;'e3elll 6: Te} DESCRI PTI ON CATALYST FOR OXI DATI ON OF ALKANE , PROCESS FOR
PREPARI NG PROCESS FOR PRODUCI NG UNSATURATED OXYGEN- CONTAI NI NG
«COVPOUND “ELD The present invention relates to a catal yst for
produci ng an unsat urated oxygen-contai ning conpound from an al kane
particularly f8m§20atalyst suitable for producing acrolein or acrylic acid
and net hacrolein or nethacrylic ﬁﬁgﬁR9¥ k@& vapor - phase catal ytic oxidation
of propane and isobutane respecti Vely: E GROUND ART An unsat urat ed
oxygen-cont ai ni ng conpound, including an unsaturated al dehyde such as

acrol ein and nethacrolein or an unsaturated carboxylic acid such as acrylic
acid and nethacrylic acid, i eneral ly produced by the vapor-phase

catal vt | EABAPYSE AR O IPATEONGHE ALKANEs RRQTETS FQR RERPAR 16 THERRRFer i al in

the presence of an oxidation catalyst. Recently however, it has cone to be
pai d att 8NPi oRRPEESHe NeR hARRAIUGHNentUNSHTURAFE | RFYERNuROMT Al ML NE
oxygen-cont ai ni ng conpound by using an al kane such as propane or isobutane
as the sCaMPOHYDnat eri al which is cheaper than propyl ene or isobutyl ene,

and 1 t here have been proposed vimw sts to use for the said

process. A MVTe type catal yst has ummwwm med by JP Lai d- Open
No. 279351/ 1994, JP Lai d- Open N0.36311/L%§§_ and JP Lai d- Open

No. 143244£2880cAA MoMSbpt ype cat al yst has %een

The present invention relates to a catalyst for producing

an unsaturated oxygen-containing compound from an alkane,

particularly to a catalyst suitable for producing acrolein or

acrylic acid and methacrolein or methacrylic acid by the

vapor-phase catalytic oxidation of propane and isobutane

respectively.

BACKGROUND ART

An unsaturated oxygen-containing compound, including an
unsaturated aldehyde such as acrolein and methacrolein or an
unsaturated carboxylic acid such as acrylic acid and
methacrylic acid, is generally produced by the vapor-phase
catalytic oxidation of propylene or isobutylene as the starting
material in the presence of an oxidation catalyst. Recently
however, it has come to be paid attention to the method efficient
for producing an unsaturated oxygen-containing compound by
using an alkane such as propane or isobutane as the starting

material which is cheaper than propylene or isobutylene, and



di scl osed by JP Lai d- Qpen No.316023/1997, JP Lai d- Open No. 045664/ 1998, JP
Lai d- Open No. 118491/1998, JP Lai d- Open No. 120617/ 1998, JP Lai d- Open

No. 137585/ 1998, JP Lai d- Open No. 285637/ 1999, and JP Lai d- Open No. 51693/ 2000.
The MoVTe type catal yst can give acrylic acid as the final product at a
high yield, but is likely to lose the catalytic activity if used at a high
tenperature. Because the telluriumwhich is one of the essentjal conponents
of the sdPET&PAVGsPers REARPSY YETdPSoratedYsSER tRSRahGFatRe IS process
of the MoVSb type catal yst, nolecul ar oxygen or hydrogen peroxide is added
to i ncr e®FOAGHRS -achy MoV Teci HYPe eic@taligigdy epras t Reedi stiesskeredadyi off
tenperature is as high as 380C or above, there is a problemthat the

cat al yst Iddeb Open Neve 78 350/f1i%0idenUPchedflyOpenaliei 9681/ Tae8efand@, JH urt her

i nprovenent in the catalytic activity is needed in view of running cost and
cat al yst Ilaifde Opean. NOhb4 V24 4 0260 € at aAy Moy Shavieyieecapadpssethaiso E®mi N an
unsat ur at ed oxygen-contai ni ng conpound at a high yield froman al kane . But

non of tlEMAdEdEaehedIPo BaLarUBefii aldy3appbacadde, | eyel nwetd-Ohgen
commercially applicable catalyst nmust attain an appropriate 2 al kane

conver si @, o 53%A 13008)| | §p a¢jad aSSpRGt INVG L V18sh figed | v g8 St fd W
acrylic acid yield. Further, its long termstable performance is needed to

be kept . . SCIUESHH3E I3 THFp | MMENTLEMIRTG, PY#S€RS /1 898N 95S have. daii ed to

find out a catal yst for produci ng an unsaturated oxygen-contal ni ng conpound

such as gy 3 gs¥dAlYo ol IS B AP N nsaigy Al carboxylic

The MoVTe type catalyst can give acrylic acid as the final
product at a high yield, but is likely to lose the catalytic
activity if used at a high temperature. Because the tellurium
which is one of the essential components of the said catalyst
is easy to be evaporated.

In the manufacturing process of the MoVSb type catalyst,
molecular oxygen or hydrogen peroxide is added to increase the
acrylic acidyield. However, the disclosed reaction temperature
is as high as 380C or above, there is a problem that the catalyst
does not have a sufficient catalytic activity. Therefore,
further improvement in the catalytic activity is needed in view
of running cost and catalyst life span.

The various catalysts have been proposed to obtain an
unsaturated oxygen-containing compound at a high yield from an
alkane. But non of them has reached to a commercially applicable
level vet.

The commercially applicable catalyst must attain an appropriate



acid, concretely (neth)acrolein or/and (neth) acrylic acid from an al kane
such as a C3-C8 al kane, concretely a C3 or C4 al kane, that is , propane or
isobutane . As aresult , it has been found out that the objective
unsat ur at ed oxygen-cont ai ni ng conpound can be produced at a | ower
tenperature in the presence of a catalyst conprising a conplex oxide

cont ai ni ng _nol ybdenum vanadium titanium and specific netal é S . The
present |iRVEIG COTVETEFOH - e@eﬁ?%%&yéﬁctﬁPédfﬁeﬂ(ﬂ%VWPQ h@ai#iésent
invention is as follows (1) A catalyst for producing an unsaturated
oxygen- c ohisaiffiled eodnpoundicrard iy iglidanBurtbapr i tsd oy, termTstaipbe Sb or
Te as the indispensable active conponent elenents. (2) A catalyst according
to the almpaefoxmandd)is fneedmd ttore iledply. at | east one el enent sel ected
fromthe group consisting of Li, Na, K, Rb, Cs, My, Ca and Sr as the active
conponent elenent. (3) A catalyst according to the above item (1), wherein
said 3 catalyst is represented by general Fornmula ( 1 ) as shown bel ow,

MO 1 . o Disdidsufte YarCerrel InvdMrEdN, X represents at | east one el enent
selected fromthe group consisting of Sb and Te; Y represents at |east one

el ement sel eghgdpfE 0t NEn LU SUN S t¥hila Mo £¥h8NGul’a datdiyse d and

a represent atom c I’atl os of their respective el enents,

oxi dat i ot % BrEEs snoélﬂgrgtg Fararek gl ey %’ﬁ'ﬁg?g%‘y% h

accor ding. o tgﬁ(%g%; LEP Duadtbereid) pald! SlAlYtede LERTSRETEEY BY
acid, concretely (meth)acrolein or/and (meth) acrylic acid £from
an alkane such as a C3-C8 alkane, concretely a C3 or C4 alkane,
that is, propane or isobutane. As a result, it has been found
out that the objective unsaturated oxygen-containing compound
can be produced at a lower temperature in the presence of a
catalyst comprising a complex oxide containing molybdenum,
vanadium, titanium and specificmetal(s). The present invention
is completed based on this finding. Namely the present invention
is as follows:
(1) A catalyst for producing an unsaturated oxygen-containing
compound from an alkane, comprising Mo, V, Ti and Sb or Te as
the indispensable active component elements.
(2) A catalyst according to the above item (1), further
comprising ét least one element selected from the group
consisting of Li, Na, K, Rb, Cs, Mg, Ca and Sr as the active

component element.

