~;e3e’ ]. ~H6~TAH?i w=~m~~~~ - 3Maw~~~ 1. *166166* COVPLEX OXI DE CATALYST AND
PROCESS FOR PREPARATI ON OF ACRYLIC ACID [Field of industrial utili zstcblé@gﬂﬂf
This invention relates to conpl ex oxide catal ysts lmﬂmwmwmwmmon pr
-acrylic acid. Mre particularly, the invention rel | ex oxi de
catal ysts suitable for use in producing,acrylic acid f«e@ms-acrol ei n by
vapor - phase catal ytic oxidation reactiof, and to a produci ng process of

nanber “of 1 mor oved Uty aES GBI BEATASEAYH Bralc B SinabaRERA: “onase
catal yti c oxidati on FEPRYNODFOACRYLIO) RDID have 15 been proposed. For

exanpl e, Japanese Patent Publication No. |2129/69 described a catal yst
formed of nol ybdenum vanadi um and tungsten; Publication No. 113 71174,

t hat for nmeq.of l.yQdenu anadi u copper, tungsten and chrom um

Publ i cati o K‘ﬂdr@%éaﬂf’&fgi “ﬁﬁ&?%f’e med of nol ybdenum and vanadi um and

ol ybdemum.vanad, umb sanen i peR oMo Bidl BitalEls dllE. na T
ger mani um prodection pluress odracepticerwad. doad patrsicalerlpothé uhvynsiahi sfactory
for industrial working, B because of such defects that the yield 25 of the
obj ect prod’@@it,esitpéqmﬁlﬂ)ypx@ea‘éa@,b’ﬁé? $W§&bfﬂ gll'e‘rlﬁe HnPradusmSration rate
in activity . .l.s:hi i : i1{.e. for vel opment
of oat al ystSGHP e AR YRR BY Rap o RS bt kB IR an ORHE: o ot
hi gh yi el d agnveto prdodngedg paocests ohasryée acidfdenardoledd ddiegappdi cant has
di scl osed the catal ysts containi ng nol ybdenum vanadi um and al kaline earth
met al s i catalyspen ~~~m—~m- - 3 MAR 2003 a (Kokai) Patent Application,

| i okai No. 117419/74, which catal ysts, however, are still open to

i nprovenents in respect of acrylic acid yield and catalyst life. 5 [Problem
to be sol vqprp,yAﬂ? i nvention] Accordingly, one of the objects of the
present invention IT?AB.}:E;) provin;jif cg[ﬁnpl ex oxé{de c];t al ¥sts, in parti (;El ar,

t hose which are sui rzef nnnphexdof1impraved catalysts fothpoegaringpacrydftas e
catal ytic oxi ﬁi on pof acrolein. 10 Anot her %ject f the present, i nvention
s to provitdid khpoBeR o PassR Ty Uk aNabidacreackion oF Reyo kiR hank

prol ongad BeEh PihadRd. ORbAELARGIBCHARENRE PA{a P EERESARNNGAl al ySt at
vapor phase wt l'ecul ar oxygen or rmFecu ar oxygen-contalning gas. 15
[ Means to d@AN28/6Deescuibednd ciéalyav doxinedmfemedyhdat utrhevadesdived aaat al yst s

Stabl e per tBRAaHEY BUBHERHOPoNGed (POt HOSHRA ORGP I ORRIAE. occasi on
of br epar | B, RO @hrbY, nbaldl KSHEoIRARARRSD Iilfod 304 24599 20

general formila
75, that formed of molybdenum and vanadium; and Laid-open
20 (Kokai) Patent Application, Kokai No. 85091/77, that formed of

molybdenum, vanadium, copper and at least one element of antimony

and germanium.
However, these conventional catalysts are not fully satis-
factory for industrial working, because of such defects that the yield
25 of the object product, i.e., acrylic acid, is insufficient and deteriora-
tion rate in activity is high, leading to short catalyst life. Therefore,
development of catalysts which excel in stability and enable acrylic
acid production at high yield over prolonged periods has been in
demand.
30 The applicant has disclosed the catalysts containing

molybdenum, vanadium and alkaline earth metals in Laid-open
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MbaVbWw Cud AeB f CgDhEi Ox (1) 25 (in which the conponents and their ratios
are as later identified), when a conpound containing both conmponentg ﬁARa{gﬂij
Cis used as at |east a part of supply sources of conponents B and C, an

- that the use of this catal yst enabl es production of acrylic acid from

acrolein at 30 high yield over prolonged periods. Based on these
di scoveries the present invention is cofipl eted. Nanely, the present

i ti t t | ex. oxi .=, 3 2003 3.c I whi ch i
expr ossad BRORHD PabeBhARpisatia Kokaie L Nedviioh saab fieyone ox
W st ht 1o bed R AR ORI o M bRoVBRRH T 1EshBct URASERRe alt ' 5 TOPPY!
| east an elygskindndelatglyed lifeom al kal ine earth netals; Cis at |east an

el enent selected fromsilicon, alum num titaniumand zirconium D is at
| east an el enent sel ected from phosphorus, tellurium cerium |ead, arsenic

and zi NG Ep%ﬁbl%h‘ wﬁg}sgma(g*)g?ﬁgtmgghﬁ:&%ﬁ, fromGoup A and Goup IlIb

el enents o € perio oron, bi smut h, cobalt, nicl{el and

manganese; and O i SA@ébgéfh%?; oBe df thd ol%')acfs ofthd preséffl ixvegfiohest he
atomc ratios of M, V, W Cu, A B C D E and 0, respectively; and where
a = 12, 2 +‘olprevide complex-oxide catalysts; i@ paracelabpithose gshichdare G, 0 ~ a

