; e3el : ., LONWER ALKANE OXI DATI VE DEHYDROGENATI ON

CATALY M @W‘W £SS FOR PRODLO NG OLEF| NS [Technical field to whBcdHTtHE
i nventi gs] 5 This invention refates to Iower al kane oxidative
dehydr ogenaffon catal ysts and a production process of ol efins using said
catal ysts. Mire specifically, the inventibn relates to the catal ysts which
are suitable for use in vapor phase oxidative dehydrogenation of C2 10 C5

I F\liver al ;<a_nes gherei nafliGWE R cAlaANB 20X YDA T ¥Er D8 HYORDIGENAT 10N "Gmmgf

al kanes") in the prese e g r ndi ng

ol efins, and a processqgﬁ¥ﬂix@ﬁﬁ Eu%ﬁgﬂgég E@Br§8@9§$Hﬁ§ &gigfﬁﬁfkanes W th
nol ecul ar oxygen to produce corresponding ol efins at 15 high yields, with
the use of s a The inventjon also relates t cess for

pr oduci ng, igﬁéhﬂéQQQ Rtdntenvhig g@@n'ﬁﬂﬁéld@@ (1ﬂﬂég apor phase
oxi dative adehydr ogenat ITQﬂ Of i $e 4P boVeE | atkanes ildwlelte alnescex Pda-

nol ecul ar oxygen, the 20 correspondi hg unsatur%ted al dehydes and/ or

unsat urat ed ddMSoRANYdrRgeRat eniortalystasandprodioaust RHIRECESE | oner

olefins, in 3% pardfigy als i rPéo@a’I@n@a@Qdyls%QbUt ﬂ'@ﬁhe %'p'éw i |Q%1VW OgeRation
process of | ower alkanes js recentl reduced to industrial practlce

However, thi d YeddSd iree kaibg %&Ot‘@) ancataiNeitsl WHiGH &he i table

di fficult of fgiving hlrgwacwweﬁﬁw@ di«l?d&@weed%%wdlrl e'rié”@ ildAn §pLgoa and
30 furthernore reqU|res hi'g ? nperatures. Still i'n addition, det erforation
t %

of the cat®l Pst hanteri @ &w Fe baafser nagsrgdiona lily 94 derptf%e‘s@ whi ch

necessi tat es gfiraquents reganer ai | RAnQE ") NenCahal Yo e o S [ &&y FRRVer ter
or the like. Inconsequence, plant 35 construction costs and utility costs

for running pwggﬁrrbééssora%@wg%oahqspaegéﬁau Rd edri Nsne aGhA tR oRRe 9§ 8 0

C T 2002 r , f&rl @634 iFing tand w&w&&FbééﬁbQIﬁ@dle%r'QQWEHééﬂwﬁﬂP|'Cat'0”
is restrlcted VMereas attenpts to gro uce | ower olefins froml ower

al kanes t hr oligH 664 It |ws;remﬁj? oRER Wencerms@mdgnfgr@éer righg tak

limtatigp by je@ulyiilrliden haven bege Bdeo$i 86§dl @adta l3nrdsvarious catal yst
systens therefor have qgfp proposed. Anmong those known, there ar

oxi de catalyst (USP 4, @ﬂM?”?ﬂ%@ dXP ﬂerééP§P§s¢°(BSPVQCQEW'ﬁ%ﬁQ) , N

-M oxi de ca @loﬂ%fol(rﬁp lﬂ&ﬁ%héf@lé’fﬂ;hscﬂﬂ%ﬁeﬁ%v@%dn Yitd hed, 073,
893A) , My- cata 30 .(2) 2 7-10

V205/ Nb 205 éatrawg é’tap[QT '\%h%‘?ﬁ %hﬁ*@h'veldgﬁvyir@g)en@%m of Gy Tésea rth
vanadat es cafigweryatl Kabds in - th&tpresd986) of @b ebdlat) oxﬁ&@@] e

B203/ A1203 catalyst CS S~ ~ Ser. (1996 3 t er ogeneous
Hydr ocar B¢h €RIr &SP Qﬁﬂtuﬁ% g ﬁi@ﬁﬁ g&ﬁa@y Hgm%ﬁkﬂra?%¢arlably

show very |OwakQ%QW|QE(xﬁﬂ&@ dehydr ogenati on perfornance, the property of
the prinme inportance, and are far short of industrial practice. 20 Japanese
La i d-open (KOKA | ) Patent Application, KOKAI No. 245494/1996 furthernore
contains a di[p¢lieyuaetdn a process for further oxid|2|ng propyl ene, which

was fornmed through dehydrogenatjon of propane, pr,oduce acrylic acid.
Thi s process, however, e(?es%”lcéﬂ%%'% PEPDYSP Prt H@Wﬁydtojﬁ”f%rn’e'a

during ths dphydn@gﬂ@&tl @Yoy bewpaaed f { soblilhenecastimpr egafsehy]cﬁp@-nese KOKAI
Nos. 045643/1998, .118491/ 1998, 62 41/198g and 128247/193% etc $c{ose
processes foBeNtdioNy PIRERTF A Ed! W eengbkangid/ §r ragiedd 1t I d 4%

al kanes, in 3adpattrijadl gracciee e M@\mew@r athyki pracied sf rigmquwpese and
nethacroleln and/or net acr lic ﬁld obut%ng..kbwgyer jeld of
t hese obj ect 'fr 8uEESS Qﬁpb e HER | i Eath! ﬁécgr rv8 1 bW €and t he
processes neﬁdghoc%vleﬂ‘WIberﬁCHuél t/@rtleelSe@amctbsmmclluehiﬂ:@ttiftﬁ\ cai@l yst 35
to be use% . . .

furthermore requires high temperatures. Still in addi-

tion, deterioration of the catalyst within a short

period is inavoidable in said process, which necessi-

tates frequent regeneration of the catalyst using a

switch converter or the like. In consequence, plant

35 construction costs and utility costs for running the

process are high and, depending on the conditions of
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8 0C12U02r 3 [The problemto be solved by the invention] An objeﬁtodfzmn
this invention is to provide novel oxidative dehydrogenation catal yst's

useful for vapor phase oxidative dehydﬁogenatlon of | ower alkanes 5 with

nol ecul ar oxygen to produce corresponding |lower olefins at high yield; and
al so to provide a process for producing feom | ower al kanes the
corresponding olefins at high yield, by the use of said catal ysts. Another
obj ect of theldsewehdémnonitsitsouppavifdeabdea apdocies frodugtodati agpf fier- ower
al kanes corres ndi ng aturated al dehydes and/or unsaturated carboxylic
acids at high @WéIHS Tﬁég A solving the problen 15 W have made
concentrative studles |Wh§eaagh aft tehp teattal yytodl s tladwer forePkndi zi ng and

dehydrogenatl r al kapnes with nol ecul ar, gxygen to roduce, t he
Cor T aspond nd Teel St Bt ARRERES Fhedaeds doitsta b ek i e QEFaE hPRg
ol ybdenung anﬂv( Eh chg oftt gg) faBMI bRy 136 |atraet ltolmgﬁ,t eemuasn i heuh nllagpensabl e

conponents, a catalyst in ich said cat.al active, conponents are
supported on ?%fm% ¢ oFy nFﬁowgaﬁv kg Viaki o |Qﬂ aé&%@l?%ﬁ¥eﬁﬁldatlve

ﬂehﬁdr Oglegat iﬁ\stg@f?ﬁrﬁa@@eb?and ptrb@fotsb@\/\/e{ Al eid nswwltldn&w:n p{ @Hueﬁd aL

igh yield wi e use ,of s e ent,, i,aventign has been
conpl et ed bas¥f o t%%s%xdﬁgcﬁégﬁqé§% %H§? 4tﬂg1 nt YN&nex bfepr ovi des
Eat al yst st f glrcm P V(fusllehndqueﬁa@l)on quJMogWI oBé k@dﬁtyw depat al yfst s
eing suita o[, US p ase oxi da e no

C2-C5 | owt? éf%id%%g &1 h@eﬁ Zgéﬁaecéﬁ Sdc %yginggéfﬁwo Ec@

corr espondi ng:é)&é?f §6 Elndfﬁbﬂhaﬁl ai Z4@9igy hc’@O(ﬂD REPAPEE LV o0 gXBressed
by a general for g T 2U0 4

“AaSbp )
(in which A i@ s(%ssi-ldon ﬁ@ta _@&_@ct\e’?ﬁfﬁgﬁ% ﬁ?? %’é%u%ﬂoﬁ [t PAY T
ol ybdenum a%mmynbaébwgtarmarf@ny LéAits turasgrn; 3P, |$304)/ge241and D

is at Ieast o) elected 5 f? gm t h ro cons i st
Ta, Fe, 91 an B, g/ Kbp0poatal VSts?[A Svmp.Ser.. &ng&) My,
Ca, Sr, Bﬁﬁ L@-Ie@r@@éin&hsaHyd@}ocaYbo& @&d@atdwtetsasamg) [ HUHBQES of A

Sb, W D and O, respectively, ere
1-10 and b = knaewn %ﬁalvsgs %Wﬁr‘heéal 'nanaael ad’eltyer detﬁ%wsﬂswg'of

oxi dation of dhpset N@W@@hﬁdﬁbéeha&h@rﬁ %yq%rr)manw ptrfeé:emﬁo;b@wwt bén
furthernore provides a

cess pr odu Ieflns whi ri ses
Lo hhose HHei: e qURoBr EBRa: | Rdoptes Feg it drhalndus EPiRL

presence of m#acti . oxygen to fornlcorrespondlng oleflns characterized

by the usg,of the abovedescribed, catal . ording to th sent

|nvent|onf Ofurt hernor e, V&P 3P oE8skaf i o é?ﬂddggﬁgﬁsffgﬂi Fkgﬁg'on'

unsat ur at ed a0lkehlydéo.angl4bia84y 1086ed uatihd ralo rie gfbryﬁaedmb i ® qbrswl dedrei n

whi ch an ol efin obtained t? ggpor hase oxi dative %p ﬁenﬁtlon of
“he

C2-C5 | ower Akdhddr PEEFH e O i) L&, PO R
abovedefi ned ﬁratrwéd/sthhsuéhrﬂbhyd@mgéhaed oat ofaparopdrese to ;bh@dpbesence of

oxygen to prOV|de %?saturateghaldeh %%s%ndh%wg§é¥6u§§£§§§fkates

25 removal of the hydrogen formed during the dehydro-
genation of propane from the reaction gas. Japanese
KOKAl Nos. 045643/1998, 118491/1998, 62041/1980 and
128247/1992, etc. disclose processes for forming unsatu-
rated aldehydes and/or acids from lower alkanes, in

30 particular, acrolein and/or acrylic acid from propane
and methacrolein and/or methacrylic acid from isobutane.
However, vield of these object products indicated in
these publications are very low, and the processes need
to be improved in various aspects including the catalyst

35 to be used.



