, €3eWgDWD. 6TDWp A PROCESS FOR PRODUCI NG UNSATURATED ALDE HYDES AND
UNSATU “mﬁmﬁmﬁmu C ACIDS [Technical field to which the invention =4 MAR 2003
bel ongsFH“ ention relates to a process for producing unsatu rated
al dehydes agghodansat ur at ed carboxylic acids. Mre particul arl
invention relates to a process for vapor-phase catalytic oxi Mm @”[’W
| east one starting conpound sel ected from propyl ene, isobutyl eneg, &
and met hyl -t-butyl ether (hereinafter thdse compounds i 0 may be reﬁerred to
as "propylene and the like") to produce corre spondi ng unsaturated

al dehydes and unsat urRPROCASHFYR PRODUCINGUNSAPYRAEEDSAUDE] as the
starting conpound, acrolein and acr ¥|IC aci d axe roduced, and when

i sobutyl ene, t - but andil YRES#RD CtA61BBarti ng
conpound, nethacrolein and 15 net hacryl i c aci d are formed. [Conventi onal

t echnol ogy] Many i nproved catal ysts for produci ng unsaturated al dehydes and
unsat ur at ed m&ﬁmjﬁgl@ﬁjdh&{;ﬁbﬁiﬁﬁtﬂlfwﬁgﬂy by 20 vapor-phase

catal ytic oxidation reaction of propylene and e like were heretofore
proposed. 5For exanpl &‘hﬁh@v@ﬁ@ﬂﬁﬂf@lﬂﬂ%ﬂimpmwgsfﬁ}h;odmjﬁg%&)saaud Sho
50(1975) -47915A-JP (= 44, 659A) scl.oseq. cat, s whose essenti al
conponent s Vi@t dr@ﬁdebvéB ¢en§9msaﬁnram%ca¥ boxydig ag § ST BATBrRk,

selected tomls 8 (a1 39, 25, BAIORD 063 PCLEnERNAIARER ¢ auoht

cat al ysts whose essenti conponent’'s were

el ement sel &ﬁtaqdlehéoahbllstaﬂﬁngccom;ﬁhm&ﬁélb%éd T piBpyRere; 6B 4yd30, 074A),

the catal ysts essentially containing Mo, Bi and Fe and at 'east an

addi ti onal e&llﬁré)rhu@él @mgnretbil- W@ut&éétkw (Iweamtftsathaﬁmcmounds

56(1981) ;239698 ,30 J 390

Vb, B ; L) AR Tt deR Compounds
( )6 el g grondhakanCie il ™

and - 4 g%r@fa%?aﬂe'(ﬁamﬁig‘dhQ%@ﬁn&ﬁﬁu&%ﬂ%ﬁoﬁﬁﬁé Gcidgrdustrial

scal e productl on of unsaturated al ydes and unsat urated carboxylic acids
by vapor - pha@herspreipyiene ox uded iasrthecstanrting afmpoupy| ackwlamante |i ke is
subject to a nu cal

Sbnorimi o TG aei axb B ERReaRE R hen bty e, - utant &%ﬁgw
Because e yRRTANE?So GobAlad iy EAREH LM AboRRAPHARRAAOT BRd | ke i<

extrenely exot spots may occ e cat ayers to induce
over - oxi dat i methacryhe avid axyeifoentedat generation at the hot spots nmay cause
deterioration of 10 the catalyst. In the worst case, a run-away reaction

may be induced. In partl cul ar, where concentration of starting material or

space vel ocueban pﬂ a| se productivity of the object products,
t he excessi genera on kes pl ace to nmake stable production of the

obj ect products d| f f iMealnly. indrowed eitalystsfor prodveingeensptmatséd to control
occurrence of such hot spots or the excessive heat_ generation at the hot

spots. For exgepydes androeatunated earhawylicaraidy syiththighe thistengyoh® was

