07 7 APR 2005 DESCRI PTI ON CATALYST FOR OXI DATI ON OF ALKANE, P'Q%IS_fh
PREPARI NG THERECF AND PROCESS FOR PRODUCI NG UNSATURATED OXGEMTGOtR
COVMPOUND TECHNI CAL FI ELD The present invention relates to a catalyst for
produci ng an unsaturated oxygen-containing conpound from an al kane,
particularly to a catalyst suitable for producing acrolein or acrylic acid
and net hacrol ein or nethacrylic apreéchyptrtieny vapor-phase catal ytic

oxi dation of propane and isobutane respectively. BACKGROUND ART An
unsat ur at ed oxygen-contai ni ng conpound, including an unsaturated al dehyde
such as acrolein and nethacrolein or an unsaturated carboxylic acid such

oS pacry || eadatdsiion BREBATTIN G Ak, SUSORLELY ARAMERTL ekREr

vapor - phase catal ytic oxidation ene or

starting tepd Lot pr X| i_on | yst.. Recently

however , FFBha%kQ%%%Qto 6§?§ﬂ%ﬁ?§;t?@ﬁﬁ#ﬁﬁ§¥§§%ne§%%gEéfFP@F@HFIN?or

pr oduci ng turat ed oxygen-contai ni ng- conpound by using an al kane

such as p r isobutane as the starting nateria ich is cheaper
h Fﬁﬂgﬁﬂﬁﬁ i sob h i ial which is ch

t han propyl ene or isobutylene, and 1 0 7 APR 2005 there have been proposed
various catalysts to use for the said

TECHNICAL FIELD

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 vépor—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-centaining compound by
using an alkane such as propane or isobutane as the starting

material which is cheaper than propylene or isobutylene, and




process. A MoVTe.type catal yst has been disclosed by JP Laﬂc? WZU%
No. 279351/ 1994, JP Lai d-Qpen No. 36311/1998, and JP Lai d- Open

No. 143244/ 2000. A MoVSb type catal yst has been discl osed

byJPLai d- OQpenNo. 316023/ 1997, JPLai d- Open

No. 045664/ 1998, JPLai d- OpenNo. 118491/ 1998, JPLai d- Open

No. 1206174129% BRkai He &P 1928 i 6 and JP
Lai d- Open No. 51693/ 20%0. eéﬁléeYSbl\}st])e\o/ng%t%pe CS%E%&%gtgt%@%e%ggrﬁ%(% d as
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activity if used at a erature: cause the tellurium is one

'n the manOrs CRFin s a0aed ar e Robabti RES e sfg ) 148 ccande tonygon

hyd . i de i dded to | th | i id ld. Ho ,
Che di scl G848t i VERFEHAS | & Hovisbgrkxke Jeptalystinbos, tamsre is

problemthat the catalyst does not have a sufficient catalytic activity.
Ther ef or e 415CdsRE  Pifpr d¥enkaidr freRe Bat Rl §023/ 8297 vi tIP | d-aiebd®m®en n vi ew
of runni ng' cost and catalyst life span. The various catal ysts have been
proposed HNg-84H&6H /d1?98unsdk ukatidd Opreyngaie corf 48 I P & onpBurigiat-peri gh
yield froman al kane. But non of them has reached to a commercially
appl i cabl ¥o.L&@é[17ya19.9 8ThelR o ric Dakhny Nyl 3 7548 A 358 al yBt LAist-Oaterai N an
appropriate 2 0 7 APR 2005

No.285637/1999,and JP Laid-Open No.51693/2000.

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 acid yield. However, the disclosed reaction temperaturé
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 1life span.

The wvarious 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 yet.

The commercially applicable catalyst must attain an appropriate



al kane conversion, a.good acrylic acid selectivity and f| ?I aw%
sufficient acrylic acid yield. Further, its long term stab pe r mance
is needed to be kept. DI SCLOSURE OF THE | NVENTI ON The present inventors
have studied to find out a catalyst for producing an unsaturated
oxygen-cont ai ni ng conpound such as a, (3-unsaturated al dehyde or/and

unsat ur at eGP E s 130, 0a FNE RSN H‘é&ﬁ)ﬁ(@%&ﬁ}ﬁy‘)%a@lﬁﬁ )

acrylic acid from an alkane such as a C3-C8 ane, concretely a

al kane, O%%hf%itu@h%pg?fyg% dﬁ? c‘[j rée_Ld ﬁ?‘u@th&?u'}_ts' ngxaﬁegﬁle él?fe?d out

that the ective unsa en-containin e produced
at a |lower_t erature in th res of , a catalyst conprising a conpl ex
oxi de contF& %%“Eﬁbcf B'CFerﬂﬁﬁ ai?'l% %ﬁf ®R%t ani um and specific netal (s). The
present invention is conpleted based on this finding. Nanely the present
invention is as follows: (1) A catalyst for producing an unsaturated
oxygen-cont ai ni n conpound from an al kane, conprising My, V, Ti and Sb or

Te as th@iHdi abFe BEE| ETENDHHMENt el enents. (2) A catal yst
according to the above item (1), further conprising at |east one el enent
sel ected fronThéepxpgotpt orel tiisndafe lstudiad Ko RhpdGeut My, caBaalysl Sr as
the active conponent elenent. (3) A catalyst according to the above item
(1), wher diar paiodusifig/ aAPRn268B@brated oxygen-containing compound such

as @, -unsaturated aldéhyde or/and unsaturated carboxylic

acid,concretely(meth)acroleinor/and(meth)acrylicacidfrqm

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

cén be produced at a lower temperéture in the presence of a

catalyst comprising a complex oxide containing molybdenum,

vanadium, titaniumand 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), Ffurther

comprising ét least one element selected from the group

consisting of Li, Na, X, Rb, Cs, Mg, Ca and Sr as the active

component element.

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



catalyst is represented by, general Forrmula (1) as shown Q)zl ARR 2A51. o Va
Tib Xc Yd Ce (1) wherein, X represents at |east one el enent selected from
the group consisting of Sb and Te; Y represents at | east one el enent
selected fromthe group consisting of Nbo, Wand Zr; a, b, ¢, d and e
represent atomc ratios of their respective elenents, wth O<a<0.7,

O<b<0. 3, FLtHivst @5 dPreseftEa By HeHREal S'Sirﬁ\ﬁlﬂan@ﬂ? Rys shewaxbaBadyy on

states of the other elenents than oxygen. (4) A catalyst according to the

above ite 2), rei n,sgid cat st is represented by general Fornula
(2) as shz)pl\/\(/la1 'BeY%@v?b%dl.aeo Va TI@ ch Yd Zf Ce (2) wherein X, Y, a, b, c,

d and e shawils, sure amanidlas, at hBatheohar TLAChY) sefleRReFEnh ol | 2!

one el ene ected fromthe group consistin My, Ca

and Sr and_f is an atonmic ratio o , with O<f< 0.1..(5), A nethod for
prepari ng qxﬁ%u%gfjﬁﬁflgglﬂgs%gitsbeﬁné r?%t;hg%?egeqttse#(ﬁ%a%? opg) Ly i sing
a process for mixing starting mnaterial conpounds containing elenents
(active ¢ d fg? PLAUBs Sog sdFtdngs CtwiPh Waf8A €87 pReplr £a
slurry solution and a process for heating and pressuring said slurry

sol ution. ¢ @RrdaenEeRBESaRERERMEC R itdns sBotkelireResByctivapelanents.

cal cining the product obtained by said heating and pressuring, wherein

sai d cal ciwiittly xRapcd ses eRd<Lorst, oalcfnim MBAsS8.3; e is a number

determined by the oxidation states of the other elements than
oxygen.