~G 0<f ~, eferghly 0.01 ~f~ 10), O < < 1Q (preferaply 0.01 ~ g~
1oy, 0 < neuigbletoF prodBetngacfviic agid i Fapar Rhah GBS by ¢ he
extents of QXq88bhyT fhroldie. Ot her el ements) which is characterized in that

a conpound contal ning both of the conponents B and Cis used as at |east a
part ofi® he supply dmottes adijecbopthepreséntindvéhtaontibaotprovidé a he

catal yst preparatipon. The .inventi.on furthernore. provides.,a production
P oceae. of TRBRGH EOTRTaPRIHPBEHY bR st g HeAGoai roIgaged Btse wi ¢ b

nol ecul ar g - 18 el : z | hi I ce of
catalyst, JOEgBY AKidBip RIdlan MUREDrERCE Of PaRSt aP VA BRI TS,
oxi de as t Iveithahalemtlar [okyigedi oreatmoldculaie okygentdcarthiihas gasonpl ex oxi de

catal ysts which are represented by the general forrmula (1) are per ~e known
as disclosed in said hokai No. 117,419/i4. In the conpl ex oxide catal ysts

of the jnv ion r gf er.abl tiyrony and tin are used as the conponent A
nmagnesium ‘?%%‘iﬂos Y?&ﬁ?i%ﬂﬁ%mrgari um) as the conponent B; silicon and
al um num as the conpeneife GiscBRes@NOhus theldsifddBhelgs?d Bgeelling Fn VAR
2003 4 as the conponent D; sodium potassium iron, cobalt, nickel and

boron, as twetivighsehestivity ansd pbast catallyst life aokdawhdcle exdiby stedlere of the
i nvention Iiei in_the use of ;a co%%ound cont i)i ni %.bo(ih ctilgg)onent.s B and C
(whi oh 19 RETEBRapee VR mioldhded PATIOdein B hiinted tn T ockdtidn
conpound) aF prepheRfd aoPdplexOdxidlenid th 1Pt Gqfrecst Ay fite EOMPRUNGS) of
conponents B and C in the occasion of preparing the conplex oxide catal ysts
of the 3 egemerahfemubémn(1)The reason why the conpl ex oxide catal ysts of
excel l ent performance are obtained through such a practice is not yet 10
clear. At the present tine_we aesun?&that Wneéeby i nproved stability of

i

the conponent B contriMﬁae\ébW@ f@%Dph@ gmance, hile the scope of
this invention should never be restricted by this

25 (in which the components and their ratios are as later
identified),
when a compound containing both components B and C is used as at
least a part of supply sources of components B and C; and that the
use of this catalyst enables production of acrylic acid from acrolein at
30 high yield over prolonged periods. Based on these discoveries the
present invention is completed.

Namely, the present invention relates to a complex oxide



presunption. The ratio of a B/ C conponents - containing com1ls pound in the
supply sources of conponents B and C (i.e., total volune of the Sta[%“ﬂ@Z%}
mat eri al of conponent B and that of conponent C) is 0.5/1 to 1I1,
"preferably 0.8/1 to 111, in terns of the atomic r atio. In particular, it
is preferred to supply the total amgunt of the conponent B in the catalyst
froma BI C conponents - containing conpound. 20 As the supply sources for
M, V, W @acalgsmﬁmn&amr,es@damduﬁ;foﬁawirrgogmuﬂd&mqm)pont ain the named
i ndi vi dual el enents and i ch produce the correspondi ng oxi des upon

cal cination can be used. As B/ C conponents - containing conpounds, any of
mar 2b keted conpoun I X JH.whi ch tain both conponents B
and C can be used asq?ﬂ%§£§$§§§%§§§g e %§$%%uch ng?Eeted oxi des i ncl ude
barium al um nate (2BaO. A1203~ 5H20), magnesiumsilicate (M2Si 30Cs- 5H20),

cal ciumsilicate (CaSwbgh Mbas moetphdehamgfVeis(vBazdls), Wsisrtangi um titanate

(SrTi03), calciumtitanat caTi 3%, 0 calcium zirgonate (CaZr03) and the
i ke. Other than tﬁgesné@oﬁﬁépgﬁragl ragﬁeﬂacsggn e&w&%tsseg%ﬂ?%?ﬁ#‘hg bot h
conponents B and Cacéimdwy, niobi@mie 2003 ibapleepareelentendisgh, for exanpl e,
the fol | owi ng procedus@oraflhifoLYRRIhCAISRELSE 18,890PIRRNY B - containing
conpound and a conponen - contarning corpound In water, dewater and give
such treatnents |i keledtedifngm sdivdnt dlawsanietitenium aedaircpnieer i bed
temperatures, 5 pr of el ud 300 AOAGH: R BdDBRAUSIR S el Component B -
contain ing oxide wth a conponéent C - containfng oxidé and cal ci ne the
m xture at prescri paum;esmpen.dead egsene endzapy; § iatatjomt 2000€ ~3 cal cine a
Bl C conponents - cg{%ﬁi leREd c i RIIRSL res, preferably
at 500-2000C. 10 sai B#_%?%o%%g%?s??%c%%{agr?%ﬁr)lgqj%gnpoun té)lflare preferably
used in pul veri zedt’g aerodip tajtle. hospmgeopdismatly cabalerigkelgndhot great er
than 200 ~ m norenaAaRE&I AU % kel £3f 8T d 1@ 9 aqm and nost
advant ageously, not greater 50" ~. m {/}ﬁs&e%elt er ofﬂ%he conponents B
P Y0 S

than 5
and C conpri ses nof8ials thaatomisaatire aeite, iGildnt agr the B/C
conponents - cont air&hecHiglouiit whefontaiN 28 b £4350 <e10f the el enents as

t he conponent B or e B/.C - contaj ni ound may al so
cont ai rrlma conponenpgoq%gr(pfe}f%%?ﬁﬁg%“{)%ﬁ%rﬂ%eg%aﬁ(#]’gé?Q@ef conp)(;nent E.
Qovi ously, such a taraplyundl £6=U9gf0f g& Ko(pasferaldp Pl y=g=i0ge of the 20
conponent E. The c i VSt f . | I n be prepared
byn}t)he nmet hods geng%gé’ g?&%esl’%glﬁﬁ{‘%ra %?lgﬁgtrciﬁﬁlgdlg%?g&ﬁﬁgg&gf comFJ)I e>F<) oxi de
catal ysts, except bhéhe extBhtd doxplationt of the otradlemagtstonpound is used as at
| east a pagh,;Qf ;o I i’i&%odb and C. Shape of

t he corrploeyh 663{ ﬁe&%?%?ﬂ%ét@sﬁlgﬁla? ﬁgoﬁlfr?\?gﬁtﬁ icéﬁtaﬁg ot %&O?f‘%al. They rrgy be
nol ded i nt @%ﬂﬂ}n%ﬁﬁiﬂtﬁ&i’ Crip mped ayahleast 2 parf ofSppSHBPLYSONEERS, Oft abl et and t he
l'i ke, W thcafpsyaita®east BMRIBE tRle df the ALy Bkphattion. 3- 10 nm I n preparing
the catal ysts, those well 30 known additives having the effect of inproving
the strength and attrition resistance of catal ysts, such as inorganic
fibers, e.g., gl askhe invedtidviRr2@odofe prdvdesoa praduation prhcsssotacmiic be
added. Alzgd frrbugRBkidatibh 't akhseinaitalapst phaspaithimslesukah ogggen or a

