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ACI D 5 USI NG THE CATALYSTS [Technical field to which the inventio S|
Thi s mm‘mm‘mm | ates to catal ysts for production of unsaturated al dehyde
and 'um arboxylic acid and to a process for produci ng unsaturated
al dehyde «pne~unsat urated 1o carboxylic acid. Mre particularly, the

invention relates to | ] I@ﬁggg?gﬁ%ﬁﬁom?gqgwgpwgﬁgﬁﬁ?g%al dehyde

and w ver a

o MR it st auatciaats. "
e & AN BO mk c

?Icgehyde_ andI unsathur ?MQJEH?YHDEyAN(D AINSATH iIRg’ItEgB (Dmml mmh@tgt%}gt S.

nventi gnal techno n roved catal ysts have been

pr oposed Por hi gh eff@@é&ﬁoéﬁ%ﬁéyﬁnﬁnsaturat ed al dehyde and

unsat ur at ed [ [ ; : . i€ Oxi dation reaction of
 EReOieall Gl 't WhictPPRé 1H0éﬁﬁlo%%lh¥1gsf

propyl ene, utylene, t-butanol or net et her. The noat of
t hose proposed cat al yTthis coventionmmelateretoioataystsifor productionasf 25 t heir

hi ef np t Ho t t al yst il .Subj.ect bl

whi ch need t ﬁﬂsétgm@ﬁd@ya%@@?urgsaytfnr%té 'caﬁbairsz?h?M&%dl (F)Qigwdeegﬁd
. e, e . ! |

unsaturat ed sESRROMGr pRRLIAR Gridatusaldd KilehYA€ arbhkRdepEmdd @ catalyst

is apt to s i'ch 1 ndutes 1rrevers gra oIn the
cat al yti ¢oactarbdxylicTheid. Mordgshigiculatriyythechntemtion setatesetieinipesweéder ni c

dinth t al yst I, ticul he | | 1 4 JUN Z002
bnor el 'y HeaiRlyStpl T ciB g aTated Alfehyde and ansasurated.

nor n ettt _ _ Lo
at Wi gh prodietieRu L G e VHIE SRARNCH oALTERY KreR A pAIBRRC F M 1O

ih_nc[1 eases t opgriody bgo \t:im)drpphasel oﬁmaﬂfgnﬁ)ﬂ/ﬂli Ieast mllecedmlpﬁsmd selﬁegee%u under

i gh tenperajures nsi dering thes actors, .catal ysts ving hig
activity an r@%‘hitbﬁtgﬁ%lps‘éwlétlﬁ&‘?ﬁ?m]@n@véﬁoalaquﬁﬁgepE'il%an and,
denmand. t r Ij V. .

compl ex o dAetAxbEDURIEthEE, AU Briccl o I Pi0E SRERRRA
these conpl exldehydksanadeauksturased ade@bbxyhc aeip azéng theampsdeed

gas- conbust i oagt@gat alysts, but it is entirely unknown that such conpl ex

oxi des whoseC ¥9HiSi al conponents are ceriumand zirconi um exhi bit
effective catalytic activity in production of unsaturated al dehyde and
unsat urated carboxylic acid through 15 vapor. phase catal yti c oxi dati on- of
propyl ene, iKidnventional tedhiiclogy] or net hyl =t-butyl ether, when used in
conbi nati on with nol ybdenum bi sput h-i ro(P-co t ai n'bng atal ysts. [(hj ects of
the inve®®ion] 20 On UPLY JH;) RPLOVR Fﬂﬁanlé( B Bave; Prgroged 4Qr pr ovi de

t al yst 1 . i d i |
onsat ur ar eq it SEciEREY HroBobicA Ut kg cata I EE BT GHIRRANGD
vent] o oy skpotpime sl st ursal ' o
carboxylic aci rodycti on, c ve long ca st life enabl e
st abl eyoper dﬂQﬂﬂ@Ogr iqs)?fwtaf@w tpéw%ﬂ@ @ inP‘Pﬂb}adrgB%Yb%ﬂ&lf- %Elet WO8hr esent
i ti i | t f g d ted
carboxyl 1o 28 Shatestdifossd Glehlysts i edi ShiIVBfth il BUAG AT SndTagh HE" ©

period, gyenthiir¢hdef chraponentad operation aimng at high productivity. An
addi ti onal object of fhe present invention ig to proyide 14 JUN 2002 3 a
process for produci ngHoneaser; shese gatrlypte stibare subiectit@gproblems

which need to be solved, in respect of yields of unsaturated aldehyde

and unsaturated carboxylic acid and the catalyst life. Molybdenum
in a catalyst is apt to sublime, which induces irreversible degradation
30 in the catalytic activity. The intended oxidation reaction is extremely

exothermic and in the catalyst layers, in particular, at the local



carboxylic acid at high yield and with stability over prolonged period,

usi ng the above catalysts. 5 (Means to sglve the problenms] W havi-

di scovered that a composition, in which a conplex oxide known as ét:l;HN)]ng
for unsaturated al dehyde and unsaturated carboxylic acid production,

cont ai ni ng nol ybdenum bisnmuth and iron a% the essenti al conponents, is
conbined with a i 0 conpl ex oxi de whose essential conponents are cerium and
zi rconi um eabnbrimlly dhgh demperatuae tzowiet which tiheeferreddedas hattspon, and

excel l ent stabiljty; and at the use of such a, cqonposition as. a catalyst
in said reacmﬁmbéeamﬁl@%@eﬂﬁsoa%m- JRpEdeulaTi B heawhloAty o the

i nventi on, I - f I . de and

unsat ur at ed@%@éﬁi%%%g%g &?%}Eﬁgg%gg’g%ﬁﬁ%%ﬂﬁgﬁe conmpound

sel ected froaedindujabionm s0the dotxpotiinpremsdsetieprolomiguthe peeiod davimnol and

met hyl -t-butyl .ether with nol ecul ar oxygen_or a nol ecul ar _oxygen-cont ai ni ng
gas at vaporWihekdhecatghystals wse an@&fgvgh temperatuxaser Congidgring

conpri sing ( [ al . i 2 e

ol yodenom ek BREBHE G StadrileChith ARSI BhOTERIREable o s
vapor phase géiforitidiceosvenhilong adbd Atre andef@nd conpl ex oxi de
containing ceriumand zirconiumas 25 the essential_ conponents, is

provi ded. Accordi ng tOn tle pthewxand, wanous propesals kave beepralsoomadeas a

b ough oxi 28 PEROBIERaabY EhE% BESIHAr oBRBaaRs AR SRrifRL a3 L,” °'
consi sting Ofir8d@RMhEMlost DTthext @oenplexbokidedl a@ RnoRihys ddditivgl et her
wi th nol ecul ar oxygen or a nol ecul ar _oxygen 14 JUN 2002 4 contai ni ng gas

at vapor phagmpaneststewastedgas-copdrustion catalystssbut it tcentirelsd by

having a co ition egxpressed by,the fol | own eneral, formula (3): 5
NbaVbEi oFed kR tHARSUERGomDles Sxides whosd ebsgptial W?%%HE&%‘I% s
tungsten: Bicdrsui Ml ZircoBivrh dxlobit EfebfiveVatdIyti€activiey irf prbUictidn S at
| east an el ement selected fromnickel and cobalt;” B is at 'l east an el ement
sel ected frorf whgaturatedaaldehydet amad unsatucaited garbexylic acidthrenghsel ect ed
fromal kaline earth netals; D is.qat .| e_ait an j:l erre.ntbs | cteg from

phosphor Us, \EaeqqruP ilind cﬁﬁﬂyﬁb(h%l qthc,)n 02 BFOPX GRS AP Afe él,’u %‘é‘rf?rc and
zinc; 15 E imedhyl-eanitydethee Wihers ak&& iittdmhBifHtibh Geith BdHbabHingnd
titanium G.is at- |least an el enent selected fromthe group consisting of

| ant hanoi de hismuwth-ivaregonsaining catalystem copper, indium chroni um and
germanium and Ois oxygen; a, b, ¢, d, e, f, g, h, i, j, k, 1 and x denote
the 20 atomc ratios of Mo, W Bi, Fe, Ce, Zr, A B, C D E Gand Q

respectivel ){Olg@dtg\bﬁtﬁeanivénﬂjgn]b is 0-10, cis 0.1-10, dis 0.1-20, ais
0.01-30, f is 0.01-42, g is 2-20, his 0.001-10, i is 0-10, j is 0-4, kis
0-30, 1 3G 0-7, and XOne of theebjeets of thepnesest invention iscty provide

oxi dation of _each of ihg 25 el egents) _and t.he ceriumand zir iLum therein
Formng a comnispEyhith A% SeGTRLLE brifbchihartnosabiiiterl A TR HBRL <
provi ded a RipsHAISTated c@&-gggyﬁ@glcm%tmgﬁtyﬁléj dehyde and unsaturated

carboxylic acid throggh vapor phase oxi datilon of at |east one 30 conpound

sel ected fromthe grcdfurther ebjecy afither prssemtanviendion 3¢ taprovideit anol and
g:ts’hy: ;]t E Egtcé:tagesgggo%mﬁrgeaﬁlrg%é %ﬁd%&’&g And u%sg%lnegtuelcfl (r:al%(c}lx%r Sy aining
25 production, which have long catalyst life and enable stable operation
over prolonged period.