53( 1078) DoAY 0%3@%1“%%%@%@3?@%8@@%#& 8 20

1, 529, 384A) |werehbastefdre M‘U;ﬂi&eﬂl fEbﬁébfe[Yﬁ 16,3818 BOU B TH)L E3308Al- S5t
62(1987)-36739B-JP (= US 4, 438,217) and Sho 62-36740B-JP (= US 4,511, G71)];

a nethod i n WBub¥4aSUY) md@ht)e‘é h%ﬁ)*ﬁ&%&r&l’e@p@&id&d 659Andis-r eact i on
tube [ Sho 5\,@[1%{? %\%ﬁﬂi; 013Agp%%gsse6%1:}l gozn%pgggﬁsl Were 'ﬁo,hﬁd, Fe, é\g, ﬁh, plural

catal ysts,
and at least one another element selected from K, Rb and Cs. Sho

25 64(1989)-56634A-JP (= EP 304,867A) taught catalysts whose essential
components were Mo, Bi, Fe and at least an element selected from Ni
and Co.; Sho 56(1981)-52013B-JP (= GB 1,330,074A), the catalysts
essentially containing Mo, Bi and Fe and at least an additional ele-
ment selected from Mg, Ca, Zn, Cd and Ba; and Sho 56(1981)-23969B-

30 JP (=GB 1,390,271), catalysts essentially containing Mo, Bi and Fe,

and at least one element selected from Group I1A compounds and



25 to have different activity levels by varying the anount andl or qupMﬂimm
al kali metals therein, were filled in the xeaction tubes in such a nmanner
that the activity level rose fromthe reactant gas-inlet side toward the
outl et side [ Sho 63(1988)-38331B-JP (='US 4,837,310)] were included anong

t he proposals. - 4 PO9RR 2003 3 [Problemto be solved by the invention]
However, those known net hods have not coq?letely sol ved t he probl ens
pertaining to the hot spots. Accordingly,“therefore, the object of the
present invention 5 is to provide a process for effectively inhibiting or
control | i ng GrouprldBeceomponntssfahe perickicéableve heat generation at the hot

bl duct i f | dehyd

Eg%éx%fie gn:ci 't hBRuGHEALEeH é‘&v‘%%ﬁégﬁeﬁpgewa@yl Toriied %ﬁ%@&ﬁé?}:f have
i scov , ) udi sts
exhi bi ting dﬁﬁ%éﬁ%*ﬁ%%g&%?%‘.g’fiﬁ?%sﬁfssbiggbgfﬁ’%ﬁgcf%%éiyvt??@’?@g?ff’ ] cont ent

of inert conpof@idn 6f pkogyRnarssd ¢né HkeSlsSsuliaet {d 4 Imahbéeasprobilentd, the
factors (a) occupartli oﬁ ?%Yune of 1~ the shelllgje}d cat aIn sts, (b rki nd and/ or

anmount of 5t henelofayhicheisalcsihirrendenef lohababnermally dtig aﬁp@)atum ebaisg
tenperature Qf the sha ca s; and,the catal ysts e filled,in each
P erat lon thasebqts) ahehe SabalniEIoyer Beiuse the, Vaeor:ahRoe CotaI8tEl & s
fromthe re : i i I j c of hot
Chors by oy Eedttio B pkobflent! S0 LAUDIG fsNfkobict) oRbermies HoE 8POES DY 1O
control |l ed, amy occunoinstpenicdysthkaters abdddate ehyriexsidatdionosdhar at ed

carboxylic acids can,be produced at hi g{] yi el ds. Thus, gccor_di ng to the
i nvention, ac¥fesseeesheat sppepliongtithediatrsnats maneayse deterdoriden @fat ed

car boxyl i,e agj g I- S t i g i of l;east one
starting 1@0%%%%3%1&%9}tﬂrééi?\r‘gﬁfsﬁrc%g% gﬁé?‘?@%&&%ﬁ@ﬁg%?ﬂlﬁt%‘no celnd o
net hyl -t - but yih peirbRulaY, twhéRd esnteditr KHYEDT sOArtin@Dh £EHi Al 010pRN- cont ai ni ng
gas, using a fixed bed shell-and-tube type reactor filled wth shaped

cat al ysts i svelositydisdncwensed toraisamroduciividy ofrthehehiept preducthapeel 30

tal yst hi bi t i diff t..activity,l | [ t
aatone of St et 8pFTawf rakes bia G Bl mBh I BiTcipt 8. "] T
Q003 4 shapegheabflctProadtd diffichR) occupation vol une of the shaped

catal yst, (b) kind and/or anount of the alkali netals) in the shaped
cat al yst 15and (c) cal amiows methedahave helent proposeddd coatrilyereurwantenhi ch