(3) A catalyst according to the above item (1), wherein said



MO1l, pVaTlb Xc Y8 Z f Ce (2) wherein X, Y, a, b, ¢, d and a show the
sane neanings as in the fornula (1). Z represents at | east one el enent
selected fromthe group consisting of Li, Na, K Rb, Cs, My, Ca and Sr and
f is an atomc ratio of Z, with O-f~O. 1. ( 5 ) A nethod for preparing
the catal yst described in the above item (1) or (2), conprising a process
for mxing starting material conmpounds cgntaining el enents (active
conponentCai&hEH: 45 B‘PP§§F8HE§9£3§/§PW harepleo Jp)r &5aFBOUR A QW)
solution and a process for heati ng and pressuring said slurry solution. (6)
A net hod Mecerd B, e Yh0eabove (1ém (5), conprising calcining the product
obt ai ned by said heating and pressuring, wherein said calcining conprises

t he firstwlsatecimi 3 repoeesnts atcdeaisédooet eiameht petbeseheé Hforoxbigen gas
and the second cal cining process carried out in the presence of inert gas.
(7) A netdwmdimconsdshgnyoof 52 abde ;| Y aapr@sentiscaei feast enpesbdmeret
difference between said first cal cining process and said second cal ci ni ng
process igeldire)Gzon the) ghoth! RRhsaceandi bg Ne,t Reanhoze;idem( &, )
wherein said first calcining process is carried out at 250-350C and said

second c& Gy BOr 9@§é§t'ét<§rﬁ‘ié 'xeé?tﬂig o%t tﬁ@@r%@&be&t?vé A &ty St

according to the above item ( 2 ) , wherein said catalyst is used
for prod i a ry frooa'zq3 pane 0 onpl ex
oxi de cal@#}}gt&%gﬁ&pﬁ 2! ?16| %0 % bl{ngcd% ‘or Teqa(g ?heelél%l%p@l“gba

act i ve Comanant &l SPRhS. o oﬂﬁxgegog QESELE o URLARCROLTL (1) b 12 00 fo

produci ng an Unsat gen-contai ni ng vapor - phase
catal ytic OXIedatI on of an aI kane char acterl zed by using a catal yst
accor di nd¥F%hy one of the

(4) A catalyst according to the above item (2), wherein said
catalyst is represented by general Formula (2) as shown below,
Mo, .o Va Tip X, Y Z £ Oe (2)

wherein X, ¥, a, b, ¢, 4 and e show the same meanings as in the
formula (1). Z represents at least one element selected from
the group consisting of Li, Na, K, Rb, Cs, Mg, Ca and Sr and
f is an atomic ratio of Z, with 0<£<0.1.

(5) A method for preparing the catalyst described in the above
item (1) or (2), comprising a process for mixing starting
material compounds containing elements (active component
elements) of said catalyst with water to prepare a slurry
solution and a process for heating and pressuring said slurry
solution.

(6) A method according to the above item (5), comprising
calcining the product obtained by said heating and pressuring,

wherein said calcining comprises the first calcining process



above itens (1)-(3). BEST MODE FOR CARRYI NG QUT THE | NVENTI ON The present
invention will be described in detail below The catalyst of the present
invention conprises a conplex oxide containing Mb, V, Ti and Sb or Te
(hereinafter called as the A elenent group) as the indispensable active
conponent el enents and the conpl ex oxide may contain the other active 5
conponent el enents. O her active conponent elenents are _not limted to any

particul &S 9k dBngie RRE TR GenBF aloXy Gt S hs 2By Whife $CGH and Te
but may contain the both. Wien containing Sb, the specific surface area of
t he cat algaskcinsing parocess iGRTkie® qut dehddre RFeSAnge 1o BT waash does
not contain Sb. The said increase in the specific surface area contributes
to the hi(dh cat alejhiod aat¢erding hitgh Wenvebeiven)itemheht tonwhiemedg e as a
conponent el enent of the catalyst, on the other hand, the specific surface
area of tHempeEatatiuyrst dilbesrante ibetweases abd ¥ imgthca Tdien g piroedseaded yst, in
conpari son with the one which contains Sb, has a higher catalytic activity

at a |ittdadiddind QR0td i df MY as As@rgri’Cconpound such as acrylic
acid can be obtained with high conversion and good selectivity. As

ment i oned @AbRRs t HEWB¥BbrdihgNes dhel Aobfe Galef LS )Y Wrldiefsa9h £#0-40se the
catalytic activity because Te is likely to be evaporated. One of the

D1 of €1 Al AR 30l clld® 10T BSEAT NWENLI 0 o> ! Bhy Lo UGS, 11

addition t ments o enent group, at |€ast one e
sel ected from.t.he qrou her ei naf t.er. cal.l eg: _%&D el enent group)
consi st r?gal(ﬁlq_]in,g %{f,oﬁ% l,s Gsefrﬁ\}ge,d Akt %?)Ot (ﬁtg: ‘these el enents of the

B elenent(g) A catalyst according to the above item (1) or (2), wherein
said catalyst is used for producing acrolein and/or acrylic acid
from propane.

(10) A complex oxide catalyst comprising Mo, V, Ti and Sb or
Te as the indispensable active component elements, having a
needle crystal form.

(11) A method for producing an unsaturated oxygen-containing
compound by the vapor-phase catalytic oxidation of an alkane,

characterized by using a catalyst according to any one of the

above items (1)-(3).

BEST MODE FOR CARRYING OUT THE INVENTION
The present invention will be described in detail below.
The catalyst of the present invention comprises a complex
oxide containing Mo, V, Ti and Sb or Te (hereinafter called as
the A element group) as the indispensable active component

elements and the complex oxide may contain the other active



group, Kand Ro are preferable, and Kis nore preferable. The catal yst
containing any elenent ( s ) of the B elenent group has a higher acrylic
acid selectivity than the catal yst containing the elenments of the A el enent
group only. 6 The nethod for manufacturing the catal yst of the present
invention is not limted to any particul ar one. The catal yst can be
produced, for exanple, by a nethod that the starting material conpounds,
cont ai ni n§OPREDEREaP}ENeRERPOSTRETcPENENE RRMPANERL BeCBPRKEr 2¥PngAkar or
plural (hereinafter called the starting material conpounds ) , are m xed
with wat etimptpdepar any phutigudsruphes.altiet hempilpa okideygeneunildl is
dried and calcined if necessary. The calcining tenperature is generally
300- 900C, cantlaiths a&my come mif tSbmenids Tgenbull hyy loe@kdigurthe PochnoWben
preferable nmethod for manufacturing the catalyst of the present invention
IS to prepanealihengl 8b;ythel gpeonfas samnftacsedrahove, theceasailyekyikhe
slurry solution is heated, pressured and then dried. The starting materi al
conpound Lok&$§ £OrinNBPYASEt L | dungdel Sod af sl tofe i@ RhasBNHokeBVABEI ON IS
not limted to any particular one, provided it can be calcined under air to

deconposecbﬂ£21ﬁ”sﬁx'd@heTbslétfﬁétﬁﬂséaiﬁrtﬁé cparosnd Laxrapeckeggnt of
the A elenent group includes a nolyb enun}contalnlng conpound such as

a”}m“' um gph ¥ et esf@é%%%eﬂi tLhPXh ?1 DLy, gélaegn%%%h&. .
ybdate; "a vana um contaln g conp tnd sue I um oxi nmoni um
vanadat e,

Lanacal AR NPT awn?u%#ftnﬁz?ilaf”l‘écé%ﬁ%ﬂ’f zcaf. R, o
ant i mony- Eﬁgto ééniand, the specific surface area of the catalyst does
not increase very much. The obtained catalyst, in comparison
with the one which contains Sb, has a higher catalytic activity
at a 1little higher reaction temperature. A target compound such
as acrylic acid can be obtained with high conversion and good
selectivity. As mentioned above, however, it needs to be
carefully watched not to lose the catalytic activity because

Te is likely to be evaporated.
One of the preferable examples of the present invention is
a catalyst containing, in addition to the elements of the A
element group, at least one element selected from the group
(hereinafter called as the B element group) consisting of Li,
Na, K, Rb, Cs, Mg, Ca and Sr. Among these elements of the B element
group, K and Rb are preferable, and K is more preferable. The
catalyst containing any element(s) of the B element group has

a higher acrylic acid selectivity than the catalyst containing

the elements of the A element group only.



compound such as antinony trioxide, antinony sulfate and 7 ant i nony
acetate; and a telluriumcontaining conpound such as tellurium di oxi de and
telluric acid. The starting material conpound for an elenent of the B

el ement group includes the oxide, the chloride, the sulfate, the nitrate,
the acetate, carbonate or the hydroxide of the elenent of the B el enent
group. It includes concretely lithiumoxide, lithiumchloride, lithium
nitrate, |itAhgnMeibeenirs, Manufaguryadotihge cadadivsh 6Xi §be pogEant
chloride, sodiumnitrate, sodium carbonate, sodi um hydrogen carbonate,
sodi um hydnvghtiten pbs azst uhinokielk, tp@angs parhichilan dae .pFhasshtmlystr at e,
pot assi um car bonat e, potassium hydrogen carbonate, potassium acet at e,

pot assi unchgdbvexpteducadi dfam erahphat ebyr abmdithpdnicthaat eher ghiadittimgoxi de,
rubi di um hydroxi de, cesium carbonate, cesiumnitrate, cesium acetate,

cesi Um Oxhdeerf8sicbMpHitHay] dontedhGngmtEardoval Pst Ginpodsnydnegent
carbonate, calciumnitrate, calcium acetate, calcium oxide, calcium

hydr oxi deyn$Eh Gt BE E2EREPA SrgiBld Pk YTuPLLT fhEre SRA LN WRIAGH 8h8,
strontium oxi de and strontium hydroxi de. The catal yst of the present

I nventi 0”s?ﬁ%‘ﬁgﬂgr@é&ﬂzﬂ@rco?riﬁciu‘fﬁcfc)o,”&%eﬂﬁxéheﬁ?% wat®ern ttohBEe?QEe

el enments o el ement group and the B el enent group. At |east one

el enent sgl Sgﬁf\gf%I\(?g%{éf@?géﬁ&ptﬁ{@ﬁrﬁgﬁggﬁggrg%hiﬁﬁ%ﬁ %eh%@ﬁt aflfoup)

consisting O I's préeféra he "ot her "acti ve conponent
el ement. The stagting.materiol caopound.fand pLspepLEenals Shegnh,ipe! udes
the oxi de®?tfe"thior FAESSPREYsul 74T & g temp g ¥
300-900C, and the calcining time is generally 1-30 hours. The
more preferable method for manufacturing the catalyst of the
present invention is to prepare the slurry solution as mentioned
above, successively the slurry solution is heated, pressured
and then dried.