repr oducimbleclitar oRfgelc¥Ritifg gaslih the&pRBNaE oP BXEM)st Lidid processbelag

amoni umdwa}écg&ﬁze&gwtﬁv%] P?éofébé{/éﬁo ki lasahé ehpllystst eari ¢ acid and

the Ii ke may be used. e the conplex oxide catalysts of the invention
are each useful by itself (as nolded catalyst)) they are preferably used in
the for msupported on inert carriers such as alumna, silica-alumna,

si | i con car Bimbodizieptscefhe inventien] ti t ani um di oxi de, al umi ni um sponge and
the like (as supporpg : 185 bAlidiArCRDE ¥id bl e supported
ratio (% of the corP g@gﬁlﬁéég%kgggﬁs by %Pﬁerege%’eef’séﬁ %orir?r_ul a (1)

([ (wei ght ofhetganesdinforaxlaoid) deg per saksnqim apricinsed pepaidddpkdier + weight of
the conpl exngxi fei19/%4 100¢hd Srdifled BXhdeREEI19E@RK Yhel ArveBtion, The conpl ex oxi de
catal ysts of the invention can be prepared in conventional manner, such as
by cal ci ni nefeferablantizigpy gpe diy aisrusedasdbp campaperiaf; M@L8eas descri bed
above, for gyamehRidh, 49Q&iMArknA BOHIS; as the component B; silicon

and aluminum, as the component C; phosphorus, tellurium and zinc;



Production of acrylic acid fromacrolein according to the present inventjon
can be performed by any of known nethods) except that one of the sG  MAR 2003
descri bed conpl ex oxi de catal ysts should be used as the catalyst. The

- apparatus and operating conditions in carrying out the production are not
critical. That is, as the reactor, an orgdlinary fixed bed reactor, fluidable
bed reactor or noving bed reactor can be used, and the reaction can be

carried out upder the conditions conventionally enployed for . production of
2eryl e acidf T sPHIIG b FOGTRR AR eS pHAs & ok (bR oS Red R b
reaction. . S‘nﬁ?o? - af1,1- 15 vol une % of acrol ein,

0. 5-25 vol %O%gp%}%yaen, - @g}éégécﬁl‘gb'st eam and 20-80 volune / of an

inert gas |ike nitrdBRe.chsraeontisticddatatdofiticonnyextion Hes ¢attdleyateof the
invention at_ tenperatures rangi ngbfrom 200 to 400C, under_ a pressure of

0.1-1 MPa afch aenwpapad eonéavuingybeih coopsneods B andstAjwhiclpis bavee
acrylic aci es}h des

B uch us m xtures of ,acrolein, ox and i nert
gas. acrbl AELEIEITRAN TG Anddyite CAIRANAILS o AN IS SO MRARPEhAS A di r ect
oxi dati on ]Q{;QE in
gas, if neg%gggfggj%f%tqgrﬁ%pl n%%#%sgré’%@g%%egln%é@g%)mﬁ%% encegﬁ%EBsugh
si de productrsl &1mthyloccaswirdof peeparingciith camphen oxxdeeasaly sis ofahe or

unreacted propylene in the rol ei n-cont ai_.ni ng gaseous .m xt ures obt ai ned
upon di rectpréﬁﬁaatmaﬁnbwrbri‘%wreq?esomsvv%ﬂms%9«%@1 CHARmsAtal s ofhe

Cal vst . i g on . . .
hocor o ng t3eFHeBeRIEHRAARERE, Dl SBRiBHINLAN, SRR Shrfluldf hOL ek T

are obtmi nabéer WwAththgoptedeatyy i iny présumbtiheaveherdPy haoatsed he conpl ex
oxi de cat al gsts of the invention maintain the high activity |evels over

prol onged FERPBHY, Ol FomRANAR LRTBET RSSO e TRETHPEMAAE, ds over
pr ol onged Bﬁlﬂg%ﬁeaspc%&%déf&itscinyﬁgﬁtﬁ%rg§ﬁ8§1(ﬂlee§? Th:e%%ﬁic%gebﬁfﬂ[x@(a”p' es]

Her ei nafte é I'nvention I's ex nore sp yre I'g to
wor ki ng Exgipbefptidnbei ng understood that the Exam ples incur no

restricting effect gn the,inventign. In the Exanples,. the acrolein
conversion, acrylic l& kRt of &/G 99@%"%&%?@1@&%09?@ d were

cal cul at.ed_accor di to_the follow formul ae: »acrelein c rsi-on. {9
ol AnoePaE (e shrrlF et s ol Lomt e i C e S Votpine 1o
acrylic acid thels2attivig i at¥idl(cfdompohent & ahariied ¢Céothponaaitd)) is (ol
nunber of reacted acrolein)]. x 100 - 3 MAR 2003 s acrylic acid_yield (%
_ [ (ol nuRE ter Lilo mrederadly) 0.8/ hée dy 1/ in tams ehthbe omEdraideolldi n)] x

100, SXahgbyL B SER0 0,80 AL ofl cxpmsaB, STl ke, 200
were di ssohead Biidesheheahilygt fivdn st BYCicognpdwehite- sohtdindngLdgpotind0% by
wei ght silica sol was added, m xed and
20 As the supply sources for Mo, V, W, Cu, components A, D
and E; any compounds which contain the named individual elements
and which produce the corresponding oxides upon calcination can be
used.
As B/C components - containing compounds, any of mar-
25 keted compounds (preferably oxides) which contain both components
B and C can be used as they are. Examples of such marketed oxides
include barium aluminate (2Ba0.AL,0,-5H,0), magnesium silicate
(Mg, Si, O 5H,0), calcium silicate (CaSiO,), barium titanate
(BaTiO,), strontium titanate (SrTiO,), calcium titanate (CaTiO,),
30 calcium zirconate (CaZrO,) and the like. Other than these commer-

