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1 ) LONER ALKANE OXI DATI VE DEHYDROGENATI ON

CATALYSTS AND A PROCESS FOR PRODUCI NG OLEFI NS [ Technical field to
which the invention bel ongs] 5 This invention relates to | ower
al kane oxi da- ti ve dehydrogenation catal ysts and a production process
of olefins using said catal ysts. Mre speciffically, the I nvention
relates to the catalysts which are suitable for use in vapor phase

oxi dative dehydrogenatlomawgﬁqﬂﬂmﬂug:UXKEgmwﬂEIUEHNDR&GEN&$IQMere|nafter

occasionally referred to p

nmol ecul ar oxygen to ppﬂmg@p%%@{aﬁﬁi a%@é”@? @lgégi]ﬁg for
oxydi zi ng and dehydrogenatlng | oner al kanes with nol ecul ar oxygen to
produce corres di ng ol ef t 15 hjgh yields, th the use of said

catal ysts. FtorréGh“'ca'thjé ' |Wﬂfé§5§%?fﬂ%ﬁ%& PP ORESS for

produci ng, fgomthe ol ef iThg s\/\hlrﬁ)‘edﬁ\&\ b&ﬁlrhm at!dlebbwer télrk'mgél yRpda-phase
oxi dative dehydrogena o) err]-Cer r al k ﬁy'n t he presence

of nol ecul ar oty ¥€n ety rm%tr'é%'bcﬁﬂﬂ%g’ﬁ‘%aﬁ R R AFYeheRsPRAAESS

unsat ur at ed oqabh%¥ﬁhbcu%ﬁWﬁ$ said cdﬁ?!i&téﬂt]More specxflcaP$ya the
production process far Iomer olefins, in 25 artlc%b g p%lene
ka

i sobut ene, si npN¥egdr@dr 52l ategerda ithe Hakr wstak Fecently

reduced to  ifpguglsll gln Wa%%tr' Ghad®WVEdat {V8 SdehPEesSenat SoR] 661C,— tO
an essential problemthat it ncapabl e of giving I gh ¢conversi 6n due

to the equild blclsudwol""’em tadt'ﬁwsan e At AR oA | bY Fﬁ" grred to

temperatures. iy Bsddioyer diiedtef er %Wé'&ﬁe@éné@eoﬁamall ¥6U 1 wirt hi n
a short peri o i S i navoi dable in sai I’OCGSS i ch necessi - tates

frequent regen@%&ge@nt@fQﬂﬂﬂ%ﬁﬁeﬂ%ﬁﬁeﬁﬁﬂﬂﬂﬁQg olafy®sn 20d\@rPEPCEESt he
like. 1n conseqyencsy dn'z%tgn?a%ocqmtJMQ%m% suw@r uh | kahy¥sCR$th for

runni ng the process are and,” dependi ng on the, condjtions of
molecular oxygen to produce corresponding olefins at

15 high yields, with the use of said catalysts.

The invention also relates to a process for
producing, from the olefins which have been obtained
through vapor phase oxidative dehydrogenation of C,-Cy
lower alkanes in the presence of molecular oxygen, the

20 corresponding unsaturated aldehydes and/or unsaturated

carboxylic acids.

[Prior art]
As a production process for lower olefins, in
25 particular, propylene and isobutene, simple dehydro-
genation process of lower alkanes is recently reduced to
industrial practice. However, this process is subject
to an essential problem that it is incapable of giving
high conversion due to the equilibrium limitation and
30 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
. ~ g
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2 location, it is unprofitable and its industrial applica- tion is
restricted. Whereas, attenpts to produce | ower ol efins from
| ower al kanes through oxi dative dehydrogenation 5 which is free fromthe
limtation by equlibrium have been made since |ong, and various catal yst
syst ens t heref or have been proposed. Andng those known, there are
Co- Mo oxide catal yst (USP 4, 131, 631), V-M oxide cat al yst (USP
4,777,319), N tdpabxbfe ¢at akyahptEPitab3€9aAd3 iAs) iGellsenrily/|Cafpdrirda—
catal yst (CN 1,073, 893A), N?-Nb catal yst [Neftekhimya (1990), 30(2)
207-10], V[errftf%rff/RBFEF ftférr] catal yst [J. Chem Conmun. (1991)
ES) )558- 9], rar e] earéh Whypeadat Q@tlsmpalsysb bﬁ]aﬂabe llle'wb.r ecleFans 37,
3,4), 241- - 6] a Blerr errl]{Al[err]Q.err] catalyst [ACS.Svnp. Ser
(1996), 638 157(B¢ ?%Ené&!ﬁg'ﬁ?d%éa E[inl’%ﬁaﬁt'i"(?n ei‘&é—"f%é")“.atﬂ?gge
gngwg cat al sttﬁhibﬁ}/\/@yefrebn‘?aﬁinabhﬁ $hﬁth$ﬁ¢nl b\ﬁv legudli br i vaxitdatd ve |
ehydrogenati on performance, the property of, t ri i nportance, an
are far short Beepnmaderpance 'BP&ct?Eg.¥25'°us Ca%aqyf&g&ﬁ%@@"ﬁhid-open
(KOKAI') Patent¢RepEFeat hate beeKOSAbpdaed245ARM6NEO Y ofswr tiimawipr etheard ai ns a

di scl osure on a_prqcess for further Ldi zi pr, | e,y Whi ch, was

f or med throughaﬁ%hgﬂFﬁﬁeﬁéﬂﬁéncéFaaV§§agg$gté'Egadéggx' VggW§ﬂ§§¢&ﬂd. Thi s
process, NowevgktalgeeSEUSAL 85729, eahyaN offol b idedicaqart visti IEEP dur ing the
ehydr o- gena

t f f t t ) KCOKAI
Nos. 045643015049, 44848171858, /6sb1pasaevata (N 13672, S000 " HeMali ocl ose
processes for FofghpgtUlRaFyekhimigacd1abdehyades2andog—iadidy jo oML er

et hacr ol i nondrof yabt haer Ghem. aGonmunom (18085t 483 558-H e A1 e FANE of
the_ processes raiadatep BREal L TCatal LB (O g e
catal yst 35 tobbeandeB,0,/A1,0, catalyst ?AGS Symp. Ser. (%dg%), 6&%
15 (Heterogeneous Hydrocarbon Oxidation) 155-1689). Those
known catalysts, however, invariably show very low level
oxidative dehydrogenation performance, the property of

the prime importance, and are far short of industrial

practice.

20 Japanese Laid-open (KOKAl) Patent Application,
KOKAl No. 245494/1896 furthermore contains a disclosure
on a process for further oxidizing propylene, which was
formed through dehydrogenation of propane, to produce
acrylic acid. This process, however, necessitates

25 removal of the hydrogen formed during the dehydro-
genation of propane from the reaction gas. Japanese
KOKA| 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 iscbutane.
However, vield of these cbject 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.



3 [ The problemto be solved by the invention] An obj ect of

thi.s invention is to provide novel oxidative dehydrogenation catal ysts
useful for vapor phase oxi dative dehydrogenation of | ower alkanes 5 with
nol ecul ar oxygen to produce correspondi ng | ower ol efins at high yield;
and also to provide a process for producgng from |l ower al kanes the
correspondi ng ol efins at high yield, by the use of said catal ysts.

Anot her obj ect Pfpd Ner dBIVERI &ML SsbPvEAOKYdend0iAvBRRGBART fOr producing
froml ower al kanes correspondi ng unsaturated al dehydes and/ or,

unsat urated carboxylic Amcoseat af ghh yFeFGVG“t'°"[N@aEB PEPVAEBYI ng t he

problenf 15  payel o%\édélev\een&éﬁyepageﬂét%hveasbw%eg ueesfaareﬂar of
the catal ysts suitable for oxidizing r al kanes

wi th mol ecul ar \(ﬁ%"erph%s?)r%u@et‘Vetﬁéh&éFPégﬁégdPﬁgofoaéWeél éﬁﬁ%@e%o

di scover thag %thqﬁ&péa/@tapoa&ggahnsonansaueaecaﬁrgagohadhgpea%ble 20
conponent, or a catal yst said catalytically active conponent Is

supported on a 9kgfHes Yy hhehguhetd; apdrpil 8P ERnPHPY idRcal PERCSSS d& ve
dehydr Oge“at'OHot% @@fﬁ@fﬁ?&ﬁeloaaﬂ {amﬁsnbe\A%eobsP'reggsﬂul.ﬂgbelaquwsced at

high yield wt e use of said catalyst he present I nvention has been
conpl et ed basedaorhigleseieldcoberthbe. use of said catAby¥Stehe present

i nvention provides catal y,%%ther f 9B 39& dah YRe dPHYEREYBRAAY 50000 rbQWaIe
al kanes, said catal ysts being suitable for use in vapor phase oxida-

tive dehydr b§ermtprocess fer rprofueingl friem Apwafied|kanegeconrgeeoadde of
mol ecul ar Oxyggihéé)tm%&eaF@éﬁgagenghagor uﬁkﬁtypateadcsb%&%%' zed by

having a conpositlon ex- eneral fornmula bél ow:
[err] 35 acids atlmlmhlmhekd denotes manganese, and 0, oxygen:;

[Means for solving the problem]

15 We have made concentrative studies in search
of the catalysts suitable for oxidizing and dehydroge-
nating lower alkanes with molecular oxygen to produce
the corresponding lower olefins, to discover that a
catalyst containing manganese as the indispensable

20 component, or a catalyst in which said catalytically
active component is supported on a refractory inorganic
carrier exhibit excellent oxidative dehydrogenation
performance; and that lower olefins could be produced at
high yield with the use of said catalyst. The present

25 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-
tive dehydrogenation of C,-C, lower alkanes in the

