane, hexa_aethyldisilane, hexanethyldisilazane,
hexanet hvl si | oxane, and tetraethoxlvciermaniura. Mire preferred are.

3traet hoxvsilane, tr'iethoxysilane, tr ethylsilane, and

tetraet hoxygermani um [;101111 1.0 The nethod in which the vapor.- of a.
metal C conmpound is adhered to :artic:c.es of the catal yst precursor can
be any of all -own nethods as |ong as the adhesion can be conducted in an
a:zno sph;e.re in which wwater s absent Sinple nethods usable or: a

| aborat ory scal e TPfclgdecdaliret’hd@hi Ahrhiverotseti & madad 6f camperabbi ng
bo_tle (equipped wth a filter) or use in re.-,Lo ving dust particles -Dr
the i} _és ﬁﬁ%ﬁﬁ@dg§§ ByrpacseAgof7the grsaiwughrecursquickpltacedyi . n. t he
cylindrical vessel. Nanely, it is a nethod whi.:”hh c::npri.ses placing a
l'iquid metfaklC soapoundtheds aylliowdr iacalthscadbbs hgn dmt the dvefduresteand,
passi ng a dehydrated inert gas (hereinafter often referred to as carrier
gas) suchn as, agmasphery ini tvhdagénwatieas itshmbuwghtt.he iquid to thereby
produce a dehydrated inert-gas Cream containing the vapor of the netal C

conpound in an asouple ferhespondiahgect ont helvapertpressubes and1bHEngi Ng
this stream into contact with particles of the catalyst pr.~ cursor.

[0019] Themvapes- ipr@sse a1k tihe maglab reoMorgh i iy the: tmet hedw igeser i bed

above depends or, the tenperature and pressure of
with a filter) for use in removing dust particles or the like
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 (hereinafter
often referred to as carrier gas) such as, e.g., dry nitrogen
gas through the liquid 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.
[0019]

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,
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t he atnosphere. A sinple nmethod for increasing the vapor pressure is to
el evate tae tenperat <re of the netal c¢"; conpound placed in the
cylindrical vessel . For selecting a tenperature for this heating, it is
advant ageous to refer to the boil-Ma point of the metal C conpound.
Exanpl es of the boiling points of netal C conpounds .include 121. .8C for
etranethtxysi.lar:e, 11 166.80C for tetraethozysilane, 133,5C for
tr'iethoxysilan_e, 10"C, for triethylsilane, 253C for

t et r aet haxgfger marfiomt eand e thh:6G6 fl@mesi 11i38ars tetfcac Wrdrd tdex Bediages t he
tenperature of the netal C conpound, the flowrate of the carrier gas

i nf | uences e faptint e ity I diel amd Al2 53C cc oot 4 Ot hex pekbenefi 9, thel
catal yst precursor. A suitable <carrier gas fiowrate is 1,800-5,000 hr-1

in terns 50f, cSpPAGR r KWaI1QAGY +tdttrads1pyefrred that. a gas m xture having a
nmetal Cconpoundvaporconcentration of0.1-10,000 pp ,nore;referably 1-1,000

ppm be fornmed bycusiiag ansuktapbe,cqwbi pation pfca CadRiugas flow rate
and a vapor pressure of the nmetal C conpound. The carrier ‘gas contal ning

the netales G, QPRGN PAL, Cgoa&cgﬂtfrlﬁ.tein@%si §hg§9&o%ﬂ@og§ﬂ?née?na%lttag th the

catal yst precursor for an appropriate tine period, ere can be

atal yst | . i er eby “metal °C can
by the cOmpOe eI ToPml S T capbo e 1 e PheBh ARbani™ 10 062- 0. 1

mol - per g%&r%%rt%%sM%lokp%%%k is 1,800-5,000 hr™! in terms of sSpace

velocity. It is preferred that a gas mixture having a metal
C compoundvapor concentrationof0.1-10, 000 ppm, morepreferably
1-1,000 ppm, be formed by using a suitable combination of a
carrier gas flowrate anda vapor pressure of themetal C compound.

The carrier gas containing the metal C compound in
that concentrationis kept incontact withthe catalyst precursor
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 mol of the Mo.