cial products, oxides containing both components B and C can be



to evaporated to dryness under heating to provide a solid matter. The solid
" was heat-treated at tenperatures el evated stagew sely, followed by 3 JhRragns
calcination at 1,400C. The product was pul verized to a powder (1) having an
average particle diameter of 30 ~m [Preparation of catalyst] 15 Into
2,000 nl of pure water, 350 g of ammoni ygm para nol ybdate, | OG g of amoni um
net avanadate and 44.6 g of ammoni um par atungstate were di ssol ved under

heati ng and_stirri,ng. Separ.atel i f cupric nijtrate .12 of

oot oy & rnere U o tRRGIR Bxtmley tBe toflpuSHE iR o3 disit¥e
stirring. Thug; A I? qu y er (1
was added té(} talhsg)%lrlggtlﬂdf‘éd&ﬁifl Q?\S@g %ﬁgbﬁ %ig??}lgrdap% ggg%ll]?}]%%%a%%l&%g‘legﬁ\r,\g (D
evapor at or -ogoritatinivgg eomypaiund fhemtelt, ded atkr efndagsid sueh aremtmanspheri cal

carrier having an average partjcle dianmeter of 5 was added, followed by
evapor at i onhﬁ% davimesand thereakter ga n?cﬁ%@@k@@ﬁ@@@%‘ﬂt@ae%eposi ted on

the carrjer i {, t i 0 r. G
hours t 05 pr%li/e}gga@;%q §QPWCT§% @%éﬁlygﬁ&oé%&%gﬁﬂ?gk gl 'egre&ﬂ%%m-
(excepti ng imgygeide with A cdhipoheheCatdetainini oxtide ag@pokiné @as) of this
Catalyst (1) was as follows: 30 Nlo 12 V5.5 W1 Cu2,2 Sb0.5 N go. S

510. 75g0. 05nixture ajppresyhed femparpsoresdnederablicat 23804200076xi(@at i on

w th 1. oo SAeae v GbfRonsati Bhyetn i Coubdull 4 kRS Gaceous o
m xt ure of érﬂﬁéf’fﬂl{ﬁlﬂesgbg?ﬁﬁ'gbﬁi 9t 5002280H%Me % of oxygen, 25 vol ume % of

steam and 64.5 vol une i nert gas conprising nitxogen and the |ike was
i ntrodut@d. The reacbamhBiEsomaponendtoutontainéng camapetinds syragerefetrocity

(S~ of 1,50Q h ' (STP). .The cat al sg performance at'glth .initial period and
Eiter 8, D0RMERET 1 Bl Brizaas tate be Aanausrast naptieleldiasBaten &f ROk Bxanpl o
1 Cat al yst o igA d

Y S Rhph chiR 260REOARAS A4 i iehdoidly Aot ALY (AR 108 finer epar e

in the identical manner in Exanple 1, except tha cont al ni'ng
conpound” varsd mobstpadpan tazdmuislganbt gheatanihahb 58npomint to that used in
Exanmpl e 1 of magnesi ni tr,aﬁle, zi Li ca sol and al um kujm nitrate were used
as they were - Using e eihhar péthe rpmperents ne L COHMKIBRS WS un

' Tani 857, R g RRACBIE L A3 e e BIF T CodopbPBelS S ohuhiBBiniS, ST
74.4 g of 2QmBbaAd 6 &ditaga £tdleast @né ¢f tHe elerABhtd Ay AkedDmMEb et B
cobalt nitrate and 10.5 g of al um num oxi de :were added, m xed and evapor

ated to dryme€s Thedd/ Cheemipogendsf-cantainislg eompouard nihe adwl conigs a
heat-treated at tenperatures elevated 25 wisaly, followed hy~3 hours’
cai ¢ nat orttabehE BBt RR K ap U b BireRarh L AN g POy o
average par@Qbeicudlyasttika @mpBundisasefditasdad.a supply source of the

20 component E.

The complex oxide catalysts of the invention can be pre-
pared by the methods generally practiced for preparing this kind of
complex oxide catalysts, except that a B/C components - containing
compound is used as at least a part of the supply sources of the

25 components B and C.

Shape of the complex oxide catalysts of the invention is
not critical. They may be molded into any optional forms such as
ring, sphere, column, tablet and the like, with an average diameter of
1-15 mm, preferably 3-10 mm. In preparing the catalysts, those well

30 known additives having the effect of improving the strength and

attrition resistance of catalysts, such as inorganic fibers, e.g., glass



[ Preparation of catalyst] Into 2,000 mM of pure water, 350 g of ammoni um

par a 30 nol ybdate, 116 g of ammoni um net avanadate and 53.5 g of amoo @jRulgm

par at ungst at e were di ssol ved under heating and stirring. -3 MAR 200

- Separately, into 200 g of pure water, 99.8 g of cupric nitrate and 12 g of

antinony trioxide were added under helating and stirring. The so forned two

liquids were m xed, 28.9 g of the powder (2) was added, and together poured

into a porcefhlairmxamamsa\t}dskem et benad ded. halsh forScohiterilidg 2RO - of a

silica- alumn erical. carrier havi ave e particle dianeter of 5

nm was added? ?]S’EFBWQH Uéﬁ?%t‘"?%‘”ﬁgﬁ%‘%&' @%Vﬁgg?n%‘rﬁhlyr, ng to have the

cat al yst denaﬁﬂvhedsp@waé}eb@aéfs@h asTmmlitﬁmQﬁtﬁ'ﬂ@R@[lhﬁﬁecat al yst was

cal ci ned at 400 foi 6 hours to provid t al ?/g% b The’ conposition of
énasYs §

the netal | i Steremppyinyd alagngl, stpapgiagid and thg Bsadows:

Ml zVsW . zCuz. SSbOSSJVHﬂé%Wx@l@kbxiﬁé@:aﬁﬂ?@@@f%ﬁe idrRiofesre24. 8% 15
[ Oxi dation reaction] The reaction was carried out under_ identical

condi ti ons Viach usaBY byiltsetagpadded cadalyapt thayarezetarghly ysed ifas repl aced

wi th Catal yshe fdm sIBlf‘or’ft&ﬁb'xlx inddeea @fers ROV ab BIGEARIAE slticaiatRhe, 3 20
[ Preparation of Ca-B Al -cont ai ni ng co ound] Into 200 m of pure water,