(4) A catalyst according to the above item (2), wherein said
catalyst is repreéented.by general Formulada (2) as shown below,
MO; .o Va Tip Xo Ya Z £ Oe (2)

wherein X, Y, a, b, c, d 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<f<{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 sgaid catalyst with wafer to prepare a slurry
solution and a process for heating and pressuring said sliurry
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




O 7 APR 2005 carried out iLn the presence of oxygen gas ana t he second

cal cining process carried out in the presence of inert ga { Aﬁ%zmﬁnethod
according to the above item (6), wherein a tenperature difference between
said first calcining process and said second cal cining process is 150-400
cC. (8) A nmethod according to the above item (5) , wherein said first

cal ci ni ng.cpnocassons ear iRl Subséhce50r3%0y §44 dasigcand Lal&idi ng
process is carried out at 500-6501. (9) A catalyst according to the above

o 1 ) . . o ¥ . .
item (1) Haicd) 1ﬂ&“ﬁfﬁdb§§“é§ffﬁéﬁz%%ﬁ'j?:ﬁﬁ%ﬁéggﬁégéﬁ?ﬁéiéhégg(Qég'1

and/or acrylic acid™ from propane. onpri sing

0 11 8 R olngf 5ol 0 IR e S TRt el S,

having a needle crystal form A e
oxygen- cont ai ni_n co nd b he vapor-phase catal ytic oxidation of an
al kane, cr{hegf‘rpae&agﬁ‘irfeﬁygﬁeﬁé?%ﬁtb&%&m d L LESESFML A RHProfessanhe
above itens (1)-(3). BEST MODE FOR CARRYI NG QUT THE | NVENTI ON The present
i nvent i on SA18 See Ik GaisERIing daamdsHdlsow50-APd eat al yst of the present
i nvention congrises a conplex oxide containing Mo, V, Ti and Sh or Te
(her ei naf &) gaatdwdhaccordingdteithatabpvup)tens( $ he vhediesipensab|fdradt i ve
conponent elenents and the conpl ex oxide may contain the other active 5
calcining.process is carried out at 250-350T and said second
calcining process is carried out at 500-650T.
(9) 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




0 7 APR 2005 conponent el enents. Qther active conponent @l eneR 908 e not
limted to any particular ones. The conpl ex oxide generally contains any
one of Sb and Te, but may contain the both. When containing Sb, the
specific surface area of the catalyst is likely to increase in conparison
with the one which does not contain Sb. The said increase in the specific

surface ar@smpcR@hti But@snts.t benbi-ghceatal Méhﬁoﬁéﬁi: Vi ¥méht 8hapONNEE Si ON) .
When containing Te as a conponent el enent of the catalyst, on the other

hand, the sppcidd Ct§URARCEaRE PEuPArt BfoLAL @h%?{:ﬁﬂ?ﬁéx 6‘:9&3%{‘%&@?513! ry

much. The obtained catalyst, 1 n conparison e one cont at ns Sb,

has a hig yi] clivd litt)le higher, r.eactio rature. A
t ar get co%%%ﬁ%{%c%ﬂfacglea(?rfyfsi%cag(tgi 'ge(:a?lu emac}f)g: ATE: nvm%%ﬁ ﬁf)éﬁ%%rsion
and good selectivity nti oned. above, however, [t _needs 190 be

g As_ne . .
careful |y SRR RSt 5P o FRSeSPREIEEE aFYEFRCECRT SRt 9F bERGUSREAFBS T siF i kel y
to be evaporated. One of the preferable exanples of the present invention
is a catat¥RIEO ARFIRASE NLhFOMPGH K Hdhet8%erRE Whirhedpes hehent
group, at least one elenent selected fromthe group (hereinafter called as
the B el eEMEipDUPy - cIis statly Wicugase Net e RipeCsfinpsuthaemdasea Anong
these elenents of the B elenent group, K and Rb are preferable, and Kis
nmore pref eyabtisibUbes toatthleyhigh oy ta iy e amtislideihigh cbntvéesBor) enent
group has a higher acrylic acid selectivity than the catal yst containing
t he el enelemfcddimihigleMenesgactpnpohynt element of the catalyst, on

the other hand, 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 little 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.



6 0 7 APR 2005 The nethod for manufacturing the catal ystDdr ARe2ffbesent
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,
contai ning the catal yst conposing el enment which can be either singular or
plural (hereinafter called the starting material conpounds), are m xed

with wat er to]frpéerp@gﬁ aféf%gryuﬁgér ffﬂ?apﬂeté ?a%xg 8 ST {e é&%rﬂ? s

dried and cl ned necessary e cafcrning erature I generally
300-900 C,. _and .t.he cal cini ener a ur The

or ef er abl 4R 6F RETUASEEGFingS ﬁ&yca?a}%g?la? PR Teate venti on
is to prepare_the slurry solution as nentioned _above, successively the

slurry solSG &% PEotgesy, Lot &RAmRie aﬁ&i%&?ﬁW%JmQ%JQﬁéﬁ?ﬂ@qﬁtmlm

compound to use for manufacturing the catalyst of the present invention is
not lim t@@tteélé’ﬁyco’ﬁaptlpéﬁlr aFopheinpre it ¢atelyst perpastnalentidy air
to deconpose into an oxide. The starting material conpound for an el enent
of the A whligheaandro@d tivest adegudamody emm dderainadgerorpbled Seeh as
ammoni um nol ybdat e, nol ybdenum tri oxi de, nol ybdic acid and sodi um
nol ybdat e startdmgdmabecdriaconnguadspo udade suicte i tharatdennt @Xpepadmoni um
vanadat e, vanadyl oxosulfate; a titaniumcontaining conpound such as
titani um exisderdy salutDoraEiditHBmxHatalandy tddanivh s fatieid ama
ant | nony-cont ai ni ng

calcined if necessary. The calcining temperature is generally

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 slurx;y 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 vanadium-containing compound such as
vanadium oxide, ammonium vanadate, 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



conpound such as antinony trioxide, antinony sulfate and 7 8 7 APR 2005
antinony acetate; and a tellurium containing conpound Stﬁ:?l ABR A% 1 urium
dioxide and telluric acid. The starting material conpound for an el ement of
the B elenent group .includes the oxide, the chloride, the sulfate, the
nitrate, the acet ate, car bonate or the hydroxide of the elenent of the B
el enent gro |ncIu es co t |¥:1|Ithlum axi de I|th|uglchlor|de