[0020]

The adsorption 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-layer
adsorption or fluidizing-layer adsorption. 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



The adsorption of the netal C conpound onto particles of the catal yst
precursor is preferably conducted in the inside of a vessel blocked from

t he aEnosphere, by fixed --layer adsorption or fluidizing--Iayer
adsorption. The tenperature of the catalyst precursor particles during the
adsorption of the netal C conpound is preferably fromroomtenperature to
350C, nore preferably 50-300C. Wien the vapor of the netal 12 C. conpound
come: into contact with the catal yst precursor kept at this tenperature,

t he met alC Comprpodncbrasks dmiedcontthé wptlediresontalybacer«@pt shy kepanges
into a. netal oxide and is fixed to the precursor surface wthout fail. in

t he case athernrd o itxebdrayerregdstiepticrnli & empioyed, adssadesl madehndf or
exanpl e, of a nethod conprising packing a cylindrical vessel with

parti cl eprefcudrhe realdiftsle PaRGUISOTchanderimald ¥ hratiing dikies anessel
bef orehand, and passing the <carrier gas containing the vapor of the netal

C conpound ytdhr qughnet Reovesselr sThus.caani@Hdg afajnetal C can be formed on
the precursor surface. [00.7.1] A netal oxide catalyst having the sane

per f or mances Ca@nbﬁgr%@%eaﬁles?ngdLhL%yg?aéiiggr%tigni + SR GRS Ses

i mpregnating the catalyst precursor wiih a solution containrng-a retal

coLnbe: i U9, ASEDY Ao e 0L CSRIPRUAR A LI RIS,
cylindrical vessel with particles of the catalyst precursor,
externally heating this vessel beforehand, 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 converting 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 the dehydration is 50-300°C, preferably 70-250°C.
In case where the dehydration temperature is below 50°C, no

13



to an oxide. In the case where the catal yst precursor to heubja ctei to
the inpregnation is tenporarily exposed i to the outside air, the catalyst

precursor absorbs noisture in the outside air, It is therefore preferred
that a. dehydration treatnment should be conducted. before the inpregnation
treatnment. The tenperature for the dehydrat on i.s 50-300, pr. ef~ .:ably

7D-1.50C. In case where the dehydration tenperature is below 50C, no 13
dehydration effect _s obtained. Incase where the dehydration tenperature
exceeds 8@bEgdreltécsuefectcls pbépeneides bf adse Chtakydte dehecinegdonchange
and a chem cal reaction for depositing” the netal C conpound is difficult
t o proce¢dnprEhe torganiceestd ¥entCt ohbewsed e ayeirtpars o € uhardatallvist t ed.

However, it is preferred to use nydroca :hon, g. , t.clue:n.e. :DY
hhexane. pTheunaber chaniyentnidr a tdhemdrganireaCeibnr €dr depopriefiemakhy 0. 005%
by mass or lower, nore pr. eferabl.y O 1102 by nass or lower.. In the

case whemetkhecCeompband € sseliventcuhas toapwatekdcont ent exceedi ng 0. 005, by
mass, it is preferred to conduct dehydration by a known nethod, preferably

the nole. alar. rakeyeqlnh¥i sbavEBihed. HEhasapoyat notohathe argani,c soi
en's Co be used for the inpregnation is 0.5-100 tines, preferably 1 20
times, by;¥QkWAB However, it is preferred to use a hydrocarbon, e.g.,
toluene or hexane. The water content in the organic solvent
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 molecular
sieve drying method.

The amount of the organic solvent to be used for the
impregnation is 0.5-100 times, preferably 1-20 times, by volume
the amount of the catalyst. In case where the amount of the
organic solvent used is less than 0.5 times, the effect of
modification is poor because the metal C compound cannot evenly
adhere to the whole catalyst. On the other hand, even when
the amount of the organic solvent used exceeds 100 times the
amount of the catalyst, the effect is not 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 pmol/mL, preferably 5-150 pmol/mL.

In case where the concentration of the metal C compound in

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

14



t he amount of the catalyst. In case where the ampbunt of the organic
solvent used is less than 0.5 tines, the effect of nodification is poor
because the netal C. conpound cannot evenly adhere to the whol e catal yst.
On the ' _>tler. ha.nd, even when the anmount of the organic solvent used
exceeds 100 tines the anount of the catalyst, the effect is not enhanced
and the solvent cost increases for the limted effect. The concentration
of the metal C conpound in the organic sos.vent is in the range of 0.5-300
pmol / L, tpr éeprabltymstzls0 aimol /tie. efifectasé wkeres ithencdmcéntr.atPon of the
metal C conpound in the organic solvent is, lower than O , 5 kntl i r:L, it
is difficbetothdr hendeposidasmwivhkr€ t@amd coheecetfrett oof tdepest tixoreds ' ow. O
t he other hand, in case where the concentration: thereof exceeds 300

pnol / mL, 3dépesbi/en, beepnes tunev &rcane st hecoenganal theddirfigdatiion effect is
not exhibited. :fte:. the catalyst precursor is inpregnated with a