The starting material compound to use for manufacturing the
catalyst of the present invention is not limited to any
particular one, provided it can be calcined under air to
decompose into an oxide.

The starting material compound for an element of the A
element group includes a molybdenum-containing compound such
as ammonium molybdate, molybdenum trioxide, molybdic acid and
sodium molybdate; a wvanadium-containing compound such as
vanadium oxide, ammonium wvanadate, wvanadyl oxosulfate; a
titanium-containing compound such as titanium oxide, titanium

ammonium oxalate and titanium sulfate; an antimony-containing

compound such as antimony trioxide, antimony sulfate and



and the nitrate of the optional conponent elenent . It includes concretely
ni obi ¢ aci d, ni obi um oxi de and ni obi um hydrogen oxal ate for a starting

mat eri al conpound of niobi um amoni um paratungstate, tungstic acid and
tungsten oxide for a starting material conpound of tungsten; and zirconium
oxide, zirconiumnitrate and zirconium acetate for a starting materi al
conpound of zirconium |If any ammoniumsalt is used for a starting nateri al
conpound, TR c§‘}§’|eitétt@?piaééafll I rdoiaardir insi g €PEPANNE $BCR& ®r ni ne
so that the catalyst may contain no remai ni ng anmoni um group. The conpl ex
oxi de corfpolsiumium chitedids afd thel Irmige@ciidwent i on may have any optiona
constituent provided it contains the elenents of the A el enent group. The
conpl ex oxi déhei Btartinpt aaterdadomompatungh fidr tdmwe ellements odif thee BA

el ement group with any elenents of the C el ement group, has preferably a

conposi t igiieredft eFied nley udesntha 6%idas shewhbetoae, Mhd .swWlftej b Xc Yd
~e ~ 1) wherein X represents at | east one el enent selected fromthe group

consi sti Rhdin A, Kaie IS EHSriInd RAYr A alRimli &elsetak from
the group consisting of Nb, Wand Zr; a, b, c, d and a represent atomc

rati os of,thel S td i . -1 th i
pref er ableylégﬁ%ﬂt0%§~g%g) El \é%e ﬁllce)%g?%i.éu%' V!EOEL(?%%?%Q sp?é?%?%?%/p&dégulm ais a

nb d i [ i i . t .
The. compibdl 1 et End bt B, O Ehihfion SLc Rt 07 1 LORIER R I
ion regaesent shown

el ow, Mo e, AfEoRu 68 Fad il REPAESCHR B LRIGYIEG. Do OT, (o

same meaniN9s 38 NS LALMhALLY 5081 hEPLEIE0 SN Bat B80S A RIEN

sel ect ed Fr . ‘ yarog ’
hydroxide, potassium oxide, potassium chloride, potassium
nitrate, potassium carbonate, potassium hydrogen carbonate,
potassium acetate, potassium hydroxide, rubidium carbonate,
rubidium nitrate, rubidium oxide, rubidium hydroxide, cesium
carbonate, cesiumnitrate, cesiumacetate, cesiumoxide, cesium
hydroxide, calcium carbonate, calcium hydrogen carbonate,
calcium nitrate, calcium acetate, calcium oxide, calcium
hydroxide, strontium carbonate, strontium nitrate, strontium
acetate, strontium oxide and strontium hydroxide.

The catalyst of the present invention may contain other
active component element(s) than the elements of the A element
group and the B element group. At least one element selected
from the group (hereinafter called the C element group)
consisting of Nb, W and Zr is preferable for the other active

component element. The starting material compound for this

optional element includes the oxide, the chloride, the sulfate



the group consisting of Li, Na, K, Rb, Cs, Mgy, Ca and Sr; f is an atonic
ratio of Z, with O-f~O. 1 , preferably O . O05[f[O0 . 1, As described
above, the catalyst of the present invention can be prepared by m xing the
conpounds containing active conponent elenents) with water to prepare a
slurry solution followed by drying. But the catalyst is preferably prepared
by a hydrothermal synthesis nmethod including a process for heating and
pressuri rapd keeshik¥gte gfuthewridianad deppapentivdlamanter A5t Bp@badedy t he
hydr ot hermal synthesis nmethod is observed by an el ectron m croscope to have
an appearanmgereffe lpeniebicystcafl. 8Sdohiamcopddal angl gerdyidin ynydtoadser ved
by an el ectron m croscope when the hydrothermal synthesis nethod is not
carried msaldtherfefronestatting net éiial) ionidomnieed| ricbyahal anvesn bumught
about by the hydrothermal synthesis nethod. According to the hydrothernmal

synt hesi E)a_rﬁmmbstsa@é I g gERtiey hal d AP @URYS tahCoLeas I ¥ st sselvgd or
dispersed in water in tenperature between the normal tenperature and 100C

t O prepamng @Sl Rbmpdudd 88, tx‘.{\ﬁ' §heh 5 ddenitceali eh bﬁlé@ a Ach@Mem The
anount of water to use, though is not particularly limted provided it

Is suffig ﬂﬂz}[at?éj EieEfﬁgof'i‘l&xQ céﬂ&’t{é ¥030h W5 : rg;gl?@e%ighlé(orpp%n%@ part

by nass, era art y mass, nore pre mass

relative o zlupgwe{ "85S 0 LA |10 0 o7 gl C%&%ﬂd&aﬂaﬂ

hydrothernal syn €SI's i's no 0 any par |cular one prOV| IS
a treatnment, for general drot hermal reaction. The above s &HH ry soJutlon

h
may be h&%'WSE AT LAY GrpBP aPRPEOBF 1 AbPe PEFRRTPOGEN PR iVt I e to

treat for the derothernal reaction. The reaction g be carried out in
air, but B¥efer ble to determine so that the catalyst may contain no

remaining ammonium group.

The complex oxide composing a catalyst of the present
invention may have any optional constituent provided it
contains the elements of the A element group. The complex oxide,
if it contains a combination of the elements of the A element
group with any elements of the C element group, has preferably
a composition represented by formula (1) as shown below,
Mo,.o Va Tip Xc Y4 Oe (1)
wherein X represents at least one element selected from the
group consisting of Sb and Te; Y represents at least one element
selected from the group consisting of Nb, W and Zr; a, b, c,
d and e represent atomic ratios of their respective elements,
with 0<<a<0.7, 0<b<0.3, preferably 0.005<b<0.1, 0<c<0.7,
0=d<0.3, preferably 0=3d<0.1; e is a number determined by the
oxidation states of other elements than oxygen.