30 presence of molecular oxygen to produce corresponding
olefins and characterized by having a composition ex-
pressed by a general! formula (i) below:

Mn E'GE® 0x (N

35

(in which Mn denotes manganese, and 0, oxygen;



4 ‘ E[err] is at |east one elenent selected fromthe

group consisting of P, As, Sh, B, S, Se, Te, F, d, Br, I,

Nb, Ta, W Re and Cu; Eferr] is at | east one el enent sel ected
fromthe group 5 consisting of Cr, Fe, Co, Ni, Ag, Au, Zn, TI,
Sn, Pb, Bi, Li, Na, K Rb, GCs, My, Ca, Sr, 4Ba, Y, La, Ce, Nd
and Sm and [err], [err], [err] and x denote

1 2 at ol nemaer 9 e@fs tMan eEledieen tE] < Irdctaé'tﬂ frofgethe I -

spectively, where when [err [.err] = 0, [err] 0

0-5, and x is a nunerlcagrQLPuéoﬁéﬂéﬁdﬂﬁé& %A % Sb.' '8, ttﬁ?et%ﬁe of

oxi dation of those elenmefAtscoth@y, |, Nb, Ta, Wtha;"lamyg}m) E is at

The present invention furt her nor e provi des a ss f produ0|ng
|Qﬁ$q§€ﬁ5'

ol efi ns which conprises V&ast Ppepielemedti s&! t§ TR

Jerr]-Jerr alkanes i ncbhgustlwg%ernm OfFenDIO%culNaur Oy, g€ku,t &Zri,0rm
correspondi ng ol efins

racterl t he e above- esc i bed
catal yst. 5Beo%§pn 't o ﬂhe%%ﬁeéén&% 3&htﬂ@% Art é
nore, a process for prodycipg, i;reorrwldo%rd esl,,ka@e}d o, Prsaf uird ed @é,ﬂebyde

and unsaturated acid at hlgh i el d rOVI N which an olefin
obt ai ned through vapor- 2 OBH&SQU&Pﬁdét nd@NrPote’H erh§= CIerr]
| ower al kanes in the gpesenee 19f mle@%ulwwerpwgen Ui ng 0.1 atmyv ey

defined catalyst is further oxidjzed at vapor phase |n t he ce of
oxygen to pibvi de unsat uPaPedasdd&nyde 2 “”ﬁWd' atf e deiax d‘P'"e‘frl’

The invention noreover prAg deatd BWo%&SﬂéEan o FPHABEE Nl et 4T gk fesly aci d
from | ower al kane at high 30 yield, whi ch the unsaturated al dehyde

obt ai ned as above is KbﬁﬂhQWYGﬁmalzed at vapor phase in the presence
of nol ecular oxygen to p"rﬂ‘é' ﬂ%‘é%@éque‘?& ¥ Furthernd#®@hdEndes of the

I nvention] 35 More specificall Cerr]-Cerr] lower alkanes
signify process for producing oleflns which comprises vapor

15 phase oxidative dehydrogenation of C,-C. alkanes in the
presence of molecular oxygen to form corresponding
olefins, characterized by the use of the above-described
catalyst.

According to the present invention, further-

20 more, a process for producing, from lower alkane,
unsaturated aldehyde and unsaturated acid at high yieid
is provided, in which an olefin obtained through vapor-—
phase oxidative dehydrogenation of C,-C; lower alkanes
in the presence of molecular oxygen using the above-

25 defined catalyst is further oxidized at vapor phase in
the presence of oxygen to provide unsaturated aldehyde
and unsaturated acid.

The invention moreover provides a process for
producing unsaturated acid from lower alkane at high

30 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.

[Embodiments of the invention]
35 More specifically, C,-C, lower alkanes signify
ethane, propane, n-butane, isobutane, n-pentane and



et hane, propane, n-butane, isobutane, n-pentane and

5 | sopentane. The catal ysts of the present invention are used in
oxi dati ve dehydrogenati on reactions of these | ower al kanes to produce
correspondi ng ol efins, nore specifically, ethylene from ethane,

propyl ene from5 propane, n-butene from n-lgutane, isobutene fromisobu-
tane, n-pentene from n-pentane and isopentene from | sopent ane. These
| over _al kanes %xpk&%tag%d CiTHRCIca ta 1§/ YofOILHRS i dderitr mudnibe® 4 han
one. The oxidative

rogenatlon catal ysts of the prese gnventlon
are 10 useful ©&edtHa p#ad@cttuvmdﬁ vdrrpw%ﬁ i d’rea’ﬁ'kfg'iﬁ e$hd

| sobutene [rom ByBRaRgidsl S0 raed cpadalding olef ins, moFeferring

to the general catalysts in whic E
[err] = 0.02- 2spasd fliser ] v= @tbvler@refrmtqt!m%?rlw&@f ﬁ‘%d

For |nprOV| la€ Cth i I iof bdﬁghéwfxbmt g
catal ysts 01[59t h%&?ﬁ'gra% o})r?unfeg ﬁr&?qs%ql'ﬁd%mel chI Ecierr] corrpo nt Is P, Sb,
REP r

B, S, Nb, Wortree, namentleser |freghpomantane gnd psongntene Ce are
pre-  ferred, ??ent ThER YAt |4y dipgasatu el cai ghast s of

gener al fornula the present |nvent|on may be used as ;@gfprted on
arefractory i songa{m ercasr iaem ipdrunenedf mayg Jdan NG .mpr e Ry \Yey

| evel and physg%ﬁ%dqgggnatléﬂlééﬁ%lf?%é*ﬁ*rfﬁééﬁﬁégéhtrK“€E“Ep°§aéféer

t hose 25 gener reparation of this type of catalysts can be
used, the ridpr eserfudt ifpe et*mm@sdumr@bfofl nclfucarticwlasi |RCePY b0 na,

titanla zi rcogia, I%I%IQ%N@lpquig{QﬂéﬂéIéﬁﬁtiééﬁ“gﬁﬁ@d §é§¢5@¢z¢épﬂnla

In particular, I'ca and si um na are preferred @ cause they 30
give higher yield of obj Beffeprdmgtts thee gendre bfformuia i €B) i nthae

silica-alum na %3%%%3% %%SW&WWA Q= t«ﬁgqr;s-f(? om2-19% g Wei gh—-{ o

| ess than 100% he’anoun catal'ytically active
conponent to bare p@ammauiandMKHWEﬂQ@fQﬁnween 10 and 90% by wei ght of the

35 refractofg | nor gani ¢ %@fr'ﬁﬂbrOV|ng the selectivity for, and yield
of, the product, the catalysts of the general formula
(1) in which E' component is P, Sb, B, S, Nb, W or Re
and g2 component is Cr, Fe, Sn, Na, Mg or Ce are pre-—
ferred.

20 The oxidative dehydrogenation catalysts of
general formula (1) of the present invention may be used
as supported on a refractory inorganic carrier for the
purpose of improving activity level and physical dura-
bility. As the refractory inorganic carrier, those

25 generally used in preparation of this type of catalysts
can be used, the representative examples thereof includ-
ing silica, alumina, titania, zirconia, silica-alumina,
silica—titania and silica—zirconia. |In particular,
silica and silica—alumina are preferred, because they

30 give higher yield of object products. The ratio of
silica in the silica—alumina catalyst system normally
ranges from 10% by weight to less than 100% by weight.
The amount of the catalytically active component to be
carried is normally between 10 and 90% by weight of the

35 refractory inorganic carrier.

The method of preparation of the oxidative



The nethod of preparation of the oxidative

6 ; dehydrogenati on catal ysts of the present invention is not subj ect
to any critical limtations, but any of conventional ly practiced nethods
or known net hods for preparation of this type of catalysts can be used.
For 5 exanple, the catalysts may be prepargd by the procedures

conprising adding to a slurry of manganese di oxide powder anti nony

trioxide powdeaeﬁwragaﬁey%ﬁoha&g@p%tef of tHQO?P@%re'nGt awv@,nth@w G saci d,
ammoni um sul fate amoni um chl ori de, n|o i um oxal at e,

armoni um 10 t ungkt aubjeehehpuanyxraétang |cdppataiiiong e budt @nYa® e[ err]
conponent; if pgf féﬁewﬂswthspfe@%ee ReYRABHS 90! KnloWh metPloddt flgast one

el enent selected fromt err onponent further |f necessary addi ng
a carrier suchpasperﬂttan of husi Axper of healtpit¥stisecanobec dsddhsi F@T he

m xture 15 %{(a.h&%' nghw?,%gfa%%%' f% Brepased lwdﬂw Ipcr%,cedurc&svl ng

t he resultant aste at erf ver|2|ng and di ng, t he sane;
i f necessary fG¢mhéFSeﬁﬁsﬁdﬂgnghéosané'Ufryopfsmf@g&@F§§tﬁéﬁﬁ'@@ re-drying

at 80- 300[err]g%agrﬂ @umoﬁﬁc%ﬁawdéubbn%ﬁ bhidnd quedud Boliaders F

300-800[err] C I ring atnosphere is subject to no I|n1tat|on and
the firing naypbesnbﬂduetedldn kor i cancadiogprend ugr sul fiaitgn die lllew iskygen

concentrati on, g cdyghgq; BhBAPBF e, nibBifiR bRIa18s aifh idm it ogen,

hel i um argon or n vacuum I'n nost desirable practige, the
25 catalysﬂ0|stungstatengrhenuhm hikgHet engecappess nidtraite, etsontgctted with

neor cact. (o BAmBaRbRLL. 19 hBEERLRICFR heraElTay AYARULITE Ak fon has

under gone t he nts at” not
300[err]C. In oﬁaat leeetaenenefehlemteaeﬂ eofiednf riom dther fed compgnent;

tenmperat ure 30f99£h£9“?? hQ@PsEQpréaa?hgbsd ?Y?%rb%dW%ya%fSQIH %,

treating reaction, or direc scribed te In the
| atter case chahgnsnanocathbyﬂukea&hevety, conﬂpnbenabgéﬁvguxawrwhe initial

stage of the Ta6LLoReatinBU i BRT HB: ke ToR! 381 adpiobih Hed Bleriind, eached

drying the resultant paste at 80-300°C; pulverizing and
molding the same; if necessary further crushing the same
for size adjustment or re—drying at 80-300°C; and if
necessary further firing the dry product at 300-800°C.