sol ut i onmedntraicaitngnacebtal: Cscorpownd iandeyhen taken out of the solution,
the organic solvent is volatilized and renoved fromthe precursor. The

organi c solvent meycbetdiregthYys¥obatihirzed. i HOwR¥eEgnbtebSwRERf grred that
the catal yst precursor be washed wth the dehydrated organic solvent to

remove thg)naw,ABLehtal n CngoaPANAL: I €NBiib Ashand eached, Refiore oithg ror gani ¢

solvent is volatilized. This method can further heighten the effect of
modi fi catign

solution, the organic solvent is volatilized and removed
from the precursor. The organic solvent may be directly
volatilized. However, it is preferred that the catalyst
precursor be washed with the dehydrated organic solvent to
remove the raw-material C compound remaining unreacted before
the organic solvent is volatilized. This method can further
heighten the effect of modification.

For removing the organic solvent after the washing,
a knownmethod canbe employed, suchasdistillation, centrifugal
separation, or 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 theinvention
obtained by fixing an oxide of metal C can be determined by
fluorescent X-ray analysis.
[0022]

The mechanism by which the adhesion of ametal C compound

to the catalyst precursor improves selectivity has not been
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H or renoving the organic solvent after the washing, ae ; now rnmethod can
be enpl oyed, such as distillation, centrifugal separation, or filtration.
Thereafter, the catal yst pre.-cursor heated to 50-300'C, whereby the netal
C compound whi ch has adhered to the catal yst precursor can be converted to
a neta..':. oxide and fixed to the precursor surface. The contents of the
metal ingredients in the netal oxide catalyst of the invention. obtained
by fixing an oxide of nmetal C can be determ ned by fluorescent X-ray

anal ysi s.elg02ata3ide riewehea, i am by hiesuhedt headdhitssowhathnmetal C
conpound to the catal yst precursor inproves selectivity has not been 15
el uci dat ed.r thlovigedre, 1n 51ds reeesunmed vdad bsotéedidy chemipat tregiqtdboe,s; . n si de
reactions were bl ocked by chemi cal reactions between the |i gand of thene
tal C conmeaureénarite sughade f theeanadl C cgnpupsdeind ber catalfysictpoeeur sor and
the side reactions could hence be inhibited to thereby bring about the

sel ecti vigrpupsnpEOvesRfita l 6t garicaldldbr bhd Shpresddekadtiaind gase where
a nmetal C conpound is adhered in the presence of water, the netal C

conpound Haydieokyzeshand radhele s nRele Ny ihe Sichbes thar taicRatikng i n side
reactions but also to effective active sites to thereby considerably

reduce agtd \fiotv)émgh!;t.i Sxﬂ&fés&gﬂlwaitti@epws OXt g CAL al Yt pRtal ned  as

particles be used in this particulate form Pulverizing
a metal C compound is adhered in the presence of water, the

metal C compound hydrolyzes and adheres not only to sites
participating in side reactions but also to 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 catalytic performance.
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 employed.

[0023]

An explanation is given on the vapor-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
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the particles _nay resul in a. decrease in catalytic performance. Although
the nmetal oxide catalyst is usable i-n" he support-free state, it may be
used after having been deposited on a known support having an appropriate
particle size, such as silica, alumna, silica-alumna, silicon carbide,

or the like. There are no particular limtations on deposition .. anount.,
and a known deposition anount. can be advantageously enpl oyed. 0023] An
explanation is given on the vapor-phase contact oxidation reaction of
propane i MHCP e dietdalwitdxitite enetalateadidestcatpriothic ethdykerdie g ocess
descri bed above is used. Propane and nol ecul ar oxygen (hereinafter
referreda digdh deygemagase avethntrebgdupeddaserawcrphieraals. f Grraaemd i ¢ aci d
production into ' _6, a reactor packed with the nmetal oxide catalyst and
kept at emdicydgeanmpesahtyebbostherebyl pr ogteedacey! igtacick Repae  and
oxygen gas may be separately introduced into the reactor and mxed with

each ot heind mikke weast@ich JtHdr rindttheekyactbe. tAD:dBYabEreIy Xathe
bef orehand and introduced in a m xed into the reactor. For reaction

control, tyfy infPIRf efik@l e oS TP br ShRAM i LA RO oxide, or the
like as a diluent gas in conbination with the reactants, (0024] In the

case wherig Jy opane and fir ane yéggt%nr awmeaber . k¢ aksyrckhe propgrtion of

the air to the propane is preferably up to

use nitrogen, steam, carbon dioxide, or the like as a diluent
gas in combination with the reactants.
[0024]

Inthe casewherepropaneandair areusedas rawmaterials,
the proportion of 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. 1In case where the proportion thereof exceeds
8 times, thecostofarectificationstep andwastewater 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

1, In case where

of the raw-material gas is 1,000-8,000 hr
the space velocity thereof is lower than 1,000 hr™', the space
time yield of acrylic acid as the target compound decreases.