Still another object of the present invention is to provide
catalysts for unsaturated aldehyde and unsaturated carboxylic acid
production which enable stable operation over prolonged period, even

30 under heavy load operation aiming at high productivity.

An additional object of the present invention is to provide



14 JUN 2002 5 catal yst, the process being characterized in that it uses the
above defined conpl ex oxi de conposition gs the catal yst. [Enbodin?gtzﬁﬂhm
the invention] 5 Catalyst (1) for unsaturated al dehyde and unsat ur at
carboxylic acid production according to the invention is a conpl ex oxide
conposition which is characterized by conprising (A a conplex oxide

contai ning as essential conponents nol ybdenum bisnmuth and iron; which is

known per s §$|aﬁﬁj .9r [ d nd

unsat ur at edeacgigg?(y IC %lz(%dc}&tlﬁgowg% sai ﬁggfégéﬁﬁﬂgg‘ieﬁgé@ é%g%/p%ge%% dation
reaction of qarbpxlydiceacidentbbigh gield 4ndwithdtabilityrevby prolduged peiiod;,, and
(B) a conpl ex .oxide cgnt aining ceriumand zirconiumas the essenti al

conmponent s. usingzha ghove catalvstsunsat urat ed al dehyde and unsat ur at ed
carboxylic acid production according to anot her enbodi nent of the present
invention is a conplex oxide conposition which is characterized by having
t he conposi tiMeans teseles she probdd@eg general fornula (3), in which cerium
and zirconiumforma conplex 20 oxide. First, the Catalyst (1) shall be
expl ai ned. The conpon¥iet haxg discowrnednidhat » campasitipn, ingwhighang

T eacalyor OmaHlo R kh8Ran Ala AT 0k alieAiRFRER denyie dhd P MO ¢
product i on hyngftiaed caRBaRy R ladad pRDdleRERY, SBnphiMnE N ATBdeABRPUT Y] ene,

t-butanol or nethyl-t-butyl ether. mﬁlde any of known catal ysts containing
mul ybdenum hismmtthanddronas theessémtial centhonentsyposembinedwith ased as

t he conpgnent . those preferred,are expressed by the foll owi.n ener al
formit a {0 Cogeplex dxids pBosp P ssoRtANsor BoReareats expmand HrEOmIBRy n wo
i's ol ybdenwghiWtsshighegtA9ticBlctivityifBHeintended feddtibh anfd excdlldpast an
el enent selected fromnickel and cobalt; B is at |east an el enent selected
from al kal i stabiity; amdl that themse®f snch alcomposiien asencatalyet iedaidom

al kaline earth netals: D ijs at hgasl%ﬁ an le%rent sel ected from phosphor us,
tellurium a&serHoRmAacqomplisheg thes Vdao?ﬁlﬂc franganese; arsenic and zinc; E
is at |east an el emenphgg! #6&doRding ' the! ik¥ntich,Uas A ¢Padyst fort ani um and O
is oxygen; a, b,-c, d, e, f, g, h, I and x denote the atom c ratios of M,
W Bi, A& AroHucing Dnsatamdted aldashyde and wnsataratest earboxyli2acid i s 0- 10,
cis 0.1-10,,d is,i5.0.1-20,,.a,is 2-20, f is 0.001510, is 0-10, h is 0-4,
" 15 030 aiiTRugh datinatas Cadiine comRpiid eliFta Tradn the Brabp

el enents). : I i t { j . {tical
i at o, e B e R ol A T B 0k e
of the conpethds washtmiokécrarexygemoy ai modé¢anamtoxyger-contaninggas at
starting materiallih are not gritical but any. oxijdes contai i’agg t he

catal ytic elVARORRIFC: BHAPTIEE CXARGFPERSIHG$ ﬁr%‘ffgﬁ%d s upon bei ng
cal ci necpcagofprisffy As the conpounds which form oxides upon cal cining,

for exanple, hydroxides, nmetallic 25 acids, nitrates, carbonates, anmmonium
salts, acetates and f(&)ns eempdgx loxide contaumgoas éssentinhcomnpnants t han

f th | | ful.. F i.nst. ifi | f
ol y bdenur 3RO, BBt Hand drepa IiFS 58 BRAw Bmanse8s ARGV Rt
par anol ybdatgg, sﬁﬁt%gbf éﬂﬂéé cﬂﬂ?fi@%ﬂ&ﬁ%hcr@édti’oﬁ“&néo
ybdi ¢ aci d.

phosphovanadono Normal ['y each prescribed anmount of those
starting conpounds cdB)aiancompléx oxodpcontainingeerivnnaad ZizcopRunae,

sui tably %4 JUN 2 0% 7 di ssol ¥ed in an aqueous nedi um heated under
stirring? etA&SSLBHALOMPORENIS and opti onal Iy pul verized to provide the
i nt ended CO’i@PE‘G{?fde(dA‘)- As the conponent (B), any conpl ex oxide which
contains 5 cefium and zirconiumas the essential conponents can be used. In
particul ar, conpl ex dwodedingitotherpreseptdnyention,ttheredsalse proysded,al

f | 2): 1 Z F 2
ormula (2) as aocacl:teaplys{ ?or b%d&c%ng unsaturated aldehyde and unsaturated

carboxylic acid through oxidation of at least one compound selected

30 from the group consisting of propylene, isobutylene, t-butanol and

methyl-t-butyl ether with molecular oxygen or a molecular oxygen-



(wherein Ce is cerium Zr is zirconium F is at |east an el enent selected
fromthe group consisting of |anthanoi de series except cerium ytt]ri%[m 07
cobalt, nickel, copper, 15 indium tin, chrom um and gernmani um ané Q
oxygen; p, ¢, r and y denote the atomc ratios of Ce, Zr, F and O
respectively, p and q bei ng optional nunbérs not including O, r being a
nunber satisfying the relationship O ~r / (p +q) <0.1, and y being a
nunber det er containipgdzay akvapo? @hased at campdéx eznde odntpositibanehicd) isr e
conveniently psed. Mre specifically, when p = 1, O. ~ ~ 99, 0 ~r1 <
10, preferab Pﬁaaa@f@nzeni Ey Eli!ﬁ‘élﬁ’(g ? compw@owwssgllm éggrfpﬁgWéagm ex

oxi des cont aip| J .zirconium as the essential conponents is
subject to nggggg?flzéﬂ#gy@rﬁtati on, and they can be prepared by any known
met hod. Ki nds of the conpound containing the naned el enents, which serve as
the starting materials, are not critical but any oxides containing the
named el efents or conﬁ@%%%qﬁ%@]@e@zrﬁégﬂwgié@rk(ﬁ@ges upon bei @)

cal cined can be used. As the compounds which form oxi des 30 upon being

cal cined, for exanple, hydroxides, netallic acids, nitrates, carbonates,
ammoni um sal ts, acet a(wheneth Mo aseclybde nhum n 3V res tuhgsten:aBpisbismuih;

speci fic exanpl e , of riumcont al ni ng_congpound, 14 J .209 8 cerium
nitrate may be naneq.%‘é‘l_stlﬁﬁncg‘r‘_t?pﬁse‘iglgﬁph @(W@QQE&“’BW&@ ap
formla Gg), those inellthefts8IdcteH FbHPnUEIAAE RALHIE: B it Jfethn | ast

partially formng a sol1d solution are conveniently us particul ar,
those in which the nmoklvmentiseledte@d®dm alk4l2 metalstdand thalliuge C dyatl /

99-99 / 1, preferably 5/ 95-95 / 5@;56 preé‘erreﬁ.‘ Eurtherm)re, in_the
present invention it leastedbglementselected from akkaline sartbrimetals; D ivr ni ng

oxt dorcannot achi eve ket 4R clefiett icietled Hon BRINHRART cAURERNR T o
(B) is-not linited toafcimbay, ti,deadohicksun itk anése) Hréendhhnd Zide; i t

may contain the elenments) expres sed by the_symhol F in general fornmula (2)
in the féfm of conpl el xatdleastyan elempnt welrpcted from gHicon, aluprininam