The invention noreover provides a process for 30 producing unsaturated acid
fromlower al kane at high yield, in whjch the unsaturated al dehyde obt &i Hdd/0?
as above is further oxidized at vapor phase in the presence of nolecul ar
oxygen to provide unsaturated acid. 35 [Enbodi nents of the invention] Mre
specifically, C2-C5 | ower al kanes signifyd - 8 0 C 1 2002 5 ethane,

propane, n-butane, isobutane, n-pentane and isopentane. The catal ysts of

the present i[fuentpasb bee tlseﬂei sodwbdabiyvezh@eHWexmeurmt] on reactions of

t hese | ower al kanes to uce e ondln ol efins, re 5 specifically,

et hyl ene from et hane, pff o é‘?\ niEr‘épéH nﬁ'l?u”tér?er%rcﬂﬁ%v E‘ﬁ?ane

| sobut ene frqmuesptw Pt | Ve p@ah9aeo B AEN T oPe e yﬁsﬁ.ds l@@@ﬁm efgrfrom
i sopent ane. These wer al kanes, may déﬁyased elther Si or a a m xture

of nore than%ﬂﬂ?r i aifative  8§ERALI AN eﬂ%&ﬁs dtkanespresent

i nvention @fﬁwuﬂﬁﬁmiIé@uléheoﬁggéhctboﬂrgﬂbcbndﬁﬂﬁé il in@r PpYEene and
i sobut ene fron1p opane respectively errlng to th$9genera

ﬁéd i SO q

| fornula (1%'6 tat $hy¥ﬂ§ "nand 2 éﬁ'W%éHQ¥' o ,a -Brocqss

2-5 and 8 15 rd&dbﬁh@fﬁr@mef6Wé?dalth€% dhilea colrtes drit WA Ch| ¥hepsa = 1,
[i =1-3, y = and i 3 exhihit nost favorabl e performance.

Al so the cat é!tysh'sgl'to\ht%ﬂ i n'@y EbetHéeCB 64 R; o8 tadpvsts. ‘ng to genera |
formula (1) , V., Nb, KindherOoBecteofCRher iNviendi®rPrief 8d &k oV i de
particular, the catalysts containing V exhibit nost favorabl e perfor nmance.
Accor di ngl§, 200rPaese tRhyRIFOIERAREcHT 8Bt AOYSH's aldnefenair a5 ene i ng

fol I ow ng gemﬂéﬁtJﬂHﬁﬂﬁfh(@éh éeérSnGXSVphh%bQ@ﬂ#%éﬂ“%é¥ﬁ¥%¥FPQt of the
present invention: O [inwhich Ais at |east one netal
sel ected fromaits gar*oﬁb %‘bn&él% ijng of rml ybdenum and chromium Sb is
antinony; Wis tungsten; Vis vanadium O is oxygen; and E is at |east one

net al select fromf{he group consistin of 35 Nb, Ta, Fe, Co, Ni , Cu,
Ag, Zn, eangn fop sobvingithengroRlemd cs, My, ca, Sr, Ba, La, Ce,
- 80C 11 i002 6 and Srwé HA & mady 5@ﬁ§bﬁttlra$.% MQ,udKedVg.,n SﬂeaF@h Co and

Ni ) ; a Vii and x denote atom c nynbers o Sh, V, E and
0, respectivafyt hmé:‘rqet@mtg)cswlabIeg?‘grooxgdlgim@nd dehydroge—

nating lower alkanes with molecular oxygen to produce
the corresponding lower olefins, to discover that a
catalyst containing molybdenum and/or chromium, antimony

20 and tungsten as the indispensable components, or a
catalyst in which said catalytically active components
are supported on a refractory inorganic carrier exhibit
excel lent oxidative dehydrogenation performance; and
that lower olefins could be produced at high vield with

25 the use of said catalyst. The present invention has
been completed based on these discoveries.

Thus, the present invention provides catalysts
for oxidative dehydrogenation of lower alkanes, said
catalysts being suitable for use in vapor phase oxida-

30 tive dehydrogenation of C,-C, lower alkanes in the
presence of molecular oxygen to produce corresponding
olefins and characterized by having a composition ex-
pressed by a general formula (1) below:

35 A,Sb W D;0x (1)



y ferably 1-5, inter alia, 1-3), 'y = 0. 1-10 (preferably 0. 2-5,
interalia, 0. 3-3) , 8 = 0. 01-3 (preferably 0. 01-0. 5) ; and E - 0:§UCTZWZ
(preferably 0-0. 5, interali a, 0-0. 3) ; and x is a nunerical value
determ ned by the state 10 of oxidation of those el enents other than
oxygen]. The oxidative dehydrogenation catal ysts of general fornula (1) of
the present invention may be used as supported on a refractory inorganic
carrier for the 15 purgase whfi dHTY OMd Nt akéa &t tynkemet adndepeytiochal
durability. As the refractory inorganic carrjer, those erally used in
preparation of this typéo8t ehﬁeﬁr B G bt LR&4° tﬂ@lggaﬁggghﬁﬁFfve
exanpl es thereof includh@nfiidm; CSb s lat Mmadyt ani #s Euhgeried; 0 is
silica-alum na, 20 silica-titania agnd silica-ziyrconia. |n particular,
Silica-alumna is the RIVESHAhdbols, 2 bekeast PRogNoEd hegHEC EA I d of
obj ect prgducts. The 1 &trioth afhesidi i tdordd Pt Ngi Bt e Rbl i ¢a- alpgni na
catal yst system normal |y rggges rom 10: 90% by @ei ht %8 98-10%%byw65
wei ght. The amount of €Re talGi A8l yEhctBvel onane 't 0CphedarM@d is
normal |y between 10 angt 9% bycaweight ©f, tde r@irachor gei BAHIBA C (carrier.
The net hod of preparation of the oxidative dehydrogenation catalysts of the
present invention is 3§ nat Sumntix tdengte catemeal nunker &t odnd,” Bk any of
conventionally practiced @BEHRPQ)Orré§HHEEP@%E@dSWHQFeDWﬁQﬁratEOW ofgthis
type of catalysts can bé used. For exanple, the catalysts may be prépared
by the pridcedures conpri & fgl1d.sspoliFithg = ndind par @8l yeagt & drid/aor 35
chromiumnitrate in pungnedtiela UnAefudepiiditniRediBY Lhe! gkatan queous
sol ution of ammoni um netatungstate 8 0 C 1 2002 and then antinony
trioxide in powder for@xds@tifomerksthase sl emerbasosbent tbancOXYai ning a
conmpound of at |east oggngetal sel ected fromthe group consisting of V, Nb,
Ta, Fe, Co, Ni , Cu, , Zn, B, Tl , Sn, Pb, Te, Li , 5 Na, K Rb, Cs,
My, Ca, Sr. Ba, La, CelhfdPEmsesdd invemtierndryuthaemonadrrgVd des d er such
as silicas apppbeds ¥0¢ PR dudiig CONGENSE "Ghi bR E6RBY RS WiaHdh e under
heating and stirring for a fixed period, dryln? the resulting slurry; and
thereafter fPPRRG ©Xdd@dny eatdelty gyt omhefr Cpirlg AoWsEpidieanas subj ect
to no |imtatphonneaRd elshtdd IdNUndPYciPEa FOOEYEE RO LbN FBF o rildpRier e of
hi gh or | ow goxygen concentration, an itnert gas such as nitrogen, helium
argon or the'ﬂgkéﬂeﬁhésﬁe&@%rqpﬁeﬁ'%ﬁﬂd@% ejupevatutife PROVAarti ng
materials fogegatabysat cRt@ds/ation are not critical, but may be any of
nitrate, oxide, hydroxide, chloride, carbonate, acetate, oxygen acid,
amoni um?®al t of oxygeAc&Oird I g o dthe Y esekni BVeBEHONR 0 THEANS The use
&ﬁFnLOfl[efrﬂéPQEYf! @b@%ﬁéﬁﬁﬁﬂrﬂﬁﬁdd%iﬁyb{ﬁﬁ?ﬂt¢?W@rcé?kb%éh Li?Ltation
ich allows versatile selectiop according to orm of use of the
catalyst, subRSAEUrAEEdded dRNNHRS TROMREZ5U pRkREr 26f Jodital | & Wy ki de,
gel or sol. 26 fhevidadti g oasi dip 41f dBeHih Nolse& i HeBItAWb e Wi~ phase
oxi dative deh%drogenatlon rezftlo of the, reanb |Qvent|on nq cont ai n,
besi des the PBage arxidad I4e LCEENAHINR QT af 25X ygdRYeL @ Sgas if

necessarys Asnt RReSpree@n@fe X afdll edu Py I8Xy géh M u8lingOtRer abxygen is
used. Mbl ecul ar , oxygen i nornaILy Uﬁ?d at a ratio of 0.1 to nots per nol
gt

., OXYy g 5
of |ower al kgﬁééf‘eﬁscﬁﬁéﬁdisltue'rﬁ &h okt tz@dsatu¥APRE RMASSyd hel i um

or carbon di pkbdpresenceamfi L aaBE e v Lgedundheuraaeld an dediydid i ons
for carrying oyt the 35 vapor phase oxidative dehydrogenation of the

present inveRPfoHN&RtYULaRedc@q'd no critical linmtation. For - soc T
200z s The invention moreover provides a process for

30 producing unsaturated acid from lower alkane at high
yield, in which the unsaturated aldehyde obtained as
above is further oxidized at vapor phase in the presence
of molecular oxygen to provide unsaturated acid.