20 The firing atmosphere is subject to no limitation, and
the firing may be conducted in air, an atmosphere of
high or low oxygen concentration, a reducing atmosphere,
in an inert gas such as nitrogen, helium, argon or the
like, or in vacuum. In most desirable practice, the

25 catalyst is not firing at the high temperatures but is
contacted with the reaction gas containing the alkane or
alkanes and oxygen as it has undergone the drying treat-
ment or treatments at not higher than 300°C. In that
occasion, the reaction may be started at a temperature

30 not lower than the prescribed level by way of a pre-—
treating reaction, or directly at the prescribed tehper-
ature. In the latter case changes in catalytic activity
may be observed at the initial stage of the reaction,
but normally a stable activity level is reached within

35 an hour. |

The starting materials for catalyst prepara-



The starting materials for catal yst prepara-

7 tion are not critical, but may be any of nitrate, sul- fate,

oxi de, hydroxi de, chloride, carbonate, acetate, oxygen aci d, anmoni um
salt of oxygen acid, etc. of the el enents. 5 As M source,
besi des powders of various ox- | des thgreof or nol ded products which
are useful as they are, manganese hydroxide slurries obtai ned upon

treating an dAURPES nDd! Wi i &f b, Yt WQ%‘% nbfraferate! hsul-
aqueous ammoni g or the |ike are convenl%3 sed. Any 10 neans, used for
c deyn'[#

catal yst prepaf&@tion 9% dgendivslr oxigte %%Y%qt%??Bﬁ B a

manganese COMPRyYGeW fle id, GRAIAHIGS sca‘ltot&ﬁroﬂﬂgﬂéﬁla/@;@l eged! sof renet heir
aqueous solution, are appllcable As sul fur source, aqueous sul furic

acid or annnnlﬁﬁﬁgﬁmﬂéte may be used, or the 15 whole or a part thereof may

be introduced in the formsoln so'i}Hc.feat Q)(és)mfés Ydde P £ | War P @ETEGH£S) -

Simlarly, halogen may be introduced as aqueous hydrogen halide or
amoni um hal i dédegr tihereed fogr maidahiRrRquot Hiwhieferare wsefy| yes they

element(s). 205re mangan®@@d Myt it fONUP Ofed SBBEIREY IPOH J8PESL ing
carrier is subject to no crltlcal ltmtation, which al | ows versatlle

sel ection accof®i B§UESUSHEtmast afse o8- ofMANEANST & Q/b’f"ag%l-chwh% besi des
mol ded product gq ueougowmﬁgﬁﬁ gﬁ‘Q%é”]JB@”éP%(Ebnﬁﬁﬂléﬁtﬁp|u53§ Any

The starting gas to be ect to the vapor phase oxidative
dehydr ogenat® omeesscuised focorcsitaf wsk preanar afiafentn i geeskabn Hey i f

necessary oM Bidnb 4, | Welor oo ATatiEH 45 d WATEANSodpaasa ) eRLL

oxygen. I"éc alr or pure o en is used, nor-
mal 'y at a r at compoudds- sfmtéwqcreradabltuo»re aalwts Aérom th@rmam@ugas

an inert gas sugh aqofl t 694l ddtle By e chqadsaun i S

conveni ently us r'edct i on con itions for c rrying out
t he vapor plsaddumiicdaciide ode lamirasgjamats wif adfe tﬂlﬁé/ thesesred. 3501 ntleat i on

are subj ecty g 0ufa 167 bl Gty F ¥ be introduced in the form of
sulfate(s) of other additive element(s). Similarly,
halogen may be introduced as aqueous hydrogen halide or
ammonium halide, or in the form of halide(s) of other
additive element (s).

20 Again the use form of refractory inorganic
carrier is subject to no critical limitation, which
allows versatile selection according to the form of use
of the catalyst, such as, besides molded products,
powder of oxide or hydroxide, gel or sol.

25 The starting gas to be subjected to the vapor
phase oxidative dehydrogenation reaction according to
the present invention may if necessary contain a diluent
gas, besides lower alkane(s) and molecular oxygen. As
the molecular oxygen, air or pure oxygen is used, nor-

30 mally at a ratio of 0.1-5 mols per mol of alkane. 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
vapor phase oxidative dehydrogenation of the present

35 invention are subject to no critical limitation. For
example, the starting gas as described above is con-



exanpl'e, the starting gas as described above is con-

8 . tacted wth an oxi dative dehydrogenati on catal yst of the pr esent

i nvention under such conditions as: at a space vel ocity of 300-30, 000
hr[err] at a tenperature between 250 and 650[err]C. While the reaction
I's normal |y conducted 5 under atnospheric @essure, a reduced or elevated
pres- sure may be used. The reaction systemagain is not critical,

whi ch may be a dowsll RIS Y4 o | dBYi Ve @@WWdro@&ﬁéeﬂbﬁrcétuﬂﬂhtedfbeﬂe
system It may al so be one- ass ‘HH? stem or regﬁﬁllng gsten}

The ol efines (RNGSRY VI i reieh condbhyANEhaSyapBf phiBace

oxi gat ive geﬂygfquﬁﬂaiy ¥ 03‘063{31! rgoeo hrd ﬁét]a I ﬂ?\mpeah:&anﬁsbéahbane250

oxi dative de r d-0Nn e usin e cata t he

i nvention canyb"é‘ ebIE(Lp[ her%hb‘geedl %g‘b licks ufl 5‘!‘3?&%8%5 %ﬁaes and
15 unsatuat egl agidbsr (a?dr&@d“;ﬂwé)xm%#ws@wp)a Aé¢ucadaby- el evateddpabkdehydes
can further be oxidized to produce unsat ur at ed €C|ds aldehyde oxi dati on

step). Thus  SWidpiRedsed ed WreierSRRt AmaF e teMsaBas Bt &8 88tds are
trapped with a%ﬁ*¥¥aé$'(Hhiaﬂtmay(@@SQrplﬁQHS$@@)syeeems inbe i pxybed source
in the present invention, air %%@ %gr oxygen p[oduced Eé ch net hods as
cryogeni c meavidem mrs 7l uidi s%Y $iteRdsof bt PBK) 2 ?hgﬁ gRE™PaSShe
li ke can be used;stgf¥dirgLy&l fhe Pyesant inven- tion, it is possible
to formfrom| ower alkanes the 25 corr&; ondlqg ol ef i ns,

@%‘%‘%ﬁ’%’

out
M ieh"ake) bb Lol beth may be

si de- product®on of hydro-The qjafings
added to thﬁﬂyﬁuéhtﬂhé“%éﬁﬁf(&h@@@ ¢£|@a@hv@fdéh9dab?uﬁa@ﬁeﬁSof c,and
such additional_ oxygen and/ or steam are supplied

or ex 5
above- descri bed® pxhafeat, aktatesanta brane thd@*ék"ﬁh éehaﬁgeaeaﬁténﬁdstep

absorbing step.sing the cataf?%f"ﬁ?sPﬁﬁ'ﬁi&s@%@”?h?eﬁfléﬁeﬁuh patal yst in
t he al kene oxi atlon tep, those expressed by 3 ge eral fornula
(2) may be nam&yrthﬁy oxndlzed to produce unsaturate aldehydes and

MY err]Bi[efg] Rel&ITdA S TdBI &S r [ esnd Berddi6h step) (2) The unsatu-
rated aldehydes can further be oxidized to produce
unsaturated acids (aldehyde oxidation step). Thus
formed unsaturated aldehydes and/or unsaturated acids
are trapped with an absorption column (absorbing step).

20 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-
tion, it is possible to form from lower alkanes the

25 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,
for example, air, above—described oxygen, water and/or

30 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_O (2)

f g ' x



9 : in which Mo is nolybdenum Bi is bisnuth; Fe

is.iron; Ais at |east one el enent selected fromthe group
consi sting of cobalt and nickel; Bis at |east one el enent
selected 5 fromthe group consisting of alkali nmetals and
thallium Cis at |east one el enment selected fromthe group
consisting of silicon, alu- mnium zirconiumand titanium D
is at |east |n0Wf\ i €he BNt ¢S Rl Gbed niu M ing Qﬂﬂ%\lﬁlﬂf‘sﬁé' ng 10
of tungsten, phosphorus, tellurium .antinmny tin, I um

| ead, ni obi um nanganese'saﬂ§éﬁ|cA is at |eaSt Oﬁﬁdaﬂqmﬁnﬁuﬁka9§ﬁ xygen:

and the ratio of tpteh%%%u@ %%%tu%t'ﬁlg Wk dba 1%2.arF0. 1- 10,
c=0. 1-20, d=2-20, e=0. 001 10 % and x is a
numerical val ue determ nadckglth8 is a leaSt ong @t'ee"@fnfoxﬁﬂeﬁqt@rﬂ of those

el ements ot n e@ t £ all®ISo St PANE and
specific exgﬁple of usefﬁrom Eh% g@éh% 0n5|s Hng P eﬁyde JX|dat|on %ﬂep

t hose expressed by 20 foIthQ\Aningmgeﬁerlél aftorlmalsé eMe ma\ementh flpcted
Nb[err]V[err]VWerr]E[errkﬁb®r&hg[§ ogg[%rmkngr@% of silicon, (u-

in which M is nolybdenum Y um tungsten Eis
at | east one el enent sel mindum, zirconium andohittes igmouP d@sﬁlfstlerﬁfbf

copper, cobalt, ﬁbﬁ%ﬂ%hf%q%c% %nfroﬂfiﬁg g 6€F%|6§|unl G

sel ected fromthe group conS|st|ng o]
is at | easti®ne el enent of- tBﬂgsten phosplh@@‘tU@d fredrhuthiasnyr ANt idrsy st i ng

of silicon, B, 2SO0 WTGB | M giHedd | rdanic

| east one elenent selecte fron1 consi st'in
al kaline earth netals, thaldl zamc; and 0 |s oxyﬁWGSthVU%‘thQﬂﬂaﬁhQnﬁftln

cerium | ead, those elements is, when a= 12, b=0.1-10,
c=0.1-20, d=2-20, e=0.001-10, f=0-30, g=0-4
15 and x is a numerical value determined by the
state of oxidation of those elements other
than oxygen.
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,EF G,H,0, (3)