Corum sal { i th-t hat 8B vitgT Ok BPUERIST BIdthRE SHedCHoRTIHE S | 1
same; (2) react ceri ugroup denwidting ofdanthaneideiseribs excegt RBaRan; and (3)

i npregnate cerium oxide with aqueous solution of water-soluble zirconium
salt, dry and cal ci neytttumaeeppencindiugn nchryomaupe aadugermanivmysdng 20

200- 800C, f bl 0Q- 700C. U h cal cini.ng, i d
cont ai ni ngp(rzgrietrj(% a%déﬂ%rWrﬁq.ﬂnqqgaf(g%ﬁeedfgﬁ ?:l’ggil%q?ﬁ@(iex %F(l(lé#ﬁatet}{%) to
conponengo (A) (as cony@rhfdratiosofdds) WSBROFERCeY 72, A, IChD VB GMdnd

preferably 1-20% by weight. Wien it is too |low, the Intended effect of
addi ng conponent 25 (@) respectively, andiwhere as |18, bfisi@-16, ¢ i0H-d0, dyi el d

drops as the productiQ nt s. hg,l pt e sat upatgd, al e,and
unsat ur at ed car boxyl |l(",5rbi@|rl26r Qdﬁgioiﬁgotﬂb%gﬁgf“tgzg %g'@’ Pr}ég)(eagéi.'l he
catal yst of the presenjs 0mMEN isOL £ i96-BOSYi90-7! A8 x 36 aBAmdiaipror t ed
on inert carriers such as al’'Umna, silica 30 alum ha, silicon carbide,

titani um di oxi de, magvalsieudeterinimedibyrdegres cihoxidatromiof eachidfdhel n t hat

occasi on_jinorganic fibers 1}4 JUN 2002 9 such as glass fiber and vari ous

ki nds of2%whi skers, wi€PeRt)generally well known for their effect of

i mprovi ng st p t 5 hRtds XS at al -added. Al so
drfd %E G Ahll 2iPEor %ith YheRe sy ?énﬁgﬁg Y Edmilx i*aﬁl@@.

for controlling the catal yst properties w goo epro ty,

addi ti ves general | y SAkecomdingstopthvelmvéntidny fertherasoreyrthereis provided

cel lul ose, starch, -pplyvinyl .al cohol, steari ci,d and the |ike y be

used. Shape %Pr?‘l"?egscfgird? uGlegypsatynated a aﬁ/ﬁiyéﬁ 3RS unsatiwvrated i onal form

h | : i t : e
average O arer 2oxPECHAL tHESURH Fapt Pase BRI al Mast dfe 2T hg the
cat al yst3eorompongd selpeted front Aheagrb{Bonsistitiy of tprapyleney i ti cal

limtation, .and any optional nethod can be used. For exanple, advancedly
prepar ed poviebutydenehé-butanaliand nevhdnehusybether wath melecasdar | v using

component (SPVEER & F UFQLS ot e E R i aR Y dn THERERR e R 2
optional stage. It is generally preferred for catalyst (I) to be used as

nol ded catal yst as prepared by a process conprising thoroughly m xing the
conponents (A} and (B); inparting to the mxture a



20 desired shape, optionally adding water or the |like as a nolding aid; and
calcining the sane in an air stream at 300-600C, preferably 350- 5§0CM2%r
about 1-10 hours, preferably about 2-8 hours. Catalyst (Il1) for p éd @;?
unsat urated al dehyde and unsaturated carboxylic acid according to the
present invention has 25 the conposition & expressed by the general
formula (3) above, in which ceriumand zirconiumare formng a conpl ex

oxi de: That icatalyatatlysprétdss beinigacherasterizedaindtizat tonsesthe aboeet or m of
a conpl ex oxide containi.ng said two el.ements. A typjcal nethod for
preparing t hidefinadcgmplex oxide comprsition: s the cakalyisdr preparing cat al yst
(I'), to 30 blend advancedly prepared conponents (A) and (B). Methods for
prepari ng conponents (A) and (B), respectively, are sane as already 14

JUN 2002 to (Esshodizfenty 8fithé invenfionpsat urated al dehyde and unsaturated
carboxylic acid according to the present invention can be carried out under

t he condi i ons nor nal IGatalpsto(le dor mnsatueateédaldempddand ansaturateduci ng
unsat urat ed al dehyde and, unsat ur.at ed carboxylic acid from propyl ene,
Cobut yi ene, CATDRTSING ACKH DRAAHCHOR ASSORIIGS Ho the By RRHOTSLR SOMPISR, vapor
hase oxi dat | | e sent invention
1I‘Oor pr oduci nggﬂl%ésg?ﬁ‘ﬁ"ﬂ&@%ﬁ@%%?%ﬁ%ﬁ%ﬁﬁ?%35%%895 ic acid is used

as the catalyst. 10 FQA)esarghplexogidecontainingras essegntial campohents! . %
preferably 2-8 v

. % of at |east gne startin onpound sel ected fromthe
group consi st %éﬁnfsﬁlappma?ﬁiasq@mm‘em ichy 15, GNEN Do Peras Aatalyst yi
ether; 110 i : r 2l 8 ij . 3
ctarti ng oo dcitly HSa bl et ylcahlt Tiieafbhrfed BarbBieyli Boid
as nitrogen, theolgh sdidviapor pliesntardyticcotidkeionseaction iof prepylené.ar
steam i s advantageous for inproving the yield of the object product,

becaijse i tfi mr?hntyéem@rhhut@mbandi methybtduity] ,ethgl‘,c%hﬂac; ed with a

[ ' . J [ . .50 450C,
breter abl y from 260 + boh2acomner o5t PRERPIAE RN AR iRt & 10
at nospher es, thé @c8éatiaY cohffornetitsgl to 8 atnobspheres, and at a space

velocity ranging from 300 to 5,000 hr 1 (STP), preferablé from500 to 4, 000
hr 1 (STRP. Accordi ngQasalyst Glofarsunsatunatedraldehyderandunsatuaatedei n and

S i from | CBHRRDNETHER R B0 8 REBRTing T ARB Re E o PARink Rl B TR o
and net hacr Q*)?éébxi’tnﬁni@iﬁﬂ@ﬁ iy lal éblﬁ?ﬂék okiddeomipuslitibnbwhyéh @ her .

Qoviously, it is possible to vary the production ratios of such unsaturated

al dehyde andchazacterizesiby draborgl the eampositjor aist expresshdrby aovae reacti on
conditions. For ex | e re 3 ropyl.ene i s, used as_starting corpound,
i xtures of BEPSTA TRl Ip P AT ani APy e i LoBRIER: no;
conmponenggCagxie. 14 JUN 2002 11 obtained as the product. The action of
the conponent (B) in the catalyst of the present invention is presuned to
be as follows: highl yFarstpsheiGatalyst orshall briekplainedi Theagomaparendn of
ceri um oxi de o maintai,n the s latter' r.onot i unctian to f,avorably
2bsorb and r ALEGEEEROBAR tak cAtA ik SPaTaliBE moltbdpRREb, Dot AR | on
reaction of [PYs $RE edsBABIA oM Gonén B WGAR & kABWH hsla BatalysEther |s
accel erated, i n consequence 1ncreasing the catalytic activity. Furthernore,
i rreversi bl euasaturdteddeldehyateada ndnunsatirated varberyli¢ Acid prpderction He | 0
due to overreductiogon with time is-inhibi,ted g’iﬁ'e' .. séabi ity Olf) t he conpl ex
oxi de i s2PncVBROEBhasexIdation reachion gf propyiens. ispbu & drbutanol ag,ch
i ncreased c RG_ A a { Lo bt the rise in
the reacti oﬁh?égh e(r\tal?ﬁ{r}zal (%Mﬂ]%éﬁ [\ﬁ, rfhgﬁ ?gwf% uce@ggﬁd&y%ﬁsgé%é}? E'%%
mol ybdenum amdlipbdbatins pbism hile dingb rooas shie dssentialpoespohentseantbeon
however is nQ restricted by suctAt eoreticFI ogservation. [I?;fe t of the
present inveﬁﬁﬁl‘éﬁ]s the component (A), those preferred are expressed by the

following general formula (1):

30

such



Use of the catal yst of the present invention in vapor phase 20 oxidation
reaction of at |east one conpound sel ected fromthe group consisting of
propyl ene, isobutylene, t-butanol or nethyl-t-butyl ether enablesl4 JUN200?
production of unsaturated al dehyde and unsaturated carboxylic acid at high
yi el d. Because the catal yst of the preserﬁ invention has a long life, it
enabl es stabl e operation over prolonged 25 period. Furthernore, the

catal yst of the preseMoAWbeBi&FedemgBlf@ Bdb{@xoperati on qtgr prol onged
period al so for heavy-|oad operation aimng at high productivity.