In case where the space velocity thereof exceeds 8,000 hr,
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30 tinmes, nore preferably 0.2-20 tinmes, in terns of volume proportion. The
proportion of the steamto the propane is :preferably in the range of
0.8-8. In case where the proportion of the steamto the propane is |ower
than 0.8, a cotncusti on reaction occurs consecutively, resulting in a |ow
selectivity to acrylic acid. In case where the proportion thereof exceeds
8 tinmes, the cost of ar. ecti.fi cat.i.on st par:d.waste;,ate.r tre. itnen
Step inc re as s. resulting in a disadvantage in p_-ofitability, The
reacti on tENPERIGHT G 4?&?@%%'nge of 300-460"C preferably in th.e
range of :i 50 4 O A sui table space velocity of the rawrater' al gas is
"000- 8, 000P4>in case where the space velocity thereof is low r ti-uan |
000 hs the space t re yield < of acrylic. acid the target conpound
decreases. in cd%e wiepanct hemgpasagvehvepcyethendofhexvennsl 83066 hr. ',

t he conversion decreases, [0025.1 The propane remaining inr.eacted and the
pr opyl eneérasint@rnaditedraredaate hrddugdt ars e tairedant diled-dact itdre
reaction gas discharged through the outlet of the reactor may be directly;

used as a@duelschawngwerthrcheylptbpane lartdo priopykeaetoayndiebe Gepartated from
other ingredients in the reaction gas, returned o the reactor, al d

.reused. vAed awethathdlar Hepawati nghtheropgaheaehadppbppanacgasyt he: il ot her
ingredients i ncluding react ion pr(--wlusts and the inert gas, use can

be made ofeddie ded0W-od bt HELS SRS MG BHSOPAR tTBhNeLs ( B Zukidod;

0_-gani.c- ol vent
to the reactor, and reused. As a method for separating the
unreacted propane gas from other ingredients including reaction
products and the inert gas, use can be made of the known
pressure-swing adsorptionmethod (PSAmethod), organic-solvent
adsorption method, or the like. The metal oxide catalyst
produced by the invention is applicable also to the oxidation
of propylene 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
oxidecatalystsobtainedintheExamples 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 particle
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adsorption nmethod, or the like. The raeta.l oxid~_: catalyst produced by
the inventionis ~p;.:lic,be also to the oxidation of propylene and the
anm oxi dati on of propane, and acrylic acid or aerylonitrile can be

synt hesi zed in high yield. Condition; of the oxidation of propylene or
ammoxi dati on of propane nmay be al nost the sane as the conditions of the
vapor - phase contact oxidation of propane described above [0026 The.
invention w1.11 be explained belowin nore detail by referen.ca to
Exanpl es cam@reteipaf &t-iove Bxanplhesreahel ppitgresritte ecen ahystreaghtiaimed i n
t he. Exanpl es an- onparat'.ve Exanples were evaluated for catalytic

per f or marieés byrhehd efpldratiugge meetshotkd wittd & 'themicarcup len ftidest :torade of
gquartz was packed 1 e 0 g MA of a t:alyst having an avera.ge particle P,
di anet er sofcelthal pant. ofhehrecacttiadrysttenpgreat)umed rsetthiat r38dctd.onA t ube
(the tenperature neasured wth a thernocouple fixed to a central art of

t he cat alyisted ayer yospbsati STO0GS by-vstluka~prdpwas, s1A. pt xed vgpasineonposed
of 7.6% by vol ume propane, 14.2% by volune oxygen gas, 53.5% by vol une

ni trogen o33senafds2457 %6 byby Wl Uife watr@gevapals, Wasdf 2d. 19 yhegieaet i on
tube at a space velocity of 2,200 ;hr' to thereby produce acrylic acid. 02
71 were gRalyzedpber waeMpasi thoPhe reaction tube at a space velocity
of 2,200 /hr™* to thereby produce acrylic acid.
[0027]
The reaction products were analyzed for composition.
Based on this, the conversion of the propane and the selectivity
to acrylic acid which 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
yielded) /[ (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[ (propylene
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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The reaction products wex:e. .. Based on this, the conversion of the
propane and the selectivity to acrylic acid which are represented by the
foll owi ng equations were cal cul ated (each by nole), Conversion of propane
(%9 = 100x[ (propane fed)-(unreacted propane)]/(propane .fed) Selectivity
- c¢ci "G (toacrylic acid (%9 = 100k(at; Y yilC acid vyielded)% (propane
fed) - (unreacted propane) Yield of acryllc acid (9% [ (conversi on of

pr opane) t|V|t to ac aC|d /100 In t he se of propyl ene
oxi dat i o,* %Aﬁ%% g&%ﬁﬁ%aé%é RW%% |l ene (3) = 100x [