The complex oxide, if it contains further any elements of



preferable that the air existing in the autoclave is replaced partly or
wholly with an inert gas such as nitrogen gas and helium gas before
starting the reaction. The reaction tenperature for the hydrothernal
synthesis is generally 110 ~ or nore, preferably 130C or nore, nore
preferably 140C or nore, and generally 400 [err] or less, preferably 300C
or less, nore preferably 250C or |less. The reaction tinme is generally 1-100
hours. TH&§PeSsamenti $FPWP i M Predeaddlivs auSompe§i bl antIARE XLV br
pressure, but optionally may be higher than the saturated vapor pressure,
and the dwrformglait(2on amshsstieaytl t hr oughout t he hydr ot her nal
synthesis. After the hydrothermal reaction term nates, the reaction
sol utionue, Gapl o4, xQ ¥05P @, sol i@ yproduct , which is then separated and
dried. The rethod 1 or separating the product is not limted to any
particul afheargpxQVided, id, eandsanBledbhowothe dddmdatiiings agdihSthe
preferably to filtrate, wash and dry, 11 The product thus obtained nay be
used for s&Ga{1a] ¥3t) .0fz LRerBEeAe8t akNYEAELOBNESeiiméSt M edBedlEfgK ably
treated with the calcining to conplete a catalyst of the present invention
The Ca't@!é"rg]&g;iuySg&tEEQEiHBY?P%f,aWA,eQ,PHg,bé’s,or}«i‘g.stc%oa% 300-P0Q, , for

i-30 hours | , I's preferably carried out by two steps in their

respective different, at her e ) ribed | ow.,_The re

di fferend® 88?%8&??&?’?‘? gt' %Jaf%iaoé%?gr%at%en eraér?l)dl% ﬁé Og)ggﬁgﬂ}c'a ci ni ng

treatment is,preferahly. 150C or re re.preferably 200C or re.and is

preferably 5%% %chﬁlg%%‘? e 'prt eFSEEgyiﬁo%rgﬂf’%s%.eﬁ%%t ISt Al ni ng

treatnment is carried ou% %t 200 re and 40QC or |ess, preferably at
S e

0C
250- 350C 985 RF sPESPALS Vn“llﬁ‘emge $cEOBPOBRGFe FOFLS PG, ,in

air ) . The second calcining treatnent is carried out at 400C or nore and
700C or |coeponends elementd{sIsydthsnetes: to. Breparg? S Eh SHettiqfhs such
as nitrogen and helium There are sone cases that the two cal cining

t r eat mentt®lloned bedEning yiBut pbeferbahvet iis paefesabdit PHePate@ Bihe above
ranges of calcining tenperature and tine. It is undesirable especially
because iahydvetrbemnalmsynthesticomekhgdindmding apramgssufdrd@atdiniai ty.
The conpl ex netal oxide obtained after calcining treatnment nay be used for
a cat al ysandopressuriegenthe miantbyors cdsitiion defimute idrydmaf.er abl y pul veri zed
to use depending on the cases. The catal yst of the present invention thus
obt ai ned i s Bhd Zpowdeed et £inesd Ay hehe gy drspentidlc ssurireesel samesethefd 1- 50

m g. The catalyst of the present invention is presuned to increase the

cat al yti G saebk¥rtBabyy Gineakditi@n i E0E8EHLE b Havidan\appdasnes ofe as a
conmponent el enent. Further, when the methods of the hydrothermal synthesis

and the tealeBEysahtl NGLERNS c2k8taRPLs efbidral TR A6bYEIrYEBaAPEPESS of a
catal yst of the present invention, the preferable effect was

electron microscope when the hydrothermal synthesis method is

not carried out. Therefore, it can be thought the needle crystal

was brought about by the hydrothermal synthesis method.

According to the hydrothermal synthesis method, starting

material compounds are generally dissolved or dispersed in

water in temperature between the normal temperature and 100C

to prepare a slurry solution, which is then treated in an

autoclave. The amount of water to use, though it is not

particularly limited provided it is sufficient to prepare a
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brought about in the catalytic activity conpared with the cases in which

t he above nenti oned net hods have not been applied. It is thus presuned that
the conbi nati on of those two nethods and t he above nentioned conponent

el enents brings about the effective result in the activity of the catal yst.
A catal yst of the present invention that contains at |east one el enent
selected fromthe B group al so can be obtained by the foll owi ng nethod. The
conpoundssé¢uonry sohgtioe, cd @enstraddiyp0sbrgOepeantity masa| pdedgrabdy

el enents of the B el enent group, are subjected to the hydrotherm

synt hesi sland phetcayohass | amons pissterdiely dboy @drt @8t masealrelaatied
powder. The powder is dispersed in a solution containing the elenents of

the B el egent gaedpbyamnasguegUsheokitbir@ingl makeaqaaoudmpoapassi on of
conpounds containing the elenments of the B el enent group) , filtered,

washed and drmiredny@rgehetig1 R NSd 1 Ofi stASt ArigSAYg LBVER 'PQE'tiEﬁQa‘ia_t al yst
obt ai ned after drying nmay be further calcined. The catal yst thus obtained

can be suphabl Vo Jisedh § 075 613 tre%rtﬂglﬁcti P%r%%n%e%ﬁt%%&%%n%fﬁg%@'%m ng

conmpound such as acrolein, acrylic aci a el n, cryltc acid

by the vapgr-phase talyti xi dation. of. an, alkane ref erabl C3-C8

al kane, ning preyershtry W Hbion MaVepS nental BF ohaeToFofBSEATRE. The
catal yst can be npst suijably used for producing acrolein or acrylic acid
from pr op2hd®°TG thRE H5edf #mPERHAHRVEaho Lﬁ'l%%?(%?&?é&‘%??‘&Eﬂchﬁﬁf“éﬂ-ni ng
conpound neans  a car bonyl rQuE-containing conpound, preferably a conpound
havi ng boff2ghi8PnyFBRi ECRAEAPHr RAEAPBoRATEAG A OREr B8NP - Tgr BUS. 1HndA

produci ng (neth)acrolein and/or (nmeth)acrylic acid as the
preferable that the air existing in the autoclave is replaced

partly orwholly with an inert gas such as nitrogen gas and helium
gas before starting the reaction. The reaction temperature for
the hydrothermal synthesis 1is generally 110 C or more,
preferably 130C or more, more preferably 140C or more, and
generally 400 C or less, preferably 300 C or less, more
preferably 250C or less. The reaction time is generally 1-100
hours.

The pressure within the autoclave is usually a saturated
vapor pressure, but optionally may be higher than the saturated
vapor pressure, and the slurry solution may be stirred
throughout the hydrothermal synthesis.

After the hydrothermal reaction terminates, the reaction
solution is cooled to form a solid product, which is then
separated and dried. The method for separating the product is
not limited to any particular one provided it can separate solid

from liquid, and is preferably to filtrate, wash and dry.

11



t arget conpound, gases other than the target conpound produced in the
process are propylene and acetic acid. The propylene is possibly forned
with a selectivity of about 10-30% . The target acrolein or acrylic acid,
for exanple , can be obtained fromthe propylene in the succeedi ng process
by using a catal yst for the vapor-phase catal ytic oxidation of propylene.
The conposition ratio (nole ratio ) of the raw naterial gases for the

vapor - phase &heaPyedechyxiimg obtaiegsk nak be used EPFi @ Rt BLYERYY Ofathecul ar

one. However, al kane: oxygen: water vapor:dilution gas is generally

1: 0. 1- 10: pr&9ent 20 venicfar asl §t1i9. D3 @s Brofe0albly CLrefie pmweftér fhee
dilution gas includes nitrogen and carbon di oxi de gas. The vapor - phase
catal yti ccakxcitmingrta eampilenenaycdima ot io€dthetpre ddrey inmwveert imnar E8sure or
a reduced pressure, but is preferably proceeded under an atnospheric

pressure.cdeidfng tr@dkiet h@gﬁ% ahdEeeloWen9 Sid % tEp0a 309G -gopef erably
280-420C, and nore preferably 300-380C. The space velocity (SV) fox

suppl yi ngedPQ -RIMHBRES iindh 1 H2DutS1 8 PRrIFREHa 130802280 84Ut by kwo BEEHSET ably
400- 30, 000h r-1. The catalyst of the present invention is applicable for

any react]on iyl ee0hebiried aelflfeégﬂitdaaﬁ&s é@\éwaeg%%ib'éarb 16{;xed bed

reaction vessel, a coated catal yst obtal ned by coating the catal yst powder

on a spheric carrjer of.silli a j klic ar,bi t he
ke, “oreh maPgedamerdfit® Miftitdoe MUfuD8n Srel SOHSL o621 AERAY |
profitably used. For .a fluid bed ox noving bed reaction vessel, th
barticle LERatRERt aPdthe RRFERORALIITHAGIETRAERSR b RE FLRTABIY 430G a
reaction-inactive material such as s%!ica to i ncrease abrasion reskftance
is profit%%FV”U%eEPIWhBFéﬁﬁrPHéY 200 or more and is preferably 500

or less, more preferably 400C or less. The first calcining
treatment is carried out at 200C or more and 400C or less,
preferably at 250-350C for 0.5-12 hours in the presence of
oxygen gas (for example, in air). The second calcining treatment
is carried out at 400C or more and 700C or less, preferably
at 500-650C for 0.5-10 hours in an inert gas such as nitrogen
and helium.

There are some cases that the two calcining treatments lower
the catalytic performance if carried out outside the above
ranges of calcining temperature and time. It is undesirable
especially because it lowers an unsaturated oxygen-containing
compound selectivity.

The complex metal oxide obtained after calcining treatment
may be used for a catalyst of the present invention as it is,
but is preferably pulverized to use depending on the cases.