[ Exanpl es] 30 Hereinafter the present invention is explained nore
specifically, referri@ghtfeioMd ﬂQnﬁ?_l?BﬁéﬁﬁmjWP@tﬁﬁgﬂMﬁrBiﬁOEisﬁﬁﬁth; 14
JUN 2002 12 the invention is not limted thereto. In the follow ng Exanples
and ConpaBative ExanpFeds irom; Ads\adrlensh anselement selected foom pideelyi el d
have the follow ng definitions.,5 version (nol 9 l. nunmber . of
reacted starting con'p%ad:o aiélBH%ggg?a%fagtﬁ}ém%t/%?]%g&:&% ) x 100
Selectivity (mol % lidthfl #hd'HalluRer Rfad RalEdr'BRAREAEkBIcLECY de and
unsat urated carboxylic acid nmol nunber of reacted starting conpound) X
100 One-pass yiel d (ndon¥alkalifie(gantthl mevhlsyDriieatdéasioanasdenrsst ur at ed

al dehyde and unsaturatéd C oxylic agid / no], nunber of suppled starting
conmpound) x 100 Exanp®€d I@d#mﬁ}&torﬁsgﬁﬁ HETWR, antypgny, tin.deadyy

heat ed i gg- exchande Waioiiiud S fbaltlocATHRELHE RANYIREY RARE, RAGCHGP 4 9 of
amoni um par at ungst at'e” wer e ’added® and di'ssol'ved under’ stirring. Separately,

1648.5 g of cobalt nidlenient $&lecled fRdmfgiticon, alhidhéusnandtithtiugh; cesi um
nitrate 25 were dissolved in 1 liter of- iqgn-exchange water; and 515.2 g of

bi smuth nitrate was ddBddDJie@xygeanaabucodseniis,ile, band xdanpte the of 300

m of ion-exchange water. an . AL tRI id. whege,t wo aqueous
sol utions were dropvxﬁétéﬂwﬁa’gqfigs %Mﬁeﬁﬂﬁktﬁ%‘ﬁeﬁu?’sﬂrﬁﬂ}ﬁ i ch was

separately prepared agespeetivedydanil ¥eHerd alisoV®h 3900bY02645 0L P @fd342.7 9
of silica sol of 20% by weight in concentration. The slurry resulting from

m xi ng t¥e syst em was0.He@0ecd 182%+20, i3 0.004- 2002 i3 -0, dy in@-4.0l Wr§-301 i d
and pul verized to provigde a powder. ef A arat el 37. f
Zi rcgni um hydr oxyn}ot r%&'g wﬁ%@mg&@fwa{eg%%:\;gg&lﬁaiquy?gga%l? 0? t?ne

i on-exchange water, agldmdnd)the solution aqueous anmmonia was gradual |y
added under stirring to Erem itate 5 hi/ldrat ed zirconia_ sol. Then an
aqueous sol ution of 2ME@thod affpreparimgthosatcatalystslis sabjedt foone exitiealge
wat er was added, ,and in t he m xture of the sol utjons ueous a j a was
further. or adimiiatoRcRRddhse Gl e beipiannred Y ARYREPBEL I IRS  The
resul ti ngy prigaidy bRtRe MBnpohhas 28ntABSABHY EaAIpiR cledid B, Wiicha! Ci ned
at 10 400C for 2 hours to provide a powder (powder B). Powder B was added
to powder A semsterdsxthe sbatting\dmate , acdenbtt eritical buttany oxsdes nol di ng

id, dth 1 Xt | ded int | ] et f h 6 i t di t
and 66 mm CRDEBHAE Ui BT IEKee B Bt A CORGrO TS FABBDIG OLIDHRINE! r oam
at - 500C f or sdiobldsupon Helfaalaned cdh? bellsed N ALHRTESiS osi ti on

of this catalyst ogvs, interns of atomc ratro (excepting
oxygen, as iwhidl fafmtdxdéshipna cglcixang)lfos)example, hydroxides, metallic
Mo~W2Bi 1. 5Fel. 5Ce0, 8zr 0. 2Co8Cs~. 5 sii. 20, It s confirned X-ra

di f f r act4%n aEA@FyRItTaLeH CarRenates, HPIMRDIMIASMHEIS AGEateHa r\m{e& orm ng

a_conpl ex_oxjds b agALA OO rithiing SAGIPthEh R BFEAY o ameter

was charged w
elements are also useful. For instance, specific examples of

molybdenum-containing compounds include molybdenum- trioxide,
ammonium paramolybdate, molybdic acid, phosphomolybdic acid and
30 phosphovanadomolybdic acid.
Normally each prescribed amount of those starting com-

pounds containing the component elements are, for example, suitably



25 1200 m of catalyst (1), and into which a gaseous m xture conprising 6
vol. / of isobutylene, 13 vol. % of oxygen, 8 vol. % steam and 73 V&IJUNGS0?
nitrogen was introduced. The oxidation reaction was conducted at a
tenperature of 340C and a space velocity of 1500 hr 1 (STP). The result was
as shown in Table 1. 14 JUN 2002 14 Conparative Exanple 1 < Catal yst
preparation > Catalyst (2) was prepared in the sane nmanner as in Exanple 1,
except that dizsdtvedBimvan aquieaddanediim, Beiadad ivonderatirriog, eviapoEatedl e 1,
t he oxi dation reacti.qn s conduct ed _under .identicgl conditiaqns with those
in Exanpl e 1t0 éﬂ@ghﬁt%ﬁﬁm@n pcdyewa@d@earq‘ﬁaswi»@elwn@ﬁfim yst (1).
-The result @@e;@w in Table 1. Upon conparing Exanple t--with
Conparative aﬁp € 1,710 it is understood that catalyst (1) of the present
invention excels over Ashthecésthponeadt(d)y any(chmplex akile/ wiich@onthlins

, ~xanmpl e-2 According to Exanple 1, the oxidation reaction was con tinued.
for 4000 houweeriumhandezirconiuimers the essentiad components ¢am besused s shown
in Table 1. As j.ndicated i,n_Tabl,e 1,,the drop_in copyersio fter 4000
hour o ox daPREHOREL: EPEPIRE SHRS W hich s HE PRpHAse hE St BIBs g e i 1 he
yi el d. From%&ﬁ@raﬂ%yﬁujat(zgan be understood that the use of catalyst (1)
enabl es stable continuation'of the oxidation reac 20 tion over a |ong
period. Conparative Exanple 2 According to Conparative Exanple 1, the

oxi dation reaction Ve C ilﬁueg for 4000 hours. ThE(Z esult after the 4000
hours' op@ration was asPSh@wnTT¥ Table 1. 25 Upon con%ari son of Exanple 2

with Conparative Exanple 2, it can be understood that the control

I ~ h .of ~sh - l.ife.. and it di
Che rbacti on for manyCRBGFER GRdsaseolns 26 ke SRR lssk gt hot abl e

TABLE 1 _ element selected from the group consisting of lanthanoide
Cat al yst React i onl sobut yl eneTot al Tot al Remar ksNo. Tenp. Conver si onSel ectivityOn

e-pass Yiel d(C (nol %e€nes exgépbternmayiiroum, cobalt, nickel, copper,

1(1) 34099, 187. 586. 8Co rative(2)34096.887.584. 7Exanple 1 | e

2(1) 34098 287 9" 85. 3 MM AiG0 ShRGRHEED AT B TPEIFRORATH 15 SEYESR ¢ er
4, 000 hour sExanpl € 2 Ny Cr 80 19d@noé%hé%%@f?ré‘t@o@éf@,%fg(?;agﬂg | yst

preparation > Into 2 Titers of” heated 1on-exchange water,
ammoni um par anol ybdatxespedtively,2p andd qdbeingiaptippabnumybeérs not inelnelingded

[ I I r{ing. |y, .4 f . .
and di ssol ved under S(B,IIt Ie{]x?g asx?gl%rbaetresz}/ﬁst%%gg thegre(iatlonshlp 0O=r/(p+

@) < 0.1, and y being a number determined by degree of
20 oxidation of each of the elements)
are conveniently used. More specifically, when p =1, 0.01=q=99,
0=r<10, preferably 0.05=q=19 and 0=r<2.
Method of preparing complex oxides containing cerium
and zirconium as the essential components is subject to no critical
25 limitation, and they can be prepared by any known method. Kinds of
the compounds containing the named elements, which serve as the
starting materials, are not critical but any oxides containing the
named elements or compounds capable of forming such oxides upon
being calcined can be used. As the compounds which form oxides
30 upon being calcined, for example, hydroxides, metallic acids, nitrates,
carbonates, ammonium salts, acetates and formates may be named.