48.8 g of célﬂéfiq{ilrﬁaﬁpltdﬁa%l@co%wt@déftl@élll‘l“ﬂrﬂl%lfiﬁa'% HITHAHID SPOREDHT  sodi um

hitrate wer gndighealleads gﬂﬁﬁdrt&te@étht}gt)arm thbil4ttNehse TOuiktabIe Sol ution 335 g
of 20 weight %silica s al um num oxi de were_ added, m xed

of
and evaporatsgapweésae?;aﬁé qiirﬂﬂg‘rpl%%lﬂﬁ@xft’@sb‘%dobi(&’ée 8Bl d matter. Thus
obt ai ned 50|fbﬂnm3(1hq&be1%hﬁafﬂ@ c@mm@:{mﬁa@)wmsgtﬂimabeﬁex&t agew sel y,

fol |l owed by hour s’ | cipation at 1 Pul ve in roduct, a
powder (3) ﬁ%‘l’lﬁ’b‘Lé‘Wlé&é’r‘J&B% cpzpl elxcqxédeéf ‘égQ?)ér" ]&r%% pﬁ*ﬁ‘?'ﬂfﬁg’gp obt ai ned.
[ Preparati onsed0%at al yst] 30 Into 2,000 m of pure water, 350 g of anmoni um
par amol ybdate, 96.6 g of ammoni um rret avanadate and 44.6 g of anmmo - 3 MAh

2003 11 nium paratungstate were dissol ved under heating and stirring.
Separately, 99. 8ﬁxe@bmpdqxromdanatalﬁtssoﬁﬂbsuﬂmtmQﬂ@d)elmemlg of pure water

under heating and stirrin med |Qn to which
115.5 g of tcﬂ’é eﬂ%ﬂﬂ@ﬁn?@f‘g\ﬁ}é@ Z’Hé’&{cgﬂ?ig{hgé’gfaﬁg% wroure 8osrq']t é%ﬂ a porcelain
evapor at or - @arr{¥e$ as/@dseribdaalbbve, ThresathpR 400°®for 8 Iﬁ)ui'st ca- al uni na spheri cal
carrier having an average parti cle dianmeter of 5 mmwas added and

evaporated to dryness to have the catal yst deposited on the carrier,
foll owed by G hour s'Predhdtionadfi aepylit acdd &Gnd @cmmﬂiadan@mgatoyﬁie (4). The

conposition of the netallic ele ts of i s Cat 4) was as
Fol Tows: | NoPIvaREca ok n s S erkt el ool Bagwa dbit SFhet' was 2G 7%
15 [ Oxi dat i ohat ezcof uhn]so‘thede@mbbdonm\pm axade cadlyetd shondédrbei dent i cal

condi Ll ons ki ab BSEal}EXBlBodra Y RERL LI SRS, 1) 1B 1 opl aced

wi th Catal le 4 20
[ Preparat i oﬁaﬁb’lfkﬁgsb‘gi tha| predwetinminegnad srisisahdT hatisoas e rﬁacm‘r pure water,

12.7 g of rraarb%amar}ymxtea%ree,re&t& m&aam%a&%mm} el 1- 0 g of iron
nitrate were dissol ved under heat'i n% stirri ng Into this solution 220 ¢

of 20 wt % sFPa<Lar <& b Heed agdghgmrean wm%arﬁeosar&@ Watangdgaébe ni xed and
evapor at ed &énditions conventionally employed for production of acrylic acid

from acrolein through vapor phase catalytic oxidation reaction. For
example, a gaseous mixture of 1-15 volume % of acrolein, 0.5-25
volume % of oxygen, 1-30 volume % of steam and 20-80 volume % of
an inert gas like nitrogen, is contacted with a complex oxide catalyst
of the invention at temperatures ranging from 200 to 400°C, under a
pressure of 0.1-1 MPa and at a space velocity of 300-5,000 h™' (STP)
to produce acrylic acid.

Besides such gaseous mixtures of acrolein, oxygen and
inert gas, acrolein-containing gaseous mixtures which are obtained

through direct oxidation of propylene may also be used as the start-



25 dryness under heating to provide a solid matter. The solid was heat
treated under tenperatures raised stagew sely, followed by 3 hour s= J MAR 2003
calcination at 1,200C. The product was pul verized to provide a powder (4)
havi ng an average particle diameter of 30 ~m [Preparation of catalyst] 3o
Into 2,000 M of pure water, 350 g of anmoni um paranol ybdate, 116 g of
anmoni um net avanadate and G7 g of ammp ! - 3 h~aQ 2003 12 ni um
paratungstate were dissolved under heating and stirring. Separately, 99.8 g
of cupric ninggas Waccdssant efieriaddiog ajrafr girgemandrsteader Hresenog and
stirring. Thus forngd t sol utions.were mxed, and tq which 186 g of the
powder  (4) GeRucliabtt BIAPISAHAFIBIGRET AeEUS Aacerthon BRMIBAR: on hot
wat er bat h. EJI]FJ] Shi TaG@ i er . J ving an
aver age di aprre erl%?gg&r%gnia \(/Zvﬁagsd Eaﬁ%ﬁa{eﬁ%&fﬁ)ﬂ%@%@%g:%gggﬁ%% %%%cf)rlggrj:ess
under stirrimgtueshabviaihbé qaimbysict depdstibadbfgnrdpydenarisiirmo Wy support ed
catal yst was cal ci neg at 400C{or 6 hqurs to provide talyst (5). The
conposi t ¥ orf¢tgimentabtesha cptalyste msatsn the Rrecessiofi tia mntiea. as
follows: M)12v6 W1.5 Cu2 5My0 2 S10 3~0.021~ A FeO A The supported ratio
was 23.8% 15 [Oxidation reaction] The reaction was carried out under
identical cEfedt cfitheVinven e in Exanple 1, except that Catalyst (1) was

repl aced with Catal yst (EL%. The result was as shown in Table 1. Exanple 5
20 [Preparation of Myc®irdingttai thienigveatponkighcaetivitydand ighopeyfost

magnesi um silicate nuf act ur,ed .h kar,ai  Tesqu . ..cal,gi ned at 1, 500C
for 3. hour STV GEPD g 208y DIS BaEb aeafs apron ve iy o o380y & o 2. 000
M of pyse MedaAise GROcOMPle R BRI BT NYEE FPLNOIRYEntiB8. R anehipEHONI UM

met avanadat e and 53.5 of "ammoni um par at ungstate were di ssol ved under

heat i ng andhigh actinity 1Sepls avert pro®ngedgpefiodspacrylid acidt ean 1@. ctabiy
titani um di oxi de and 4. .of  antinmony trioxide re added to,.200 g of pure
wntor underbrndicebrsBich didds Narproiange SReaTodRAf o g focdaer o i xod.
51.7 g of thg ke thed iffided to the liquid mxture and together put
intoa - 1-5~1F0~~a§%g(§8% ilé}égilr cel ain evaporator on hot water bath. Then
1,200 M of a silica alum na spherical carrier having an average particle

di anet er of ]’1? nm added and evaporated to dryness under stirring to have
t he cat é@ys[t Wﬁtﬂ&gﬁ ed on the carrier. The supported catal yst was then 5