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

25 tungsten; E is at least one eiement 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 zin¢; and 0 is oxygen: and the
ratio of those elements is, when h=12, i=0.1-



35 manganese and zinc; and O is oxygen: and the

rati o of those elenents is, when h=12, i=0.1-

10 10, j=0-10, k=0. 1-20, |=0-10, m=0-10, n=0-30,

and x is a nunerical value determ ned by the state of

oxi dation of those el enents other 10 t han oxygen. 5 [ Ef f ect
of the invention] The | ower al kane oxi dati ve dehydrogenati on
catal ysts according to tfmﬂrﬂfﬁﬁﬁﬁoirWEmt19®0€Xp£® 10, m=0DRe00Xhegt-ppe
dehydrogenation ability and enable the 10, Pducilon fron1|o%§r alkﬁnes of
correspondi ng ol efins af{d 1Y ghs 3 drymerica determipRerBY &be to

their higher activity si£nel o f havhi ddef o®f o RNENGs 6 26 BbiishtEYELREY the

anount of t he catalyst necessary for securing the sane |level of 15 STY
(space time yield) is farthalsLX that of conven- tional catalysts,
such as from1/3 to 1/10. Al so according to the present

I nvention atur qulde de, and/ or unsaturated acid can be pro-
duced fromlov\e[rEf s I&"%."EI yield. 20 [ Exanpl es]
Hereinafter the i nvent | orrhes l@%@ldlﬂdarié\ oxidat I herdeevarbgengtesni ng to
wor ki ng exanpl es,. in ng erce e are b lght, unl ess oﬁhermﬁse
specified, 25 &ﬂi%hﬂ? rﬂﬁﬁ%f HEo % %@%599?% haveatien; ¢xeglalB

i ndi cated fol | e ifthatdiafd ruéhymso Sjoh Ngb 5T ¥¢ 8hd enhbéesitHe
products: nvers er of .reacted

al kane) 10 productl(quﬁrm&?w%q qgéiala?%aq,g)corréspongmg olefins
at high vield.

Furthermore, due to their higher activity
level than that of known catalyst system, the amount of
the catalyst necessary for securing the same level of

15 STY (space time yield) is far less than that of conven-
tional catalysts, such as from 1/3 to 1/10.

Also according to the present invention, un-—
saturated aldehyde and/or unsaturated acid can be pro-
duced from lower alkanes stably at high vield.

20
[Examples]

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

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

conversion (mol %) =

30 (mo!l number of reacted alkane)
x 100

(mo! number of fed alkane)



selectﬁvity (ml 9% = (mol nunber of each of formed conpounds)

(mol number of reacted al kane) 5 (carbon nunber of each of forned
conpounds) (carbon nunber of fed al kane) x 100
one-pass.yield (nol % = 10 (mol nunber of each of fornmed
conpounds) - 11 X

(nol nunber of fed al kane) (carbon nunber of each of forned
conmpounds) 15 selectiviGarwi tnber of fed al kane) X 100

conversion x selectivi 100 2 el
Into a 500-nm beaker, @%5 nymie ey sash of ﬁﬁm?%pc%’aﬂ?ﬁ‘i&%q err],
Ki shida Chenmical, purity 99.@f4| angber 200 mdactedad Bkamey e fed and heated

under agitatjon. Further 1.09 of antinony.tgioxide ko Pure
25 Chenical A ndust ry LB BYLMUTPRI0 Woneqglh O ke g t%‘gﬁ&g‘?ﬁ%‘é e whoch
was then heated to about 80[@adian angnisdi radfed d4bkaRehours while being
mai ntai ned at a constant liquid vol unme. Then the tenperature was raised
to 90[err]C and stirring was continued for about 4 hours allow ng con-
30 centration by ewdp@a=dlsd 9 «fd Waielr %ontent. The result- i ng paste
was dried for 14 hours, at 120[err ul verized mol ded,and crushed to
uni forni ze the size tdmeb@ .10(1;' é)aﬁ{é q#esfﬂ'{'?%% 99;'?9;?‘5'/@523 a

conposi tion of Mierr]Sb[err](ner rdidber of Ofdd Ga bEand) ch was cﬁarged in an

ordinary flow type 35 ,reactor.  The reacti,on conduced under, the
f ol | owi ng condi t | odgarbon number °fae¢&9uﬂ$fﬁk%ﬂ§g Sompsunds) x 100
Clerr]H errigO[err]/Nerr] Scdrlch (Wimper of fed alkane)
rati o) 40 Feed rate: , 112.5 i/ min.,
_ conversion x selectivity
100

20 Example 1
Into a 500-ml beaker, 4.35 g of manganese

dioxide powder(MnOz, Kishida Chemical, purity 99.9%) and
200 m| of water were fed and heated under agitation.
Further 1.09 g of antimony trioxide powder (Wako Pure

25 Chemical Industry LTD., purity 99.9%) was added to the
system which was then heated to about 80°C, and stirred
for 2 hours while being maintained at a constant liquid
‘volume. Then the temperature was raised to 90°C and
stirring was continued for about 4 hours allowing con-

30 centration by evaporation of water content. The result-
ing paste was dried for 14 hours at 120°C, pulverized,
molded and crushed to uniformize the size to 9-20 mesh.
The resulting catalyst had a composition of Mn,Sb, ,;0x,
0.6 g of which was charged in an ordinary flow type

35 reactor. The reaction was conduced under the following

conditions;

Reaction gas: G,Hgz/0,/N, = 1/1/8 (molar
ratio)
40 Feed rate: 112.5 ml/min.
SV: equivalent to 12,000 hr™ (In the subse-



SV: equivalent to 12,000 hr [err] (In the subse-

12, quent Exanples, indication of SVis omt-

ted. As the catal yst wei ght was con- stant, SV underwent
fluctuation nore or | ess dependent on its packing
density.) 5 Reaction tenperatur® 450[err]C The
results were as shown in Table 1. Exanple 2 The cat al yst

preparation was conducted in geent EyammImﬁnnemda$ah1d3«nﬁﬂ&¥1Jsexmebt

that the anobunt of 10 the ant| ny t W&f% hd 82 g.
The resul ting catal yst had E% 05| t | on ?a"%t \wﬁssgg'PZr err].

Using 0.6 g of this catal yst, stthetre&t iumdewasndorfdusttatht i orurmizre iakent i cal
conditions with those of Exa ul ﬂgﬁp \rabl e
1. 15 Exanple 3 m?ﬁe?g ga-rgél%fsetnt{o?%pa?t}tlon&mﬂzg con uc)ésp in the
same manner 5as i n Exanpl ehgc tdxore ptempreata turee ant45rﬁ)ﬁ‘y tri oxi de powder

was replaced with 0.58 gﬂ%a%fe? &%5&%& I?anrslh% Cl-q,‘( Baré]f’q err],

speci al grade reagent manu bri'tal3” &g di ssol ved in 50
m of water. TE&amglmeQulting catal yst had a conp05|t|on of

M[err]P[err err of this gat

coLduc]t eE:I ] uqnder] | dent i §I %@gﬁﬁ yg"l’ltor%ﬁﬂl%rﬁ%t"%‘séfaoﬁ %;HE ?e@ecél i WZécept

t hat the react isamet mml’e&t wse iwa<Examipsled 1,0 etp5 that r’ql&_ amtent estil t s
were as sho ILn Tabl e anple 4 The, c

prepar at i on' ghfoﬁcﬁ‘l}df“&ﬁ‘yl r#rt'r?é(rr'p e Pander, s c&aqg]egg%;‘f %%Sé'excya?
thatlthe armuntre@mIr']c:ntghQa&;&a‘%bypst’toshd*cbra:c cccamakmg[&:rctmhqm 8, 1, JBxg. The 30
resul ting catalyst a co ition,o er,r er

fesulting catalyel e compast d ony o M e Pl er il Oon o LELEGD: o8 O
those of Exampu@ader Thienticeds Wdrid Eilchaw istiowhdse TablExdmple Exanphe 5

35 The catal yst preparatio ted inth
resuﬂ %erep spshown nin\MaISal')CIOendlu.C ed 1n €

15 Example 3

The catalyst preparation was conducted in the
same manner as in Example 1, except that the antimony
trioxide powder was replaced with 0.58 g of 85% phospho-
ric acid (H3PO4, special grade reagent manufactured by

20 Kanto Chemical) as dissolved in 50 ml of water. The
resulting catalyst had a composition of Mn,P, ,Ox.
Using 0.6 g of this catalyst, the reaction was conducted
under identical conditions with those of Example 1,
except that the reaction temperature was raised to 490
25 °C. The results were as shown in Table 1.
Example 4 .