For example, as a specific example of cerium-containing compound,



cobalt nitrate, 205.9 g of nickel nitrate, 429.1 g of ferric nitrate and
82.8 g of cesiumnitrate were dissolved in 1 liter of ion-exchangg ﬁﬂﬂl
and 618.2 g of bismuth nitrate was dissolved in an aqueous n|tr|c aC|
solution consisting of Q0 nm of ion-exchange water and 50 to ml of conc,
nitric acid. These two -aqueous sol uti ons8wer e dropwi sely added to the
first aqueous sol ution which was separately prepared and m xed, followed by
addi tion of gdrium hitfat®i masebedaméd20% by wei ght in concentration. The
whol e systemwas mixed to forma slurry -(slurry A). Separately, 1~ 1.3 g
of zirconium hydroxynﬂfiﬁzeecammgsoermexargssﬁdsbmbh@ogememh reyulgs

added under &0, £ppag o hRIE b SgR AL ASUSRNIRT RRH Ay BRGNS D,

addi tion of parEAUSOfTNeIRIgA iselidodolation ﬁr@fcoﬁ%hll'é\ﬁﬂytﬁ@écp Ip 1liter of
i on-exchange wat er. Then aqueous ammoni a was further sl OV\Aé added to the 20
P

m xture of tparmoulnr,cths)sdnnpmhndl theanolan ratio 9f (GO, /;Zr ssewmhm’)a The
500G Tof | SRR R0l Asnael L, BiniiERb Ry a5 | Brincbiihutids as added
a or was adde
to slurry A F’Hrfﬁé’r Y& P @B@%Drﬁgeﬁ”gi gnqqqg%;éﬁéﬁfiﬂ%at%teeée added

to the resulting po er as a e mxture was nol ded

into pell et santl zacdnimmmarenforutierg dlcenqbbu; exide6. BTsmnf msimp@a Imixthireh
were dried ang calcined. in air streamat 500C fo urs . to progv'ilde
catal yst (3)9 GeruE Oxade %’é’ﬁﬁBk‘F’?’i%ﬁ@fc*’fW%‘?é E‘S%ﬁ %9?]%‘&% ¢

foIIows n ratio: 30 M W1 Bil.sFe 1.5 Ceo.2zro.s Cos
NI 1b &?é@toﬁh%kﬁ%@ - . . (

17 It was confirmed by X-ray diffraction

anal ySI s that t he cer The @tpaneasn(B)isinotiemdtsd Bo weneplesroridgsafconpl ex
oxide. < Oxidation reaction, > In Exanple 1, the oxidatiaon reactjon was

conduct ed uneRIUB agshzireaniws @Ry, cmg ifimpyteadaIn rth@@lﬁmr@lt@ @XBE@R- t hat

Tabre 2. Conil byl U w3 o BenkPT biihnlid (2) i P Tobe ol Bhuled) Ur "

prepared in sRiiel @gﬁi(th'méﬁl@@&é fo bPeﬁQrétﬁ@nQﬂTtﬂeY(%meﬁBﬁ%f(B Ciﬂchme
Exanpl e 3, except that the powder B was provid by m Xi ng

g o
powder f &5 med)imiz ambaqueoualsollmtmg ﬁwawcsohbllas:ehwmasah w1ﬂntlnﬂiaoﬁol

e ARSNGB LR A S -

Oxi dartion r@aghhPBxidd wlﬁfazmdmamb&ﬁi@élt%@uidf’ﬁhhﬁécéh&r(3?"§glt ogna y

under identical conditions with those in Exanple 3, except
(4) was usedcémup axuie)ﬁvlthtaalwusw)lutmot’ satier-seuble zsteommuimsakthl e 2.

U h Co Ex d
that ¢ he” cat St 8RaSalEink the fame s 1ie ik Brbabraflrs be pbrlly ¢ *°
acti vi t yo@Vvez00 800N preferabB 360-160°C. suthAgdenfingd cbipieapl e 3,

t he oxi dation reacti on was con tinued for 4000 hours. The result after the
4000 hours' exideatontaizmgweeriasn sindhairiconianl & formedi ndi cated in Table 2,

hor e was a1 most no. LBRgEe phopmbanen B HE R Rk @ Coveiged ™
under stood {A8xidag) 46 AoPinaAly 0.5°30%y Yighypréfhnp D&ggy&m on Of the

oxi dati on reac on over a long perlo 14%) rative
Exanpl e 4 AcweighthgWheatnisted iow, Eblanptmdied elﬁﬁcdmfdzddmlg cr(nnpbhentwas

cont nueg5 f O{B)A'(?aor;)ngtoge attz-xrlhneed ﬂ 1? flfg 1esr t(gohﬁ1gdi(1) yield drops as the
production amounts of the intended unsaturated aldehyde and
unsaturated carboxylic acid reduce and those of CO, and Co increase.
The catalyst of the present invention can be used by itself
or may be supported on inert carriers such as alumina, silica-
30 alumina, silicon carbide, titanium dioxide, magnesium oxide,

aluminium sponge and the like. In that occasion inorganic fibers



hours' operation was as shown in Table 2. 5 Upon conparison of Exanple 4
wi th Conparative Exanple-4, it can be understood that the control 1Q»a3lm?0§2t
(4) has a problem of short catalyst life, and when it is used in the
reaction for many hours, decreases in cogversion and yield are notable.
TABLE 2

eCa:):ISgsg{:?:fi%Ellé nﬁlﬁs)% otﬁ Tot al I)j { Whl(saﬁgr Kmrhsalq(gSel ectivityOn
A3 22883.8%%n%§§ﬂ§f&e ﬁ%%fﬂ?ours PRI, A B ARSI,

4,000 hour sattripion Fedistdhet Of datalyst aiy beid@éd. Exdepifer ohkrulling thevas

repeat ed except that the oxidation reacti carried out at 360C and at
a space vel 6atalystipropeyties wWithsgegd r@n@rf@@mw vasogpneralapl e 3. s

Conmpar at i ve epeat ed
except t %%ﬁy%ﬁ?&?%éhﬁétg% £ ARl HRRIER, SHRRdSPES P e
as shown Insfﬁé& @Iéﬁh@llét@aﬁ@aﬂﬁueand%bm@rmaﬂid ugedxanpl e 5,
loit is understood hat cataly 3) of the present_invention excels over
the control catal yst Shigpe qfthecatalysttlgnat\mutlaah whithimay be anpder hi gh
space vel ocit oxi dat,i on _reaction g 3 was

6 Th
v o obbioTl Tori Bl S Beffe, £2 raﬁdc%umeaen%n%ﬁiestsw?ﬁ
gaseous m xiae Phdis BYOckHEALARELEF if X1 e pATOLABIY 38D v ©

changed to 7.5 vo respectlve e resu was as shown
i n Tabl e03. Corrpar at iMethod dqgt prépa”hmg)ﬂmjaataiwst eantannngfcﬁnp(mbntﬁ was

repeat ed ex hat c¢ Ial st ( | aced wi h cataJ.yst .(4). The
result was gyewﬁaﬂé h“r‘a e@ TR AT WY PR S ati ve
Exampl e 6,

excel s over t ﬂeh'tocdloggfr%o aI yst ?}%ﬁﬁé%@ﬁ&g@%d&?ﬁ#@ﬁba@y?e d, also
under 25 hi ghe mspettgbemen@mnamtsrate onixed; dpticyally usidg bdil ﬁnﬂZoﬁthé'ABLE

3510
Cat al yst Realikeotn effpet w@m@m&m&dwm prarayed epmposent By pass

Yield(C
3(5) 36008 ol dispEtsed i mpo s ATRAT ander prepaxation, at anontiopal
6(3) 34098. 88fagd36. SConpar at i ve(4) 34096. 487. 584. 4Exanpl e 6_ Exarrpl e 7 <

Cat al yst preparation_>
It is generally preferred for catalyst (I) to be used as

molded catalyst as prepared by a process comprising thoroughly
mixing the components (A) and (B); imparting to the mixture a

20 desired shape, optionally adding water or the like as a molding aid;
and calcining the same in an air stream at 300-600°C, preferably
350-550°C, for about 1-10 hours, preferably about 2-8 hours.

Catalyst (II) for producing unsaturated aldehyde and

unsaturated carboxylic acid according to the present invention has

25 the compbsition as expressed by the general formula (3) above, in
which cerium and zirconium are forming a complex oxide.. That is,
catalyst (II) contains cerium and zirconium in the form of a complex
oxide containing said two elements. A typical method for preparing
this catalyst (II) is, similar to the one for preparing catalyst (I), to

30 blend advancedly prepared components (A) and (B). Methods for

preparing components (A) and (B), respectively, are same as already



Catal yst (5) was prepared in the identical manner with 15 Exanple 3, except
that the powder B was prepared with the anobunts of the zirconi umq 4 qun
hydroxynitrate and ceriumnitrate varied, yttrium oxi de was added an(q mé
cal cining was conducted at 650C for 1 hour. The el enmentary conposition of
this catalyst (5 was as follows, in terp®@ of atomc ratio: 20

Mo12WLBi 1. sFei . sCeo.izro.4~"' 0.0i CosNilCso.ssli. It was confirmed by X-ray
diffraction Hb}'éis that the cerium zirconiumand yttriumwere formng a
conpl ex oxide In ‘powder B. Oxidation reaction > The oxidation reaction

was conducted in the Peaiictieh ofamituratéd Bldehyde Anduneatuiatyd cat al yst
(5) was used in place of catal _ysttq(atf_j}l%".g The result was as shown in_Table 4.