The catalyst of the present invention thus obtained is a

12



particle catalyst has a size of about tens micron uniformy. The catal yst
of the present invention can restrain an al kane conversion to keep a high
selectivity to the target unsaturated oxygen-containing conpound in the
reaction, and can also be used in a reaction systemfor recycling an
unreacted al kane in the reaction vessel after separating the reaction
product. EXAMPLE The present invention will be described belowin detail by
the exanmesjldutrystabthavingea $petheiexsuptase uamtessobeyosal ihg.gi st of

t he present invention. 15 In the exanpl es, propane conversion and acrylic
aci d sel ecti They deteeltdiei pfr edpecpresedef iimvdandriomsi$ olpressmeld opane
conversion (nold) _( noles of propane supplied - noles of unreacted

propane) / {ndEd £se theptapangtsoppbt 26t X bi08oAEaYhifgari dogelbeti wity (nol d)
( nmoles of acrylic acid produced) / (noles of propane supplied - noles of

unr eact edyr apai) 96 0 TEN@Ca! abiipbneaPeskihkbal . WRsre8bsUl @hes Pgsed on a
rati o of added starting materi al conpounds ( excepting K as neasured by the

eni ssi on @ﬁ%&&a%%' é) hg@i%gﬂ n@é é‘éi&“a‘ﬂgl cahdl sk Aé*f@g s um
nol ybdat e( 6. OOg ) mas | ssol ve |st|IIe mater Ant | no
pul {80 e R Ak E AN o) oved
oxal ate fur taEFyst heSlgrfelsCeln N Rtilond: thepeekdtLeNe BEF 08t il @
brought about in the catalytic activity compared with the cases
in which the above mentioned methods have not been applied. It
is thus presumed that the combination of those two methods and
the above mentioned component elements brings about the
effective result in the activity of the catalyst.

A catalyst of the present invention that contains at least
one element selected £from the B group also can be obtained by
the following method. The compounds containing the catalyst
composing elements, excluding the elements of the B element
group, are subjected to the hydrothermal synthesis and the
calcination as described above to get a calcinated powder. The
powder is dispersed in a solution containing the elements of
the B element group (an aqueous solution or an aqueous
dispersion of compounds containing the elements of the B element
group), filtered, washed and dried to get the catalyst of the
present invention. The catalyst obtained after drying may be
further calcined.

The catalyst thus obtained can be suitably used for

13



aut ocl ave (vol unme capacity 60mL) and hydrot her mal synt hesi swas carri ed out
at 175C for 24 hours. The product thus obtained was filtered to separate,
washed, dried at 40C for a day, calcined at 280C for 1 hour under air
stream and cal ci ned successively at 600C for 2 hours under nitrogen stream
to get a catalyst of the present invention having a conposition 16 (

excl udi ng oxygen, hereinafter |likewise ) of Md,o Vo.3 Tio.oas Sho.~ .

Esti nmat e pExiuGng n gmed yeratel foxegpbeebit@iniypecompeundrswesses was
used. The catal yst (1.2nl) was pulverized sufficiently, diluted with 3.6ml
of sili careraclaxili dacpgideracind opandktathdro e Ry ee thabeyhd e axgi@dbyi theer
dianeter of 12nmm A raw material m xture gas conposed of propane, oxygen,
wat er vapaipcpHidd agetapsid | oxedatbonugl Bhe dlk@et (prddcyiat ea of

pr opane/ oxygen/ wat er vapor/nitrogen =3/4.5/21/18 (m/mn) to react at 320C.

The reactdrdRAKGe , Vadrangr¥zedabYy 32T 30O BKHNAPBYchSRE Fdsama!l f ace
area neasurenent The flow Sorp || 3%0 made by Mcro Meritics was used to

measure oAboubbltandd Chel NSl Ay StalPBSIRIGOUSLY 2Rt SRt AOOC TN an

inert gas . A nitrogen/ hel |ummxture gas was flowed to neasure the

specific r@%&x@&&%ﬁ%o&@ﬁ%f&%@c& 1 d&&slé%?c%% BPB%RE'.% tiﬁ@% LEsild s of

the esti € ca ecific ace area asurenent are
shown in TabI ngm A2 The cat aI S on ﬁregent in entlltl)n havi ng a
conposi t iBH % SH/EREIHIE g5 %89 wﬁ? 88&8& &d 8&99?% % TR W) as

descri b%gr%otn@el AL 2B a SRR o1 LSBT VI Lt e ves

having both an ethylenic unsaturated bond and a carbonyl group.
When producing (meth)acrolein and/or (meth)acrylic acid as the
target compound, gases other than the target compound produced
in the process are propylene and acetic acid. The propylene is
possibly formed with a selectivity of about 10-30%. The target
acrolein or acrylic acid, for example, can be obtained from the
propylene in the succeeding process by using a catalyst for the
vapor-phase catalytic oxidation of propylene.

The composition ratio (mole ratio) of the raw material gases
for the vapor-phase catalytic oxidation reaction is not limited
to any particular one. However, alkane:oxygen:water
vapor:dilution gas is generally 1:0.1-10:0-70:0-20,
preferably 1:0.5-3.0: 3.0-20:0~10. The preferable dilution
gas includes nitrogen and carbon dioxide gas.

The vapor-phase catalytic oxidation reaction may be carried
out either under a pressure or a reduced pressure, but is

preferably proceeded under an atmospheric pressure. The
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used in place of 0.22g of titanium anmoni um oxal ate. Wth respect to the
catal yst obtained, the estimation test and specific surface area
measurenent were carried out in the same way as in Exanple Al. The results
are shown in Table 1. Exanple A3 The catal yst of the present invention
havi ng a conposition of Mdl,o Vo.s Tio.oas Sho.~ was obtai ned by the sane
way as described in Exanple Al, except that 0. 28g of titaniun{ |1 )

sul f at e wssactsieth | tepbacatotre0. 229 gemdralam uebamtbni Um, oxateffexrabiyt h
respect to the catal yst obtained, the estinmation test and specific surface

ar ea measigeEtCyernadcabirecdreferablyngosangoiry as in Exanple Al. The
results are shown in Table 1. Conparative Exanple 1 The catal yst having a

conposi tion phe Mbade V@13c308: i( SiQr £68 MBI SPIh VaheO kb Nebebyal Ngassane way
as described in the Exanple Al, except no titanium ammoni um oxal ate was

added. Wi desents f o19 RRTGHE: Obt ARthe i PRIgTY Yddies! - and

specific surtace ar neasurenent were ¢ e in the sanme way as in

Exanpl e AL. Jhe gaeggadﬁcaaﬁsetﬁé%%éerht@meng%oﬁxmp 1A%aHNe £akalyst of

t he present 1 nventio ving a conposition Mol , 0"Vo.s Tio.oas sbo. ~

(00, 02 R ISP B 0 oglESHHA MRSy O, Do e AL
oo Ul 2k ek SRR by VLReLoSR et LSRRl Lt e, (e
the same cVoVa tia}xsg itnheExc(;ia éfyé::l' ' pc;rvgge{' egrli” talS S%Elgriggvl\.n ciar{‘rTiaeti‘l ?na]ae of
silica, alumina, silicone carbide and the like, or a molded
catalyst obtained by tableting the catalyst powder is
profitably used. For a £luid bed or moving bed reaction vessel,
the particle catalyst of a complex metal oxide prepared by
further adding a reaction-inactive material such as silica to
increase abrasion resistance is profitably used, wherein the
particle catalyst has a size of about tens micron uniformly.
The catalyst of the present invention can restrain an alkane
conversion to keep a high selectivity to the target unsaturated
oxygen-containing compound in the reaction, and can also be used

in a reaction system for recycling an unreacted alkane in the

reaction vessel after separating the reaction product.