The moral 11 o enent Bespffiet PhPIRNERROEIE ML mdAESETERNLDT Se
2" ~b02My2. 4sfdrfihklto workhes Fipnnpled it beimg wasle2btdd thik thathxamr-eact i on]

The reaction, was carried out under identical conditions with those in
Exanpl e 1, Rlesdpeurma resfriting effert gasthepreldoni th catal yst (6). The

result was as shown j at ti i NAcrylic
Aci dAcryl i cNo. Tenp. clolpng}-é-(?ls%;)ganégﬂ%scu \?:_%Ecy&é% %}%?%%%’(éﬁ%({ g%@xanpl e
1(1) I ni bp al sslbatQityf an @i Ho 2009 9i1d1A6we 98 cafilate B.acB8fding to the

hrs. 26899. 295. 895. OConpar ative(2)nitial stage of

react i on260@HoyomgBrnoEapl e 1Aver 8,000 hrs. 29197. 893. 191. 1Exanpl e
2(3)Initial stage of reaction26099. 695. 695. 2After 8, 000

hrs. 26799. 495. 494. 8Exanpl e 3(4)Initial stage of

reaction26099. 095. 49e b frLboBveidn 199 - 27299. 095. 394. 3Exanpl e
4(5)Initial stage of reaction26099. 095.894. 8After 8, 000

hrs. 27199. 295. 794. 9ExKnmlenGdermfiteacted ageolsin) /

reacti ogg6099. 195. 294'(%1'6(‘Iltnelim ’e?*oo(}’f%asac%% &%)]0)9;410%94 0

acrylic acid selectivity (%) =
[(mol number of formed acrylic acid) /

(mol number of reacted acrolein)] x 100



DNOCW - 3 r4~a~ 2003 15 CLAIMS: 1. A catalyst which is a conpl ex
oxi de catalyst represented by the follow ng general formula (1): MaYym Qw0
AeB fCgDhE i Ox (1) (in which Mo is nolybdenum V is vanadium Wis

- tungsten, Cu is copper, Ais at |least an el enent selected from anti nony,

niobiumand tin; Bis at |least an el ement selected fromal kaline earth
netals; Cis at |least an elenment selectdd fromsilicon, alumnum titanium
and zirconium D is at |east an el enent sel ected from phosphorus,

tellurium cerium |gadlicagdnyield@e)z nc; E is at |east an el ement
selected fromGoup 1A and Goup IIlb elenents of the periodic table,

boron, iron, b| snut h, [ (auﬂanumbmc@&éﬁmamﬂ ﬁan‘glamasai) fand O is oxygen; a, b,
c,d,e,f, , te t ato [ of M, V, W Cu, A B,
C, D, E and O respec?mpg “&ﬁmﬁgﬂ 1112 Zﬂfbb ~ 15, 0 ~ ¢ ~ 10,
0O<dc6, O-e~6, 0O<fclO, 0<g<- 10, O-~hcS, O~| cS, and x is a nunerical value
determ ned by the extents of oxidation of the other elenents) which is
char act ebi zEsalypleel ng forned of a conpl ex oxi de which is prepared by

usi ng, as | east a pajf,of .the supply sources of. conponents B and C, a
conpound cglﬁﬁrmrﬁ&%@ Mg/stlh%l -CQUMSORERE SOBMRANG, 2 A corrpl ex oxi de
catal yst as deSC“be&ﬂonzﬁ%%ﬂpukgme‘ih%*%of rh%la?ée(!lﬁg“ an
el ement sel ected from magnesium - cal cium ’str Pariiih

conpl ex oxi A8 g@f@ﬂuﬁimmnﬂﬁSUI‘BIt@fwbneﬂdi@b@l\fﬁdluﬁdei heatm\guaqfd ttierig@nponent
Cis at least an elenent selected fromsilicon and al um num - ~ ~~ah

2003 16 4. 'Roéhﬁrﬂcé}étl@xll 93 ecalt 20Yshy aveigbd siligrgol wasnydded, mlxeﬂaanﬂs 1 -

ot S e SO S4B L e RS ERTPONER 5 S0
through oxi gid WaLheafrpd Sl 2t téﬁﬁ?‘éﬁ“aﬂ'ﬂ?ése@@'vh@e&'@t&gé%%el XY&%‘W@H a

nmol ecul ar oxygen-containing gas In the presence of a catalys is
char act eri zleyl 3i ourstcaltimatmnphéed, 400 e E‘é}@aﬂ)muatfwa:semmvmu@duweal as the

(éa? al yﬁ“ v @wgér%{lf @11%2 ae‘lhglﬁeleégeAgaphcle &arilétel ('?%/30 . -A A b 9Rbhkm

vgl gb c a ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca
}cha?cL])qcaﬂrg‘gF ]aca]ca]ca ca% a}cRL!O]I] Jcal cal cal cal cal ca] cal call ca)

7! %*. Or 37ns0l B{ vql gb]n(]ocfé,pd‘.)@] md jof g we] walern] 3H) ga:lﬂ]a:mma]]ma(};cm?] ca] ca] ca]
| B +a- 17: <d! ! " $OR0RR&( ) +

val gb] ] 2] BEERI &t Rok 1&?%&%&?&%@%&%&@%%% 88 e cal 4l ca

| calcal cal cal ool ool aabeal el 6aheal g el 1 301 FRIATE AhIRAIATRR223+983: 3333

aj ca] ca] ca] S@ﬂ)@ﬁdﬁé&_\]f C&T %@ﬁk@@}rﬁﬁhﬁﬂhﬁ@hm{] t2kcel satinadsalterixidd cal cal ca! N
999t 999999: F: <<====7>