tal yst filled. i h pf the r ti t ub [ that 5
Che catal yi oF 2ueh Bop gDpEOG (R exeSosife Prat Renérshonguaehd e of oach
reaction tUng?%&%g%olbb%é’c‘lﬁbH%tiﬁ%Hﬁh tHecdtan tfﬁéhé’hbt’sbﬂ%asas used

herein is det based on the conversion ©0 e starting conpound
(propyl ene addutéd withahertlSulhasankesn {Shord8{l 9688)t 24403BWP, iStwebB(1@Y8)The

ti th t t i h i ti

e e oAbl SO Sorhe AR YL e
0 ; i e .

inaat ur afly B EEDE R tEs  FhiqPrile o A GRS PSRRI IRAL |
oxi des whi ch63(I9&RMBEEARIJBY (=t IS 4013821 Tioa @ Sdioab2-36740BaJP 13- e
particularly suitapbl : 20 I\% W bBi_.cFe dAeB f CgDhOx ,(wherein M is
ol ybdenum * A6 4hgse dnet 115 GBI, O1FRI0TE TRABHON ZONES fYeN€east an
el erent sel egladgbnaid SoAAda A, RIIGK R, B1 Y. 1R RpelegRnt Sel ected

from phospho rus, antinony, n, cerium- 'ni-obium" | €ad, chromni um

and zinc; C 13529, 38245 aaechedentwisiehglhiedl édtalyabkaibiclimiare wlepawads; D
is at least an_elenent selected fromalkaline earth netal elenents; and O
i s oxygels ato bave different actigityHevels by sagriagitbe amonnt anddoekindpf Mo, W
Bi, Fe, SO A ;B

alkdli %’uat[:gls(sa1 9}(;eroe’in,r Were Cﬁtﬂe\{ieiry fhé/\@eea{c%ioan !tabelszin ts)utlzl% ao- 5 ¢cls
manner that the activity level rose from the reactant gas-inlet side
toward the outlet side [Sho 63(1988)-38331B-JP (= US 4,837,360)]

were included among the proposals.



0.1-10, dis 0.1-10, ais 1-20, f is 0-5, g is 0.001-3, his 0-5, a,nqlMg\Rizgqjl
a nunerical value determ ned by state of oxidation 4 ~~1~~ | 003 5 of eac
of the elenments). The conpl ex oxi des which are expressed by the general
formula (1) are known, and can be prepared“by heretofore known nethods.
More specifically, for exanple, Japanese Patent No. 5 2,659,839 (= US
5,276,178) may be referred to. The inert é:orrponent to be used in the
invention may be any that is inert to thé reaction. For exanple, those
general |y used as inert carriers, such as _silicon carbide, alum num oxide
(al um na), z[froblgnato e ssdved-by thminvention]ani um oxi de (titania), silicon
oxi de 10 al um ni um oxife (siliga-alunm na d.,the like can sed.

t hose, al um na and zimvfraﬁgo% Gam%ﬁq%goﬁég‘é}’eéﬁ %BEF‘&FEY §‘g'?'1eg;e
area of suchgy i ot exceed 20 nRlg, preferably
rangi ng O. 1%1%@?@%1%&5?%%}%?&3 I a, t%@lgé%lg?!%@?g@ Where the specific surface
area is |arge, CO andAceardibgiyrimeréfore; tlos ebjees of dhdgreseseinwaitiowf t he

obj ect products. Average particle diameter qof the inert substance desirably
does not &xciel® pryigma pregess dor olipetyehyinhibiting or ceptrelling egqua: 0. 5- 80