i thi um nidHae “1’1 PER G P BOr RS g L EOmRE P I B A

sodi um chl or| de, sodium_nitrat e SOdI um car bonat e, sodi um hydrogen

car bonat e, F&lJdTHm Wd?ﬂaﬁedémdpd:t%li}rﬁ ®Gide, pot assi um chl ori de,
potassium nitrate, potassium carbonate, potassi um hydrogen carbonate,
potassi um-acethg e?téﬁté@gi @mtﬁyélﬁéxiq%lpoﬂm diarm @ar pbameat ofullibgi Jdin
nitrate, rubidium oxide, rubidium hydroxide, cesium carbonate, cesium
nitrate, cesimentagebape incdsidem tkedexidesi tine ¢iytovkdee, thhaloiifate,
carbonate, cal cium hydrogen carbonate, calciumnitrate, cal cium acetate,
cal ci um oxiide nidalatieymtHey dicaxdaoe, iarbunays ear onatisydsdtiatd icintlid r at e,
strontium acetate, strontium oxide and strontium hydroxi de. The catal yst

of the preseifedth¥eNtheB BREmMEARt §hHuPt NBY inathinke E6NELEEELy el BiTBitim (S)
than the elenents of the A elenent group and the B el enent group. At |east

one el enenyx iR eqa%ﬁluinr eﬁuwiagr Oyﬁtﬁ*ﬂ%eﬁﬂé’%éﬁé cA $1efhuh e o Sl ANt

group) consisting of Wand Zr is preferable for the other active
lithium hydrox1de, sodium oxide, sodium chloride, sodium

nitrate, sodium carbonate, sodium hydrogen carbonate, sodium
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 eléments 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
comﬁonent element. The starting material compound for this

optional element includes the oxide, the chloride, the sulfate



conponent el enent. The starting material conmpound for thifs7 MPRQ%%' '
el ement includes the oxide, the chloride, the sulfate 8 0 7 APR 5 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 oxalate for a starting
mat eri al conpound of niobium amoni um paratungstate, tungstic acid and

tungsten qxi for..a starti t.eri gl compoun f _tungsten;. a i rconium
oxt e, o1 PEShERR TR BEit PR oGhelr SREPATAr Fderie i, F gt &
conpound of zirconium |If any, ammonium salt i.s used for a stayré#i n

materi al CORBEIEI AP optFate Prepardt P&ﬁdEOﬁﬁfejt Mo YGeqdift e to
determ ne so that the cat aI%/st may contain no renaini ng anmoni um group.

The conpl @¥adatee Eopnpost #Gt B¢ M gkalo CoMpEURde 88 i 1OPHYPB N AP HEY have

any optional constituent provided it contains the elenents of the A

el enent gmaustulies tedrepl Exnggitde, acid and tungaias exiderifioratishanifinde

el enments of the A elenent group with any elenents of the C el enent group,
has pref etrdtlerizi conposind off nepyeisani ehdyitrcomilia ¢t)das =hmwnimed ow,
Mol.O0 V, Tib X, Yd 0, (1) wherein X represents at |east one el enent

sel ect ed MHAALARE anBr PUBcE&RNGH Hddtht@f £6P Ardaleiny hapeeselicorgiodrrBst one
el ement selected fromthe group consisting of Nb, Wand Zr; a, b, ¢, d

and e repis ey &Pk, 8| 88yOfanrdd@iifud @IPACTiYCustaMEBES o M drt1EwA<0. 7,
O<b<0. 3, preferably 0.005<b<0.1, O<c<0.7,
material compound, an appropriate preparation condition is
preferable 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 optionral constituent provided it
contains the elements of the A element group. The complex oxide,
if it contains a combinati&n of the elements of the A element
group with any elements of the C element group, has preferably
é composition represented by formula (1) as shown below,
Mo, .9 Va Tip Xc Yg 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 ir; a; b, c,
d and e represent atomic ratios of their :éspective elements,
with 0<<a<0.7, 0<b<0.3, preferably 0.005<b<0.1, 0<c<0.7,
0=3d<0.3, preferably 0=d<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



0<-d<O 3, preferably 0<-d<O. 1; e is a nunber determ ned %y t he_oxi dati on
states of other elenents than oxygen. The conpl ex oxide, if ?tﬁ@ﬁdﬁﬂﬁns
further any elenents of 9 07 APR 2005 the B el ement group, has preferably a
conposition represented by formula (2) as shown below, Mo 1. o Va Tib Xc
Yd Zf OCe (2) wherein X, Y, a, b, ¢, d and e show the sane neanings as in

the 10 Mibg §10erfed ERIASA! ol pLERSEARNE £ MRN8l OLed LEam e

group consisting o an atomc ratio
of Z, mﬁtg CKf<0.i, Zr?ferab ¥ 0.80§<f<0.1. As descri bed above, the

catal yst 8 ERE™Hr8sdh? PRvERPFBNPECRY  be prepared by nixing the conpounds
contai ning active conponent elenent(s) with water to prepare a slurry

sol uti on Mbel § Mactib¥: daysd pgO. But {(Rhe catal yst is preferably prepared by a
hydr ot hermal synthesis nethod including a process, for heating and

pressuri ngheneisl X rY. sol Btion bendre shyw idie TameppeaBingst2s #dd thg t he
hydr ot hermal synthesis nmethod is observed by an electron m croscope to
have an appemudacé¢lof Zneeptesenystat .lrh cnareismsnt sedewded Eyomot
observed by an electron mcroscope when the hydrothernmal synthesis nethod
is not canei gdoaptcoddsefng exf T ,CRA, bR, thtoughd, Mae Oaeathe Tyt ak was
br ought about by the hydrothermal synthesis nethod. According to the

hydr ot her BBl 2 8yt H6% 15 JTBENP I wiHADK P 0 B! Bre@bra8IRoy NGlss alelaeneral Iy
di ssol ved or dispersed in

As described above, the catalyst of the present invention
can be prepared by mixing the compounds containing active
component element(s) with water to prepare a slurry solution
followed by drying. But the catalyst is preferably prepared by
a hydrothermal synthesis method including a process for hgating
and pressuring the slurry solution before drying.

The powder obtained by the hydrofhermal sirnthesis method
is observed by an electron microscoée to have an appeé.rance of
néedle crystal. Such a crystal is generally not observed by an
electron microscope when the hydrothermal synthesis method is
not carried out. Therefore, it can be thought the needle cr_ystal
was brought about by the hydrothermal synthesis method.