The catalyst preparation was conducted in the
same manner as in Example 3, except that the amount of
the 85% phosphoric acid was changed to 1.15 g. The

30 resulting catalyst had a composition of Mn, P, ,0x.
Using 0.6 g of this catalyst, the reaction was run under
identical conditions with those of Example 3. The
results were as shown in Table 1.

Example 5
35 The catalyst preparation was conducted in the

same manner as in Example 1, except that the antimony



same manner as in Exanpl e 1, except that the antinony

13; trioxi de powder was replaced with 0.31 g of boric acid

(H err]BJerr], special grade reagent nmanufactured by Kanto Chem cal )
as dissolved in 50 mM of water. The resulting catal yst had a
conposition of Mi[err]Blerr]Ox. Using 0.6 tgof 5 this catalyst, the
reacti on was run under identical conditions with those of Exanple 3. The

results were asrioxdidewpowdeFablas Y.epladedanplih @. 31 g of boricTaeid
catal yst prepa in the 10 sane

r-at Len was conducted nner ,as i anple 1,
except that théﬁaﬁ wnnﬁyec'aﬁrﬁ&ﬁqﬁaﬁﬁﬂ&ﬁﬂ \mﬁP%ﬁégiﬂﬁﬁF3§¥rﬁ%ﬂ g of
gﬂnnniur; sgChamﬁcéﬂbeehaHi%F@d?eMbdgemm mWNHﬁuﬁaweﬂ.byTwantésulthg

em cal) as dissolved in 50 0 ter. The, resultjng catalyst had a
conposi tion of © Félyrs]qsk‘@rdr ]ao?.o"@&s\rq% (VAL °f§4"1% .t‘n¢’§' calf%l%tall,"' ‘?sh% °
reaclt ion wasg ruhiundgltailqlemti (tih:e r ea@dridint iwzrsT r\M’7rt mﬁdmseidénﬁk@érpTh le 3. | The
results were as .shown in Tahle 1. anpl e e catal yst
preparati on m§°eddideﬂédwi'ﬁﬁt R@"’f@ 94:%& s i east bty vere cas
that the anti mehywn ihriTakilde jpowder was replaced with 1.62 g of niobium

oxal ate (a proEuct gf g.B.NlNI Co., containing 20.5% of Nb205 upon
conversion) as in 100 mM of water. The resulting catal yst had

a co?position of Nhgerr]th?gbk?ﬂysﬁ5pU%b@?aQi@ﬂJﬁﬁsEﬁ?ﬁﬂuﬁﬁéHYHirﬁﬁ@g
reaction was, run under i denti_cal cgonditions 0S€e O anpl e

Thee " o { $3m8, BoRGeEN R i EXGARI Sl 1. SXGspipAhat the antinoRy i
cat al yst prepatatioflideapowdeduaiard rieh |lalte dQ iSHT®. rGBNEro ASamiforkaiP!l e 1,
except that the ? tlnoqy ,tr|OX|%e powder was replaced th 1.16 g of
aqueous  anmBHil fidtfelEPeGigdt &radsolrediesnt WAMEs PrRARY dFanto N ppon

| norgani ¢ Col oghepidaPnedscali s§@ ivedTPn 5Q0RI2I0F watdMy SIHE eI €7RE) as

diluted with 50 ml of water. The 35 resulting catalyst had a conmposition of
Mi[err]Werr] cgkatalyst had a composition of Mn,;5, ;0x. Using 0.6 g of
15 this catalyst, the reaction was run under identical
conditions with those of Example 3. The results were as
shown in Table 1.
Example 7
The catalyst preparation was conducted in the
20 same manner as in Example 1, except that the antimony
trioxide powder was replaced with 1.62 g of niocbium
oxalate (a product of C.B.M.M. Go., containing 20.5% of
Nb,0, upon conversion) as dissolved in 100 m! of water.
The resulting catalyst had a composition of Mn Nb, ,.0x.
25 Using 0.6 g of this catalyst, the reaction was run under
identical conditions with those of Examplie 3. The
results were as shown in Table 1.
Example 8
The catalyst preparation was conducted in the
30 same manner as in Example 1, except that the antimony
trioxide powder was replaced with 1.16 g of aqueous
ammonium meta—-tungstate solution, MW-2 (a product of
Nippon inorganic Colour and Chemical Co., LTD., contain-
ing 50% of WO0,) as diluted with 50 ml of water. The
35 resulting catalyst had a composition of Mn,W, 450x.
Using 0.6 g of this catalyst, the reaction was run under



Using 0.6 g of this catalyst, the reaction was run under

14. I dentical conditions with those of Exanple 3. The results were
as shown in Table 1. Exanpl e 9 The catal yst preparation
was conducted in the 5 sane manner as in Exanple 1, except that the

ant i nony trioxi de powder was replaced wigh 0.61 g of rhenium oxi de
(Re[err](err], Kishida Chemcal, purity 99.99% as dis- solved in 50 m

of water. The rdenhtiicad eahditslon®dridh tHoy@ st tHxmpfe N[ erThée[ err] Ox.
Using 0.6 g of thig cata- 10 lyst, the reactiqgn was run under identical
condi tions feeH |tSo e rsr asx S 3an fﬁ%'ﬁbﬁults were as shown in

Tabl e 1. Exgiahg 1309 The catal yst preparation was conducted

in the 15 same nmanner as_in Exanple 1, except that the anfinony ., trioxide
powder was replaced wit th?ZPaégﬁﬁséplﬁ‘ﬁ@Paratﬂi% Jtas Wqﬂ?ﬁ% ithetheal

| ndUﬂ ry LTléi , lsahitél hﬁénﬁﬂ%ggo@s in E(_af[ﬂ‘!pﬂ%oh;{e%id[dbp'io ﬁﬂ[atoftwta&it}-siﬂdn% A f
resulting catal yst | ad a conposition o rr err : jng 0.6 g o
this 20 catal y&f oxider pasciesn Wass rap at?rﬁﬁer’”'i"ﬁbrd-%‘alg c‘%)ﬁ?éfhe“'“'?i ons with
those of Exanppgide (R@,08SUIKiSHIRIL mmicﬁhogmﬁi&ﬂa@@%) as Expgpl e 11
The cat al yst preparatloﬁ Mas conducted i n_thé 25 sane manner. as. in Exanpl e

1, except that spha¥egnipmBfy m! of wdbiede pdlier agisl s £36r Weh ﬁ@@)?ag of
anmoni um ch ' ; Clna re nt tgur t -

Chem cal) as droIBPRISIRRCCT M KEG qaher UITHE (0 OPIRE Gatar 4 a
conposi ti orl &f I¥Elter thel reactden wgsngun sindelo isfenthica baandistionse
reaction was ryniHN4gbsledet 'Eg%lmple @ndiftONn% oY i1k twse £ Fheww! Pr3. The

results were as shown in Table 1. Exanpl e 12 The
catal yst prepaf@bilénlwas conducted in the 35 sane nanner as in Exanple 1,

except that Z-EQaHQQE 10
The catalyst preparation was conducted in the
15 same manner as in Example 1, except that the antimony
trioxide powder was replaced with 1.21 g of copper
nitrate (Wako Pure Chemical! Industry LTD., purity 99. 9%)
as dissolved in 50 m! of water. The resulting catalyst
had a composition of Mn,Cu, ,0x. Using 0.6 g of this
20 catalyst, the reaction was run under identical condi-
tions with those of Examplie 3. The results were as
shown in Table 1.
Example 11
The catalyst preparation was conducted in the
25 same manner as in Example 1, except that the antimony
trioxide powder was replaced with 1.07 g of ammonium
chloride (special grade reagent manufactured by Kanto
Chemical) as dissolved in 50 ml of water. The resulting
catalyst had a composition of Mn,Cl, ,0x. Using 0.6 g
30 of this catalyst, the reaction was run under identical
conditions with those of Example 3. The results were as
shown in Table 1.

Example 12
The catalyst preparation was conducted in the

35 same manner as in Example 1, except that 2.00 g of
chromium nitrate [Cr(NO,), 9H,0, Wako Pure Chemical



chromumnitrate [C(NJerr])[err]9H err] O Wako Pure Chenical

15 I ndustry LTD., purity 99.99% as dissolved in 50 m of wat er was
added follow ng the addition of the antinony trioxi de powder. The
resulting catalyst had a conposi - tion of Mi[err]Sb[err]Cr[err]Ox. Using
0.6 g of this catalyst, 5 the reaction wasygun under identical conditions
W th those of Exanple 1. The results were as shown in Table 1.

Exanpl e 13 Indugéry l_:fbe cgh@ll)@t o, @%gr 3l Qﬂ sv%si\féﬂ‘dlqﬁtﬂf{ﬂ min dpe 10
same manner as In i ron nitrate

[Fe(NO err]) [ ewetoH| yﬁﬁ] @ddvdkdowdroel l@rgemh@aladl rfdtu'sqrr wf “Ler@"t RRRY al

grade reagent] i 80 bn 5 f a Ay ddpgl fpld s dwi + he
addi ti on of thggzﬁ%aé bﬁﬁger Qh? r%s \‘\%I'heal re?ult nfgwcat aI st lhad a

conposi - 15 ti &moof Off/h[ﬂéﬁ 5P$b[1glcrr]quP€‘r r @6 i ngsiOn & H’r%téb SFyst,
the reactiog Wagef V@aﬁ@qsh \vg?rmr' ‘ﬁalun%rt‘d'ltd'e‘?ﬂﬁ c‘H It rl:o4ndzit’@icb"fr?é q\‘f.ﬁ%arrpl e 1.