Vim Large particl i ze is detripent to its blen Lhity with

catal yti cal I§e]?aﬁ:et ﬁ)&g‘r‘:%ﬁ%tgnogn?%gesgﬁesﬁ%%te%e%%&a&f%?g%ggg)&tqqg%gtbg this

i nvention cagnfBlePhRoREtRfh of Qhs£MAERES alAERPISS SAARIRGtAFLER] ExRr essed by
the general fornul'a (1) is used as the catal’ytically active conponent, by
addi ng an i nboxykubeidsnatehigh yleddeonpl ex oxi de at an optional step during

the preparation of a shaped catal yst conprising said conplex oxide, and 25
mxing it into the system For exanple, a shaped solid catalyst can be

prepar ed 48y a{gaﬁg%%ﬁgqﬁé:@bﬂggﬂaﬁddi ng starting materials containing the

consti tuent ments as expresse n the general formula {1) to an aqueous
medi um and m xi ng; adWehase diseviersdbaftenestémsivhastudias, thagwlanry;

m xi ng; heatipg, .drying; pulverizjing;.adding to the 30 systeman additive
such as ammnfqrralﬁhﬁpa atg stﬁﬁask@;lt&% remb|agtivity mei@me Pretearic

acid and the_ |j IL.Gh-are ~ b ed to as
bi nders, tog%%t%‘fpwa%%vgé'emq&%%# ﬁfg{xf%% cgfsé@%lgtn%“t}}?egé%ﬁder shapi ng
the kneaded p@gdystat andedl} £61daat TheasTthRafaetdvsn@) beeupatiBnWillighadassi ng
air. In that occasion, as the first_condition [!], the anpunt of added

i nert suB$t atheshspedsatrlystamdb) kind padéaramovadofitheonlkali metal(s) smst one

f th ] f ot haped ,cat t Ki d/ t
of the o kal o6 ERapeY cHEalvREs Bha (EF-RURRRG EHaA s CARE HAB et atur o
of the shapegh@ayalsyahd ﬁxecmﬁlwsis dre filley ifl@abhWraastispahbeatial stadhs

having different activity levels. 10 In an alternative nethod, shaped
cat al ysts caa manperthat the sgtalytigiangiatnlevelgises Bonakthe seactantigas t he

const {vent, ShETRILS\SRarh AL bl ol IRsRFOhE of AT elthcnuoous
the resulghi NHeROBEREr WidR a%_rthb’}thtsp'i)glgrﬁgfl’}?@eﬂ@&?vélﬁ%sgc?gﬂé‘&, Ahghgto an 15

additive such an amoniumnitrate, "¢ ose, starch, vi nyl al cohol
steari ¢ aci deambquenceitkesathratedsaldedpydes alnd/uksaturaied kanbexplic acigkst her
wi th water, kneading ,t he,syst.em angd. shapi ng the kneaded mass into desired
fornms, foll 09%‘8%6 rg’él“&?ﬁi%}lﬂﬂylﬁfj ssing air. Plural catalysts of

different activity le AR J hangi ng
t he added anount of t?gm?hg%brsﬁg%gggﬁgé%g‘s’é?ﬁéﬁf?B@?cgﬁgﬁﬁbﬁﬁ?g and
al so by changhsgtniatééadtdebydeind msataraiddcandiokiybio delidd tht@jgloccupat i on

vol une of the shaped catal yst, (_8) kind, and/ or anount of the alkali netals)
in the sREpeviapex-phase cakdiyticoxidationniat leashepastatting compataged

catal yst. 25 C i ner ce y i RN range of
0-50% by wer SeCteiF BPET bufivIghE, JsghAREIHCT D AABE 30 ot PhdIE (203
"occupati on ¥HdiwRitef nidl@mﬂa@ms}g@ﬁtoalafﬁidlec@mr%eheécﬁitaim@aé,he o
apparent vol une occupi ed by the shaped catal yst. parent vol unme signifies
t he vol ume | nsingla fixeidnisédiehell-and-tube type reactor filled with shaped
catalysts is provided, which is characterized in that plural shaped
30 catalysts exhibiting different activity levels are prepared by varying

at least one of the factors: [I] content of inert component of the



30 cavities of the shaped catal yst. Therefore, when shaped catalyst_p%ﬂkﬁ@
are spherical or cylindrical, their occupation volunmes equal the 4 ~= @
?U~5 7 cubic volunmes of the spheres or cylinders. Again, when the shaped
catal yst are ring-forned, for exanple, their occupation volunme equals the
cubi c volunes of the rings plus those of the spaces surrounded inside the
rings. Thus, when (A) the shaped catal yst,are spherical, 5 their occupation
vol une i s changeabl e by changing their dianmeters; (B) when the bodies are
cylindrical, by changing their_dianeter and/or height; and (C) when they
are ring-for#bapedyatalysiang Hhkia) osoupatignaradume ehthoshapedieatalyst.he
rings. Wen i,nsi de of .each reacti t is divided.into plyural ;reaction
zones, it i s@?ﬂpgln‘rfué OTmPPP Oéﬁﬁe fﬁ%ﬁ%@éﬁ@%ﬂ&&%ﬂcé E8hwi t h
shaped cat al tfford VA \ i . that the
ratio (V~ / é%ﬁg)é{:%@ieé]mgfé&gggﬁé&ggyg\étbglsgir@ e%tﬁgﬁ% aa?%e hcat al yst
filling the cedystsnamofiledlinseach of theeramtivn oubgain sutlet wiadwerrtlhat he