14" JUN 2002 cazbpxxhplasid acegrding prps@pﬁixavfrétion @n beyarsiqdput13)

d i he i dgnt.i cal Lt h EX 7, & t _that .t
bowder 5 vad ek HHE goRitiofRacsBIRfY, attb el i hptenfiiaR mptRods fon, o
and ceri yn Hroddictny AnSuRated Addehydé ia?gil finsd euried ﬁﬂ%dgﬁé@ an oxide

containing the elenent as indicated 1n Table 4 for eac
Oxi dat i on r droin propyleme, asohistyleney thatanol of e tinyl-t-butwhethepeat ed

except that catalys 5) was repl aced with-catal ysts (6}-( 1 as indicated
for each Exég‘ﬁpéd‘*ﬁigg?%slw vap le""é@ QHEAIQTH T %ﬁl@nz@hem@i@a Cat al yst
Conposi tion ) ' ' :

Votova i 1 gearaBEtas (e Breyftinah et S producing unsaturated aldehyde
Con- ver si omiml anss¢hestad/ casboxylichcidne- wesd a¥ithledéstali4tC) (ol % (nol

% (nol 9% Exanpl e 70. 10. 4Y=0. 01(5) 34099. 087. 586. 6Exanpl e
80. 20. 8LX=0. 02( 6) 3409t e¥angHe 13, gAKEOMS mixture comprising 1-10 vol. %,

100. 40 658 BN b0l ApE UFeARk Ppe starting compound selected from

110. 30. 7Nd=@he 1 sidbin gl pfépylemes isobutylene, t-butanol and methyl-
120. 20. 81 n=0. 01( 10) 34098. 987, 286. 2Exanpl e 130, 30. 7N =0.

11) 34099. 28t-hwlatherpile 19 40mes ycyebime; prefraddy 1s-8 qigéé@byavqiuéne,
150.20. 10 QAN HRP AL O 2By ot b 08 RAFETAS e
15 diluent, such as nitrogen, carbon dioxide, steam and the like (use of,
in particular, steam is advantageous for improving the yield of the
object product, because it inhibits formation of side products), is
contacted with a catalyst of the present invention at temperatures
ranging from 250 to 450°C, preferably from 280 to 420°C, under
20 pressures ranging from normal to 10 atmospheres, preferably from
normal to 8 atmospheres, and at a space velocity ranging from 300 to
5,000 hr™ (STP), preferably from 500 to 4,000 hr™! (STP).
According to the process of the present invention, acrolein
and acrylic acid are produced from propylene; methacrolein and
25 methacrylic acid, from isobutylene; methacrolein and methacrylic
acid, from t-butanol; and methacrolein and methacrylic acid, from
methyl-t-butyl ether. Obviously, it is possible to vary the production
ratios of such unsaturated aldehyde and unsaturated carboxylic acid,
by suitably changing the reaction conditions. For example, where
30 propylene is used as starting compound, mixtures of acrolein as the

major component and acrylic acid as the minor component can be



that t-butanol was used as the starting gas. The result was as shown in
Table 5. 5 Conparative Exanple 7 The oxidation reaction of Exanpl 9116-1%@4]2
repeat ed except 10 15 that catalyst (3) was replaced with catal yst (4). e
result was as shown in Table 5. 24 TABEE 5

Cat al yst React i ont - But anol Tot al Tot al One- Ng1Tenp. Conver si onSel ecti vi typass
Yield(O (nmol % (nol % (nol 9% Exanpl e

16( 3) 340- 100(2[?%?@%(1%%0@%%%@{‘?4) 34010084. 984. 9Exanpl e 7 Exanple 17 The

oxidation re was repeated except 20 that a gaseous

m xture of 5 vol. 9% oTheeidtidn bof BHEWorepbRent VBB thtZatallystefofthexygen, 8

vol. % of steamand 74 vol. % of nitrogen was used as the starting gas, the

reaction terpraseniriaveadiarhispresumedsnche asdfolloavs:pughlyidispexsi
changed to 1100 hr 'é;Sh’g).. Tglits_result gas as shown in,Taple 6. t25
Conpar at i ve BXSHbWMORAe inhibs;ageregatiqm Al cerium axide, tomantain the oy
t that , . j

Shown i n TatlEod ¥ rolnbiNE TubE BoBoR ENIrAbIR bbb ditl relbale’diygen 1S o
S@t %3(/?: ; (Reafxlmﬁ?MTBEgaeMtfo??hmiavllﬂerébyrmhﬁmxidatiomfmamn off propyiene,

e nmol. 9% (o] ¢ a e . .
17(3) 36099. 089/%9%{%%%&4 é{rg@ébghté@et.yzlﬁthemﬁmsmmn

t hyl -t - but : : ' to 2 lit
of haat ed | SnsPatEnck Gick B e CabivRl BCORSEF S IRIAOLE 0§ H08°5°,
of amoni umippewdrsilghk aéﬁvmr&et@QPMfﬁfiﬂiﬂitﬁéQiom?onéﬂﬁ!(A$ icohdples: oxide

(0]

Separ at e]I&a/, 1030.3 g of cohalt nitrate, 343.3 g.of ferric nitrate and 4.3 g
of pot askl urdue t¢ everveductapn withetime, isiinhihited(i.¢.ostabiditarnfetheat er: and

112,19, o DU B Sl P AR e BRSO
acid. These Jifa0 Sabhdnsreased bantytir sotiviep sk bxtended chealyag lifer st

aqueous sol ution which was separately prepared and, m xed, followed by

addi ti on of imhdb® theotiseiini e reaction tempsratairgiwithrtioederredudeon. The

whol e system mxed to forma slurr urgy, A . arat el 75. of
o rcont um hREARE Akt o€ e nhnd oy théhdtapet, “Neadtess da ody: b

| on- exChEN0 LAY indBHtioH RoWeder Bt RAARISOBY MIER Bhaor@cdr adual Iy
added under "stirring to precipitate hydrated zirconia sol, followed by

addi ti on of obseayatioms sol ution of 30.7 g of ceriumnitrate in 1 liter of
i on- exchange wat er. Then aqueous anmonia was further slowy added to the
m xture of the solutions dropwi se under stirring so until pH rose to 10.

The resul ti TEALRGMAIHApPe R fiveRti washed with water, dried and
cal cined at '550C for 2 hours to provide a 14 JUN 2002 26 powder (powder

B). This Powder B wasUsedédhecathlystyofXherprestnteinyentaordntvapiyphabed and
P e o3 el SRR B e
6 hours o SoBSRERE R AROBy IS icth IR, WBuidh Yo nlethylRABuey] ity o
cat al yst (14naldes grofimictimasof unsaturatedf altedyide andi wnsaturated

carboxylic acid at high yield. Because the catalyst of the present

invention has a long life, it enables stable operation over prolonged

25 period. Furthermore, the catalyst of the present invention enables
stable operation over prolonged period also for heavy-load operation

aiming at high productivity.