35 [Embodiments of the invention]

More specifically, C,~C. lower alkanes signify



exanple, the starting gas as descri bed above is contacted with an oxidative
dehydrogenati on catal yst of the present invention under such condi riboHs 287
at a space velocity of 300-10,000 hr 1 and at a tenperature between 5 250
and 650C. While the reaction is normally conducted under atnospheric
pressure, a reduced or elevated pressure sray be used. The reaction system
again is not critical, which my be a fixed bed system noving bed system
or fluidizedghedi/StEBpdite TBY-BLEaNBE 9BBbRATR 10 ns¥perErBY degycl i ng
system The ql efi nes (al kenes) Mhlfh are ?btglned t hrough t he vapor phase
oxi dati ve deHF@PEdeifita-on e coxbal yGefF arkan8s Prasedite Iowialhtive are
dehydr ogenat !u%%&tiqp)o#iSdMi\Fé‘edéﬁyéwgénﬁftibherlé%\%%%tns' enii&de can be 15
further oxidized to produce unsaturated al dehydes and unsat uated aci ds

(al kene oxi ddower @ldAnesTHo unEat ueat ear APaRRYPEd 8 & &1 efumsherMaree oxi di zed
to produce; ugsaluraten A dst @l 8RBYERoAXbEREHEN BireRly| sHUSF fgy Med
unsaturatgh a?%ehgﬁégqgﬁglor u%saturatg@ acﬁds_20§ar2%;f3 ped wth an

absor ption celr@p@neabsuriRnet Bhom Asbubanexydenbsdenee firem hies ghesent

i nvention, aitland/Qr, MYSED PFOHUSEFe RY aRECHnBEt RRGS s i YoasHi ¢ net hod
P. S. A (prqggufedgﬁ ng adsorﬂ?ﬁon)gﬁetﬁod aRgefhe%ﬁ ke can be used.
Accor di ng t o isle@gitednt iThese 2bovebnal kanes peysibiel aisies feortthef om | ower
al kanes the L i | £f | kD sikdenp uct i n. I|f
necessary ox%égﬁqiﬁ%rd\%_tée)aﬁ*rg?/rggbgd@gglet Igﬂtgﬂelbggs'es_% (bgex fa/nétj? ggﬁced in
each of tHe diebvslrazamat iand cathl nelis t 6niheorygssndndrore st im are

supplied by, r -1 e;desci , or the
gas di schargéj %offf':ﬂsaig ar‘ﬁ{s%r%ﬁ%ugﬁzg¥ Kg o(r;lFe_) %ggﬁﬁbg%re}kaﬁﬁ{%?éﬂéeful
catal yst in wnd dlschutang datomnp sopanet Adde i sopudaded bye A d b aiby gener al
formula (2) may be na : d { bF. B . C 002 9 in
which Mo is nol ybdenu%ﬂééﬁsﬂ\@??ﬁgtEﬁQFg%gg%o(rﬁ;amuﬂsa §1gl'e§;ﬁgone

el enent sel ectada liysdra tine wiy oelp, cwhensei figlof PcabdD, and hiGKtd B dsdat

| east on = I t he p Si g, f 3 | s and
thal | ume1 ace: [ g%gio'l%gaagfé gﬂeesfj r(ra'?rglq't s%ﬁ%%#e%ﬂ?‘bm%?ﬁg%g?é‘u?%@nii@?%ﬁg of
silicon, aluf @ dm BziF dord.ury and0t $rdnaae 005 98t 3 exdti boife e whrent

sel ected frO?bN@%éy¥Eﬂbé¥¥E¥ﬁ%ﬁ@Q 10 of tungsten, phosphorus, to I | ur i
um ant i mony, t I n, cer i um [ ead, ni ob i um nanganese, arsen i c
and zinc; and O is oxyddmo dite tdwta hysbsosonhasaing aserdthe icampathen a=
12, b=0. 1-1 =0 I do2-20, o & 0%e =Q430, \g= X is a
nunerical va SQQHg%g%#gﬁqugi.gﬁegg?gggpofoégyégtRQZ'QQQtﬂgﬁeﬁglgﬂ%hts

ot her t h&P oRyigele Ao afs Mheakpert efer ednpl énopanddray! adat &t in the
al dehyde oxi dakiaQy stiseRorthPSE; @gw esRRibPY RBskolQWraG IGenRIBfod-0r NUl a
(3) may be naned: MhV~W-EkF~ OX (3) in which Mo is nolybdenum V is
vanadi um W MENZH-tungsten; E is at |east one el enent selected fromthe
group consisting of coppR¥ordidhal §, &k paa lvandehy@Poglniat idkn |@psd-one

el enent sel ected fron1th%%%Houp con5|st|n? of antinony and nloblug%)G is at
| east one el e¥SHE SEPIG et Y okhe hEC §F BUPNEoRSNEt iarlg Torr M §a com)

al um ni U5 Zhk-GORKSMANF itdd HY Uhe FHemBodl mERRSb FORP e BN B8] MFdRd from
the group consisting of alkaline earth netals, thallium phosphorus, to I |
ur i um t i tA°"éer i um | ead, 35 manganese and zinc; and 0 is oxygen:

and the rat i o of those a |l enents i s, when h=1 2, i =0. 1
AaSbisvéEEOX (2)
30 [in which A is at least one metal selected

from the group consisting of molybdenum and
chromium; Sb is antimony; W is tungsten; V is
vanadium; O is oxygen; and E is at least one
metal selected from the group consisting of
35 Nb, Ta, Fe, Co, Ni, Cu, Ag, Zn, B, TIl, Sn, Pb,
Te, Li, Na, K, Rb, Cs, Mg, Ca, Sr, Ba, La, Ce,



8 0 C 12002 10 10, j=0-10, k=0. 1-20, | =0-10, m=0-10, n=0-30, and x is a
numerical val ue deternined by the state of oxidation of those el enerft 8CT 2002
ot her than oxygen. 5 [Effect of the invention] The | ower al kane oxi dative
dehydr ogenation catal ysts according to the present invention excel in the
oxi dati ve dehydrogenation ability and enable the 10 production from | ower
al kanes of corresponding ol efins at high 9ie|d. Al so according to the
present invention, unsaturated al dehyde and/or unsaturated acid can be
produced from | ower al kaHbsSmt &prgTatahilyncpnsligt iTe [Ekdp 1Kesle,

Herei nafter the inventi§H|iﬁeeX@éaéHngqy.f rtberaﬁeQﬁiI% deberripgota
wor ki ng exanpl es, in which percentages are by wei dht, 'unl ess ot herw sé
specified, 20 and the ovrerersiounbene- pass. ydél dWand.sdl end ityrare

i ndicated followng th | ni L jons W, L l.acl usi ve 1 1l ucts:
convers i on (mo | % E%é?%#éwékﬁhbﬁﬁgh? ng@tgﬁ I§WB3§aIE§ﬁZ)p§ ?égg(nnl
nunber of 5fed | ower al kKiavedb bel behi vinye(nalli®g 136)(nol Fuhber1@f each of
formed conpounds) x (no Q%ﬂp f Ke ed. r .al:kan bog nunber of
each of forned conpoundg3 5 f%%?%og'%ﬁﬁbe%hggifggighmgizgl ane) x 100 -
8 0 C 1 200 one-pass y Q. Gl13d(gnefershly(BolinGnider; efindacts o3 or med

conpounds) x (mol numbey, ofcd et | oWgLoakkanfker alia, 0-0.3): and x
is a numerical value determined by the state

10 of oxidation of those elements other than
oxygen].

The oxidative dehydrogenation catalysts of
general formula (1) of the present invention may be used
as supported on a refractory inorganic carrier for the

15 purpose of improving activity level and physical dura-
bility. As the refractory inorganic carrier, those
generally used in preparation of this type of catalysts
can be used, the representative examples thereof includ-
ing silica, alumina, titania, zirconia, silica—alumina,

20 silica-titania and silica—-zirconia. In particular,
silica—alumina is the most advantageous, because it
gives higher yield of object products. The ratio of
silica to alumina in the silica—alumina catalyst system
normally ranges from 10-90% by weight to 90-10% by

25 weight. The amount of the catalytically active compo-
nent to be carried is normally between 10 and 90% by
weight of the refractory inorganic carrier.

The method of preparation of the oxidative
dehydrogenation catalysts of the present invention is

30 not subject to any critical limitations, but any of
conventionally practiced methods or known methods for
preparation of this type of catalysts can be used. For
example, the catalysts may be prepared by the procedures
comprising dissolving ammonium paramolybdate and/or

35 chromium-nitrate in pure water under heating; adding
thereto an aqueous solution of ammonium metatungstate



5 (carbon nunber of each of formed conpounds) x 100 (carbon nunber of fed

| ower al kane) Exanple_1 10 A 1-liter beaker was charged wi th 109. 4-g (g 200
al um na sol A-200 (Ni ssan Chemi cal Industries, Co., Al 203 concentrat i on
: 10. 599 , 16. O g of si I i ca sol Snowt ex N (Ni ssan Chem ca

I ndustries, Co., Si02 concentrat ion: 20.75% and 150 ml of water, and the
content 15 was heated to about 80C under stirring. Separately) in a 500-m
beaker 100 mMarf Medreraneimasidetr ioxidé7 ig powdAdFoFotm raafoanpfr Yéles &

[ (NH4) eMb~024~4H20: Wako Pure CEenlcaI | ndustry, Ltd. pe%£ gr ade
reagent] to &0l JqUERIKRrSRLAL( AB Sﬂatéﬂﬁﬂpﬂn@ CEARMS AT 9B tion,

8.35 g of aqueqisss RO MeA Med @l epgelaf e o NH@) %Iﬁ%WpZ%eDs i M$ O MY 2
(Ni ppon i norgani ¢ Cblour and Chem cal Co., Ltd cont ai njng 50/ of W3] as

diluted with™o maoff wated. Whs aldedAgs oiZn@de By . f 3 héb.add tiloh of 3.07
g of Sh20% paulerc (Vhko Fur ags €heng}, cgal Landgat ind gl angurei ty 99.

9% as d i spersed i wat er' wi t h hofmogeni zer, and hour s’
stirring at ai@cajtresbcfwmﬁh%rt&@iﬂﬁuadcaéveprmycﬂﬂmamalrlelcmor%ttam The

resul ting su§ﬂqﬂ§'Qﬂu%@§u9rﬁﬂH§||¥%@dgﬁglhg ER% a%%xﬁ gﬂgpﬁpurt%er 2 hours'

alum na-silica sol mxture s dropw se,
stirring at wdevmmeea’qlrmgwrmnaj i BUENEWAST N8I ﬁtidneﬁe@ecrdmi,arﬁry Mh&r eaf t er

the neating WHIGGINE HIESe [ BFS bR ORFRRd FRT I id iR FPTEdfcge | or

about 4 hours to concentrate the System evapor ation wat er content. So
obt ai ned B @&’Q‘@Qﬂh§ dried at 120C for 14 hours and then fired in

t h t 650

Catalyst was as fol Lone e G A tndSFhEPEL: @EPQB%* Q’e.f’iéﬁgﬁntﬂ %
(A1203) - 14% (ts|0(m) jand rtheef bbbve, mavebpr a@ndug idler@otre tate abmos$er
component, ag Y0 H}%{SNPSPgwEGk%Eéﬁ"gbﬁégn% acﬁfo'nc' earF'lzr?erQIf. %QE above

cat al yst was unlfornlze was packed in an
ordinary flofudfpes drickrargemheheki dat i eéggéhydrd@@ndtllk@n et @#cof t he

invention gvag (o ldad Autj pngesudpe fol lowing conditions. The results were
as shown in 1d Ta§<a 1 deactlaﬁ gas: C3Ha/ 02/ N2 - 1/1/8 (nolar ratio) Feed

rate: 112.5 m/mn. Sv:The coethkine (mateneasabéedquent adyatplpaepara-
i ndi cation of i3\ 'asré)rﬂc;’éeéirltbfcéhe 62t ahys! bECLal! oAt GAIANtox 9

underwent fluctuation nore or |ess’ dependent on its packing density.
Reacti on t embardatoxigte 5400 i danepebonate, apetarties o0 Xyseragih char ged

with 109.4 g g M rLaa SOl o @%éh\" &¢ 8] %%B‘ Clf Lt'Pn‘éU%tlrérrF‘eg\t%qJén?&G

of silica sol Snowt ex (Ni ssan en ca ustries
wat er, arfd the content Am@slrhe‘fah%di% bermbeiit rsfcagihasy s!tnuomgewglc