EXAMPLE
The present invention will be described below in detail by
the examples, but is not limited to the examples unless beyond

the gist of the present invention.
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Exanpl e A5 The catal yst of the present invention having a conposition of

Mo, "o Vo.s Tio.ozs Sbo.~ W. oas was obtained by the sane way as descri bed
in the Exanple A4, except 0.21g of tungstic acid was used in place of 0.15g
of niobic acid in Exanple A4. Wth respect to the catal yst obtained, the
estimation test and specific surface area nmeasurenent were carried out in
the same way as in Exanple Al. The results are shown in Table 1. Exanple A6
The cat al yst Iaf the gxegedesi.nverebane haanyvgrsicenpardt iegirydfiavbacsdVo. s

Ti 0. 0zs Sbo.~ zro.o0zs was obtained by the same way as described in the
Exanpl e Aelectipity.28ye ofheircoaespectivéadefwnstices as HoOhtewst 0. 159 of
niobic acid in Exanple A4. Wth respect to the catal yst obtained, the

esti mati dPrépste atchegesidon c(morépce area neasurenent were carried out in
the sane way as in Exanple AlL. The results are shown in Table 1, 19 Tabl e

1 Exanpl eReacinb@BEr OpEneAsFoddrfe supplied - moles of unreacted
Aci dCat al yst Tenper at ur eConver si onSel ectivityS. S. A (

(N (N ( 0 3 ati veExi
320112863%%%%&26%@%@%@%1%%%@%‘3%9%@%?%%%2%@%2 . SpecificSurface Area
Exampl e [ ftpm s dissolved in 30nl of distilled
wat er . T??? |u€1%€%§?%¥ep€€£§égt Waélglgded to the solution at room
tenmperaturge under stirri fall owed b di ng- 4.2 of vanadyl oxosul fate,
17650 of “hi SRR R EEERT A BB iR Fs o pE e oS ER T STt o
further. After sufficient stirring, the_solution was put in an autocl ave
(vol ume cagdtes eDiyreactes dPHePRRreAl “syQPhesi s was carried out at 175C
for 24 hours . The groduct t hus obtained_was filtered to separate, washed,
dried at R F3¥aLyhyComRee} hieR atasopel FdtabedobrsedndRra aF2tE0 r@Em and
cal ci ned successively at 600 for 2 hours under nitroggn streamto get a

cat al yst #ldedstarisiag mageriady epRPEHPASY [ AiCePEHRS SIS BR2EETRBIPYH Vo. s

Ti 0. 0zs Teo.~~ Nbo.osa. Wth respect to the catal yst obtained, the specific
surface adfke embseiepespeqkbroaratyedisbut in the sane way as in Exanple Al.
The obtai ned specific surface area was 3 rri/g. Further, the estimation
test of catal yst obtained was
Example Al
Preparation of catalyst
Ammonium molybdate(6.00g ) was dissolved in 30ml of
distilled water. Antimony sulfate(0.85g )} was added to the
solution at 80C under stirring, followed by adding 2.53g of
vanadyl oxosulfate and 0.22g of titanium ammonium oxalate
further. After sufficient stirring, the solution was put in an
autoclave (volume capacity 60ml) and hydrothermal synthesis was
carried out at 175C for 24 hours. The product thus obtained
was filtered to separate, washed, dried at 40C for a day,

calcined at 280C for 1 hour under air stream and calcined

successively at 600°C for 2 hours under nitrogen stream to get

a catalyst of the present invention having a composition
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carried out in the sane way as in Exanple Al except the reaction
tenperature was changed to 380C. The propane conversion was 42~ and acrylic
acid selectivity was 60~. Exanple Bl Preparation of catal yst Amonium

nol ybdate (6.00g ) was dissolved in 30mL of distilled water. Antinony
sulfate ( 0 . 859 ) was added to the solution at 80C under stirring,

fol | owed by adding 2.53g of vanadyl oxosulfate, 0.22g of titani um ammoni um
oxal at e dﬁécdu@ﬁcjlgo@xﬁ@?%lsé‘iel’fmwatflt@t%lif—h?‘n’h%?501}3\P4t°er0 ouf TiciosmiPostirring,
the solution was put in an autoclave (volune capacity 60nl) and

hydr ot hermal synthesis was carried out at Z75C for 24 hours . The product
thus obtained was filtered to separate, washed, dried at 40C for a day,

cal ci ned Eatt ir3R€ fterstl dfotheurdaralyistsst r eam and cal ci ned successively at
600C for 2 hours under nitrogen streamto get a catalyst of the present

invention hayifiged OATFIDW t9Peteddicn Vesdell Wa913eTOThET X HLystSt | mat e
test of the catal yst 21 The reaction tests were carried out in the sane

way as i qiExainl &ALl pexseptzddasut PecigaelyOnaieapenaliie Wasmahaged to
360C. The results are shown in Table 2. Exanple B2 The catal yst of the

present igQvgRignN c%%'ﬂa@ BowABRPOahE! BAcREaMRh, & éxTﬁxi’oé"%% iafR0O. 0i' s
was obtained by the sane way as described in the anpl e Bl, except t hat

0.12g of 4 use Jytrate.

The. asti AEET5n CLanp LR, 4fhm: o%tfa%%@“fﬁ%%?‘sﬂ%m PR o s

i n Exanpl %Bl. The results a‘r_ig shown nnTabl - Caek aa%‘pkgoBS T e & aal yst of

t he presg pf%@%ﬁ?fo%%e(ﬂ nb’ co‘Fﬁ% SR gn %‘f’ "f?g

7S0.078 V\%% gggglante% Pxo;’[v ratseam% gpane/oxygen/water vapor/nitrogen
=3/4.5/21/18 (ml/min) to react at 320C. The reaction product

was analyzed by gas chromatography.

Specific surface area measurement

The flow Sorp Il 2300 made by Micro Meritics was used to

measure. About 0.3g of the catalyst was previously treated at

200C in an inert gas. A nitrogen/helium mixture gas was flowed

to measure the specific surface area on the base of nitrogen
absorption.
The results of the estimate test of the catalyst and specific

surface area measurement are shown in Table 1.

Example A2
The catalyst of the present invention having a composition
of Mo1.o Vg.3 Tig. 025 Shy.; was obtained by the same way as described

in the Example Al, except that 0.21g of titanium( I ysulfate was
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described in the Exanple Bl, except that 0. 16g of cesiumnitrate was used
in place of 0.08g of potassiumnitrate. The estimation test of catalyst
obtained was carried out in the sane way as in Exanple Bl. The results are
shown in Table 2. Exanple B4 The catal yst of the present invention having a
conposition of Ml ,o Vo.3 Tio.o02s Sbo.~ Ko.o~0 was obtai ned by the sane way
as 22 described in the Exanple Bl, except the anpbunt of potassiumnitrate
was chang&ed rigmmtarsy @b ©. 98 offHel eiumtangeeniaye ofakatied yst obt ai ned
was carried out in the sanme way as in Exanple Bl . The results are shown in
Tabl e 2. ExaWpte BEpdrt dat dhestabdlysie girtesired . rhenesbimabiongtest
conposition of Mdl,o Vo.3 Tio.oas Sbo.~ Ko.o02~ was obtained by the sanme way

as descr idmil spedilfd cExamfheeBare & xmepd utdntetiimierie elarpdledssutimnimni theat e was
changed from0.08g to 0.16g. The estimation test of catal yst obtained was

carried Qidmd Rvdy@sSIANE EMANpAS AN . EraapkesBltsThLer 8684VA SiRMasiOWN, i N
Tabl e 2. Exanple B6 The catal yst of the present invention having a

conposition of Ml ,o Vo.s Tio.o02s Sho.~ Ko.oso was obtai ned by the sane way
as described in the Exanple Hl, except the ampbunt of potassiumnitrate was
changed fﬂ:?d}ﬁé).teo% to 0.24g. The estimation test of catal yst obtained was
carried out 1'n the sane way as in Exanple Bl . The results are shown in

Tabl e The catalyst of the present invention having a composition

of Mo1.0 Vo.3 Tig.025 Sbo.1 was obtained by the same way as described
in Example Al, except that 0.28g of titanium( Il )sulfate was used
in place of 0.22g of titanium ammonium oxalate.

With respect to the catalyst obtained, the estimation test
and specific surface area measurement were carried out in the

same way as in Example Al. The results are shown in Table 1.

Comparative Example 1
The catalyst having a composition of Mo, ¢ Vp.3 Sbg.s for
comparison was obtained by the same way as described in the
Example Al, except no titanium ammonium oxalate was added.
With respect to the catalyst obtained, the estimation test
and specific surface area measurement were carried out in the

same way as in Example Al. The results are shown in Table 1.