(propyl ene fed) unreacted prlene)]/ propylene fed) Select|V|ty to
acrylic acid (') Y166 (Oéc:a;?lrgfélgce&ldy élgded) I FePVEhyIERe Offed) ) ) -
(unreacted propylene) ] Selectivity to acrolein (3) -- iilOx(acrc-ie,i.n
19 yi el dEFPPRESY Spyicdre tied .y Lo @sreddc adighdpyi0%éne) | Yield of acrylic
acid (9 conversion of propane)x(selectivity to acrylic acid)]/100
EXAMPLE Exﬁggiﬁ]llnto a 500-m, flask nmade of glass were introduced 2.66

[0028]

Into a 500-mL flask made of glass were introduced 2.66
g of ammonium metavanadate, 15.45 g of ammonium molybdate,
and 50 mL of distilled water. The solids were dissolved with
stirring at a temperature around 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 averadge major—axis length of
0.3 pm and an average minor-axis length of 0.1 pm) obtained
by reducing tellurium dioxide with hydrazine was added to the
solution. 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 liquid was added an aqueous solution
obtained by dissolving 5.89 g of oxalic acid and 2.32 g of
niobic acid in 160 mL of distilled water. The liquid mixture
obtained was stirred for 5minutes, and 4.0 g of ammoniumnitrate
was further added thereto. Thereafter, this mixture was
evaporated to dryness with a 120°C dryer.

The dried matter obtained was calcined at 320°C for

l1.5hoursinanairatmosphere. Thesolidparticlesthusobtained
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g of amoni um net avanadate, 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 m, of an aqueous dispersion containing 1.46 g of tellurium netal
particles (rod-shaped particles having an average major-axis |ength of
0.3 pmand an average mnor-axis length of 0.1 pm obtained by reducing
tellurium dioxide with hydrazine was added to the solution, [Furthernore,
1.0 -g of"S0Emfordias idt et vds Tzddeld 5 dyopw sié tthertetio ]l eftre steadt | on
liquid was stirred for several mnutes, through which the tenperature

t her eof bEdahg1iB0CIUPe thisheeskyidrtdinma dehas adied. arfaiueous sol uti on
obtai ned by dissolving 5.89 g of oxalic acid and 2.32 g of niobic acid in
160 nlL ofpaditsitdlldsedhandtrer .a Trertliiaj dlirmettere o folit.dirledmvaserst itrakech for 5
mnutes, and 4.0 g of a Sn.iul 2:a.te was further added thereto.

Ther eaf t eyt thith mbdwerse sinde wease exapbriat ethd Eadrynessy Wside ra rk20C dryer.
The dried matter obtained was cal cined at 320C. for 1. 5hours in an air

at nospher as Eheesollitd opartiveles dehis xobtgi Red1yv29 swebe cahgiorediah, 790G,
for 1.5 hours in a stainless-steel +tube to thereby obtain a netal oxide.

Further mare, mpabli 6k e8e havd g @ Past i @ dickimebea of £ Qur e da MRS t aken

out. with sieves, and were used i.n. .h.e foJ.lowl-il~ experinmen't. As a

resul t ofyafd URRRRCRR! v rANHMSIR TR LOMRRSIAIAY: Mo/v/Te/Nb =
1.0/0.28/0.14/0.16 (molar ratio).
[0029]

The four-metal oxideobtainedby the proceduredescribed
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 nitrogen gas
therethrough at a flow rate of 0.2 L/min. Thereafter, the
nitrogen gas line was connected to a scrubbing bottle containing
tetraethoxysilane kept at 50°C. While the flow rate 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 catalyst was found to have 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]
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t he net al _
have the fol. ow uq atomc ratio: Md/V/Te/bib.... | 0/0. 8/0.14/0 16

oxi de (hereinafter referred to as four-netal oxide) was found to

(nmolar ratio) [00291 he, foi r --mega 1 o xicie o ~btainedby the procedure
descri bed above was packed, in an anount of 1. 0 g, into the space over a
gauze placed in a silica tube. This tube ',va held at ?'JO (:
about 30 mnutes while >".a,”; GLTlg dry nitrogen q:eS here hroi 7gi
flowrate of O.L L~/mi. 1'Yler wafter., the nitrogen gas |ine was
connected to a scifhbing staddioatdimEngmpi etlraes choxysitlkaneskemtt at r, U

mtal

C. Wile the flowrate of nitrogen

for
at a

was kept at 0.5 ).,/ram the vapor of

t et r aet hox1lgitheanehevars poroa§ Htr i dtdro & a1 Inuteewa b i wgint aatowdi-ddie net al
oxide ;particles kept 300C. Thus, a nmetal oxide catalyst was obtained.