Separately, i@ i2Q0 45 hepker 0% a1 o Pl ryaber 14R3 cadded, t licH o of

annnnlun1parannlybdate (Wako Pure Chem cal Induystry, Ltd., special grade
reagent) to @ildedsye arsatnides %\%h??ﬁgo'&nﬂcgf’rﬁr’f‘ﬁgtOTGhtehécor"é‘klRﬁ|Lh§e

solution, 9.3f ghef AaueAUst, BOS@érﬁméls unbgE| abunastided plodiucs, MV 2 (Ni ppon
| norgani c Cblour and Chenmj Ltd,) as diluted with 50 m 'of water was

added, fol | oRO¥ ISy fAf rtQﬁ#é:cﬂfthb%r%¥'@ei4g§ loPra®®dni um net avanadat e

(Wako Purgs Chemi cal | ndysdt rswarutmgdgsa)@%@lberaeedreage@tr)rya \gloiﬁlsﬂ ved in
50 Ml of 35 Egter under heatln of Sb203 powder ko Pure

Cheni cal | nd&&€r yararap qoiﬁ.qwb@ N gg UF'§B§P§§&'°“ Yeaction of

the present invention may contain, besides the lower
alkane or alkanes and molecular oxygen, a diluent gas if
necessary. As the source of molecular oxygen, air or
30 pure oxygen is used. Molecular oxygen is normally used
at a ratio of 0.1 to 5 mols per mol of lower alkanes.
As the diluent gas, an inert gas such as nitrogen,
helium or carbon dioxide or steam is conveniently used.
The reaction conditions for carrying out the
35 vapor phase oxidative dehydrogenation of the present
invention are subject to no critical limitation. For



8 0C1 2002 13 in 100 mM of water wth honogeni zer, by the order sbz&iﬁwz
The systemwas stirred for 2 hours at about 80 C, while the liquid

was nai ntai ned constant. The resulting suspension was gradually added to
the above 5 prepared alum na-silica sol mxture slurry dropw se, followed
by further 2 hours' stirring at 80C whilegthe liquid | evel was maintai ned
constant. Thereafter the heating tenperature was raised to 90C and stirring

was continueq xfap edouth g b@wtlh@ gagcaat Getsert.tb%os%@m bys 18ogvapor ation
of water content. Qd?D obt ai ned : 2%|ve é grle and fired under identical
I h

condi ti ons wit@ftafbatl th #Ragy ¥Ape&eniadd af aaia hest @T nghe

catal yst was pg% et Omeﬂéu &H%W@P%&c@%ndm onP R 40 4 AdgBSy- 13%
(Si02)]. Using this catﬁpg@g Ht e reacthon mas carried out under identical
e

condi ti ons V\theH A%hidse 0i Q0BxBfipl eand efcapttamparatiy ¢ hetvenn
tenperature Wy Zhh$heseesl toyROPE. thBeregeylibn W%@fsnélhwvrbéﬁw@@tea 1.

Exanpl e_3 A catal yst was prepared in the sanme manner as 1 n Exanple 2,
except that s edioaiio B7he hEC aRiBAFUREpaPamoyis@st & fnes! Gt:\fﬁa*rﬁfécp'tes”_‘t 34 g,

that of the QUeOYs, Y% AnyDEy UM tﬁtatagsgg%es@gt%w %"g 2 g 779,

that of the annDnluntnetavanadat t hat the Sb203 powder ,
to 3.31 g. Tie¢ idormsolsi twh)nctbfmaMebeeguhmg batda|sy/§ttevms mov g |ed: 30 40%

(M ~ Sb3 . QY&rempd £12PK zedngZcﬂ’ Q@‘slt #03) 'tlﬁtééé%l's@&? e lone éQﬁ this

catal yst, the’reaction was carri out un er i ent| condi ti ons
t hose of1EkaQWH¢€m @xcregeye hhngt Agsteact i on tenperature was changed to 35

500C. The results \Aereﬂle,es@ﬁe |h95T@9llﬁeflles¥XwﬂrTE>ttl a‘?'e ozbtatE?\eOdC 12002 14

A catal yst was prepared in t sanme nanner as in except that t he
anmoni um net Avdeadzh etheisvarer aphdsei okidadive drewda‘mgﬂnaixmmt@f(

Co. , t 0 m i
wnterThe cSand et 8 DhanbeOra IRARLCBRYBRTINE) BhENFL o Grah ™ ©
(Mol Sb2. sW2usdiD. tm»gatatb%tAQﬁosbteleMe(ssnttz)u n]venltoqnmcr@tkms cat al yst,
the reactjigny¢ ‘G@Sthwrdﬁpc?]f)i’édu{'geﬁrBQEBE' Eﬁ'sa%’}%'tte'oo’ésld’! GJHéét

Exanpl e 1, except e reaction tenperature was change C The
resul ts wereuasadnaied mabds e(al kenanpkédstisnasdeml.yst h/vasurpsemred in

t he same nanpegn t hat nadat e was
rep | aced WP%tFﬁF .FH go % C;n ?EP@ﬁ&r B% O&h% ?EﬁPQRﬁggQE% J§6H20 Wako

Pur e Chentcaunﬁmﬁkﬁ&EﬁdLﬁ@'dspéﬁﬂd9h9§39¢$ldgtdp§s§ﬂvﬁﬂ in Bwsd of water.

The conposit t t y f d 4 | Sb2
sW2. oN-~o. Zg%} g?%A%%’é %%‘i”?ge g?fk §hd\p@i %?‘ésag:ladta yst, é)c/ﬁtéeévtr)eactl on

was carriY A¥eodir apRRd Wttt aBapbeRBETI PANS oMM t(eabso rdFi MK SR R) 1.

As the oxygen source in the present invention, air
and/or oxygen produced by such methods as cryogenic
method, P.S.A. (pressure swing adsorption) method and
the |like can be used. According to the present inven-—

25 tion, it is possible to form from lower alkanes the
corresponding olefins, without side—-production of hydro-
gen. | f necessary oxygen and/or steam may be added to
the gases to be introduced in each of the above steps,
and such additional oxygen and/or steam are supplied by,

30 for example, air, above—-described oxygen, water and/or
the gas discharged of said absorbing step.

As one specific example of useful catalyst in
the alkene oxidation step, those expressed by following
general formula (2) may be named:

35
Mo ,Bi Fe A B, C:D,0, (2)



The results were as shown in Table 1. Exanple_6 A catal yst was prepaP%@ i@Z
the same manner as in Exanple 2, except that the anmoni um net avanadate &é
30 rep | aced wi th 0. 51 g of magnes i umn i trate [My (NO3) 2 6H20,
Wako Pure Chem cal Industry, Ltd., special grade reagent] as dissolved in
50 m of water. The conposition of the regulting catalyst was as foll ows:

35 40% (Mbl Sh2. 5W2. oMgo. 20x)/[47% (A1203)-13/ (Si02) ]. - 80CT 2UU2
15 Using this catalyst, uﬁhﬁhi@ﬁCMbonsV\/ﬁ@I(y%rdreln% Ol ungeidfeahi crb
conditions with those of Exanple,1l., The results were as shown in T bIe 1.

Exanple 7 5 A catal yst Was! b?@paAedsl At Heasdn@nfarflamestt | se Esakpde

except that the a”“Dn'UFF@ﬁt@Hénégahﬁ B@%sﬁ%&h%%?%f“d&béﬂ@7éﬂH0f stannous
oxi de powder (SnQ, Wako Pure Chem.i ndustry, Ltd. , pur i ty 99. 9%

as d i sso | ved in 50 Miclee!waBers ?ﬁe'@@ﬁﬁoﬁ”ﬁ(ﬂiQﬁeﬂﬂmﬁﬁb%ﬁt@ﬂng 10
catalyst was as foll owst, O/QEQ/DE(%? c%W%ISQW\% A0 Ka I[|47n{éf£‘|§ 393)

-13% (Si 02) ] . Using this cata reactlon was carried
under identical conditi®thas! hitm; tﬁosé éﬁ Eﬁ@@ﬁl@np eﬂﬂﬁ&ﬂiﬂﬁ@beﬂbeé as

shown in Table 1. Cbnpar@gmvghgxg ﬁseoofq EgMéEQHM@§| reg Lén t he sane

manner as in Exanple 1, except t 03 po 0O omtted.
The conposition of the WMEduNm; nglcapauys\t angs td4 amolymnd lzee%‘( Vbe et

80x)/[56% (A1203) - 16@6(éﬂ@Zé]eﬂgﬁtugbngFEQHsfQ%hpwﬂgggngbrf?§ ﬁE'H@S run

under identi cal condltlons w t , except t
reaction t@nperature weaf chungetieno amgsghowé r dsul| wwre aizt ey, i n

Table 1. Conparative_Exa ﬂpIeG% ?ﬁ mA ﬁggaly%qowq%npr égbth

manner as in Exanple 1, exce of "the ‘amtonium net at'ung s?ate was
omtted. The conpositi aambfzurne resdl Di ng ocavaeyst wagd dhe onabv\g oB5 23%

(Mo-Sb2. 10x)/ [60/ (A1203537% (ShORLL: o, - wheh G=T 13000 451 thi s

catal yst, the reaction was run un entical con |t|ons wi th 't hose of

Exanple 1. The results Wwﬁeﬂe@oshdmﬂ Qﬁ TaEDeOD11&Qn%ﬁ%ﬁ130£3&R@nﬁ le 35
A cat al hat th
cat al ysigwas preparegar} Zgasgnﬁu pngra a%'é‘fwﬁ' (?ngp{ héha e

amount of the al um na was C ange he silica
sol Snowtex N, to 9.44 gtatma@foexudetaque@ﬁsta@rﬁmMmmm untfseat e

solution MM2, to 6.95 g ,@ng}pah. of

Also as one specific example of useful cata-—
lyst in the aldehyde oxidation step, those expressed by
20 following general formula (3) may be named:

Mo,V W,E,F G,H,0, (3)

in which Mo is molybdenum; V is vanadium; W is

25 tungsten; E is at least one element selected
from the group consisting of copper, cobalt,
bismuth and iron; F is at least one element
selected from the group consisting of antimony
and niobium; G is at least one element se-

30 lected from the group consisting of silicon,
aluminium, zirconium and titanium; H is at
least one element selected from the group
consisting of alkaline earth metals, thallium,
phosphorus, tellurium, tin, cerium, lead,

35 manganese and zinc; and 0 is oxygen: and the
ratio of those elements is, when h=12, j=0.1-