Example A4
The catalyst of the present invention having a composition

of Mo;.0 Vo.3 Tig.025 Sbg.1 Nbg.025 was obtained by the same way as
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2. Exanple B7 23  Ammoni um nol ybdate(6. 00y ) was dissol ved in 30m of
distilled water. Antinony sulfate(0.85g ) was added to the solution at 80C
under stirring, followed by adding 2.53g of vanadyl oxosulfate, 0.22g of
titani um anmoni um oxal ate, 0.15g of niobic acid and 0.16g of potassium
nitrate further. After sufficient stirring, the solution was put in an

aut ocl ave (vol ume capacity 60nl) and hydrothermal synthesis was carried out
at 175(:fQﬁquﬂbﬁﬁn%?.thﬁhéxﬁﬁﬁﬂﬁbﬁibhG§CGB¢aPné§gma RiPbifFedci® “@parat e,
washed, dried at 40~ for a day, calcined at 280C for 1 hour under air and
cal ci ned afifebaftersladditt iRo0Ct ftdre Rihautvm @nieniyn exgbatgdan Example a

catal yst of the present invention having a conposition of MIl,o Vo.s

Ti 0. 0zs 2. ~ Nbo. ozs KO.046. The estimation test of the catal yst obtained
was carried out in the sanme way as in Exanple Bl. The results are shown in
Tabl e 2. Exawptk BSsgdet aat ahygséabaly e qbiasierdd, thentsoamhayongtest
conposition of Mdl,o Vo.a Tio.ozs Sbo.~ wo.o0zs Ko.030 was obtained by the

same wWay fd ¢pedifiedsurrhbe ExagnheafrefxceRierh Zhirafed BagisihcCtiaei d was
used in place of 0.15g of niobic acid in Exanple B7. The estimation test of

cat al yst QlfaingA a}@%n%&%i@‘ieoﬂtl 1 BhkNee88TBsaYe a8nbiin EXANPAS 81 . The
results are shown in Table 2. 24 Exanpl e B9 The catal yst of the present

i nvention having a conposition

Example A5

The catalyst of the present invention having a composition
of Moi.0 Vo.3 Tig.025 Sbo.1 Wo.025 was obtained by the same way as
described in the Example A4, except 0.21g of tungstic acid was
used in place of 0.15g of niobic acid in Example A4,

With respect to the catalyst obtained, the estimation test
and specific surface area measurement were carried out in the

same way as in Example Al. The results are shown in Table 1.

Example A6
The catalyst of the present invention having a composition
of Mo; o Vo.3 Tig.025 Sbo.1 Zrg.025s was obtained by the same way as
described in the Example Al, except 0.29g of zirconium sulfate
was used in place of 0.15g of niobic acid in Example A4.
With respect to the catalyst obtained, the estimation test
and specific surface area measurement were carried out in the

same way as in Example Al. The results are shown in Table 1.
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of Mol,o Vo.s Tio.o02s Sho.~ Zro.oas Ko.oa9 was obtained by the sane way as
described in the Exanple B7, except 0.29g of zirconiumsulfate was used in
pl ace of 0.15g of niobic acid in Exanple B7. The estinmation test of

catal yst obtained was carried out in the sane way as in Exanple Bl. The
results are shown in Table 2. Exanple B10 Preparation of catalyst Amonium
nol ybdat(e?(G. CDgl) was dissolved in 30nmL of distilled water. Antinony

sul f at e( .aé);';{f‘) was added to the solution at 80C under stirring, followed
by addi ng 2.53g of vanadyl oxosulfate and 0.22g of titani um amoni um

oxal at e fixamRde Af tReactkon ci enfrapanei ngAcedisoPgidon eatakyst n an

aut ocl ave(vol une capaci ty60nil) and hydr ot her mal synt hesis was carried out at
175C for 24 hours. THwmpgyaddurt Chovegistiannéelwres ifviiltyer ed SeSsépar at e,
washed, dried at 409C for a day, calcined at 280C for 1 hour under air
stream and cal ci ned su¢g®gssively @ag)600C for 2shours under pifs@pen stream
to get a conplex netal oxide, The conplex netal oxide obtained was

di spersecd1 n 100m. of 32% the aquapus sol uti @y containing 1188g of
potassiumnitrate. This mxture was filtered to separate, washed and dried
at 40C fgp 1 day to obba n a catalyst of the pygesent inventi s having a
conposition of Mdl,o Vo.3 Tio.ozs Sbo.~ Ko.oza. The estimation test of

cat al yst popt ai ned was zgarried out 4-n the sane 4y as in Exanpge Bl. The
results are shown in Table 2. Table 2 Exanpl eReacti onPropaneAcrylic

Aci dTerrp%rggﬁ%rggggg%Es%%gSel ectivihtyC) ~~)B136Q3648B23602749B33601437B436037

39B53603 73603851B83601249B93602449B103603949 | NDUSTRI AL
APPLI CABI L4I TY A catal %Sh of the prg
26 is therefore very“useful as a ‘catal yst for produci ng an unsaturated

e7sent inventj'son has a hi ghlzcti vity and
oxygen-c%r}’t ai ni ng con‘ggtdnd by the 3v3apor- phase 31 18

A6 320 29 29 13

(note)S.S.A.: Specific Surface Area

Example A7

Ammonium molybdate(6.00g ) was dissolved in 30ml of
distilled water. Tellurium dioxide (0.85g ) was added to the
solution at room temperature under stirring, followed by adding
4.21g of vanadyl oxosulfate, 1.65g of niobium hydrogen oxalate
and 0.22g of titanium ammonium oxalate further. After
sufficient stirring, the solution was put in an autoclave
(volume capacity 60ml) and hydrothermal synthesis was carried
out at 175C for 24 hours. The product thus obtained was filtered
to separate, washed, dried at 40°C for a day, calcined at 300C
for 2 hours under air stream and calcined successively at 600C

for 2 hours under nitrogen stream to get a catalyst of the present
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catal ytic oxidation reaction of an al kane. 27 CLAIM5 1. A catalyst for
produci ng an unsaturat ed oxygen-contai ni ng conpound from an al kane,
conprising Md, V, Ti and Sb or Te as the indispensabl e active conmponent

el enents. 2. A catalyst according to Claim1l, further conprising at |east
one el ement selected fromthe group consisting of Li, Na, K Rb, Cs, My, Ca
and Sr as the active conponent elenent. 3 . A catalyst according to Caim
1, wherei ingentiienthayingias ceppreséfited ©f Menevals Fbe.nsl Bed.1) Nis. oshhown
below, MO1 , pVa Tib X~ Yd G ~ 1 wherein, X represents at |east one

el enent sel editi¢dt fespethdgltbeprattmkyst obgadneSh tne speci¥irepuesents at

| east one el enent selected fromthe group consisting of Nb, Wand Zr; a, b,
c, d and arespmieasantendotlivay ghresedf otibein thesgaaki way elsemmnEfampet h
0<a<0.7, o0<b<0.3, 0O<c<0.7, Ccd<0.3 and a is a nunber determ ned by the

oxi dat i 0”A§t bR Qﬁtabﬁeet E?éc?kf&%ﬁ:’?f&éé”a%&gﬁas 4. nfygatal yst according
to daim2, wherein said catalyst is represented by general Formula (2) as

shown belo“’FNQt%eﬂ)\@hé-bgt¥ma¥§o;'&é3% ~of Eé@%ﬁ&@ﬂ1aﬁtalnéﬁ RasC:

and a show the sanme nmeanings as in the formula , Z represents at Ieast

one el e”e%£¥ffé§%ﬁd P“&QA ) e%gy%scggs%gé@we t#g@?&hﬁ JiB?ctgé My, Ca

and Sr represen S an atom c rat

method o RESPRELDY FOE SRAALES e SRt pEodhle cOhvalsion was

42% and acrylic acid selectivity was 60%.

Example Bl
Preparation of catalyst

Ammonium molybdate (6.00g ) was dissolved in 30ml of
distilled water. Antimony sulfate(0.85g ) was added to the
solution at 80T under stirring, followed by adding 2.53g of
vanadyl oxosulfate, 0.22g of titanium ammonium oxalate and
0.08g of potassium nitrate further. After sufficient stirring,
the solution was put in an autoclave (volume capacity 60ml) and
hydrothermal synthesis was carried out at 175C for 24 hours.
The product thus obtained was filtered to separate, washed,
dried at 40C for a day, calcined at 280°C for 1 hour under air
stream and calcined successively at 600C for 2 hours under
nitrogen stream to get a catalyst of the present invention

having a composition of Moj.q Vo.3 Tip.025 Sbo.1Ko.015.

Estimate test of the catalyst
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2, conprising a process for mxing starting material conpounds cont ai ni ng
el ements (active conponent elenents) of said catalyst with water to prepare
a slurry solution and a process for heating and pressuring said slurry
solution. 6. A nethod according to Claim5, conprising a process for

cal cining the product obtained by said heating and pressuring, wherein said
process for calcining conprises the first calcining process carried out in
t he presenceThe Baggehoyatesigl Wake sEsuried oudi Anngher sameswadrasetnout in
the presence of inert gas. 7. A nethod according to Claim®6, wherein a

t enper at ubeamp Iid ylenexdepitwebatsahe feastionl tempegapuveesss achasged second
cal cining process is 150-400. 8 . A nethod according to Claim5 , wherein

said firsto EECH MHePreealtsi aredishiohth aunt Tab125@-350C and said second
calcining process is carried out at 500-650C, 9 . A catalyst according to

Claim1 or 2, wherein said catalyst is used for producing acrolein and/or
acrylic acid from propane. 10. A conpl ex oxide catalyst conprising M, V,

Ti and ShQ@imphte & the indispensabl e active conponent el ements , having a
needl e crystal form 11. A nmethod for produci ng an unsat urated

t t
ol kano, _ohar bt or GEERE B e e R VN R Py A R R o
1-3. 29 ;
 Af. As. A°Afs MR- X0 RaThe-pes FRe- ARLR? %Sﬁaif RPREE KR ARN KR AL A

o oL ot o) cabeshes sele abeaehask g sakeale o paler ool co

cal ca] ca]r@%%g_]]eccg ca] ca caéncagl ecaclfcad Oaggcegfcarlo a;scsailucng]r?fglggg c.a] cal ca] ca]

cal ca] ca]

The estimation test of catalyst obtained was carried out in
the same way as in Example Bl. The results are shown in Table

2.