The results were as Exanpl e

cat al yst prepathosenmﬁ/aﬁxamndﬁcﬂed |Tﬂilet tr@ su | tsame neardfershayn pi "ExTa'-’rﬁ)‘% 1,
except that O. 42 g of sodiumnitrate (Wako Pure Chem cal Industry LTD.,
spe- cial grade rea?ent) as dissolved in 50 mM of water was added

follow ng the mpj f the antinony trioxide 25 powder. The resulting

catal yst had a conpositi §fg0Latal [ter ]eﬁgg,%pcr,hl}{a[\,parsr k@hddﬁcﬂﬂ ith Guge of

this catal yst, the reacti on wa identical conditions with
t hose of10£xaa1nleemannvlnea|sesul tEg(a\m@ri@ ds sxeapl thrdbiZ2 02 g ofexbigme 15

30 T[ﬂ?t?gttgl re(ﬂb%? @ ko Wuqlé‘:tﬁ%nhrbéhelndusgﬂr? manner

as in Exanp exce d of magnesi um nit

[ My( NO er r] ) [ eLdP. 6H§spec]|@l ‘gﬁladepwmg@iiﬁﬂ @@I di Sslmld(ﬁﬂ rlyn L5I€bml spkci al
grade reagent ] gggq ?9' %Qdeldn 139 | w.w&&fhe% i ¥f5h agdethd A OihdWy t he

addition of th¥ I mony tri oxi resulting catalyst had a
trioxide powder. The resultlng catalyst had a composi-
15 tion of Mn,Sb, , Fe, ,0x.  Using 0.6 g of this catalyst,
the reaction was run under identical conditions with
those of Example 1. The results were as shown in Table
1.

Example 14
20 The catalyst preparation was conducted in the

same manner as in Example 1, except that 0.42 g of
sodium nitrate (Wako Pure Chemical Industry LTD., spe-
cial grade reagent) as dissolved in 50 ml of water was
added following the addition of the antimony trioxide
25 powder. The resulting catalyst had a composition of
Mn,Sb, ,sNa, ;0x. Using 0.6 g of this catalyst, the
reaction was run under identical conditions with those
of Example 1. The results were as shown in Tabie 1.

Example 15

30 The catalyst preparation was conducted in the
same manner as in Example 1, except that 1.28 g of
magnesium nitrate [Mg(NOs)Z_SHZO, Wako Pure Chemical
Industry LTD., special grade reagent] as dissolved in 50
ml of water was added following the addition of the

35 antimony trioxide powder. The resulting catalyst had a
composition of Mn,8b, , Mg, ,0x. Using 0.6 g of this



conposition of Mi[err]Sb[err]My[err]x. Using 0.6 g of this

16, catal yst, the reaction was run under identical condi- tions with
those of Exanple 1. The results were as shown in Table 1. Exanpl e 16
S The catal yst preparation was conducted in the same nanner
as in Exanple 1, except that 2.22 g of t@riumnitrate
[Ce(NOerr])[err].6H err] O Wko Pure Chem cal |ndus- try LTD., speci al

grade reagent, od ltps198%hes didtion wed Vith iunddr Ml deht ea brcuad i added
followi ng the addi- "10 tion of the antinpny, trigxi de gorger. The _resulting
catal yst had atdd’fﬂﬁoé'i'tﬂbr?hﬂswrﬂfer s 8 r -Oe[@?‘?]"(i.” Pnfi®re 856 g of
this catalyst, dHid GaEtT4Y) Vs run under i dentical conditions with
t hose of Exanple 1. The results were as shown in Table 1. 15 Exanple 17
Ihe catalyshﬁpéﬁ?ﬂﬁﬁﬂ4ﬂﬁm&s conducted in the same manner as in Exanple
, except that the antimyhe catld IyR4 G SR OWSwd €pEeseacvedhin. theg of
chrom um sulfate [Cr[err] (cSa_lq er)%])(ﬂ) ([%rrri . 4H[Ierr%O Kgn o] cé:hem’ éal , ?igrst
gr?dle 20 Leggerﬁqm%@@wm%d'n Esme of, \xespt tha rés% t€ng
catalyst_had a gamgsid g H]Er [Wikd Pur 8SCHEMi cad. Snguek
this catalyst, t é reaagﬁgﬁgaagﬁég% %ﬁ%ér 4 'identic%? Qg?g?ggs foﬁ
those of Exanpltey3.LTthe speidl t&" aie e'f%%g%’ht)wrp‘i‘ﬁ’ﬁ'&bgg i_a§5 ERanpl e 18
Ihe catal yst prenarad | QD 8@y Condued €8y i Wad Nedded SPORI SRIAET the hddixanpl e
, except that the antinony  trioxide powder S rept ced with,1.75 g of
:s),gannl c I tol (irllqna qfSrithg eant imeH e?ﬁ]@'%kﬂp‘ﬁﬂé- Ch &?cé?”ﬁm&hggry LTD. ,
special gra @gg?t | : wat es . The ltin
catal yst had a gao{nag SI i%an(‘jits)? dé&ﬁﬁu{ﬁ?'rjﬁ]ﬁ er%gﬁ)%r?f%é(?' O?h 8§gﬁ§ of ]
this catal yst, G.He g of etdris arat@bystin eFeqeiehen cHR s cbHBi ¥NBARE with

those  of Exanplft fa MEoh @R §fs Wl €n 3hsE0V0F I Exdmpi 6 1. 3PhExanple 19

results were as shown in Table 1.

15 Example 17
The catalyst preparation was conducted .in the

same manner as in Example 1, except that the antimony
trioxide powder was replaced with 1.11 g of chromium
sulfate [Cr,(S0,),.4H,0, Kanto Chemical, first grade

20 reagent] as dissolved in 50 ml of water. The resulting
catalyst had a composition of Mn1So'15Cro_10x. Using
0.6 g of this catalyst, the reaction was run under
identical conditions with those of Example 3. The

results were as shown in Table 1.

25 Example 18
The catalyst preparation was conducted in the

same mannher as in Example 1, except that the antimony
trioxide powder was replaced with 1.75 g of stannic
chloride (SnC!, 5H,0, Wako Pure Chemical Industry. LTD.,

30 special grade reagent) as dissolved in 50 ml of water.
The resulting catalyst had a composition of
Mn,Cl, ,Sny ,0x. Using 0.6 g of this catalyst, the
reaction was run under identical conditions with those
of Example 3. The results were as shown in Table 1.

35 Example 19
The catalyst preparation was conducted in the



The catal yst preparation was conducted in the

17 sanme manner as in Exanple 1, except that 1.16 g of aqueous

anmoni um et a-tungstate solution MM2 as dil uted with 50 m of water and
2.00 g of chromumnitrate as di ssolved in 50 M of water were added
following the 5 addition of the antinony 1%ioxi de powder. The resulting
catal yst had a conposition of Nh[err]Sb[err]VWerr]Cr[err]Ck. Using 0.6 g
of this catal ysemet manmedctason nvascamml einlderexceptlethatal. thngiefons with

th f Ex h : | i N Tabl g 1 20
Uei g 0.6 o of “PHECUS SmmorfiZht et AU A5 O L | [0k B, 49 EFPURLE, O
of Exanple 19 wddhr Sfeatledf watercend thdl0 theot eclet omnum emplr ater as was

raised to 490 di_?ﬁbqrvre]dc'i nT 5% WHSW{ Sl e ﬁré@dqj@?«ﬁegf%—ﬁp%\ﬁle&g ,&L@%%anpl €

21 1e catal yst’ preparation was con

manner as i ® Ergdpitd on, ofxddyst amtbmonylérg afide powdeus afimenreswlting
net a-tungst at e Lyt i.Qn i e f er 1. g of
chrom um sul fatcéc?gg&éiqs-h% O%S(ﬂ%\t?@g)s:lvr#'gbd' rﬁﬁg#rm‘\/sva ‘br'\l\@q\é‘?e" fg(g'g%d‘ 11 ow ng
t he addi - t Usn ngf Ot e gawotfi rhdmiys taatadi et , poiickerr e adiei oreswa s i mgn under

catal yst had a;ganmasiti %%n(afiltjsqtnl@%ﬁr{ﬂ W%%gléwﬂérﬁpﬂeerfl Crfliﬁér] ox.

Using 0.6 g of {his cata- e reaction was r under ntica
conditions 25 wesh ltlsoweref aBxahuive 3.n THE e dsults were as shown in

Table 1. 1é5x% h 220 _ Using 0.6 g of this catal yst which was
used in anggesé%%—The reaction of Exanple 21 was repeated 30 except
that the reaction tenperatUséngad. Baigsed tthebd@mtalyslr il chltvas ameds were
o o 1T hEEhamo 12518 e ogotian.af, ExaI Sl ENE! RERAESL O
sol uti on 35 MAeRcaptdithattedhei trieasd inn dfempetraturile G2ag d i sedbiand 90

°C. The results were as shown in Table 1.

15 Example 21
The catalyst preparation was conducted in the

same manner as in Example 1, except that 1.16 g of

aqueous ammonium meta—-tungstate solution as diluted with

50 ml of water and 1.11 g of chromium sulfate as dis—

20 solved in 50 m! of water were added following the addi-
tion of the antimony trioxide powder. The resulting
catalyst had a composition of
Mn1Sb0',5Wo'0530_,5Gr0'10x. Using 0.6 g of this cata-
lyst, the reaction was run under identical conditions

25 with those of Example 3. The results were as shown in
Table 1.

Example 22
Using 0.6 g of this catalyst which was used in
Example 21, the reaction of Example 21 was repeated

30 except that the reaction temperature was raised to 530
°C. The results were as shown in Table 1.