10 Sb203 powder, to 2.19 g. The conposition of the resulting catal yst was
as follows: 40% (Mo~Sb15W-50x) ~C47% ( A1203) -13% (Si 02)]. 15 Usi ng Lh?U@pqmﬁ
catal yst, the reaction was carried out under identical conditions w
those of Exanple 1. The results were as shown in Table 1. - 80 CT 2002
17 TABLE 1 Reacti onPropaneSel ectivity (ml
% Pr opyl enet enp. conversionone pass5(C)(mo | 9% propylene acroleini al d
y(no | %9 Exanp | a 154029. y3$-1602. k9401~ éﬁxam&oH 232930.0, 84050, 713.
1Exanp | a 350032. 039 82 512. 710Exanp | 452030 636. 12 211. OExanp
| a 554031. 234. 82, 3ENd 9ExbFTA INUMEEL02Y. vaéee detervo nesbkipthe a
754031, 534. 12. 010. 7000PSIGH| yRIGECROR b1ath8la2e, ofibhrtsl ety
8Conparati veExanp | a 254023. 813. 81. . 3Conparati veExanp | a 354012.
533. 22. 14. 1 20 Examﬂh?ﬁsoxygfﬁanple 2 was repeated except that propane
was replaged with isobutane to produce isobutene. That is, an ordinary flow
type reactor was charged with 2.8 g of 25 the catalyst as used in Exanple 2
of 9-20 mesh [Effscte ofarithe hioughtwandh a reaction gas conposed of
i-CAH o/ 02/ Nz - 1/1/8 ¢ a m /mn.
The reaction tenper atur@mgoﬁ%g}%érggiﬁ?g'%rgeg Célf n]a]tzugb
i sobut ane comeeresliyeat s= @6 @r drbh & teobheeneesendctiinvient lwm&)&mbl %)
met hacr ol ei n S ijel 8.5 nol %
Exanpl e_9 35 ?fa gﬁs dstt%\/'ee? e@e&é&r%é%%@. ﬁ §b¥ EH%anneo‘r %ggﬂ%lﬁé";he 7
except tHed uorregdmtm nlétdomrbwet:obékanes of8c©r¢e1spm@t2|m$ mgarmese
respectively, psit din. Those catalysts were used in the reaction run
under |dent|c§I d|t|ons with those of Exanple 7, to produce simlar resu
| ts. 5 Exanp | e 10 AAlgd tagscordkee bastbhapgedenitt i ny@ra iprof uanmm na

sol A-200. 13,006 pid {dengph SAYEPxNsaRdratell o0 cf”?{ja‘?{ DA oS o

content was heate er’ st ITring,
24.0 g of chdeiced from lower alkanes stably at high y|e|

15
[Examples]

Hereinafter the invention is explained in
further details referring to working examples, in which
percentages are by weight, unless otherwise specified,

20 and the conversion, one-pass vield and selectivity are
indicated following the definitions below, inclusive of
the side products:

conversion (mol %) =

25 (mo! number of reacted lower alkane) 100
X
(mol number of fed lower alkane)
selectivity (mol %)
30 (mol number of each of formed compounds)

(mol number of reacted lower alkane)

(carbon number of each of formed compounds) 100
X

35 (carbon number of fed lower alkane)



10 mumnitrate [ Cr(NO3)3~9H20, WaAko Pure Chem cal Industry, Ltd., §g%%i§h
grade reagent] as dissolved in 100 mM of water. In succession theret?®, ‘
g of aqueous anmoni um net atungstate solution MM¥2 as diluted with 50 m of
water and 13.1 g of the Sbh203 powder as dispersed 15 in 100 m of water

wi th honogeni zer were added to the systemby the order stated, and then the
whol e systemwas stirred for 2 hours at about 80C, while naintaining the
constant liquid | L ereafiter Jyneati ng tenperature was raised to 90C
and stirring was gé%t?ﬁggoyﬁgu(foyﬁggoﬂf 4 hours to concentrate the system
by evaporation of wdmer asimbert .ofSeamh a0 fiefiopaed ecompodndsd at 120C for 14

hours and then fired 1n Qi ogeb A "PEPREL €1 EWE ¢ 3a NRY at 580C. The
conposition of the resuﬁtfng catal yst was as fo |%m§;ﬁ§% 80% (Crl Sbl. sWb.

sOX) / ~109% ( A1203) - 149 oo yumbresr 19t each zef of ormedf epmppurds)t o %Ef(P
nmesh, and 2. 8 30 an or bgqg%ﬁﬁdn%g¥p§yfepg o[o%gpnqugﬂ 5eacti5n t he
e Ta a 2.

inven the follow ng conditions. above catal yst was uni g of
whi ch was packed in The oxidative dehydrotion was carried out under results
were as show§¥ém $gaqtion gas: C3H8/02/N2 - 1/1/8 (nolar 35 rat i o) Feed
rate: 112.5 Tr— 8 0 C T 2002 19 SV : 3, 100 hr 1 ( I n the subsequent
Exanp | &8, indicationAofl-$Vties dreaked.waes cher ged aviyth WePght gwad

tant, SV f lyu t : its 5 Ki
densi 1y 5 ReAbUSRET BhlcPurtl, OBRABEE 4T FROTBLPTbariohis "ume
prepared in Ahg0sanencenteratdon:n Exangile 106. @xgepf shatica. 3561 g of

! g .
amont um et g 49 XaNAIN GO Yk AP FHs EPLLC3bo! NIBTHLY ool

speci al grade feagen ved 1n 5 Wat er ~uhd BReat’i ng was
added after thatadditi @f. &)t meadagidus! anfromater meaad uhbst abatsolitut i on and

before t Lt e Sqﬁqgi 1 Sp ' The i,115 tion of
t he resuF?i ﬁgg%:abg%gp \t/\t/gs a?s%%'&ol owsed’%(gé%s(% F’éﬁr?gsvwsgé%gigé%m ~|~r€0%
(A1203) - 10%4 500y bsiakgrt Hi0O ookt adfytgtehewasaadded waslcdiriged 20 out
under identi it i t.hos f%@ppﬁe 1 xce h t he
reaction terr%@b%ﬁﬁpg ‘Eﬂ’aggﬁ‘ﬁ\gﬁ{%’g&'{% g% el ré“su‘li)'#%ﬁ\'/\ergggé g%‘&ﬁn in
Tabl e 2. Exddhémaca? |ndusArgyat dltdst, veseprebageade nreagepadetoanner as 25
i n Exanpl e : t.th e Nt 0 j t ayan t s changed
to o5 g mhioEBTeRLI ! Bhdbte B e nd TRLL AT X8 EHE] BN, " 50%
(Cr 1 Sh20, Biven, 5§039180rf aquEMWy AnNmE0m rogsdBungefate.

[(NH,) 4H,W,,0,4) solution MW¥-2 (Nippon Inorganic Colour

and Chemical Co., Ltd.), containing 50% of W0,] as

diluted with 50 ml of water was added, followed by

further addition of 3.07 g of Sb,0, powder (Wako Pure

25 Chemical lIndustry, Ltd., purity 99.9%) as dispersed in

100 m! of water with homogenizer, and 2 hours’ stirring

at about 80°C while the liquid level was maintained
constant. The resulting suspension was gradually added
to the above-prepared alumina-silica sol mixture slurry

30 dropwise, followed by further 2 hours' stirring at 80°C
while the liquid level was maintained constant. There-
after the heating temperature was raised to 90°C and
stirring was continued for about 4 hours to concentrate
the system by evaporation of water content. So obtained

35 paste was dried at 120°C for 14 hours and then fired in
atmospheric air at 650°C for 3 hours. The composition
of the resulting catalyst was as follows:



30 Using this catalyst, the reaction was carried out under identi cal
conditions with those of Exanple 10, except that the reaction tenperadatifiel)i;
was changed to 480C. The results were as shown in Table 2. 35 Exanp,!| e_13
A catal yst was prepared in the same manner as - 80CT 200 20 in Exanple
11, except that the ammoni um netavanadatgowas rep | aced wi th 0. 31 g of
magnes i umn i trate [My (NO3) 2 6H20, Wako Pure Chem cal Industry, Ltd.

speci al grade reagemy ] (M, Shssowvedoi n/5q9ml (@f \gatert44Thes ppmppsi 5 tion of
the resulting catalyst(mag as: on g P 30/6(é;l )SVb SNg% ZWE ~[ 10%

(A1203)-10/ (Si02)]. Using this catalyst t he reactlon was run 10 under
i denti cal condltlons\Mﬁﬁ]{W@S@bg@eExgnplgrggke{ge[reqmgéhd%%w%ﬁ§ shown in

Table 2. Example 14 A catal yst was prepared i he same manner as in
Exanpl e 11, &addpiett mmmm@e@ﬁmﬁsm ABt avaﬁéz@atse:hmuwtr epiamrbesi th 0.30

g of potassiumnitrate F(elﬂ‘\pﬁclé/\aé‘f’%fuéf Pﬁﬁmaﬁ%'ve' RAUSH et L Ol#ﬁpfc' al

grade reagent) as dissolved In he conposition t he
resul ting catfarysiizeghstasd o0 | wesh, 2@néo% @ogl stfl whe\gih Y810 . mmlxe)d[ 100

A1203) - 10% t th
(A1203) - 10% CIGR indf) 18] 511 £y68" Bbetort o THEAGH AL RN [dUhyFEL

identical conditions w excep
t enperat ure EEHadhayaeast 2@3n5qﬁctherhenvegdimo@ \W@rSe Ceesrrslmﬂ/wpmh madee 2.