According to the hydrothermal synthesis method, starting
material compounds are generally dissolved or dispersed in
wéter in temperature between the normal temperature and 100TC
to prepare a slurry sclution, which is then treated in an

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

particularly limited provided it is sufficient to prepare a

10




wat er in terrperature bet ween the normal tenperature and 1 ;ﬁr% mﬁepare a
slurry solution, which is then treated in an autoclave. g

wat er to use, though it is not particularly limted prowded it is
sufficient to prepare a 10 .0 7 APR 2005 slurry solution, is generally
0.5-20 part by mass, preferably 1-10 part by nmass, nore preferably 1-6

part by g rel at {o 1 part f th t rt r
corrpounds thyalrLot%h msﬂ'ss%/ Igas/%faﬁjg 5(rzot Pgr% ré%&a”?tr%;re?agu ar one
provided it .is a atment for gener h rrral reactian. The above
slurry solati oﬁaﬁéyggemﬁﬁﬁt ek Brﬁfﬁhgggﬁpt §tQﬁIét B TisiSe Tet&N 1¥60C i n
an autoclave to treat for the hydrothermal reaction. The reaction nay be
carri ed ol ilnP&Lt byumass jof té&eefsetraéfﬂqlé‘gt materi@laicompen@dsng in t he
autoclave is replaced partly or wholly with an inert gas such as nitrogen
gas and hel i Jthe jadrbshermadt syrthgsihd s pattiionl tephé orany Pagt Ucedpar at ur e
for the hydrothermal synthesis is generally 110 C or nore, preferably
130- C or omerrowniiad preferdieatidd ormmneraniydgeheemhhy r46@tCoar. | ess,
preferably 3000C or less, nore preferably 250t or |ess. The reaction tine
I S generalthy dbd68 shatirg. sdhet Poe ssdif ®anhkhitadt e auniiaH aempesatsval |y a
_saturated vapor pressure, but optionally may be higher than the saturated

vapor preggUusére dinl 160T W Yn SR LE LIVETRY Plest Eorethe hYddhetnane

hydr ot her mal synt hesi s.
reaction. The reaction may be carried out in air, but it is
preferable that the air existing in the autoclave is-replac_ed
partly or wholly with an inert gas such as nitrogen gas and helium
gas before starting the reaction. The reaction temperature for
fhe hydrothermal synthesis is generally 110 T  or more,
preferably 130C or more, more preferably 140C or more, and
generally 400 C or less, preferably 300C 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 syﬁthesis.

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.
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After the hydrothermal reaction termnates, the _r__eactiong;s%l@t? i's

cooled to forma solid product, which is then separated an r The

met hod for separating the product is not limted to any particul ar one

provided it can separate solid fromliquid, and is preferably to filtrate,

wash and dry. 11 0 7 APR 2005 The product thus obtained nay be used for a

catalyst of Uigs JURRRAL hBLCOBERINAS dy bd ubLl £ B BLERARLY 4f qaled with
C I y 0 on. The

the calcining t onpl ete a catal yst the present I nvent
calcining tre nt_nmay.be car.ried out. by one._step.at.300-900 for 1-30
e SRRl 40 35 TP B ap gt n e

hours in & p ably carri y TWo eir
respective different atnospheres as descri bed bel ow. The tenperature
di fferenc& FReCITRLe e @ ERARAY ST P41 RECSRE Tt HRVERELNR- c’“g'ﬂeci ni ng

treatnent is preferably 150C or nore, nore preferably 200 C or npre and is
pr ef er abl wa80d@ingr trestmenbmaypbefaanniad 400tbPnkeskep B399 r200kal ci ni ng
treatnent is carried out at 200C or nore and 400~C or less, preferably at
250- 350 CHoar103Ghoansoim ¢iim bk i prefievably aaoyyed gut If tye sbemspl e, in
air). The second calcining treatnment is carried out at 400 C or nore and
700t or | dssthpiefesrsidgtiat GOHELSMCaftornsPphertd hAsudssenibed itrdiow .gas
such as nitrogen and helium There are sone cases that the two cal cining
treatnents | omes téhpecatalbyt ddfFercoomnaetvwdercatheé e@iot @ilsiidd righe

above ranges of calcining tenperature and tine. It is undesirable

treatment and the second calcining treatment is preferably 150C
or more, more preferably 200C or more and is preferably 500C
or less, more preferably 400C or less. The first calcining
tréatment is carried out at 200C or more and 400TC or less,
preferably at 250-350C for 0.5-12 hours in the presence of
6xygengas(forexample,inair).TheseCondcalciningtreatment
is carried out at 400C or more and 700C or less, preferably
at 500—650%3 for 0.5-10 hours in an inert gas such as nitrogen
and helium.

A'I'here 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



especially because it |owers an unsaturated oxygen-cont ai @zg ‘?orrpound
selectivity. The conplex netal oxide obtained after calciF gﬁ?f adtifrent
may be used for a catalyst of the present invention as it is, but is
preferably pulverized to use depending on the cases. The catal yst of the
present invention thus obtained is a 12 17 2005 needl e crystal having a

specific -50 TTi/ e cat st of the i_nvention
is presunesng %6 mcriase av“%ﬂ aafy Jf| vﬂfr %%/e cont ai nfl ﬁfgeﬁfr}bé et her
with M, V C]ar :_}'{eshas cc%?)ongg%%ﬁ errgl ent&%lnt J% P\g%%%g‘t?g met hods
of the hydrot er e thesPs and th ps al ci nat S a% I|ed

i n a manufacturing ocess_of ,a catalyst of the present invention, the
pr ef er abl "B EET® ﬁ?cﬁi&‘%ﬁijmcé’ﬁh"% Pecentaiying T tPorthetdnbh ed

with the cases in which the above nentioned nmethods have not been applied.
It is thd®presPfed™ REt TeheScBnBPHBPROAT oPLeRBRE - t TieT Hee hoddrethdthe he
above nentioned conponent el enents brings about the effective result in
t he acti vimethsfds hefcathe ybydratbarabystswithdmipr esdntthavémwei ctadmt
contains at |east one elenment selected fromthe B group al so can be
obt ai ned maldihmifiginowang mepided The eompouiisctoonimg] nbngeeéhe ot ad yst
conposi ng el enents, excluding the elenents of the B el enent group, are
subj ect ed datrdlyesihydy abkepirekeayntihoshtiand the preferable effect was
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_éontaining the elements of
the B element group (an agueous solution or an agueous

" 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



cal cination as described above to get a cal cinated pomder[}ﬂ' gﬂgf
di spersed in a solution containing the elenments of the B el enen oup (an
aqueous sol ution or an aqueous dispersion of conpounds containing the

el ements of the B elenent group), filtered, washed and dried to get the
catal yst of the present invention. The catal yst obtained after drying may

be further | i ned. Iﬂgﬁiata (i thus obtalqu can be gnnufbky used for
13 07 APR préﬁﬁklng an u fVﬁgh ot ﬁb conpoun d &ch as
acrol ein, lic acid or nethacroleln net hacrylic aC|d th

vapor - pha?é’ Syt ?‘c‘:%%ﬂé‘tq%oﬁfm%%’i&‘ﬁe“tp%@F‘é‘PSSW}lﬁ acééi B¥ Hi%ane,
more preferably a C3-C4 al kane) such as propane i sobut ane. The catal yst

can be nDSRRAFHPAKISE BERFBFLIC ppoilet Hen aef 0B ﬁl&anﬁcr(ﬂﬁe@eﬁﬁb&}’f rfom
propane. In the present invention, an unsaturated oxygen-containing
conpound @B alk@alebomyregpm@%@mfaimiqi?g@oﬁﬁma,) preheaslinprmmEonpound
havi ng both an ethyl enic unsaturated bond and a carbonyl group. Wen
produci ng dmetdymctabel nTard/crtadipetth) camr pei enaxcti dsastabey waedetfor
conpound, gases other than the target conpound produced in the process are