IN?" 222222 @FOE @tsﬁdiqdc%q ‘e’a?cga?ﬁa}leg]%qe@al}@é% hpaspad stremg chpdd) ca] ca] ca]

ob3K) RN B, BRI %"’*\? N AL

a] ca] ca] ca] &' th ¢ el aal arlread €@ k6 gé @hf@i tejcalpoatelidhcalgadreabeal cal c
a] ca] ca! GPPP- ORSSSS= UbUUJVRVSV+Y5Y8YGYJYYYj " {vgzupkfal W ca{ca] cal ca] ca
11 ca] ca] ca] eahotay atgrchaen] ddream] b28Pambof @ silica- alumina spherica

carrier having an average particle diameter of 5 mm was added,

followed by evaporation to dryness under stirring to have the catalyst
25 deposited on the carrier. The carrier-supported catalyst was calcined

at 400°C for 6 hours to provide Catalyst (1). The composition of

metallic elements (excepting oxygen, as in all of hereafter indicated

compositions) of this Catalyst (1) was as follows:

30 Mo, Vi s W, Cuy 5 Sby s Mg 5Sig 75 A1y 65
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A stainless steel reaction tube of 25 mm in diameter was

charged with 1,000 ml of thus obtained Catalyst (1), and into which a
5 gaseous mixture of 5 volume % of acrolein, 5.5 volume % of oxygen,

25 volume % of steam and 64.5 volume % of inert gas comprising

nitrogen and the like was introduced. The reaction was carried out

at 260°C and at a space velocity (SV) of 1,500 h™! (STP). The catalyst

performance at the initial period and after 8,000 hours’ reaction was

10 as shown in Table 1.

Comparative Example 1
Catalyst (2) of the same composition to that of Catalyst (1)

was prepared in the identical manner in Example 1, except that
“Mg/Si-Al-containing compound” was not prepared but each the same

15 amount to that used in Example 1 of magnesium nitrate, silica sol
and aluminum nitrate were used as they were. Using this Catalyst
(2), the oxidation reaction was run under identical conditions with
those of Example 1. The result was as shown in Table 1.

Example 2
20 [Preparation of Sr/Si-Al-containing compound]

To 74.4 g of 20 weight % silica sol, 10.7 g of strontium
oxide, 0.6 g of cobalt nitrate and 10.5 g of aluminum oxide were
added, mixed and evaporated to dryness under heating to form a
solid matter. The solid was heat-treated at temperatures elevated

25 stagewisely, followed by 3 hours’ calcination at 1,500°C. Pulverizing
the product, a powder (2) having an average particle diameter of 30
pm was obtained.

[Preparation of catalyst]
Into 2,000 ml of pure water, 350 g of ammonium para-

30 molybdate, 116 g of ammonium metavanadate and 53.5 g of ammo-

nium paratungstate were dissolved under heating and stirring.



10° 10" 10°L910% & ()- 710% & () -

r G37aBbCl s01094& ()-!)M 109 T& () - F&$109%& () - L109%& ()-L10%& () =13 MAR 2008
T1099&' () - 37nsbCl &S10%& () - & 109& ()- 10T 10T

10T99Y109&' () - 310%& ()- @ 110%& () -0l dEbC! 3! 109& () - &ys! 109%& () -

109 ()-109%& ()-L 10%&' ()- 910% ()- BQYELC! 3#10%&' ()- f10%& ()-

MLOY&' () -, 109%& ()-109& ()- 109&' ()- Qf +dEbCI1* 109& ()-z) 10%& ()-

f ' 7" 10%8 ()-$! 109%& ()l QU £)- - .

100 () - +2SEPREORE A 00 Erab Rines Wadsr, 998 Boficvpripgitrate and 12 g

S/ 10%& () of A@¥En6hy tricslle were added under heating and stirring. The so

d!l A<WMC! | Z710% 0- 0& () -! 2" 10% g( g& é) -LI Z2710% 0& () -! LI 2" 10%08&' (3- f$10% 0&
‘() -' 10% ofoymeddwmo Hguwsde waze mixed, 28.9 g of the powder (2) was added,

“S0% oa () ARLHESHSY PRdbR e s Gt Dol oy
1096 oa' {) | 04 5@y M Hibabind iggieicalontich Ragineh diease )

F/ 111 $0i 00gaettle @R%td00f 5&nm) wdDaEded( followed 09 eBaordiidhdad’ () -

10% 0& ()- .L109% 0& ()-0011R111dEOP1 1@ 109%6$F10% o0& ().-"10% 0& () -

I - 10% o0& (yryness under stirring to have the catalyst deposited on the carrier.
The carrier-supported catalyst was calcined at 400°C for 6 hours to
provide Catalyst (3). The composition of the metallic elements in this

10 Catalyst (3) was as follows:
Mo, VW 5 Cuy gSby 551551, 9Al Cog ;-

The supported ratio was 24.8%.
15 [Oxidation reaction]

The reaction was carried out under identical conditions
with those in Example 1, except that Catalyst (1) was replaced with
Catalyst (3). The result was as shown in Table 1.

Example 3
20 [Preparation of Ca-Ba/Si-Al-containing compound]

Into 200 ml of pure water, 48.8 g of calcium nitrate, 54 g of
barium nitrate and 0.9 g of sodium nitrate were dissolved under
heating and stirring. To this solution 335 g of 20 weight % silica sol
and 33.7 g of aluminum oxide were added, mixed and evaporated to

25 dryness under heating to provide a solid matter. Thus obtained solid
was heat-treated at temperatures elevated stagewisely, followed by 3
hours’ calcination at 1,400°C. Pulverizing the product, a powder (3)
having an average particle diameter of 30 pm was obtained.
[Preparation of catalyst]

30 Into 2,000 ml of pure water, 350 g of ammonium para-

molybdate, 96.6 g of ammonium metavanadate and 44.6 g of ammo-
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mixed, to which 115.5 g of the powder (3) was added and together
5 poured into a porcelain evaporator on hot water bath. Then 1,200 ml
of a silica-alumina spherical carrier having an average particle
diameter of 5 mm was added and evaporated to dryness to have the
catalyst deposited on the carrier, followed by 6 hours’ calcination at
400°C to provide Catalyst (4). The composition of the metallic ele-
10 ments of this Catalyst (4) was as follows:

Mo, V. W, Cu,.Ca,Ba,Si; ,Al; ,Na, .

The supported ratio was 26.7%.
15 [Oxidation reaction]

The reaction was carried out under identical conditions
with those in Example 1, except that Catalyst (1) was replaced with
Catalyst (4). The result was as shown in Table 1.