[Examples]
30 Hereinafter the present invention is explained more

specifically, referring to working Examples, it being understood that



M~ W1~ Bl i.aFe i.2 Ceo.1 zro.4 Cos Ko.os sl i.s It was confirned by
X-ray diffraction analysis that the ceriumand zirconiumin powder - BN 07
form ng a conpl ex oxide. < Oxidation reaction > A steel reactor of 25-~nm
in diameter was charged with 15 1200 mlL of catalyst (14), and into which a
gaseous m xture conprising 6 vol. % of pnepylene, 12 vol. % of oxygen, 10
vol. of / steamand 72 vol. / of nitrogen was introduced. The oxidation

ool as 2B ARYE it st Hinfh BRREG: 1of b foflbpaR ERboinlbi Bdd
preparation Eofghatative EXbhpl@s thiecdtiwstsion é@eéﬁw_&ﬁaezmeagab@ iR e
18, except that ‘powder B was not added. Oxidation reaction > 25 The

oxi dati on rechave dhedollovwing defisitiens.r epeat ed except that catal yst (15) was

used in place of catalyst (14). The result was as shown in Table 7. Upon
conparing Exanple 18 with Conparative Exanple 9, it is understood that

catal yst £14) of the BLignn bon-excels 30 over the control catalyst
(15) in catalytic actlg\il)?l?%. ! 1§ﬁ§bl@~D~ 27 Exanple 19 According to Exanple

18, the oxidation reacti dmolasumbertofweattédrstadtidghcompouditk/ meodul t after
t he 4000 hours' operation was as shown.in Table 7. 6 As aggl ed in Table
i

7, the drop in conversiof T UFRRP staging gompoug was mni nor
and there was al nost no decrease in the yield. Fromthis result it can be
understood that the use of catalyst (14) enables stable continuation of the
oxi dation reaction ov8eleetivityg (@@li%)y= 10 Com ~arative ExamlIn a 10
According to Conparative Exanple 9, the oxidatiqon reaction _was conti nued
for 4000Iours. The resul(totaltmael nuanhenof fexmed wnsaturatedaldehydenown in

Tabl e 7. Upon conpari son Qfi i ar atd | @ 10, it
can be understood that tt?gldcgﬁt%kﬁr%%%%o%5@«;‘5}/&%%‘%}%&? short
catalyst life, and when ireacfed stdrting cBtpa@sd) kMO®Er nany hours,
decreases in conversion and yield are notable. TABLE 7

Cat al yst React i onPropyl eneTot al Tot al No. Tenp. Conver si onSel ecti vit yOne- pass

Yi el dRemar ks( C) ( nol Z@rml 9 % ly 2 e 18(

14) 31098. 694. 292. 9Co gﬁﬁaPi’?ﬁe ﬁ%ﬁ@%@z. 090. 3Exanpl e 9Exanpl e
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oxi de cont ailikamppde Essential conponents nol ybdenum bisnuth and
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oxi dat i r eﬁ?@'{?ﬂ}’sgﬁaeparatmng

Into 2 liters of heated ion-exchange water, 1500 g of
ammonium paramolybdate and 382.4 g of ammonium paratungstate
were added and dissolved under stirring. Separately, 1648.5 g of
cobalt nitrate, 429.1 g of ferric nitrate and 69.0 g of cesium nitrate

25 were dissolved in 1 liter of ion-exchange water; and 515.2 g of
bismuth nitrate was dissolved in an aqueous nitric acid consisting of
300 ml of ion-exchange water and 50 ml of conc. nitric acid. These
two aqueous solutions were dropwisely added to the first aqueous
solution which was separately prepared as above and mixed, followed

30 by addition of 212.7 g of silica sol of 20% by weight in concentration.
The slurry resulting from mixing the system was heated under
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5 < Oxidation reaction>

In Example 1, the oxidation reaction was conducted under
identical conditions with those in Example 1, except that catalyst (2)
was used in place of catalyst (1). -The result was as shown in Table 1.

Upon comparing Example l-with Comparative Example 1,

10 it is understood that catalyst (1) of the present invention excels over
the control catalyst (2) in catalytic activity.
X le:2 i

According to Example 1, the oxidation reaction was con-

tinued for 4000 hours. The result after the 4000 hours’ operation
15 was as shown in Table 1.

As indicated in Table 1, the drop in conversion after 4000
hours’ oxidation reaction was minor and there was almost no
decrease in the yield. From this result it can be understood that the
use of catalyst (1) enables stable continuation of the oxidation reac-

20 tion over a long period.
mparative Example 2

According to Comparative Example 1, the oxidation
reaction was continued for 4000 hours. The result after the 4000
hours’ operation was as shown in Table 1.

25 Upon comparison of Example 2 with Comparative
Example 2, it can be understood that the control catalyst(2) has a
problem of short catalyst life, and when it is used in the reaction for

many hours, decreases in conversion and yield are notable.
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nitric acid solution consisting of 300 ml of ion-exchange water and 50
ml of conc. nitric acid. These two-aqueous solutions were dropwisely
added to the first aqueous solution which was separately ;}repared
and mixed, followed by addition of 212.7 g of silica sol of 20% by
weight in concentration. The whole system was mixed to form a
slurry (slurry A). Separately, 151.3 g of zirconium hydroxynitrate
was completely dissolved in 1 liter of ion-exchange water, and into
that solution aqueous ammonia was gradually added under stirring
to precipitate hydrated zirconia sol, followed by addition of an
aqueous solution of 61.5 g of cerium nitrate in 1 liter of ion-exchange
water. Then aqueous ammonia was further slowly added to the
mixture of the solutions dropwise under stirring until pH rose to 10.
The resulting precipitate was filtered, washed with water, dried and
calcined at 500°C for 2 hours to provide a powder (powder B). This
powder B was added to slurry A, mixed, evaporated to dry solid and
pulverized. Water was added to the resulting powder as a molding
aid, and the mixture was molded into pellets of each 6 mm in outer
diameter and 6.6 mm in length, which were dried and calcined in an

air stream at 500°C for 6 hours to provide catalyst (3). The

- 10
#1096
" { caae

10H

elementary composition of this catalyst (3) was as follows, in terms of

atomic ratio:

Mo,, W, Bi, jFe, s Ce, 5Zr s CogNi, Csy Si, .
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Catalyst (4) was prepared in the identical manner with
10 the catalyst preparation in Example 3, except that the powder B was
provided by mixing 69.8g of a powder formed by 2 hours’ calcining at
500°C of the hydrated zirconia sol precipitate derived from zirconium
hydroxynitrate, with 24.4 g of a commercial cerium oxide powder
(CeO,, specific surface area: 100 m2).
15 < Oxidation reaction >

In Example 3, the oxidation reaction was conducted under
identical conditions with those in Example 3, except that catalyst (4)
was used in place of catalyst (3). The result was as shown in Table 2

Upon comparing Example 3 with Comparative Example 3,

20 it is understood that the catalyst (3) according to the invention excels
in catalytic activity over the control catalyst (4).
Example 4

According to Example 3, the oxidation reaction was con-

tinued for 4000 hours. The result after the 4000 hours’ operation
25 was as shown in Table 2.

As indicated in Table 2, the drop in conversion after 4000
hours’ oxidation reaction was minor and there was almost no
decrease in the yield. From this reeult it can be understood that the
use of catalyst (3) enabled stable continuation of the oxidation reac-

30 tion over a long period.
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According to Comparative Example 3, the oxidation
reaction was continued for 4000 hours. The result after the 4000
hours’ operation was as shown in Table 2.
5 Upon comparison of Example 4 with Comparative
Example-4, it can be understood that the control catalyst (4) has a
problem of short catalyst life, and when it is used in the reaction for

many hours, decreases in conversion and yield are notable.
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Example 3 was repeated except that the oxidation reaction
was carried out at 360°C and at a space velocity of 2500 hr™ (STP).

The result was as shown in Table 3.

5 Comparative Example

The oxidation reaction of Example 5 was repeated except

that catalyst (4) was used in place of catalyst (3). The result was as

shown in Table 3.

Upon comparing Example 5 with Comparative Example 5,

10 it is understood that catalyst (3)_of the present invention excels over

the control catalyst (4) in the activity level and yield, also under high

space velocity condition.

Example 6

The oxidation reaction of Example 3 was repeated except

15 that the-isobutylene and nitrogén contents in the gaseous mixture fed

into the reactor for the oxidation reaction were changed to 7.5 vol. %

and 71.5 vol. %, respectively. The result was as shown in Table 3.

Comparative Example 6

The oxidation reaction of Example 6 was repeated except
20 that catalyst (3) was replaced with catalyst (4). The result was as

shown in Table 3.

Upon comparing Example 6 with Comparative Example 6,

it is understood that catalyst (3) of the present invention excels over
the control catalyst (4) in both activity level and yield, also under

25 high isobutylene concentration condition.
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Comparative
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Example 7

< Catalyst preparation >

Catalyst (5) was prepared in the identical manner with
15 Example 3, except that the powder B was prepared with the amounts
of the zirconium hydroxynitrate and cerium nitrate varied, yttrium
oxide was added and the calcining was conducted at 650°C for 1 hour.
The elementary composition of this catalyst (5) was as follows, in
terms of atomic ratio:
20

Moy, W, Bi; gFe,; 5Ceq 1 Zrg 4 Yo 93 Cog Nij Csg6Si; -

It was confirmed by X-ray diffraction analysis that the
cerium, zirconium and yttrium were forming a complex oxide in
25 powder B.
< Oxidation reaction >
The oxidation reaction was conducted in the identical
manner with Example 3, except that catalyst (5) was used in place of

catalyst (3). The result was as shown in Table 4.
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Examples 8-15
< Catalyst preparation >

Catalysts (6)-(13) were prepared in the identical manner

with Example 7, except that the powder B was prepared with the
5 amounts of the zirconium hydroxynitrate and cerium nitrate varied

and that yttrium oxide was replaced with an oxide containing the
element as indicated in Table 4 for each Example.
< Oxidation reaction>

The oxidation reaction of Example 7 was repeated except

10 that catalyst (5) was replaced with-catalysts (6)-(13) as indicated for

each Example. The results were as shown in Table 4.
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Example 16

The oxidation reaction of Example 3 was repeated except
that t-butanol was used as the starting gas. The result was as shown
in Table 5.

omparative Example 7

The oxidation reaction of Example 16 was repeated except

that catalyst (3) was replaced with catalyst (4). The result was as

shown in Table 5.