propyl ene padivGeld &c26l8in I3 aprePY bei@id FrofOsBophye { aneHe Wridbeht
selectivity of about 10-30% The target acrolein or acrylic acid, for

exanmpl e, GaRhe ik akbRednbhetrhRea aﬁygaheasntalmﬁ Sé@rﬁﬁégh@gnéﬁr%%s by

using a catal yst for the vapor-phase catalytic OXIgatIOH of propyl ene.
carbonyl group-containing compound, preferably a compound
having both an ethylenic unsaturated bond and a carbonyl group.
When producing (meth)acrolein and/or (méth)acrylic acid as the
target compound, gases other than the target compound produced
in the process are propylene and acetic acid. The propylene is
possibiy 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 rawmaterial 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 reéction may be carried

out either under a pressure or a reduced pressure, but is

‘preferably proceeded under an atmospheric pressure. The

14



The conposition ratio (nmole ratio) of the raw materi al gas&ﬁ AR 2008
vapor - phase catal ytic oxidation reaction is not linmted to any

parti cul ar one. However, al kane: oxygen: wat er vapor:dil ution

gasi sgeneral | y1: 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 di oxi de gas. The
vapor - phase catal ytic oxidation reaction nay be carri§g out gith v under a
pressure BFAGtERRUCERIRRERIIFR, iut IPRETRLLY eritfl A} OceedBE® ﬁﬁ@g an

at nospheric pressure. The 14 0 7 APR 2005 reactjon tenperature is generally
250- 4509C280pAaPér amnd 1o oafernahil o0 pi&d brabl y 300- 3800C. The space
velocity (SV) for supplying the raw material gas is generally 100-100, oooh
r-1 , preferdlieyspece30edo0ihyr(IV) foaescaprdyysg bhe tha piadsadeli 28nti on
is applicable for any reaction style of fixed bed, fluid bed and noving
bed. For asfiysadrhedyr eaction,veshel  'a, copepdranlal ¥60-8bt adabdr by -
coating the catal yst powder on a spherical carrier made of silica,

alum na, silimeeneacalbstdeonnthd peekeke, imrertion dedappaiabyse bt anged by
tableting the catal yst powder is profitably used. For a fluid bed or

nmovi ng bedokea¢hbholtyessek, rikha Banti ehaigaballyshqohoeiagmpkax netal oxide
prepared by further adding a reaction-inactive material such as silicato

Loenase PEEY DR ShaLBNRe SuRsal i mh bl cueds dhesat e et by
coating the catalyst powder on a spherical carrier made of
silica, alumina, silicone carbide and the like, or a molded
catalyst obtained by tableting the catalyst powder is
profitably used. For a fluid bed or moving bed reaction vessel,
the particle catalyst ofra complex metal oxide prepared by
further aéding 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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The catal yst of the present invention can restrain an al ka@% §§nver sion to
keep a high selectivity to the target unsaturated oxygen- né\ r&ﬂﬂ@
conmpound in the reaction, and can also be used in a reaction systemfor
recycling an unreacted al kane in the reaction vessel after separating the
reacti on product. EXAMPLE The present invention will be described below in
detail by the exanples, but is not limted to the exanples | es yond
the gist of tife Eggseﬁﬁa“i‘lﬁfeﬁﬂi BiOPEEey PR ZHUL AR thaecre‘;(ui;ln%l %ggapropane
conversion and acrylic acid selectivity have their respecti definitions
as fol | onseleptdpahy boNeelbrdd EREPHC e desirdtdpate §u68ﬁ8855 nmol es of .
unreacted propane)/( noles of propane supplied) X 100 Acrylic acid ‘
sel ecti vi Pyopapkedgonwkessioh doyii)c acid produced)/ (noles of propane
supplied noles of unreacted propane) X 100 The catal yst conposition was
cal cul at ed (basedeen af at ppopéneaddeppdtiznd i ng natkes al oEonpourgsted
(excepting K as neasured by the em ssion spectroanal ysis). Exanple Al
Preparati a{nﬁggsA@;@DM By latia 6. 00aLgo was di ssol ved in 30n
of disti P?ggg&gggﬁ. Ant i nony sul f at e%%Sgﬁ? was added to the

Acrylic acid selectivity (mol%)

=( moles of acrylic acid produced)/ (moles of propane supplied
- moles of unreacted propane)} X 100

The catalyst composition was calculated based on a ratio of
added starting material compounds (éxcepting K as measured by

the emission spectroanalysis).

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 1750 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
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sol ution at 80C under stirring, followed by adding 2.53g {}7 ABRa20g5

oxosul fate and 0.22g of titanium amoni um oxalate further. After

sufficient stirring, the solution was put in an autoclave (volune capacity
6 OM) and hydrothermal synthesis was carried out at 175t for 24 hours. The
product thus obtained was filtered to separate, washed, dried at 40 C for a

day, cal qiaed i POy Geh O ek 1M s Bl ang, calcin

successi vgl y at 6%1(??80}{¥§? > Berire un erE%?{?{rvoaétr)lggﬁ‘&rgéaom‘{'8%3&025 a cht al yst
of the present invention having a conposition 16 0 7 APR 2005 (excl udi ng

oxygen, hereinafter |ikew se) of Mi.o V0.3 Tio.025 Sbho.i . Estimte test

of the catalysts A fixed bed flow type reaction vessel was used. The
cat al yst g%%e S lﬂé\jets'iezéﬁ‘@}fﬁ%%? ently, diluted with 3.6n of

silicone carhide powder and packed in a Pyrex tube having an inner
di aneter of ¥2#dxeA Pad e EVEE TG LEAN Jo$sednpasabedf TheoplelYvixygen,
wat er vapor and nitrogen was flowed through the tube at a flow rate of
pr opane/ oXygemidatwas \ipbreni zedgentfigiansly]/ €8 1akieiniwitht & réadctofat
3200. The reaction product was anal yzed by gas chromatography. Specific
surface arsddimeasucembidelpeoviieaowaBdr pakbke2300 anberdy dhise hddeing icas was
used to neasure. About 0.3g of the catal yst was previously treated at
2000C i n dmniemedt agaserAoti teagen/ Netaw matsiUs® BastNes JdOwshpddedreasur e
the specific surface area on the base of nitrogen '
of propane, oxygen, water vapor and nitrogen was £lowed through
the tube at a £low rate of propane/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 gés was flowed
to measure the specific surface area on the base of nitrogen
absorption.