Example B3
The catalyst of the present invention having a composition
of Mo;. ¢ Vo.3 Tig.025 Sbo.1 CSp.015 was obtained by the same way as
described in the Example Bl, except that 0.16g of cesiumnitrate
was used in place of 0.08g of potassium nitrate.
The estimation test of catalyst obtained was carried out in
the same way as in Example Bl. The results are shown in Table

2.

Example B4
The catalyst of the present invention having a composition

of Moj. ¢ Vg.3 Tig.025 Sbo.1 Ko.010 was obtained by the same way as
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'1109%&' ()-M 109& ()-9Z@ K- KILOY&' ()-#: 1 109& ()-!:! 109%& ()-:!10%& ()- Z109%& (
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- & 109%@&' ()- 10 10
109<” 10% s  DurtsizidD ! atd %% C) ura&e dEb 45 A%y £b106@RAE ( by SEA OGRS (33! IO () -
@ 1098 () - &&! 109%@& () -
& 10%@& (YareddyiFlsésul 3!, 10 V@R g( o £ A tliP4ehn @midniindBxa) 2961 004@54) - L! 10%
@ ()-9'10%@& ()-0 |  *! dEbCY4! 109%R09! 10%@& () - .
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dEYNCY4! %é%f é“?ﬁ%‘%*‘”%?%%‘?%w&g( @31@1;1\64& s Gut) 1P Unl Ao bdave
Ol 10%GE' ().- 4. 10%GR' ()l 10%@R" () = Z1Q%UGE. () - ( 1 10%.. .
M 10%G! (‘>‘€%L§'8%/%98°}§?-’i8@-’ (%%%%ﬁﬁ%%%%ﬂg%%ﬁ% e %oeos wwm6
&AEYNCY4! 10% & Y1Q%@& ().- (F . .
109%4@8 () -BH %‘60)@ ?@%g!%@'@rf) The BB TRHGRBE TR eEMEEA bERESACY4! 10%
6& 1098 () -1 49! 10%@& ()-f2L! 10%@& () - LO& 10%@& ()- 3. 9! 109%a& ()-,, 9! 10%@& (
-0 't t% é@Bé‘?EFfoWéib%&"%‘;l-% %&49)-@%%@3@ -catrdngant 280%

0, ! - | 0, ! - | O4/- | 0, ! Y- | 0, ! - VYi
10Gs o100 () 881 100 (). GI(((<) 1)) dEOCY41 10%: 1 1006 ()5 10388, ()1 10
11092 & ()-)) (*d***+dEbCYA! 10%¢ 10%& ()-!:110%& ()-:!10%& ()-!10%& ()-!1
0% & () - :horpg gapdenTaikregendgpeyrol gD’ 2 109¢/1ysr of the present
. 110%& ()-f,Z10%& ()-*10%& ()-'M 10%& ()-%!10%& ()-z,,,+-j-l-mn-o-d
YNCY4! 10%nvEntligyn having a composition of Moi,p Vo.3 Tiog.o2s Sbo.1 Nbo.o2s
10zL<s10% & ()-y8& 10% & ()-s6& 10%& ()- Y4& 10%& ()- @' 10%& ()-o0---(.g..
. dEYNCY4!Ku084 f M 109&' () - LM 10%& () - F
M 109&' ()-, M 10%& ()-M 10%& ()-:!109%& ()-./Y////OdEYNCY4! 10%
1109 () - yZtheke$timation test of the catalyst obtained was carried
109&' ()-M 10%& ()-M 10%& ()-M 10%& () - 0~000121n1dEYNCY4! 10% & M 10%& () -
(109 () -o%Al Q¥R hp- Sahd OIay @s 'in! ERAMp (¢ -B1 0% remlii k23338 36O 4in 0% 10
10 10< 109&' ()-f8Z10%& ()-SLOM 10%& () -
F.1 10% (Dau@e '2109%&' () - 3Z3y3334Q4dEYNCY4! 10%

Example B8
The catalyst of the present invention having a composition
of Moi.¢ Vo.3 Tio.025 Sbo.1 Wo.025 Ko.o30 was obtained by the same way
as described in the Example B7, except 0.21g of tungstic acid
was used in place of 0.15g of niobic acid in Example B7.
The estimation test of catalyst obtained was carried out
in the same way as in Example Bl. The results are shown in Table

2.
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T 110% f2 110068 ()Rt obe R (T PP Ah R B 0%k (Bt e () -

(:110%& 4(.) 5 ot 10% o1 10%@ & ()= .

Log<10998 ForesAtnglay Foehn shble-ah BT s Fmatnchene
T110% ) 10%& ()-f:!110%& ()-L:110%& ()-3

1109%& (9-M 10%& ()-:!10%8& ()-rKKK+Lj LLLAENbC

*Y110% '110%& ()-'!10%& ()-M 10%& ()-:!10%& ()-!10%& ()-M 10%& ()-L*
M MVWON-NdEnbC

TTH10% 3.110% & ()-&:110%& ()-y(Glo%& ()-9%10%& ()-#M 10%& ()-!:!110%
&'()-~NN@@"@%®(§P@/ 10z 0= 0 0 0

10zs<10% & ()-8:110%& ()-6& 10% & ()-fl4Z210%& ()-S2310%& ()-LO:!10%& ()

- GO0 Frspayati®sn o0 A aHYSA Moz & ()- ! 10%& ()-, GL0% &' ()-10%& ()-

M 10%& () Ammonium molybdate(6.00g) was dissolved in 30ml of
distilled water. Antimony sulfate(0.85g ) was added to the
solution at 80C under stirring, followed by adding 2.53g of
vanadyl oxosulfate and 0.22g of titanium ammonium oxalate
further. After sufficient stirring, the solution was put in an
autoclave (volume capacity 60ml) and hydrothermal synthesis was
carried out at 175C for 24 hours. The product thus obtained
was filtered to separate, washed, dried at 40C for a day,
calcined at 280C for 1 hour under air stream and calcined
successively at 600C for 2 hours under nitrogen stream to get

a complex metal oxide,

The complex metal oxide obtained was dispersed in 100ml of
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10gS! mO%&' ()-109& ()-s10%& ()-1:!1109%& ()-y:!10%& ()-sM 109 ()-.\o\\\\6]e]
dE:/ 10gin the same way as in Example Bl. The results are shown in Table

109 ()-S, YI09&' ()-*109& ()-' & 109%& ()-% ! 109& ()-s#9! 109%&' ()-e]lp]]] 37677~
8797dYNC210g 10 10
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10%: () - G h 0% () - REZI0%E ) - STA% 415 bXbepbhbPbD NG

Temperature Conversion Selectivity

(C) (%) (%)
Bl 360 36 48
B2 360 27 49
B3 360 14 37
B4 360 37 39
B5 360 30 59
B6 360 22 56
B7 360 38 51
B8 360 12 49
B9 360 24 49
B10 360 39 49

INDUSTRIAL APPLICABILITY

A catalyst of the present invention has a high activity and
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selected from the group consisting of Nb, W and Zr; a, b, c,

NN NN
VVVVVK<
1

:]QJQHK*£Q°Q?Q?9?QEH
1 o 1

d and e represent atomic ratios of their respective elements,
with 0<a<0.7, 0<b<0.3, 0<c<0.7, 0=d<0.3 and e is a number
determined by the oxidation states of the other elements than
oxygen.

4. A catalyst according to Claim 2, wherein said catalyst is
represented by general Formula (2) as shown below,

MO;.o Va Tip Xc Ya Z ¢ O, (2)

wherein X, ¥, a, b, ¢, 4 and e show the same meanings as in the
formula (1), Z represents at least one element selected from
the group consisting of Li, Na, K, Rb, Cs, Mg, Ca and Sr and
f represents an atomic ratio of Z, with 0<£<0.1).

5. A method for preparing the catalyst described in Claim 1 or
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9. A catalyst according to Claim 1 or 2, wherein said catalyst

is used for producing acrolein and/or acrylic acid from propane.
10. A complex oxide catalyst comprising Mo, V, Ti and Sb or Te
as the indispensable active component elements, having a needle
crystal form.

11. A method for producing an unsaturated oxygen-containing
compound by the vapor-phase catalytic oxidation of an alkane,
characterized by using a catalyst according to any one of Claim

1-3.
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