TABLE 5
Catalyst | Reaction | t-Butanol | Total Total One-
No. Temp. Conversion| Selectivity | pass Yield
(C) (mol %) (mol %) (mol %)
Example 16 3) 340 100 86.6 86.6
Comparative 4 340 100 84.9 84.9
Example 7
Example 17

The oxidation reaction of Example 3 was repeated except
that a gaseous mixture of 5 vol. % of methyl-t-butyl ether (MTBE), 13
vol. % of oxygen, 8 vol. % of steam and 74 vol. % of nitrogen was used
as the starting gas, the reaction temperature was changed to 360°C,
and the space velocity was changed to 1100 hr™' (STP). The result
was as shown in Table 6.
Comparative Example 8

The oxidation reaction of Example 17 was repeated except
that catalyst (3) was replaced with catalyst (4). The result was as
shown in Table 6.
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15 were added and dissolved under stirring. Separately, 1030.3 g of
cobalt nitrate, 343.3 g of ferric nitrate and 4.3 g of potassium nitrate
were dissolved in 1 liter of ion-exchange water; and 412.1 g of
bismuth nitrate was dissolved in an aqueous nitric acid solution
consisting of 300 ml of ion-exchange water and 50 ml of conc. nitric

20 acid. These two aqueous solutions were dropwisely added to the first
aqueous solution which was separately prepared and mixed, followed
by addition of 276.5 g of silica sol of 20% by weight in concentration.
The whole system was mixed to form a slurry (slurry A). Separately,
75.7 g of zirconium hydroxynitrate was completely dissolved in 1 liter

25 ofion-exchange water, and into that solution aqueous ammonia was
gradually added under stirring to precipitate hydrated zirconia sol,
followed by addition of an aqueous solution of 30.7 g of cerium nitrate
in 1 liter of ion-exchange water. Then aqueous ammonia was further
slowly added to the mixture of the solutions dropwise under stirring

30 until pH rose to 10. The resulting precipitate was filtered, washed
with water, dried and calcined at 550°C for 2 hours to provide a
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30 over the control catalyst (15) in catalytic activity.



2 1098& ()- 2 1098& ()- OBbUA{E 10 2 109%8& ()-/K BO 2 109& ()- 2 109& ()-
2 1098& ()- 2 109%& ()-d4bUA{E 10/K BO 2 1098& ()- 2 109& ()- 2,109 &'&-
2 1098& ()- 2 1098& ()-dDbUA{E 10/K BO 2 109%8& ()- 2 1098& ()- 2%0(@%20 -
2 1098& ()- 2 1098& ()- 2 1098& ()- % T4bUA{E 10 2 1098& ()- 2 1098& ()- 2

10988 ()- 2 1098& ()- 2 1098& ()- /K BO ¥h+5678w ?bU4{E 10 2 10%8& ()- 2
1098& ()- 2 1098& ()- 2 1098& ()-/K BO 0 2 1098& ()-89:; <WZ}\; bU4{E 10

& 10968&' ()-g@m- 2 109%& ()-/K BO 2 1098& ()- 2
10%& () - Ze . 10 &S@y 1098& ()- '~ 10%B& ()- & f 10%& ()- &
L109%B& () - &y10%& () ActorBh@biEkhmpld 18 tHOSxFdR3dA ¥e&ctibn was con-
&&7! 10988 ()- &@! 1095& &1) -& &@nt 1098& () - &@ ! 109%& ()-( &9&" 1098& () -
bA410$ & &41tdeped(for 4008 bawes( Theregalisaftey the &O0MDhparsoperation
SAmLOYBE () - 08 SR Shbwv Y Mape 710%8& O
5 As indicated in Table 7, the drop in conversion after 4000
hours’ oxidation reaction was minor and there was almost no
decrease in the yield. From this result it can be understood that the
use of catalyst (14) enables stable continuation of the oxidation reac-
tion over a long period.
10 Comparati X le 1
According to Comparative Example 9, the oxidation
reaction was continued for 4000 hours. The result after the 4000
hours’ operation was as shown in Table 7.
Upon comparison of Example 19 with Comparative
15 Example 10, it can be understood that the control catalyst (15) has a
problem of short catalyst life, and when it is used in the reaction for

many hours, decreases in conversion and yield are notable.
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Claims:

1. A catalyst for producing unsaturated aldehyde and
unsaturated carboxylic acid through oxidation of at least one
compound selected from the group consisting of propylene,
isobutylene, t-butanol and methyl-t-butyl ether with molecular
oxygen or a molecular oxygen-containing gas at vapor phase, which is
characterized by being a complex oxide composition comprising

(A) a complex oxide containing as essential components
molybdenum, bismuth and iron,-which is known per se as a catalyst
for said vapor phase catalytic oxidation reaction, and

(B) a complex oxide containing cerium and zirconium as
the essential components.
2. A catalyst for producing unsaturated aldehyde and
unsaturated carboxylic acid according to Claim 1, in which the
component (A) is a complex oxide which is expressed by the following

general formula (1):

Mo, Wy, Bi,, FedAerCg‘DhEiOx (1)

(wherein Mo is molybdenum; W is tungsten; Bi is bismuth;
Fe is iron; A is at least an element selected from nickel
and cobalt; B is at least an element selected from alkali
metals and thallium; C is at least an element selected
from alkaline earth metals; D is at least an element
selected from phosphorus, tellurium, antimony, tin, lead,
niobium, manganese, arsenic and zinc; E is at least an
element selected from silicon, aluminium and fitanium;
and O is oxygen; a, b, ¢, d, e, f, g, h, i and x denote the
atomic ratios of Mo, W, Bi, Fe, A, B, C, D, E and O,
respectively; and where ais 12, bis 0-10, cis 0.1-10, d is
0.1-20, e is 2-20, fis 0.001-10, g is 0-10, h is 0-4, i is 0-30
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and x is determined by degree of oxidation of each of the
elements).
3. A catalyst for producing unsaturated aldehyde and
unsaturated carboxylic acid according to Claim 1, in which the
component (B) is a complex oxide which is expressed by the following

general formula (2):
Ceerq FrOy (2)

(wherein Ce is cerium; Zr is zirconium; F is at least an
element selected from the group consisting of lanthanoide
series except cerium; yttrium, cobalt, nickel, copper,
indium, tin, chromium and germanium; and O is oxygen;
p, q, r and y denote the atomic ratios of Ce, Zr, F and O,
respectively, p and g-being optional numbers not including
0, r being a number satisfying the relationship 0=r/(p +
q) < 0.1, and y being a number determined by degree of
oxidation of each of the elements).
4. A catalyst for producing unsaturated aldehyde and
unsaturated carboxylic acid through oxidation of at least one
compound selected from the group consisting of propylene,
isobutylene, t-butanol and methyl-t-butyl ether with molecular
oxygen or a molecular oxygen-containing gas at vapor phase, which is
characterized by having a composition expressed by the following

general formula (3):
Mo, W, Bi FeyqCeqZre AgBhC iDjE kG 10 3)

(wherein Mo is molybdenum; W is tungsten: Bi is bismuth;
Fe is iron; Ce is cerium; Zr is zirconium; A is at least an

element selected from nipkel and cobalt; B is at least an
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"#$UR' () *+, - ./ 0123458ta9ums=opper, indium, chromium and germanium; and
O is oxygen; a, b, ¢, -d;e, f, g h, 1, j, k, ] and x denote the
atomic ratios of Mo, W,_Bi, Fe, Ce, Zr, A,B,C, D, E, G and
O, respectively, and where a is 12, bis 0-10, ¢ is 0.1-10, d
i8 0.1-20, e is 0.01-30, fis 0.01-42, g is 2-20, h is 0.001-10,
11s 0-10, j is 0-4, k is 0-30, 1 is 0-7, and x is a numerical
value determined by degree of oxidation of each of the
elements)

and the cerium and zirconium therein forming a complex oxide.

5. A process for producing unsaturated aldehyde and
unsaturated carboxylic acid through vapor phase oxidation of at least
one compound selected from the group consisting of propylene,
isobutylene, t-butanol and methyl-t-butyl ether with molecular
oxygen or a molecular oxygen-containing gas, in the presence of a
catalyst, the process being characterized in that it uses the catalyst
as defined by Claim 1 or 4.