The results of the eétimate 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 MO;.0 Vo.3 Tig.025 Sbo.1 was obtained by the same way as described

in the Example Al, except that 0.21g of titanium( Il )sulfate was
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absorption. The results of the estimate test of the catalyﬂ}?aﬂ gﬁ ific
surface area neasurenent are shown in Table 1. Exanple A2 The cat @it of
the present invention having a conposition of MIl.o VO 3 Tio.o025 Sbo.l was
obtai ned by the sanme way as described in the Exanple A, except that 0.21g
of titaniun( Il )sulfate was 17 7 APR 2005 used in place of 0.22g of

ti tani um qupniym el ate WAL, eSRaGl Q) N Eal ALy St ol ned, the

estimation test speC|f| Face Area heas T emBnt were carried out in
the sanme way,,as in Exa AF Th esul are sh in_Table 1. Exanple
A3 The cat al 1 Jf&bfretﬁﬂfcg) E8ehbe: TR ERITEh WhALTE S HRORF LIGHLOBIaR b
Vo. 3 Tio.025 Sbo.|l was obtained by the sane way as described in Exanple
Al, excepFﬂFhépeélfSS BErfRECENR T an%%ﬁﬁm%ﬂﬁaﬂﬁ£? Geggiefnopt sk tdre 0. 22¢
of titanium anmoni um oxal ate. Wth respect to the catalyst obtained, the
esti mat i ofaMEsWayaRgd peBrpmpleuAfacEharzaswhbhs uaraeowkerin dahlieed out in
the sanme way as in Exanple Al. The results are shown in Table 1.
Conpar ati ve Exanple 1 The catal yst having a conmposition of MIl.o V0.3 Sbho.,
for conparison was obtained by the same way as described in the Exanple
Al , excepExamptlict &% um amoni um oxal ate was added. Wth respect to the
catal yst obtained, the estimation test
The catalyst of the present invention having a composition
Of MO3. ¢ Vo.3 Tlp 025 She.1 was obtained by the same way as described
in Example Al, except that 0.28g of titanium( Il ysulfate 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; ¢ Vg.: Sbg.; 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 MO1.9 Vo.3 Tig.025 Sbo.1 Nbg.o25 was obtained by the same way as
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and specific surface area neasurenent were carried out ir@?hgﬁﬁw way as
in Exanple Al. The results are shown in Table 1. Exanple A4 e al yst of
the present invention having a conposition of MJ1.0 Vo.3 Tio.o025 Sbo.i
Nbo. 025 was obtained by the same way as 18 0 7 APR 2005 described in the
Exanmpl e Al, except 0.15g of niobic acid was added after addition of the

L tani um IR0l noxal 3he ERaRp3Phe, Skooft!d. {89PEE Lol Dot akst

obt ai ned, ‘the éstina ntes and speci surface area measurenent were

carried out..in the s way as.in Example A . The result [ in
Tabl e 1. - BRdeh e SRR S8 hg Y PP dne R o O 2 Sl
conposition of Ml.o Vo.3 Tio.025 Sho.l W. 025 was obtained by the sane
way as dé@dcribed 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
cat al yst obt Al respecdstontiee srrtakist ahtadped.f thesesthpatprdest
measurenment were carried out in the sane way as in Exanple Al. The results

are shownand Fpbkéfic Ewafipte dedheautranatt vereheaprésénout niedtieon
havi ng a conposition of M1.0 Vo.3 Tio.025 Sbo.1 Zro. 025 was obt ai ned by
t he same wameawaydeschnbEgamplehrl EXangl cedii]ltexaeptsifoR@®ginfTahecdni um
sulfate was used in place of 0.15g of niobic acid in Exanple A4.
Example A5
The catalyst of the present invention having a composition
of Moi1.o Vo.3 Tig.ozs Sbp.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 Ad4.
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.s Tip 025 Sbo.1 2X0.025 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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Wth respect to the catal yst obtained, the estimation test@?armpﬁsg@gfic
surface area neasurenent were carried out in the sanme way as In anpl e
Al. The results are shown in Table 1. 19 8 7 APR 2005 Table 1 Exanpl e
Reaction PropaneAcrylic AcidCatal yst Tenperature Conversion Selectivity
SSSA (O(W(YW(mg) A 320363418 A2320293419 A3. 320273516 Conparative EXi
32011286 A4, 320472517 AS 320333118 A6 320292913 (note)S.S. A : Specific
Surface Area %xarrpl e A7 wasdi ssol vedin 30m of Ammoni um nol ybdat e( 6. 00g )
distilled water. Telluriumdioxide (0.859 ) was added.to the ol ytion at
foom t enpBFABEE LndBPASTRE ng. FRAREY HYC otk o 516CaF 3 Kby
oxosul fate, 1. 65g of niobium hydrogen oxalate and 0.22g of titanium
anmoni um oxal at e fuFeRBeraiprer CRfereientSeleetinhtythe sHiUthon was put
in an autoclave (volunme capacity 60m ) and hydrot hernmal synthesis was

carried (C) (%) (%) (mi/g)
Al 320 36 34 18
A2 320 29 34 19
A3 320 27 A 35 16
Comparative Ex1 320 11 28 6
A4 320 47 25 17
A5 320 33 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 40C for a day, calcined at 300°C
for 2 hours under aif stream and calcined successively at 600C

for 2 hours under nitrogen stream to get a catalyst of the present
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out at 175C for 24 hours. The product thus obtained was fiQt?erA?l@% 2&@3
separate, washed, dried at 40C for a day, calcined at 300C for 2 urs
under air stream and cal ci ned successively at 600C for 2 hours under
nitrogen streamto get a catalyst of the present 20 0 7 APR 2005 i nvention
having a conposition of Mpbl.0 V0.5 Tio.025 Teo.17 Nbo.0os8. Wth respect.to
the catal yst obtained, the specific surface area neasurenent was carried
out in theN¥REIRAYRAYING Ex SAPPSSIHLODIRE MBt ai et Tpdes I Fe 130 PPLER area
was 3 TTl/g. Further, the estimation test of catalyst obtained was carried
out in the salgEhwagspscintEtiepratalyakdpiainrd r &act FRACLELFHECELGe wWas
changed to 380- C. The propane conversion was 42% and acrylic acid

sel ecti vi ayencme 898t erxntpras BlarRrigghoatti on Oie crmd yoy AsmionExempdleybdat e
(6.00g ) was dissolved in 30m of distilled water. Antinony sul fate(O 85¢g

) was addad .t @nkhebtsehell epeati f§@Csurdeicestdrdd Rgs Bohtpyed by adding
2.53g of vanadyl oxosulfate, 0.22g of titanium anmoni um oxal ate and O.

08g of pot assiusond,r atkef Wtthaiatidht efestf biECi @taBidd r bPgainéliewasl ution
was put in an autoclave (volunme capacity 60m ) and hydrothermal synthesis

was carri gdredbaddud {A0hE YantdwHQUES in EQSmPiQM%xEEBQ S lcRed 1 \Was
filtered to separate, washed, dried at 40C for a day, calcined at 2800C

for 1 houg ynder Al ,SLrERMNENA €' 5BRY. SHES PSS RhviRaGil Gas? hours

under

42% and acrylic acid selectivity was 60%.

Exampie 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 80 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 Moji.o Vp.3 Tig.025 SDPo.1Ko.016.