Example 4
20 [Preparation of Mg/Si-Al-containing compound]

Into 400 ml of pure water, 12.7 g of magnesium nitrate,
0.2 g of potassium nitrate and 1.0 g of iron nitrate were dissolved
under heating and stirring. Into this solution 220 g of 20 wt% silica
sol and 1.8 g of aluminum oxide were added, mixed and evaporated to

25 dryness under heating to provide a solid matter. The solid was heat-
treated under temperatures raised stagewisely, followed by 3 hours’
calcination at 1,200°C. The product was pulverized to provide a
powder (4) having an average particle diameter of 30 pm.
[Preparation of catalyst]

30 Into 2,000 ml of pure water, 350 g of ammonium para-

molybdate, 116 g of ammonium metavanadate and 67 g of ammo-



11 @10%0& ()-1! @10%& ()->> ?N?° ?2z??dEbC 1! “s610%&' () - Y5109%& () -

Y 3@O0% ()-Yl 109%& ()- @"10%& ()- YF.10% ()- ??/ @A @@@BEAb@ I MAR 1003
1 F 1098 () -yf10%& ()-' 10%& ()- 10 10 10F3: 10%& ()- ,y8! 10%& () -

- SAABBC CCa?b@1!! !10%& () -

gl0%& ()-y10%& ()-109%& ()-3!"10% ()-F" 19% () - CCDEaEAFFF]; - @

1001 1"10%&' ()-t!11"10%&' ()-t y)"10%& ()-Ty)"109%& ()- !'10% & ()- °

1 109&' () - FFFFFGH! | dB@ 10! ! 31 10966& ()-9 ."10% & ()-19 .

"10%& () - 100Aun (paratungskate were dﬂwawélum%&a@@@nd SEXYREXE ()-) !

| 1090NNE () - £S1.09%,& o : -

10% & () S)@gﬁﬁlg%&’)%5?'?0%@‘)5&“?{1-%‘3%?&?, Kias deRpFrashie 20068 25RN Sonn 1
" 1090NN&' () -whier ©10%# & da)tin @ ntD8tigrink- | Toh 1 AEmPdtwd solutions were

1 10% 3& () -/ MEMGVFNOOP} A2 VP11 10NNO, TO9AVE! ()-4" 109/ ()- !r" L0USS&' () -
1" 1098S& ()miyadoaed tp-whohi86)s of Hupppwonr ipras adidedsanditogedher () -

F1090VE () - 1109 X&' () -4L .1 1090XX& ()- SLO%VE' ()-10%VE' ) - S "R31

L 1006 §) -PUbIEOIH Berieiain Bhrabaaiy ox ot Vates BAER. SHeRTooRRant L o

' 1)m' 100/yygslh},‘ S§§3-_lljﬁ ) T1 Baw ) ) .

|z 1098 ()1 zgloO/&I'n( ) %@p}%@ )d-a‘é%%%éh %ﬁd&%{ﬁv‘%\% dsl\a/l\n\l/gJf:leErlOf 5 mm
was added, followed by evaporation to dryness under stirring to have
the catalyst deposited on the carrier. The supported catalyst was
calcined at 400°C for 6 hours to provide Catalyst (5). The composition

10 of the metallic elements in this Catalyst (5) was as follows:
Mo, VoW, 5 Cuy ;Mg 55ig 3 Al 00Ky orF'eg 1

The supported ratio was 23.8%.

15 [Oxidation reaction]

The reaction was carried out under identical conditions
with those in Example 1, except that Catalyst (1) was replaced with
Catalyst (5). The result was as shown in Table 1.

Example 5

20 [Preparation of Mg/Si-containing compound]

One-hundred (100) g of magnesium silicate manufactured
by Nakarai Tesqu Co. was calcined at 1,500°C for 3 hours to obtain a
powder (5).

[Preparation of catalyst]

25 Into 2,000 ml of pure water, 350 g of ammonium para-
molybdate, 96.6 g of ammonium metavanadate and 53.5 of ammo-
nium paratungstate were dissolved under heating and stirring.
Separately, 87.8 g of cupric nitrate, 13.0 of titanium dioxide and 4.8 g
of antimony trioxide were added to 200 g of pure water under heating

30 and stirring. Thus obtained two liquids were mixed, 51.7 g of the
powder (5) was added to the liquid mixture and together put into a
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lamina spherical carrler having an average particle diameter of 5
mm was added and evaporated to dryness under stirring to have the
catalyst deposited on the carrier. The supported catalyst was then

5 calcined at 400°C for 6 hours to provide Catalyst (6). The composition
of the metallic elements of this Catalyst (6) was as follows:

Mo, V. W, ,Cu,,Sb,,Mg, ,Sis T1,.

10 The supported ratio was 25.0%.
[Oxidation reaction]
The reaction was carried out under identical conditions
with those in Example 1, except that Catalyst (1) was replaced with
Catalyst (6). The result was as shown in Table 1.
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1. t which is a complex oxide catalyst represented

by the following general formula (1):

Mog VpWeCug AgBfCgDhE Ox (1)

(in which Mo is molybdenum; V is vanadium, W is tung-
sten, Cu is copper, A is at least an element selected from
antimony, niobium and tin; B is at least an element se-
lected from alkaline earth metals; C is at least an element
selected from silicon, aluminum, titanium and zirconium;
D is at least an element selected from phosphorus, tellu-
rium, cerium, lead, arsenic and zinc; K is at least an ele-
ment selected from Group IA and Group IIlb elements of
the periodic table, boron, iron, bismuth, cobalt, nickel and
manganese; and O is oxygen; a, b, c, d, e, f, g, h, iand x
denote the atomic ratios of Mo, V, W, Cu, A, B, C, D, E and
O, respectively; and where a = 12,2=b=15, 0=¢c=10,
0<d=6,0=e=6,0<f=10,0<g=10,0=h=5,0=1=5,
and x is a numerical value determined by the extents of
oxidation of the other elements)

which is characterized by being formed of a complex oxide which 1s

prepared by using, as at least a part of the supply sources of compo-

nents B and C, a compound containing both of the components B and

C.

2. A complex oxide catalyst as described in Claim 1, in which

the component B is at least an element selected from magnesium,

calcium, strontium and barium.

3. A complex oxide catalyst as described in Claim 1 or 2, in

which the component C is at least an element selected from silicon

and aluminum.
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oxygen-containing gas in the presence of a catalyst, which is charac-

terized in that the complex oxide catalyst of Claim 1 is used as the

catalyst.