Exam | e 15 pﬁhaen_cf 10|g)ov$n1r‘i£rc5’ﬁé"i“€§o¥‘@s ChAEIGE s\t WRAd 4k géhéﬁr‘? phlica

sol Snowt ex ter, and the content was heated to about 80C
under stitQid@blender 30 continued stirring, further 4. 00 g of chroni um

nitrate (Wako Pure Che u y, @t pRCi &l RAGeNt) as
di ssolved in 50 nl of :Eﬁégt’&w g%%ed G?ﬂP 2b g |t|on of 2.32 g of

t he aqueous ammoni um net atungstate soluatmn)NMVZ as diluted with 50 m of

35 water, 0.058 g of a u tav dat issolved in 50 m of water
under heating, and 2.1gﬂ9ﬂ%fp%ﬂ€ Sbggg 8 ﬁlgﬁéﬂc T 2002 21 powder as

di spersed in 100 m of S¥ter2v@@® honogéhnzébe bybsieguenderE xsamm ke, The
system stirred for 2 houfsy P:E?]@Pcﬂr’l’ ??053\' Wi b ithed T agid Jipyel, pas
ea

mai nt ai ned” constant. Thereafter Ing tenperature was raise
alyst weight was constant, SV underwent

fluctuation more or less dependent on its
packing density.)
Reaction temperature: 540°C
20 Example 2
A 1-liter beaker was charged with 109.4 g of
alumina sol A-200 (Nissan Chemical Industries, Co.) 16.0
g of silica sol Snowtex N (Nissan Chemical Industries,
Co.) and 150 ml of water, and the content was heated to
25 about 80°C under stirring. Separately, in a 500-ml
beaker 100 ml of water was added to 1.77 g of ammonium
paramolybdate (Wako Pure Chemical Industry, Ltd., spe-
cial grade reagent) to dissolve it under heating and
stirring., To the resulting solution, 9.27 g of aqueous
30 ammonium metatungstate solution MW-2 (Nippon [norganic
Colour and Chemical Co., Ltd.) as diluted with 50 ml of
water was added, followed by further addition of 0.14 g
of ammonium metavanadate (Wako Pure Chemical Industry,
Ltd., special grade reagent) as dissolved in 50 ml of
35 water under heating, and 3.65 g of Sb,0, powder (Wako
Pure Chemical Industry, Ltd., purity 99.9%) as dispersed



5 to 90C and stirring was continued for about 4 hours to concentrat?bb e
system by evaporation of water content. So obtained paste was dried i'e
for 14 hours and then fired in nitrogen atnosphere at 580C for 3 hours. The
conposition of the resulting catalyst was as fol 10 I ows: 10% (Crl Sbl. sW.
S~0. 0SOX)/[90% (Si02)]. Using this cataligst, the reaction was run 15 under
identical conditions with those of Exanple 10, except that the reaction
tenperature vgs \QRngeh £ Oy2P0F wlBR hERBLEA i YRYS By HMIVBAdL Tabl e 2. Exam
le 16 A catal yst_ was prepared In the sanme mannér as 20 1 n Exanple 15,
except that e nihan ks bemnwaat etiisedefppracdd hauns 23@RPWE &P obi um
oxal ate (CBUMC00.yh GN8N NagPuS 1898l Na2OnatRad iGRAN Hotiilngs difgol ved
in 50 mM of water. The conposition of the resulting catalyst was as

foll ows: 25 @Y ldrirgblsusyens éapowasoRyAf9edd ySiadzed tosithp taheveat al yst,
the reactign i LALRHLa Leset cLdeRti mak +gerdigt|iy¢ f tdbv hose of

Exanpl e 105.) gg@hﬁ%suﬁ sp\/\%regaécshovm ﬁn :Fabl eSZ. E?aw I({eb 17 A catal yst

was prepar ed fiol kaneddne frnbleer ad hﬂuEﬁénptérlﬁngeﬁde&inuﬁhkh@ Bheoni um

nmet avanadat e I i : Ih yQON A48, NO3) 3 ~
9H20, 35 V\akclvlﬁ‘rfeoeghéevﬁgg\?a%Vn'hﬁgsﬁ}cg,jn%g’dg?ﬂésg&%&l grhlaeétgar'eag'_{e%éas

di ssol ved i nheatinpftemperatThe wasposisednto 908C0 a@dT s002 i2Pg ofas he
resul ti ng catgl ysit f y %% Sh~ FegQ. 1 =909 i02)].
5 Using this°35ﬁ§N9£§q'@i% $%é§¥?%n&§%%gggbr?8H%§ﬁF$€§% &9§%éﬂﬁ§a%fsﬁ9
condi t i oridd wietviapidrastel wf &k anpt er 16onThstr esBbt sbwari@eas psisdvn was Tabl e 2
Examle 18 p4, :~ =1 e d.w . Qf opnj,um
nitrate (V\akgrl_?!uerdg aC]E]nderrfiI @f’ﬁé)l %ﬁéfW??E?ﬁ&??sﬁ\eﬁﬁé‘?’gﬁ%r"%dg' I(r:l:ehaét(ehn {é ag]1

di ssol ved i nExamplie df. wathke  cémpoonkiobyofuthkeresddittiingn caftallyot g of the
aqueous anmopj tafu ate solution MM2 as diluted with 50 m of

wat er, 1.40 g%ﬁpégzﬁﬁhﬂﬂf%btavanadate as dis 1 5sol vedi n50 ml of
wat er under heat i ng, and 17. 5 g of the Sb203 powder, as dispersed in 100

m of wat W th Qﬂppg L , t hg ordgr d./ath yst s{qrred
for 2 hoJ?g at abou “8@@%F€§¥lgw¥h@€9iq&gd)?igz% &é§2?é?n?§ﬁﬂgg@§%hs¥ant.

Thereafter the heating 20 tenperature was raised to 90C and stirring was
continued for about 4 st n t S : p j on, of
wat er content. So obta?ﬁ%ﬂﬁ%égﬁggmgipégiég’a?ﬁﬁZé%%?gp%¥4%%%u%%ﬂé#ﬂgqhen
fired in nitoodenratearosighen i ¢a | 58001 bi oBshwith. thiesecempdgivdadni mf the 25
resul ting catgl S oS b 2% i j tal yst,

t he reacti ont\?(haéﬁizlf\rl\?i'e?&éo%ttyﬁ%ﬁ&“?dé%%?gg nc(’g)éaﬁ%ir%%grv% t%%é:%hose

enpl oyed 3¢ Bhanges 1t SQQEE. t hBhet hesubhet veriet espshamr 6 aaktheinbed to
540C. The regylds (er as shown in Table 2. Com-arativ_e_Exanpl _e_4

A catalyst was prepared in the same manner as
in Example 2, except that the amount of the ammonium
paramolybdate was changed to 1.34 g, that of the aqueous

25 ammonium metatungstate solution MW-2, to 8.77 g, that of
the ammonium metavanadate, to 0.22 g and that of the
Sb,0, powder, to 3.31 g. The composition of the result-
ing catalyst was as follows:

30 40% (Mo,Sb, W, Vo ,50,0/[47% (A1,0,)-13% (Si0,)].

Using this catalyst, the reaction was carried
out under identical conditions with those of Example 1,
except that the reaction temperature was changed to
35 500°C. The results were as shown in Table 1.

——— e P



A catal yst was prepared in the sane manner as 35 in Exanple 10, except that
no chromumnitrate was used. The conposition of the resulting catal§8€7 /8%
as fol - 80CT 200 23 lows: 76. 6% (Sb3w0oX) / C11. 7% (A1 203) -1 1 .
7% (Si1 02) ] . 5 Using this catalyst, the reaction was carried out under
identical conditions with those of Exanplié 10, except that the reaction
tenperature was changed to 540C. The results were as shown in Table 2.

Exorm,?r aaiov_e Exanmpl e 3 b@téblgy%tahvﬁ p’\ﬁﬁp@q_ﬁ@afﬂdthé_ &_amesm?nnhmnw ias_ in
caralyst was s CRaMPIfs L 65X CRRY CNAh. CRExIITan | UBoMEARIGORIEE S HAS 02) ] -
15 (lijSit_ng t hi _5? attagle)dswifﬁrhiﬂ.r&{i%i&ﬂ %@b?@uﬁr?gﬂla% L(G@M'Mhio%en_ti C%i_l ble 2
condartrons w ose O e . e resu S were as sno In apl e .
Com ar ative BRANAIE'HE 205?%9{-1@2%5 A“B%’t’a??gt’e\'i\ééoﬁjeﬁérggsisr? IMRA same

manner assi njEXg0phA BE veneant tTed dompels eeusnagioRhemreRdtUmgst at e
sol ution was usei. The conpoiétlon of the resulting catal yst was as

fol lows: 25 9atadyed Was1 50,9 LW D, (A1203) - 12. 9% (Si 02)]. Using this
catal yst, the reaction was carried out under identical conditions with

h f le 10. | hown jn Table 2.
Conpar at i v. 6. Bxardil 0 (Sl o) olio prpbt LA6Hn (e 037 Herksdi0 2 i n

Exanpl e 10, except that the anobunt of Sb203 was changed to 61.1 g. The
resulting catalyst had the follow ng conposition: 35 92. 2% (Cr 1 Sh~W.
50x) / ~30 9% (A | 203ls-ing dhis qatop)ygt, the peactivnopez garwdiesy this
catal yst, !ngykeankiedn iWh A I Qi HOFETw i fRNthEek eanEidnie W L

t hose of Exanple 10, except that the reaction tenperature was changed to
540 C. The rexaeprd wded dhesH®art ipmaberperatucenpasachangeexdo-192®

°C. The results were as shown in Table 1

15 A catalyst was prepared in the same manner as
in Example 2, except that the ammonium metavanadate was
replaced with 0.58 g of nickel nitrate [Ni(NO,),-6H,0,
Wako Pure Chemical Industry, Ltd., purity 99.9%] as
dissolved in 50 ml of water. The composition of the

20 resulting catalyst was as follows:

40% (Mo Sb, W,  Ni, ,0,)/[47% (Al,0,)-13% (Si0,)].

Using this catalyst, the reaction was carried
25 out under identical conditions with those of Example 1.
The results were as shown in Table 1.
A catalyst was prepared in the same manner as
in Example 2, except that the ammonium metavanadate was
30 replaced with 0.51 g of magnesium nitrate [Mg(NOa)Z-
6H,0, Wako Pure Chemical Industry, Ltd., special grade
reagent] as dissolved in 50 ml of water. The composi-

tion of the resulting catalyst was as follows:

35 40% (Mo Sb, W, Mg, ,0,)/[47% (AI,0,)-13% (Si0,)].



A catal yst was prepared in the same manner as in Exanple 10, except that

t he anbunt of the agueous ammoni um net atungstate sol uti on was chanmgﬁcvgmz
139.0 g. The conposition of the resulting catalyst was as fol10 |lo

93.4fo0 (Cr~Sbl. 5WbOx) /[ 3. 3% (A1203)-3.3% (Si02)]. Using this catal yst, the
reaction was carried 15 out under identiggl conditions with those of
Exanpl e 10, except that the reaction tenperature was changed to 540C. The
results were as shown @I-H%blteh l?s cath IQI&T @IQQZr@?cﬂ‘@hagsf’cjaQr]@dzo 25
ReactlonPropaneSeIect|V|ty Pr opyl enet enp. conver si gngne- pass C) (nol
9@propy|enea@wéléﬂﬁ?(e“d@mﬂﬂca%[BQﬂﬁ){'%P§0$ggblth088 of2Examm letBxanp | a
1150033. 9457153 5 0 2. 914. 6Examp | a
1353035 239 Ng5reghits) EEﬁ%a'rg) qs SHAHORT T8k 85 o1 AExanp | a
1550034. 640Exemplg14. lExanp | a 1653032. 338. 71. 412. 5Exanp | a

%72322209§32317;§431§3A;§é§np!iﬁﬁ%%ﬁ%?iéb?5§§5B%05%élgiﬂgcﬂawzgyIWFExanp
8Conpar at i veERahpampa e6 2303 c 4 Yde gmpopavat nedExamadate MHD15
233. 73. 85. loompanapi %%Bbar%)] t%aciﬁSS‘Lpgﬁnm}&Sox?ae géggé E@méo%ne ‘o

Exanpl e 11 wagPl2p&at &d ‘exce ropane was reg
pr oduce |sobBueaeCh§hapaﬂsInﬂu&ﬁﬁﬂruﬁ@deOMUtybE Qae%braWadqaaﬂ&NE¢mth

Chrough uni chiaopent: in e omitle FAP Einlpf b R FRAH I FET L ™™

rati o) wd® pastedyat masatas dfolllids: ml/nmin. The reaction tenperature was
500C. The results were as follows: 35 isobutane conversion = 27.7 nol/
i sobut ene select|V|ty - 30.7m % 8 0 CT 2002 zs nethacrolein

sel ectivity = 3. 5408 dMonSbpasd yi Sty 0f0] 56DUTRNEAT ,0 5 -18%% (Sblayip) .e_20

Catal ysts were prepared in the sane manner as

Using this catalyst, the reaction was carried
15 out under identical conditions with those of Example 1.
The results were as shown in Table 1.
Comparative Example 1

A catalyst was prepared in the same manner as
in Example 1, except that use of the Sb,0, powder was
20 omitted. The composition of the resulting catalyst was

as follows:
28% (Mo W, ,0,)/[56% (Al1,0,)-16% (Si0,)].