Estimate test of the catalyst
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nitrogen streamto get a catal yst of the present inventiO@ having a
conposition of Mbl.0 VO.3 Tio.025 Sbo. 1Ko.o0ls. Estimate t

catalyst 21 0 7 APR 2005 The reaction tests were carried out |n t e same
way as in ‘Exanple A, except that the reaction tenperature was changed to
360C. The results are shown in Table 2. Exanple B2 The catal yst of the

resent invention havi gnposition_ aqf M1.0.Vo Tio.025 Sbo. 1 Rbo.o,5
a/as obt ai ned e %ﬁfg“ %{ff WETEs CATEER G ﬁufthénEEgﬁpF%mﬁl wan&te b’tn t hat

0.12g of rubidium nitrate was used in place of 0.08g of potassiumnjtrate.
The estlnﬁ?@@ﬁlﬁe§#'o?X€§PﬁlygﬁtoBPﬁlﬁ%@cﬁb@nc%ﬁWP%%PEMEe|WPS stk way
as in Exanple Bl. The results are shown in Table 2. Exanple B3 The catal yst
of the prdoentiilavefibeonehnitagaaecshpwsi thoabde Wbl o Vo.3 Tio.025 Sho. 1
Cso.ols was obtained by the same way as described in the Exanple Bl,

except that 0. 16g of cesiumnitrate was used in place of 0.08g of
potassiumnitrate. The estimation test of catal yst obtained was carried out
in the samampdy &2 in Exanple Bl. The results are shown in Table 2.
Exanpl e B4 The catal yst of the present invention having a conposition

The catalyst of the present invention having a composition
‘
of Moi.g Vo3 Tig. 925 Sbg.1 Rbg.o1s was obtained by the same way as
described in the Example Bl, except that 0.12g of rubidium
nitrate 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 B3

7 The catalyst of the present invention having a composition
of Mo;_ o Vo.3z Tlg.025 Sbg.1 CSo.015 was obtained by the same way as
described in the Example B1l, 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 B1l. The results are shown in Table

2.

Example B4
The catalyst of the present invention having a composition

0f Moi.0 Vo.3 Tig.025 Sbo.1 Ko.010 was obtained by the same way as
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of Mp1l.0 Vo.3 Tio.025 Sbo.1 Ko.0l1l0 was obtained by the sa?@' %rznz 07
APR 2005 described in the Exanple Bl, except the anpunt of potas

nitrate was changed from0.08g to 0.03g. The estimtion test of catalyst
obtained was carried out in the sanme way as in Exanple Bl. The results are
shown in Table 2. Exanple B5 The catal yst of the present invention having a

conpositign_ of | .0 .3 .Ti0.925_Sbo. | Ko..0 was. obtai ned hy the sane
vy o d8SEeREREY A% NEEE R P R L e o e e e
nitrate was changed fromO0.08g to 0.16g. The estimation test of catalyst
obt ai ned Ra$Te&fr Pas ngegl %I’Fé’msé’n@ & i%3%xanpl e B1. The results are
shown in Table 2. Exanple B6 The catal yst of the present invention having a
conposi ti on Bt MAtgnaian Thesthf SRLaliet cddadaebites FEFHed witsame
way as described in the Exanple Bl, except the anmount of potassium
nitrate was thempoe Waym 9. i08Exewple AlYy. Thiecresul hatdmmshewyn bi Tadlal yst
obtai ned was carried out in the sane way as in Exanple Bl. The results are
shown in Zable 2. Exanple B7 23

Example B5

The catalyst of the present invention having a composition
of Moi.9 Vo.3 Tiy. 025 Shp.1 Kp.o27 was obtained by the same way as
described in the Example Bl, except the amount of potassium
nitrate was changed from 0.08g to 0.16g.

The estimation test of catalyst obtained was carried out
in the same'wéy'as in Example B1l. The results are shown in Table

2.

-Example Bb

The catalyst of the present invention having a composition
of Mo;.p Vo.3 Tig.025 Sbo.1 Ko.o5¢ was obtained by the same way as
described in the Example Bl, except the amount of potassium
nitrate was changed from 0.08g to 0.24g.

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 B7
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0 7 APR 2005 Ammoni um nol ybdate(6.00g ) was dissol ved i ncﬁ_?nh @f gi stilled
wat er. Antinony sulfate(0.85g ) was added to the soluti P (?&@ nder
stirring, followed by adding 2.53g of vanadyl oxosul fate, 0.22g of

titani um anmoni um oxal ate, 0.15g of niobic acid and 0.16g of potassium
nitrate further. After suffici ent stirring, the solution was put in an
autocl ave (vol une capacity 60nml) and hydr ot her Xrnt hesi s carrl ed
out at 1751CHEOBHMcGedY erSrsoc%’@t hd%a%btdg:isﬁé’é s Hllt%&%d °to
separate, washed, dried at 40C for a day, calcined at 0~C for 1 hour
under ai r dagdidarE ad educ Aeskinany selboeel 9 of52 )h‘iﬁﬁ?saGﬁ&Qr Ri tP6gen gas

to get a catalyst of the present invention having a conposition of M1.0
VO. 3 Ti 0. 83%uBhonl alba0ol2 Surkbe 046t i rAiveg £sfo aiwarh e stdding e 58t @ify st
obtained was carried out in the sane way as in Exanple Bl. The results are
shown i n vhabldgl2ox&xanphee B8 Theg cat aliysenhiam ahwopiesertalatentli.didghavi ng
a conposition of M1.0 VO 3 Tio.025 Sbho.1 WD 025 Ko. o030 was obtai ned by

the sanme waynispideseiabada 0.1b§ &XapptesHifum axceitd. Ay iodr t wEgstd ¢ acid
was used in place of 0.15g of niobic acid in Exanple B7. The estimation

test of C@hﬁ%i%ﬁd@§5§ﬂ¥¥kﬂﬁ§ C@ﬁé'%@lﬁ%&on‘%éé“b@@nﬁnmﬁh asutior1yanpl e
Bl. The results are shown Tabl e 2.
(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 280C
for 1 hour under air and calcined successively at 600C for 2
hours under nitrogen gas to get a catalyst of the present
:invention having a composition of Moi s Vo.3 Timoz;Sb;J Nbo.o2s
Ko.04s.
The estimation test of the catalyst obtained was carried

out in the same way as in Example Bl. The results are shown in

Table 2.

Example BB
The catalyst of the present invention having a composition
of Mo:.o Vo.3 Tio.o25 Sbo.1 Wo.025 Ko.030 was obtained by the same way
as described in the Example B7, except 0.21g of tungstic acid
was used in pléce 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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24 7 APR 2005 Exanple B9 The catal yst of the present inve@t?' géﬁg?avi ng a
conposition of Mdl.o Vo.3 Tio.025 Sbo.i Zro.025 Ko. 029 wa¥ 264h by the
same way as described in the Exanple B7, except 0.29g of zirconiumsulfate
was used in place of 0.15g of niobic acid in Exanple B7. 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 B10 Preparation of catalyst
Anmmoni um nol ybdat e( 6. 00g) was di ssolved in 30m of distilled water.