Example 23

The catalyst preparation was repeated except

that 1.16 g of aqueous ammonium meta-tungstate solution

35 MW-2 as diluted with 50 m| of water, 1.82 g of niobium
oxalate as dissolved in 100 m| of water and 2.00 g of




oxal ate as dissolved in 100 M of water and 2.00 g of

18 chromumnitrate as dissolved in 50 mM of water were added
following the addition of the antinony trioxide powder. The resulting
catal yst had a conposition of WMn[err]Sb[err]5Werr]Nb[err]Cr[err] Ox.
Using 0.6 g of this cata- 5 lyst, the reat8ion was run under identical
condi tions with those of Exanple 3. The results were as shown in
Tabge 1.10 EExehrbméﬂm nﬁtrate as didéﬂhudelﬁlngﬁnthﬁfsﬁﬁfeﬁaW@+dSt as
used in aml,e the .reaction was, repeat g xcept
that the react gBH fje%?é d AN raést'éﬂOtrb Qfdt?he *I'éﬂ']'%‘yﬁ'l'é'?’és fts were
as shown in Tabbadbr Tﬁ@m@e@tllﬁ/xm@wﬁdl@s& had a composu’EFh@nS@fYB
manganese di 0X|

owdet, as e on ed i s pul veri zed,
mol ded and cr ugﬁeﬁgwowrwoaou Broo rorm |meL63T LEGO' LH%L%.G\% 4Eﬁ'asg“‘%‘)’ﬁ"’[‘hl s

cat a- lyst, 1yBe, r ehet iredcwddn Wasunder umﬁncwént:wwll t¢m|t|oﬁ\éth

t hose of Exanple % he re%ults re asEjgﬁ%n Tabl e 1. aratlve
Exanpl e 2 with those,oT Exam "eesi‘lv'\%% W’é"p%a@%os 9(‘1‘,'%p

that 0.6 g theTabtlal yst sane to that used in Conparative Exanple 1 was

used and the rgactian Eanperature was raised in 490[err]C The
results were a EA Table 1. 25 Exanple 25 Usi ng

i sobut ane instead of propanag 0S@PE @Fe the %ﬁéﬂ#ﬂﬁ?s’-@%s appdptpgl by the
sanme cat al yst s th one used in Exanp 1J§t19 An o nary flow type

react or Eﬁﬂpgédz\ﬁmtﬁhﬁ g egodii e H3®) RRYATSC 30 size,

and t hrough thﬁbe?trQﬂﬁElQhe9¢%dE¥mW§QQMﬁéﬁature was raised to 530
C[err]H[err]/CL ig%err = 1/1/8 (nolar rati,o) S passed at arate of

112.5 m / min. t F 88Ul d8pdeseudd whowsdrelakde 1. The results were:
| sobut ane convgbﬁb99326va%gxbm@q%tqne selectivity 27.5% nethacrolein
selectivity 0.9% an one-pass yreld of isqgbutene 7.3%
The same manganese dioxide powder as the one
15 used in Example 1 was pulverized, molded and crushed to
a uniform size of 9-20 mesh. Using 0.6 g of this cata-
lyst, the reaction was run under identical conditions
with those of Example 1. The results were as shown in
Table 1.
20 Comparative Example 2

The reaction of Example 1 was repeated except
that 0.6 g the catalyst same to that used in Comparative
Example 1 was used and the reaction temperature was
raised in 490°C. The results were as shown in Table 1.

25 Example 25

Using isobutane instead of propane, isobutene
was synthesized, assisted by the same catalyst as the
one used in Exampie 19. An ordinary flow type reactor
was charged with 0.6 g of the catalyst of 9-20 mesh in

30 size, and through which a reaction gas composed of i-
C4H,4/70,/N, = 1/1/8 (molar ratio) was passed at a rate
of 112.5 ml/min. The reaction temperature was 450°C.
The results were: iscbutane conversion 26.5%, isobutene
selectivity 27.5%, methacrolein selectivity 0.9% and

35 one-pass yvield of isobutene 7.3%.




e

19

19 TABLE 1 Reacti on Propane

Selectivity (% One- Pass Tenp. Conver si on

Yield (% ([err] O (9 Propyl ene Acrol ein

Propyl ene Exanple 1 450 27.3 27.1 0. 3

7. 4 Exanple 2 450 26.9 1€6. 7 0. 7 7. 2

Exanple 3 490 31.2 33.4 0. 3 10. 4 Exanple 4

490 30.9 33. 7 10. 4 Exanple 5 490

9. 7 47.3 1.4 %éﬁhgqﬂ 490 17.9

36. 3 0.4 6. 5 Exanple 7 490 30. 3 29. 6

0. 2 9—0 Exanple 8 490 29 7 29 4 Q2

8. 7 Exanple 9 490 Reactlon BPrdbane 5388lect|v1ty0(%ﬁ One—PAssb

E)iarrpl 6438 49027 L Temp: 3 16 Conver%?ogc - tord JirE @lcﬁ’(%m:l

450 ho 2Tt 6o T (Propione [Aordidarmlihytane

28.1 2€x:§nple 1 |0 4@0 7.8 BExanplz 34 408 7285

28.7 & Exanpl e 15 450 27. 4 28. 1

0. 3 7Emmp>!&n%|e 16450 460 26.9 29 26.7 287 4

Ek ; anggl e yafgo'e §90 320 i 831'%9 8 2384 0.1 0.3 5 o‘%’gan% e
anpl e . : : .0,

450 dExample 4 35 490 B0 9 @75 Ekam® & 20 10440
fé-g 3£7xa‘a1pte 5 0. g@o | 12.9.4 EXElgggﬁ.él 349@ 4.2%- 66
: anp e . :

1. 8 1525@"B&§n%|e 3495X o 33. @36. 3 33.-3 609 7

ég- 5 E;(QWPHEEX%plle 793 4200 35 30.3 18 I 4129/ 6 10 50028 0 9ld¢. 8

mpar ati ve [Exanpl e :

1.9 Conpar atliEx@mlandl e| 2 488 190 29. 7 3. 729.4 19.2 8.9

3. 2 Example 9 490 8.4 53.8 0.2 4.5
Example 10 490 25.3 22.2 0.1 5.6
Example 11 490 27.1 16. 1 0.1 4.4
Example 12 450 30.0 28.0 0.5 8.4
Example 13 450 28. 1 27.8 0.6 7.8
Example 14 450 26.5 28.7 0.3 7.6
Example 15 450 27. 4 28. 1 0.3 7.7
Example 16 450 29.2 26.7 0.4 7.8
Example 17 490 28.8 23.8 0.1 6.9
Example 18 490 25.5 19.8 0.1 5.0
Example 19 450 29.8 35.2 0.1 10.5
Example 20 490 32.8 37.9 0.3 12. 4
Example 21 . 490 31.6 42.9 2.0 13.6
Example 22 530 36.5 42.6 1.8 15.5
Example 23 490 33.6 39.9 0.7 13.5
Example 24 530 35.5 41.7 0.8 14. 8
Comparative
Example 1 450 18.0 10.5 0 1.9
Comparative
Exampie 2 490 23.7 13.4 0 3.2




20 * Exanpl e 26 Each i ndependently

t enperat ure-controll abl e singl e-pipe flow type reactors (A, (B) and
(O were connected in such a manner that gas would flow by the 5 order
of (A) to (B) to (C), with the piping so dgéigned that the gas forned in
the reactor (C) is introduced i nto an absorption colum to all ow

absorption of ?—%E Le %sed conponent and introduction of the uncondensed
gas fl ow ng absorption colum into the reactor A 10 through

its gas inlet portion, arhdhei ndsmandeninas tempeoniducd-econiidl tkele
foll ow ng partigc rs...the pj pjn S C e d at fresh air
coul d be int roc?u'LcH e p'&htgf @*}e&%%cq%g?%{@t ﬁ@gugﬂﬂl]t@gagérnﬁgfeport I on.
(E!(Drepiar atzilon ofcocmteai't;aid)i_riﬁstuhch a matanr %Iﬂdt tdees o.fd#ald'sfl?ﬁ hggﬂhbn

anpl e s ac n the geacto . while the reactor wa
packed wit hV\‘gz od‘doefr aokfga{@I Vel gé) t he g%ﬁﬁ OW% {Pb%%‘?'-ng S?igéﬁ’s%@%gpti ng
oxygen) as desdhatecthien gasnidmemdd ofn the apsaetser Péents Pimt k sdticed No.
42241/ 1972: 20.

Vb er r] Cof er r] BIY'E AEARSIRE 9N <9 w138 & jow absaiptien 9, cP8y yas
packed with 52 dgnefedh cxmipdrysit adnd i nheodud t ioon nef coiposnéondehesdeghasng

oxygen) as de- 25 scribed in anpl.e 1 of. Japangse I . 206504/ 1996.:
MY err]Verr] V\[fﬁlpr“]'diﬁ é’r“&] & Eﬁﬁ abs?rpt f°" co Fu%e'qe%mﬂ?%t 'é%aﬁgof)r pane,
G5 i ni et PO o Ehereact of (A ae ot e he T eant o s Gas
conposi tion of Cfé"ﬁ‘tﬂf%f’q'b'r*rf] I-T[E"éef rﬁ?‘.(@o’"m% k%Y fadrl"l%' 73Fh/%l ?Ajpi"gf i nert
gases conpri si g gt WaR0&b soHisdtakiteat effesh aimh ddld dssashPPodlibed

locity tqg th i dati dehyd ti t al yst 3000
ﬁf?grer }/e O-?—Leydp?;&ézﬁlegg;ea%tlovre teh tyodﬁgeptas IE,Pans; Clan Fe%lspo:’l\?lson.