Phi s net ayitoxitte cadat-ysdtal, ask farinsrdduded ves tdec oy owi hree clepmosi ti o n
: Me , fdb Si - . ), r " r 3,2 .1-";r..8/ :el141 O

intfaeox.i.datie_ ;nrezcticn of

shown i n calics il i orEXFMM7VE T2 /10030Q; = 21 07l0e 283108 1R7/@CEAYLE 039

~I.

¢/ O Uldn Exdudns 1 atihe)s,. a kcheyi ®xidedef ta0ipil heatnd, seh@tal
i ".:1.ro Dane using this catalyst are as

o Exanpl e

.. was condut tea, except only that the vapor of triethoxysiiane was
brought imdiG0)CoPGbtained.

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
composition ofMo/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
(molar 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
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with the four-netal oxide produced as a catal yst precursor in Exanple 1.
Thus, a netal oxide catalyst having a nmetal cnmrsosition of lo! '!Te/Nn/Si
1e0 . 28/0. 1.9,'0. 1.6!'!'[ 17':.2 (molar ratio was obtained. EXAVPLE 3
[ 0031] The sane procedure as in Exanple |I was conducted, except only that
the vapor of triethylsilane was brought into contact wth the four--netal
oxi de produced as a catalyst precursor in Exanple 1. Thus, a netal oxide
cat al yst VI ng a netal conposition of Mo! V/ T e/ Nb/si =

1.0/0. 28/% 1e .15/ 0).0:33 (nolar ratio) was obtained. EXAMPLE 4 [0032]
The. same procedure as in Exanpl e 1 was r:onducteci, except only that the
vapor of E 58 ger mani um was brought into contact with the four:--nmetal
oxi de produced as a catalyst precursor in Exarrpl e 1. Thus, a netal oxide
catal yst H#A3lg a netal conpositionof MJ Ii" [ Vbf e= 1. o/ .28//,1 10. 1f
C: 0.;'! (rmolar ratio) was obtained. The rretal oxi de catal ysts obtai ned

in Exanples 2 toA 4 .Were pseditom cdnduet fioeaetiiedra If ax iaer Waird iadied

synthesis by propane oxidation. The results thereof are as shown .in. 22

Tabl e 1. produced as a catalyst precursor in Example 1 was dehydrated
byheatingitat220°cforBOndnutesinnitrogenandsubsequently
treated in the following manner without being exposed to the
air. Inanitrogen atmosphere, the metal oxide particles which
had been returned to room temperature were added to 7.5 mL
of ann-hexane solutionhavingatetraethoxysilane concentration
of 12 uymol/mL (the n~hexane used was one which hadbeen 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
Examples givenabove. Beforebeingused inthepropaneoxidation
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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EXAMPLE 5 ,0033; A :1.02-cz portion of the four-netal oxide particles
produced as a catal yst precursor in Exanple _ was dehydrated byheating it
at 220"C for 30 mnutes in nitrogen and subsequently treated in the

foll owi 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 w. of an n-hexane solution. having a

t et raet hoxysil ane concentration of 12 pnol /niL (the n--hexane used Has one
whi ch had been. deRydatedorittionneiledilearf ositewe t4A) oridlet tiag triickesr e was
sufficiently stirred. Thereafter, the m xture was heated at 80" for 30,

m nut es @rdaget as. 2. pagalgstr pgenustpeaimt bxampbe | kevaheldiexhnd.ed The

nmet al oxi de catal yst obtained was used in the oxidation reaction of propane
in the sdnehemnhey idsat ®0t’lef o Evaml est g vem iabawe:n Baticnaheiqngusdad, i n t he
propane oxidation reaction, the nmetal oxide catalyst is heated to 370 in a
col umm packed dcheémewineh roo1bhenebyannavenithbet shéigoneaseosd wderdneed from
t etreet hoxysil ane adhered by the procedure described above to an oxide.
The met alzigxi de catalyst in this state had the foll ow ng conposition:

Mo/ VI Te/ N/ Si 1.0/0.28/0.14/0.16/0.016 (nolar ratio). EXAMPLE 6 [0039] 23

In a nitrogen atmosphere, the metal oxide particles
which had been returned to room temperature were added to 4.5
mLofatoluenesolutionhavingatetraethoxysilane concentration
of 100 pmol/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 mL
of a solvent, which was used in several portions. The metal
oxide catalyst obtained 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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A 1.02-g portion of the four.--netal oxide particles produced as a

catal yst precursor in Exanple - was dehydrated. by heating it at 90 C for
30 minutes in n.itr. ogen and subsequently treated in the follow ng nmanner
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 YL, of a toluene solution having a trtraetloxy's ilane concentration
of 100 bl {B)(%%JL (the toluene used was one which had been dehydrated wth
nol ecul ar eve 4A) and this mxture was sufficiently stirred and then
heated at 90C for. 1 hour. In this heating, _the solvent was refl uxed.
After conpletion 0f REBREI Fgtathet af xPuFdafaseal "Aiedses tBolead dom
tenperature and H tered in the air. The particles recovered were washed
with 10 AVadfiad 8t veRtWhiHi OF oRyd ctiserie s Paseeel aln pdradeons .pritranet al

oxi de catal yst obtained was used in the oxidation reaction of propane in
t he sane fhamveh asreacitdie sitxahpl wame fBeforetpeingonsiedti an tdrd dertomane

oxi dation reaction, the netal oxide catalyst is heated to 3700C in a

col um paslesd iarher Eivet hetiottiher ey loenvent webecsnbizcordatans4déci.ved from
tetraeth. oxysil.ane adhered by the procedure described above to an oxide.
The et alAsoxirdeudat &l yshvénsibn e fited prbadlthe o ff o8 | W AG Cleymaastittyon:

Mo/ VI Te/ Nb/ Si 1.0/ 0. 28%9. 14/ 0. 16/ 0,014 (nolar ratio). EXAMPLE

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 precursor
in Example 1 was used as a catalyst to conduct a reaction for
acrylic acid synthesis by propane oxidation in the same manner
as in the Examples given above. The results thereof are as
shown in Table 1.

COMPARATIVE EXAMPLE 2
[0037]

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

COMPARATIVE EXAMPLE 3
[0038]

The same procedure as in Comparative Example 1 was

conducted, except only that the reaction temperature was changed

to 350°C. It can be seen from the results of a propane oxidation
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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.-e, through
a reactor at the sanme flow rate to conduct an oxidation reaction. The
reacti on eval uati on was conducted at 340C0 As a re sult, a conversion of

t he propyl ene of S18.4% a selectivity to acrylic acid of 84.7% and a
selectivity to acrolein of 1.1% were obtai ned. COVPARATI VE EXAMPLE

[ 0036] The four-nmetal oxide produced as a catal yst precursor in

Ex: np. ' Leadqtivas Uy ddven adiadlvpdts of Comdhpcta td iee detaman o Gr arabryl i c
acid synthesis by propane oxidation in the same manner as in the Exanples
gi ven ab&wapalrg ivesinanp tdetdeft tdrer @sul athiovmo £ irefalionlt erQEVRARAH ,VE
EXAMPLE 2 ;0037] The sane procedure as in Conparative Exanple 1 was
conduct edtheexempl o padl v sttfat ohhe meeantriegni ¢ drper af Tr et vas inhanged:ing t o
360C. COWPARATI VE EXAMPLE 3 [0038] The same procedure as in Conparative
Exanpl e prwasictcerducitdd;i tex dept-henlok itdhati drhe-geadtdran t enperat ure was
changed

COMPARATIVE EXAMPLE 4

[0039]

Inabeakerwasplaced0.094gofasilicasolmanufactured
by Nissan Chemical Industries, Ltd. (trade name, Snowtex 30;
aqueous dispersionof finesilicaparticles; Si0, concentration,
30wt?3). Theretowas added 5.0 gof distilled water to dissolve
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 as in the Examples and Comparative Examples given above.
COMPARATIVE EXAMPLE 5
[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
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to 350C. It can be seen fromthe results of a propane oxidation 25
reaction using the catal ysts of Conparative Exanple 2 and Conparative
Exanpe 3 that the regul ati onof reaction tenperature, when enployed as the
or,lymeasure, is less effective in inprovin :X product selectivity in the
oxi dation reaction. COVARATI VE EXAMPLE 4 (.0039; in a bea icerwas placed
0..094 gof a silica aol manufactured by Nissan Chem cal Industries. Ltd.
(trade nane, Snowtex 30; aqueous dispersion of fine silica particles; Si Q2
concent r at§giC VY \ft@pacr A Wt atftiett 5. 7Y DU EFIVe vieRer to