Ant i nony sul faée( 9859 ) was added to the solution at 80C under stirring,
fol | owed By2R8 an 2.53g of vanadyl oxosulfate and 0.22g of titanium
ammoni um oxal ate further. After sufficient stirring, the solution was put

in an aut oclBfeceralyst ehpths BFEHY 1aNg iAo RELREI 2 SPMPRELtd WRas

carried out at 1750 for 24 hours. The product thus obtained was filtered
to separ af& Momsheds TdpicedSht. 148% . burKaogdyas abdladinggd byt tRgGame 2yl hour
under air stream and cal ci ned successively at 600 C for 2 hours under
ni trogen étr @@mardbget ira theapEsrmpdealB7oxickcedheCcdfpl of midtrglondyrde
obt ai ned was di spersed in 100m of 25

sulfate was used in place of 0.15g of niobic acid in Example

B7.

The estimation tést of catalyst obtained was carried out

in the same way as in Example B1l. The results are shown in Table

2.

Example B10O
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 ammoniuﬁ 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 unaer 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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0 7 APR 2005 the aqueous sol ution containing 1.18g of pota@?’ lﬂipﬁnkwate.
This mxture was filtered to separate, washed and dried at 40 1 day
to obtain a catal yst of the present invention having a conposition of My1.0
Vo. 3 Tio.025 Sbo.1 Ko.024. The estimation test of catal yst obtained was
carried out in the same way as in Exanple Bl. The results are shown in

Table 2. ReactdgRdtisoRanetAhy ldontAGifinlall &8y of potassium nitrate.
Tenper at ureConversi onSel ectivity Exanple (C (% (% B13603648 B23602749

833601437, 43603239, BRA03059 803002250 BIZH0IUTLBRIEA AR FFROAHS

B10360394

for 1 day to obtain a catalyst of the present invention having
a composition of Moo Vo.a Tig.o25 Sbo.1 Ko.o24.
The estimation test of catalyst obtained was carried out

in the same way as in Example Bl. The results are shown in Table

2.

.Table 2

Example Reaction Propane Acrylic Acid

Temperature Conversion Selectivity

(C) (%)} (%)

Bl 360 36 48

B2 360 27 49

B3 360 14 37

B4 360 37 39

B5 360 : 30 59

Bé6 360 22 56

B7 360 38 51

B8 360 12 49

B9 360 24 49

B10O 360 39 49

INDUSTRIAL APPLICABILITY

A catalyst of the present invention has a high activity and
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A catalyst of the present invention has a high activity ancﬂ%;@ﬁ@ R 2005
is therefore very useful as a catalyst for producing an unsaturate

oxygen- cont ai ni ng conpound by the vapor-phase catalytic oxidation reaction
of an al kane. 27 0 7 APR 2005 CLAIMS 1. A catalyst for producing an
unsat ur at ed oxygen-contai ning conpound of an al kane, wherein said catal yst
i S represast echdyefgenerakryFaigatal (25 as shewnybel awr Mpto8u¥andi kinXc Yd
Ce (1) wherein, X represents at |east one el enent selected fromthe group

consi sti ngnghtSRated Tiyger PSS St cbﬁ@%hnaneoy etRBEERlapal-g8e@ from

t he group consisting of , Wand Zr; a, b, c, d and e represent atomc
ratios of -Lhght+h6SR&SHLYE o8 < e 0<b<0.3, 0<c<0.7,
0<d<0. 3 arcfd e |57s a nunb t'l'a\E glg:rgﬁi@rgggnbf#hgl %;% ati'on states of the ot her

el enents than oxygen. 2. A catal yst according'to Claim1l, wherein said
catalyst is represented by general Fornmula (2) as shown bel ow, Mbc1l.0 Va
Tib Xc Yd zZf Ce (2) wherein X, Y, a, b, ¢, d and e show t he sane neani ngs
as in the fornmula (1), Z represents at | east one elenment selected from
the group consisting of Li, Na, K Rb, Cs, My, Ca and Sr
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and f represents an atomc ratio of Z, with O<f<0.1). 3. A nethod for
preparing the catalyst described in daiml or 2, conprisi%? a @éocess for
m xing starting material conpounds containing elenents (act 3eﬁ Aidfent
el enents) of said catalyst with water to prepare a slurry solution and a
process for heating and pressuring said slurry solution. 28 0 7 APR 2005
4. A nméitlvodlaccording to Claim 3, conprising a process for calcining the
product obtained by said heating and pressuring, wherein said process for
cal cining conprises the first calcining process carried out in the

presence. o @xygeystgasor Prbdde rsecondital i REQLRSS-Gafddied neut in the
presence of inert gas. 5. A nmethod according to Claim4, wherein a
t enper RAURPURA fFferdncel Fatswe e atf i 195t @rladive tnd Sprodess eat@ s divd

second £glciny %ﬁgﬂcﬁes&)i S, o190 400G, 65, A Met hod according to O aim 3,

wher ei n” sal irst calcining process is carried out at 250-350C and said
second Mal.¢iVid Agr P& otess is cakijed out at 500-650C. 7. A catalyst

accor di tooCdaim1l or 2, wherein said catalyst is used for producing
acr o el IRt br hcr SR SE A i G L BTk SIS BE i 8 Cdeal yst
conpri sggaMzonk i shii@N b SEwranke Tas ¢ hedndispansablie a4t idre conponent
el enents, having a needle crystal form

element selected from the group consisting of Nb, W and Zr; a,

b, ¢, d and e represent atomic ratics of their respective
elements, with 0<a<0.7, 0<b<0.3, 0<c<0.7, 02d<0.3 and e is a

number determined by the oxidation states of the other

elements than oxygen.

2. A catalyst according to Claim 1, wherein said catalyst is
represented by general Formula (2) as shown below,

Moi,o Va Tip Xc Yg Zr Oe (2)

wherein X, Y, a, b, ¢, d 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 £ represents an atomic ratio of 7, with 0<£f<0.1).

3. A method for preparing the catalyst described in Claim 1 or
2, comprising a process for mixing starting material compounds
containing elements (active component elements) of said

catalyst with water to prepare a siurry sclution and a process

for heating and pressuring said slurry sclution.
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9. A nethod for producing an unsaturated oxygen-cont ai ni ng é}po ﬁ?ﬁ by the
vapor - phase catal ytic oxidation of an al kane, <characteri zed b’gp a
catal yst according to Claim1 or 2. 29

4. A method aécording to Claim 3, comprising a process for

calcining the product obtained by said heating and pressuring,
wherein sald process for calcining comprises the first
calcining process carried out in the presence of oxygen gas
and the second calcining process carried out in the presence

of inert gas.

5. A method according to Claim 4, wherein a temperature
difference between said first calcining process and said

second calcining process is 150-400°C.

6. A method according to Claim 3, wherein said first calcining
process 1s carried out at 250-350°C and said second calcining

process is carried out at 500-650°C.

7. A catalyst according to Claim 1 or 2, wherein said catalyst
is used for producing acrolein and/or acrylic acid from

propane.

8. A complex oxide catalyst comprising Mo, V, Ti and Sb or Te
as the indispensable active component elements, having a

needle crystal form.
9. 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 Claim 1 or 2.
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