25 Using this catalyst, the reaction was run
under identical conditions with those of Example 1,
except that the reaction temperature was changed to 510
°C. The results were as shown in Table 1.

Comparative Example 2

30 A catalyst was prepared in the same manner as
in Example 1, except that use of the ammonium metatung-
state was omitted. The composition of the resulting

catalyst was as follows:

35 23% (Mo, Sb, ,0,)/[60% (Al,0,)-17% (Si0,)].



5 in Exanple 17 except that they contained tin, cobalt or nickel,
respectively, instead of iron. Those catal ysts were used in the reagtdcqrm
run under identical conditions with those of Exanple 17, to produce sim Pz;r
results. Examle 21 10 Each i ndependently tenperature-controllable s i
ng |l e-pi pef | owtype reactors (A , (B) and (C) were connected in such
a manner that gas would flow by the orderl®f (A) to (B) to (C) , wi th the
pi pi ng sodes i gned that the gas forned in the reactor (C) is
introduced 15 into an alsioipttlonscortimhysd, althew raesst imn oma of reondensed
conponent and jqntro i f yn d d | oM of th

absor ption cgjldl?‘r%h'jiﬂ(i’%ﬂ ﬁcga ?e%épgrl led%‘@t ﬁ’pgﬁ ﬁgﬁjt%sef géz?;vI ?ﬁ?@w %oﬁti oﬁ,heand

t he reacti on nessi Ictondiusteda s $howhe iholTlabviend . parti cul ars. The pi pi ng 20

al so was so ct ed ir could be introduced into the reactor
(B) through I%;t&g{bgdéaetfi.“\%{?éé%ﬁﬁgué (Preparation of catalyst) 8 g of the
catal yst &s used in Exdhpdat2l wat paskedeparnedhd ir ddot osanfgy)manmbari ab a t he
reactor (B) S i at gl yst t fol |l ow ng
conposition ( xcEé(ga["Fpﬁ%k?;y\é\ée%%eég ggg%r ?B%dta?'r?x%xta(rgpﬁe eoé)l‘j'ﬁgh%eggl%tent
Publ i cation No20MP2avkY 1v2ngétd10608R1 SFe1WeBiat, 368K 105" s BDi daesodact or (C)

oxygen) s asteisl Fn Bafft B ofhskpRic e ddlt i g0heh inocs: 55

N1012V8. 1WL Cm2.t3Shingdtate 8o Ou€idn282227 tohé.fA%vg r adres biiapropane, air

and recoveled.g from absoy ptongcol u wer Q. cqntrol |l gd h S

i nl et porﬁf o%b K| rPeov\LrHeearct of’g(?k) li1gs%t onglh\?e Ct%H‘Z’°rSe'gJS&?'gn$‘SaEﬁ‘%oh%§¥??i on of
15 vol % C3H8,i nkb ol byt amals 78svbb%l bwsef. i nert gases conprising nitrogen,
carbon oxide, etc. In that occasion, the space velocity to the oxidative
dehydr ogenation catal yst was 3000 hr 1. The product gas fromthe reactor
(A) was fed i nto40%k tMacSioy;WB)O0wh/il47%a (Adging 3% t (2i®sb] at such a
rate that 02/ CaHe ratio 10 therein should becone 3.0 at the entrance
portion of the reactor (B), and the product gas fromthe reactor (B) was
fed into itthe reactor (®sifhetheasbovn tetpéyatur dahe neadiei oeawésrs (A) ,
(B) and (O dur i.ng the run wek 3 50C, . 1es i ye i y. 15
Anal ysi s of R rp'reo LPCL{t gté%d?'fohgfaﬁgqggellctggﬁd?g q%nsdﬁ:h{@dﬂ?%%o}‘
conversi on, &Xahmiod %.andlfaer yésa | &si deyieclad, shdwih niol Yalikanpl e 22
(Preparation of catalyst) 20 12.5 g of the catal yst as used in Exanple 11
was packed in the reactor (A). O herwi se the reaction was carried out in
the identical manner with Exanple 21. Analysis of the product gas fromthe
reactor (C) showed C3H8 conversion, 46.5 nmol % and acrylic acid 25 yield of
20.6 nol % - 80CT 200z 28 ainms: 1. A catalyst for oxidative
dehydrogenati on of | ower al kanes, said catal yst being suitable for use in
vapor phase oxi dative dehydrogenation of C2-C5 | ower al kanes in the
presence of nol ecul ar oxygen to produce correspondi ng ol efins and
characterized by having a conposition expressed by a general formula (1)
bel ow.




AaSbRWYDsOx (1) (in which Ais at |east one netal selected fromthe group
consi sting of nolybdenum and chromum Sb is antinony; Wis tungsten:g @” ﬁ]ﬂ?
oxygen; and Dis at |east one netal selected fromthe group cons i st |
ofV,NbTa)FeCoNl,CuAanBTI Sn, Pb, Te, L i NaK
Rb, Cs, My, Ca, Sr, Ba, La, Ce and Sm au( 'y, 8 and x denote atomc
nunbers of A Sb, W D and 0, respect i | y, where when a = 1 , - 0.
5-10, 'y = 0. 1-10 and S =0-3 ; and x i s a nunerical value determ ned by
the state of oxidation of those el enentfBpEher than oxygen) 2. A catalyst
according to Caim1, in which Din the general fornmula is at |east one
netal selected fromthe group cons i st i ng of V, Nb, K M, Sn, Fe, Co
and Ni . S.Acatalyst gcordln;to Qalmgﬁ [ z whe "1
~3 = 1-5, 'y|= 0. 2-5 arjfegctien pPrepanees er|re @C'Ebv‘tWevG@rlle %I f QR (1)
4. A catal ys{ according [temgl ai m gomveraionn wh i ch, when a =| Qne'(r&ss 1- 3,
y = 0. 3-% apd b = 0-0. {3, (P@f er (i ngot 0%} he gag[ 1%?8]@14 lYield A
process for ] rodu0| ng ollefins which corrprl < (4 an dPhY,ﬁHpg@ncltl ng
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Catalysts were prepared

in Example 7 except that they contained

D0 mol%

thyo,wgp{;ctuthyowg o) molk 100 & ()-1°

8.5 mol%.

iron,

in the same manner as

cobalt or
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ammonium metatungstate solution MW-2 as diluted with 50
ml of water and 13.1 g of the Sb,0, powder as dispersed
15 in 100 ml of water with homogenizer were added to the
system by the order stated, and then the whole system
was stirred for 2 hours at about 80°C, while maintaining
the constant liquid level. Thereafter the heating
temperature was raised to 90°C and stirring was contin-
20 ued for about 4 hours to concentrate the system by
evaporation of water content. So obtained paste was
dried at 120°C for 14 hours and then fired in nitrogen
atmosphere for 3 hours at 580°C. The composition of the
resulting catalyst was as follows:
25
80% (Gr,Sb, W, 50,)/[10% (Al,0,)-10% (Si0,)].

Particle size of the above catalyst was uni-
formized to 9-20 mesh, and 2.8 g of which was packed in
30 an ordinary flow type reactor. The oxidative dehydro-
genation reaction of the invention was carried out under
the following conditions. The results were as shown in
Table 2.
Reaction gas: C,Hg/0,/N, = 1/1/8 (molar
35 ratio)
Feed rate: 112.5 ml/min,
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Reaction temperature: 530°C
Example_ 11

A catalyst was prepared in the same manner as
in Example 10, except that 0.351 g of ammonium meta-

10 vanadate (NH4V03, Wako Pure Chemical Industry, Ltd.,
special grade reagent) as dissolved in 50 ml of water
under heating was added after the addition of the aque-
ous ammonium metatungstate solution and before the
addition of the Sb,0, powder dispersion. The composi-

15 tion of the resulting catalyst was as follows:

80% (Cr Sb, W, Vo 450,)/[10% (A1,0,)-10% (Si0,)].

Using this catalyst, the reaction was carried
20 out under identical conditions with those of Example 10,
except that the reaction temperature was changed to
500°C. The results were as shown in Table 2.
Example_12

A catalyst was prepared in the same manner as

25 in Example 11, except that the amount of ammonium meta-

vanadate was changed to 1.05 g. The composition of the
resulting catalyst was as follows:

80% (Cr Sb, W, Vy ;50,)/010% (A1,0,)-10% (Si0,)].
30
Using this catalyst, the reaction was carried
out under identical conditions with those of Example 10,
except that the reaction temperature was changed to
480°C. The results were as shown in Table 2.
35 Example 13

A catalyst was prepared in the same manner as
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Using this catalyst, the reaction was run
identical conditions with those of Example 10.
esults were as shown in Table 2.

Example 14

in Ex
15 repla
Pure

A catalyst was prepared in the same manner as
ample 11, except that the ammonium metavanadate was
ced with 0.30 g of potassium nitrate (KNO,, Wako
Chemical Industry, Ltd., special grade reagent) as

dissolved in 50 ml of water. The composition of the

resul

20

under

ting catalyst was as follows:
80% (Cr Sb, W, K, 450,)/[10% (A1,05)-10% (Si0,)].

Using this catalyst, the reaction was run
identical conditions with those of Example 10,

except that the reaction temperature was changed to

25 540°C.

The results were as shown in Table 2.