(Preparation of catalyst)

15 9 g of the catalyst as used in Example 21 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 Publiication No. 42241/1972:

20

Mo, oCo,Bi Fe W,y8iy 55Kg o5

The reactor (C) was packed with 52 g of a catalyst of
the following composition (excepting oxygen) as de-
25 scribed in Example 1 of Japanese KOKAl No. 206504/1996:

Mo, ,Vg W,Cu, ,Sb, ,.

The flow rates of propane, air and recovered
30 gas from absorption column were so controiled at the gas
inlet portion of the reactor (A) as to give the reaction
gas composition of 15 vol% C,H;, 15 vol% 0, and 70 vol%
of inert gases comprising nitrogen, carbon oxide, etc.
in that occasion, the space velocity to the oxidative
35 dehydrogenation catalyst was 3000 hr_‘. The product gas
from the reactor (A) was fed into the reactor (B) while



fromthe reactor (A) was fed into the reactor (B) while

21 adding air thereto at such a rate that Jerr]/Cerr]Herr] ratio

t hérein shoul d becomre 2.5 at the entrance portion of the reactor (B),

and the product gas fromthe reactor (B) was fed into the reactor (QO).
The reaction tenperatures 5 in the react oPd (A) (B) and (C) during the

run were 480[err]C 325[err] C and 250[ err] C, respec
Anal ysis of th@dftigtgiilgatherahetab seekiarrate *¢$ ﬁd’ygaﬁedratm

Clerr]H err] CQ!WéirP%hd‘@i@ B@éc%lémﬂi gcayl the entﬁ&hé‘eﬂ)@}'ﬁioﬁoo? ﬂ.‘ﬁ'e%
10 Exanple 27 reacqt’or assenE %mused I n Exanp g

pi pi ng was condea&eP o8| 0%\'i“i’ n’f*ﬂ%dﬂl(z? ¥ht ofas r EEPMofhe re%ﬁﬂ"gté hinto
the gas inlet ppid iy Oi‘nwetﬁ@aﬁé%t&ﬁ) (C). anﬁlethsaéea@ﬁl@emp@sa@arr@sed
out with the particulars as 15 he fl ow rates of

propane and @as@bﬁsf‘%x@@%torsméms Oz;g)coﬁ'ﬁﬁioﬁmsdd‘éf“E‘glet'i}ﬁs”r‘ﬂl ¥ErBortion

of the reactqy @ é],wezg@wcrea@gbé)@t p@s| gonposi tion of 30 vol %
Cerr]Herr], 30 voI %?%rr vol % of | nert gases 20 conpri sing

ni trogen, carbon oxide, énal vmes s?)ﬁc%he PreduRt 183% of Ko B‘&?dé@??@o"
dehydrC’genat'On((f')atm&’?&a{& ortd(qaq 0&8ﬁféP§‘;a\ﬁls 45080mb1 % eand- )ac-rr eI’lc;

product gas from'the i into t e reactor

addi ng air t&felrdstsoleitd,suﬁﬁ} 4 mate that the Jerr]/derr] H[err] ratl 0
there- 25 iypgshaul opjre 1.5 at the gas inlet portion of the react or
(B). The produ the reactor (B) was fed into_the reactor (O,
whil e adding air and stedm the egastontassenb huiwsed nb Example 26,

Qerr]/acrol ei n,yral p%vfé‘ssecfonﬁé $E04 CPOCENT 6 | REr SUGE £} On SBPUFAeBRCATR 1.3

and 35 30 vol % res e gas In tron reac or
(C). Other condind c&isemrmtﬁeth¢c&$8vwwhethme ionoef Ekhepreagtor (

é?:i?foesﬁ]thconvgﬁgfgn, éﬁ”@%/ﬁaﬁﬁﬂg%g; %gggc#@g ?Qfggcgéaism&q%
15 fol lows.

The flow rates of propane and gaseous oxygen
were so controlled at the gas iniet portion of the
reactor (A) as to give the reaction gas composition of
30 vol% GzHg, 30 vol% 0, and 40 vol% of inert gases

20 comprising nitrogen, carbon oxide, etc. The space
velocity to the oxidative dehydrogenation catalyst in
that occasion was 4, 000 he ™', The product gas from the
reactor (A) was fed into the reactor (B) while adding
air thereto at such a rate that the 0,/C,H; ratio there-

25 in should become 1.5 at the gas inlet portion of the
reactor (B). The product gas from the reactor (B) was
fed into the reactor (C), while adding air and steam
thereto at such rates that the 0,/acrolein ratio and
steam concentration therein should become 1.3 and 35

30 vol%, respectively, at the gas inlet portion of the
reactor (C). Other conditions were identical with those
of Example 26.

Analysis of the product gas from the reactor
(C) indicated: C,H, conversion, 44.1 mol% and acrylic

35 acid yield, 20.1 mol%.



22 (dains 1. Oxi dati ve dehydrogenation catal ysts for |ower alkanes,
said catalysts being suitable for use in vapor phase oxit ﬂmﬁm]",’
dehydrogenation of Cferr]-Clerr] |ower al kanes in the pr MmuHmar
oxygen to produce corre- sponding ol efins and characterized By‘ha&ing a*
conposi - tion expressed by a general formupa (1) bel ow

Mn[err]E[err] E[err] Ox (n (in which Wnh denotes
manganese, andQ.zi@eygen; E[err] is at |east one el enent sel ected
fromthe group caonsi sting

) f P, As, Sb, B, S, .Se, T

F, d, Br, I, b, Ta, WOxRdadny ,e?\?[cgr"r%eﬂast'a&" datalysts fag, | gner

il em;nt %al eCt%dkfarm,tQ%i%{)%b%alyLs_ts I\tlaaeircg)raRibistaimgeofof:rusEeinc@apu‘r, Ag,
Ve e, N BRRSSmORR Yol SR KoRmli Lon OF T30 1 5Rer “akaRes

1 t2 v wh inatt\thm q)rréJsIE?ﬁf[ & diiff Ml,edillea'r(r)]ooﬁﬁlaﬁrio ﬂﬂdd@wgearrée-o :
spectively, ere when [err], = 1, [err] = 0.01-10, [err].= .0-5,
and x is a nunéPiodsl i ngjaje fdditseran éd'\%yacterlzeé) bfghl%aéf'égeao?o'w?ﬁét_i on
of those el eneRtisrOtdi@iressed by a tgEHEAYIREYmuPa (1) beldWe catalysts as
described in Caim1, in which, referring to the general fornmula (1), when

[err] =1, [err] = 0.02-2 and [err] = 0-1. 3. The catal ysts as
described in daiml or 2, inphich$ asc E[err] is added in the form of
sulfate ion (SO [err]). 4. « e lcatal ysts as described in Caim3, in
which the sulfate ion is added in the formof a sulfate. 5. The

oxi dative dehydrogenati on iqatyd NH MAdHNEd Mfhddn ey, omed 00, Corygeni- 4,
in which the prepa- i,
E' is at least one element selected from the
group consisting of P, As, Sb, B, S, Se, Te,
F. CI, Br, I, Nb, Ta, W, Re and Cu; E is at
least one element selected from the group
consisting of Cr, Fe, Co, Ni, Ag, Au, Zn, Ti,
Sn, Pb, Bi, Li, Na, K, Rb, Cs, Mg, Ca, Sr, Ba,
Y, La, Ce, Nd and Sm; and «, B, y and x denote
atomic numbers of Mn, E‘, EZ and oxygen, re-—
spectively, where when « = 1, p = 0.01-10, y =
0-5, and x is a numerical value determined by
the state of oxidation of those elements other
than oxygen).
2. The catalysts as described in Claim 1, in
which, referring to the general formula (1), when a = 1,
B = 0.02-2 and y = 0-1.

3. The catalysts as described in Glaim 1 or 2, in
which S as E' is added in the form of sulfate ion
(s0,%7).

4. The catalysts as described in Claim 3, in
which the sulfate ion is added in the form of a sulfate.
5. The oxidative dehydrogenation catalysts as

described in any one of Claims 1-4, in which the prepa-
ration process of the catalysts includes drying at
temperatures not higher than 300°C only, and does not
include firing at high temperatures exceeding 300°C.



ration process of the catalysts includes drying at tenperatures not higher
t han 300C only, and does not include firing at high tenperatures exceedi ng

S?ggﬁf;.r]ng ol efins which com prises oxydi zi ngzgnd dehydr gﬂﬂﬂmﬁmwjmm

| ower al kanes in the presence of nolecul argpxygen at vapor p haske t'b Produce
correspondi ng olefins, characterized in that a catalyst as described in

Caim1lis use@. 7. A 6raee§@ssofrobr|ard@@uwgng>umawwn% adiphyde and
unsaturated acid. fronllo r nprises oxidizing an olefin

al kane gh
whi ch has been%b?ﬁ?n@dy hZd08h 208p yﬁéf%%ﬁtdétﬁ\pa My'cﬁ'tf@’erﬁa&kme@f

Cerr]-Cerr] liameheabkagence bifemeleeea? AxyERIreE dfagdy L]
catal yst as described in Claiml1, at vapaor phase in the presence o oxygen

to produce unsEfB#HPEdCSFdéﬁyﬁégdﬁé @H@éﬂ@ﬁat@@%ﬂﬁQ$eﬁyzed in tak ckess

for producing gagatyedt g dekdrfibed lipWen aahkang.s Wigh conprises oxidizing
at vapor phase_the unsatyrated al dehyde as obtai ned according to Cla|n17 in

t he presence of - mol ecul a BR?ﬁéﬁst5°ﬁrBdeéécdﬁgaﬁﬁsﬂﬁﬂﬁﬁi%ﬁn&i ehyde
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.

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