di ssolve the sol. To this solution were added 2,5 g of the four-netal

oxi de partFHQ s hrdutett déeze R rd prlecursmc i P IEX R & a tu rer et
resultant m xture was evenly mxed and then dried at. . 120UC for 2 hours.
The meta.340 Gxide catal yst obtained. had the follow ng metal conposition:
Nc/V To N /si = 1.0/0.28/0.1410.15/0.053 (.nolar ratio). The catal yst

obt ai ned Mdsilused to conduct a reaction for acrylic acid synthesis by
propane oxidation in the sane nanner as in the Exanples and Conparative
Exanpl es given above. C OMP s:"<.;%['EVE;, EXAVMPLE 5 :0040: The
four-nmetal oxide produced as a catal yst precursor
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INDUSTRIAL APPLICABILITY
[0042]

According to the metal oxide catalyst obtained by the
invention, acrylic acid can be produced in high yield using
propane and air or propylene and air 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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r~.int Eddd 4 (U! d. 1 .) 14-" Ni (GNNNRN) i i IL,-{ a.-I ;, --{
1 (Cr--1i [ 1177~~1;t,) Ui 00.r42 ..t Sxt:JS. ~1xtit , b 1
Fe ?T et& oxide ¢3.43 L' T;,~. ,."+ L .1.:1 +! .}y 1* 1t r. F.. 1:C
. o.~"0 Yy 7 o0 ., 13 _a~...1,:, .. ,. produced Ix :1'i_g X Fi.n .cl
xS ~'Sl3 «<iL)I -~ ¢~ _~. ~ a3-~rl ~Ane ~},~. ¢ ' d~ TG c. ~s.:
k?<,~i, Fu. tb.e].ilo . : 3c T u, onCLMMS,ibeYXXdl .~ed .tiith ~: F
Xt 3E+i t?. ~c, ;~t ,; ii< L Yl~i;Fe T,t+. -1 Tii 4. 1 !>cat
nca i {’>2 [i} A ppgcessAFRG IPrOdu%llib‘ifc?cé?é’-aflonbide‘El%Wﬂgy%\t r’i’ét"dlng oxi de
cat al yst haV| ng C ~I. nar'. "9..'.i os,_t ion a nmu. M roces co::p 1s
he #hke fgll@wq_ﬁ@mpgtﬁbbgoraﬁgrrw)a, £ B¢ EgIcess comprisgng 4he in is e or
Sb; ha. Lo;.. one element :mncted fromthe prou_ cons! sti'ng o-_ N b,

1'a, an , ®ltowinCs3ews and @ :¢2)i: are 0.01 . and j/I is fr.ccsm O, --i
, kiis 0e0Cl--300; x is 0.002-0.1, and y is a nunber determned. ny the o:
| dl zed states of thenwtdieroel énentls) , Ste: ,Mgv.aRCStep in ; ich an

aqu>ou_. _i uid containi ., Mo, V, netal. _ and neta.. . is evaporated t
dr yness andstheinsal i § Tatdrespobbained iisacal ®ided catnt Afule}tteti _ture to
_,.e.'e.by obtainanme_....... ..... de; and

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
0.001-3.0; 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
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): astep inwhich in an atmosphere in which water
is absent, a 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.
[2] The process for producing a metal oxide catalyst of claim
1, wherein in step (2), a vapor obtained by heating the 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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Step (2) : a Stet in hi. sh in an a-taosphere in which water absent, a 7I
A Cun.d containing et.aL 1 is . lent Cis adhere a the total oxide
obtained in. stepi ; to forman ozide o netal C on one surface of the
nmei:a . oxide.. The process for producing a met Oxide . , t niai'm 1,
wherein in step (2) , a vapor obtained by aeati the cc,-, ound containing
nmeca -L.: elenment Cis adhered to the . w.a'" oxide obtained in step t'.
to forman ox.,a, off _.=t.. an tPe :vv.aoe of the netal oxide. [<1 A
[ nocess E 9FCprUdudt igTad&fierce of o3 ney Wr@@lﬁtoﬁ%@%@%ropane
or propylene rou ar _ or_ilna . cont O reaction in the presence of a
met al oxi'de it AYRICTT dlucetP iyl tPe Drocess of claiml or . . 4] A
process for producing acrylonitrile, which conprises subjecting propane to
ar. noxi dat4l oA PHOCERE prdsPFesUsting mstrall ongstirdd egatdliyst qempduced by t he
process of claim1 or 2. 31.

subjecting propane to ammoxidation in the presence of a metal

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

31