Example 15

the s

A 1-liter beaker was charged with 182.6 g of
ilica sol Snowtex N and 100 ml of water, and the

content was heated to about 80°C under stirring. Under

30 conti

nued stirring, further 4.00 g of chromium nitrate

(Wako Pure Chemical Industry, Ltd., special grade re-

agent) as dissolved in 50 m| of water was added, fol-~-
lowed by addition of 2.32 g of the aqueous ammonium
metatungstate solution MW-2 as diluted with 50 ml of

35 water,

50 ml

0.058 g of ammonium metavanadate as dissolved in
of water under heating, and 2.18 g of the Sb,0,
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20 in Example 15, except that the ammonium metavanadate was
replaced with 1.30 g of niobium oxalate (CBMM Co.,
containing 20.5 % of Nb,0; upon conversion) as dissolved
in 50 m| of water. The composition of the resulting
catalyst was as follows:

25

10% (Cr,Sb, W, zNb, ,0,)/[90% (Si0,)].

Using this catalyst, the reaction was carried
out under identical conditions with those of Example 10.
30 The results were as shown in Table 2.
Example 17
A catalyst was prepared in the same manner as

in Example 15, except that the ammonium metavanadate was
replaced with 0.81 g of iron nitrate [Fe(NO,),-9H,0

35 Wako Pure Chemical Industry, Ltd., special grade re-—
agent] as dissolved in 50 ml of water. The composition
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the Sb,0, powder as dispersed in 100 ml of water with
homogenizer, by the order stated. The system was
stirred for 2 hours at about 80°C, while the liquid
level was maintained constant. Thereafter the heating
20 temperature was raised to 90°C and stirring was contin-
ued for about 4 hours to concentrate the system by
evaporation of water content. So obtained paste was
dried at 120°C for 14 hours and then fired in nitrogen
atmosphere at 580°C for 3 hours. The composition of the
25 resulting catalyst was as follows:

Cr Sb,Wy 5Vy ,0,.

Using this catalyst, the reaction was carried
30 out under identical conditions with those employed in
Example 10 except that the reaction temperature was
changed to 540°C. The results were as shown in Table 2.
Comparative Example 4

A catalyst was prepared in the same manner as
35 in Example 10, except that no chromium nitrate was used.
The composition of the resulting catalyst was as fol-
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76.6% (Sb,W,0.)/[11.7% (A1,0,)-11.7% (Si0,)].

5 Using this catalyst, the reaction was carried
out under identical conditions with those of Example 10,
except that the reaction temperature was changed to
540°C. The results were as shown in Table 2.
Comparative Example 5

10 A catalyst was prepared in the same manner as
in Example 10, except that no Sb,0, was used. The
composition of the resulting catalyst was as follows:

65.2% (Cr Wy, 50,)/[17.4% (A1,0,)-17.4% (Si0,)]
15
Using this catalyst, the reaction was carried
out under identical conditions with those of Example 10.
The results were as shown in Table 2.
Comparative Example 6

20 A catalyst was prepared in the same manner as
in Example 10, except that no aqueous ammonium meta—
tungstate solution was used. The composition of the
resulting catalyst was as follows:

25 74.2% (Cr,Sb, 40,)/[12.9% (Al,0,)~12.9% (8i0,)].

Using this catalyst, the reaction was carried
out under identical conditions with those of Example 10.
The results were as shown in Table 2.

30 Comparative Example 7

A catalyst was prepared in the same manner as
in Example 10, except that the amount of Sb,0, was
changed to 61.1 g. The resulting catalyst had the
following composition:

35
92.2% (Cr Sb,W, ;0 )/[3.9% (A1,0,)-3.9% (Si0,)].
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/R0, ! -
10%&& () - F Using this catalyst, the reaction was carried
out under identical conditions with those of Example 10,
except that the reaction temperature was changed to 540
°C. The results were as shown in Table 2.

5 Comparative Example 8

A catalyst was prepared in the same manner as
in Example 10, except that the amount of the aqueous
ammonium metatungstate solution was changed to 139.0 g.
The composition of the resulting catalyst was as fol-

10 lows:

93.4% (CGr,Sb, W,0.)/[3.3% (Al,0,)-3.3% (Si0,)].

Using this catalyst, the reaction was carried
15 out under identical conditions with those of Example 10,
except that the reaction temperature was changed to
540°C. The results were as shown in Table 2.
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TABLE 2
Reaction |Propane Selectivity (mol %) |Propylene
temp. conversion one—pass
5 (°C) (mol %) | propylene |acrolein [Vield
(mo! %)
Example 10 530 31.7 38. 2 2.7 12. 1
Example 11 500 33.9 45. 5 3.1 15.5
Example 12 480 32.2 45. 3 2.9 14.6
10 Example 13 530 33.5 39.3 2.8 13.2
Example 14 540 31.8 39.0 2.9 12. 4
Example 15 500 34. 6 40.9 1.3 14,1
Example 16 530 32.3 38.7 1.4 12.5
Example 17 530 33.8 36. 7 1.3 12. 4
5 Example 18 540 28.5 35.1 2.5 10.0
Comparative
Example 4 540 9.6 31.2 4.3 3.0
Comparative
Example 5 500 26.5 14.3 0.3 3.8
Comparative
Example 6 530 30.8 14.0 2.0 4.3
20 .
Comparative
Example 7 540 15.2 33.7 3.8 5.1
Comparative
Example 8 540 28. 3 15.5 2.6 4.4
25

Example 19
Example 11 was repeated except that propane

was replaced with isobutane to produce isobutene. That
is, an ordinary flow type reactor was packed with 2.8 g

30 of the catalyst as used in Example 11 of 9-20 mesh in
size, and through which a reaction gas composed of
i-C,H,,/0,/N, = 1/1/8 (molar ratio) was passed at a rate
of 112.5 ml/min. The reaction temperature was 500°C.
The results were as follows:

35 isobutane conversion = 27.7 mol%

isobutene selectivity = 30.7 mol%
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35

methacrolein selectivity = 3.5 mol%

—

one—pass yield of isobutene = 8.5 mol%.

Catalysts were prepared in the same manner as
in Example 17 except that they contained tin, cobalt or
nickel, respectively, instead of iron. Those catalysts
were used in the reaction run under identical conditions
with those of Example 17, to produce similar results.

Each independentiy temperature—-controllable
single-pipe flow type reactors (A), (B) and (C) were
connected in such a manner that gas would flow by the
order of (A) to (B) to (C), with the piping so designed
that the gas formed in the reactor (C) is introduced
into an absorption column to allow absorption of con-
densed component and introduction of the uncondensed gas
flowing out of the absorption column into the reactor
(A) through its gas inlet portion, and the reaction was
conducted with the following particulars. The piping
also was so connected that fresh air could be introduced
into the reactor (B) through its gas inlet portion.

(Preparation of catalyst)

8 g of the catalyst as used in Example 2 was
packed in the reactor (A), while the reactor (B) was
packed with 32 g of a catalyst of the following composi-
tion (excepting oxygen) as described in Example 1 of
Japanese Patent Publication No. 42241/1972:

Mo, ,Co,Bi Fe W,Si, Ky o5
The reactor (C) was packed with 52 g of a catalyst of
the following composition (excepting oxygen) as de-

scribed in Example 1 of Japanese KOKAIl No. 206504/1996:

Mo, ,Vg W Cuy 3Sb, .



109RIRE ()-F 109RIRE ()-F 109RIRE ()-vwxyz{|tDvU4/F 109%R% K[ 1] m F
1098988 () - % 1098988 ()-F 1098%&&' ()-F 109&%&&' ()-F -8 00T 2017
1098988 ()-| _?vU4/F 10F 109RIR& ()-F 109RIR& ()-F 109RIR& ()-F

109RIRE ()-F 109RIRE ()-F 109RIRE& ()-| DvU4/F 10F 109RIRE& ()-F

109988 ()-)F 10%9%&& ()-F 10%98& ()- Fy 109%98& ()-% K[ 1] m t T4vU4/ F

109RI&& () - F

10

15

20

25

10%89&& ()-F 10%RY&& ()-F “'109%89&& ()-/K[ 1] m F

The flow rates of propane, air and recovered
gas from absorption column were so controlled at the gas
inlet portion of the reactor (A) as to give the reaction
gas composition of 15 vol% G, H,, 15 vol% 0, and 70 vol%
of inert gases comprising nitrogen, carbon oxide, etc.
In that occasion, the space velocity to the oxidative
dehydrogenation catalyst was 3000 hr™ ', The product gas
from the reactor (A) was fed into the reactor (B) while
adding air thereto at such a rate that 0,/C,Hg4 ratio
therein should become 3.0 at the entrance portion of the
reactor (B), and the product gas from the reactor (B)
was fed into the reactor (C). The reaction temperatures
in the reactors (A), (B) and (C) during the run were
490°C, 325°C and 250°C, respectively.

Analysis of the product gas from the reactor

(C) indicated: C,Hg conversion, 42.3 mol% and acrylic
acid yield, 19.0 mol%.
Example 22

(Preparation of catalyst)

12.5 g of the catalyst as used in Example 11
was packed in the reactor (A). Otherwise the reaction
was carried out in the identical manner with Example 21

Analysis of the product gas from the reactor
(C) showed C,H, conversion, 46.5 mol% and acrylic acid
yield of 20.6 mol%.
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Ao Sb D ;0 (1)

(in which A is at least one metal selected
from the group consisting of molybdenum and
chromium; Sb is antimony; W is tungsten; 0 is
oxygen; and D is at |least one metal selected
from the group consisting of V, Nb, Ta, Fe,
Co, Ni, Cu, Ag, Zn, B, TI, Sn, Pb, Te, Li, Na,
K, Rb, Cs, Mg, Ca, Sr, Ba, La, Ce and Sm; «,
B, vy, & and x denote atomic numbers of A, Sb,
W, D and 0, respectively, where when o = 1, B
= 0.5-10, y = 0.1-10 and & = 0-3; and x is a
numerical value determined by the state of
oxidation of those elements other than oxy-
gen) .
2. A catalyst according to Claim 1, in which D in
the general formula is at least one metal selected from
the group consisting of V, Nb, K, Mg, Sn, Fe, Co and Ni.
3. A catalyst according to Claim 1 or 2, in
which, when o = 1, B = 1-5, y = 0.2-5 and 6 = 0-0.5,
referring to the general formula (1).
4, A catalyst according to Claim 1 or 2, in
which, when aa =1, B =1-3, vy = 0.3-3 and 6 = 0-0. 3,
referring to the general formula (1).
5. A process for producing olefins which com—
prises oxydizing and dehydrogenating C,~C, lower alkanes
in the presence of molecular oxygen at vapor phase to

produce corresponding olefins, characterized in that a
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catalyst as described in Claim 1 is used.

6. A process for producing unsaturated aldehyde
and unsaturated acid from lower alkane which comprises
oxidizing an olefin which has been obtained through
vapor-phase oxidative dehydrogenation of C,-C; lower
alkane in the presence of molecular oxygen using a
catalyst as described in Claim 1, at vapor phase in the
presence of oxygen to produce unsaturated aldehyde and
unsaturated acid.

7. A process for producing unsaturated acid from
lower alkane, which comprises oxidizing at vapor phase
the unsaturated aldehyde as obtained according to Claim
6 in the presence of molecular oxygen to produce unsatu-
rated acid.