occupation vol ume (VZ) of  another, shaped catalyst filling_the reaction zone
closer tobdt hthe sabalybic apdivity lovrlirasesirem the reaghanti gasimdet gitgeobt 1. 2/1 -

A/1, prefer .1 - [x. T fyalkali netal is variable
within the rg%%%r%?alét%}uéégé&agawgg@%ﬁ@erati o specified by the general
formula (1). The cal ciihen@rhemeidtylcyell 88 usedidreakied¥tdrihihed r ange of
300650C, preferably 400-600C. Wiile the calcination tine is not subject 20
to any critibased onithet ¢aversiomef the stargingegmpotndAphopykeneprd dhabl y 312
hours. Form he shaped catal yst according to the invention is subject to
no critical itati on, which may be any of granules, pellets, spheres,
cylindergg rings and the like. 25 Apparatus and conditions for practicing

t he vapor-phase catal ytic oxidation reaction of the present invention are
not critical [Waskingeembadinsentsafdhe tnvwddtyonjsed fi xed bed reactor is used,

and each of the reactjon tubes in that reactor is divided into plural
reacti on zones, nor malb§ dckvesompprentsatthe,gatalrsktabe usedii®dthg t h t he

haped 30 j ff i Vi ' : h
Setrvity | cubfesHeIntnbion S Rbr BALCAL b REPas they BHENBATARPERORL 1
reaction -pHKape AatdlPEle dkidasion eactieacsf propendandettiediikedtdipaer t hose

conditions that are generally selected fqr preparation of unsaturated

al dghydeé Sandueméhe gorraspopding upspturaiedaldrhyden amfamsmgéett atal ytic
S gaseovs m GPNLSHRIIE SR s, EpiaIRE eEled, HeABh a% ERPritks CB pound,

i.e., propyl ﬂi@fﬁl&viﬂgegéhéﬁﬁl(i@i‘mmﬁgl) are paefipalidy sattadled from

propyl ene, isobutylene, t-butanol and nethyl-t-butyl ether), 1-10 volume %
per volume % of the gaseous starting conpound of nolecu ar oxygen and the
bal ance gf an inert gas Meaw.bBiQiFrerd?@ng p 10 di oxi de, steam or the

i ke) sefving as the diluent,” withthé Sh&ped Catal ysts of the invention at
t enper atures rangi ng 250-450C under pressures ranging 0.1-1 MPa and at
space vel ocities rangiyHe94-M848 rRolybldehn; Wid ddteAIBR is bRdath;

di oxi de, steamor the |like can be uséd as the inert gas, use of steamis
advant ageous fox i nprBeilagrarg Aiehtideardft amelabpat selectetliftean dobaltuse st eam

has an effect of inhibiting fo tion of si roducts. [Effect of. the

i nvention] According "t"a‘titnr’r ‘i)lﬁ[opggs%t gﬁsﬁﬁinsg*%ﬁ'g"eﬁﬁtt? getegdlram ehogPhe- 20 hot
spots orgexcessive h i,,0 t . . f el y

i nhi bi tecQJ,g and in coﬁ@se%gag{r}gﬁeﬁméﬁpn %ﬁﬁ&%ﬁgi@ﬁ?@?@?ﬁé?@%ﬁf@%ﬁ

unsat urated car boxyl i gndeins € as abéeadit an pbsinght Bepetyd Etodn dlkxEnpl es] 25
Hereinafter the present invention is, exgl ai ned npre sg)eci fically, referring

to Referential Exanpl@stalelementssihipatleagtamelement selectadhfignes. Cont ent
of the inert conponenty ver shon of: tihe rti o ound, _total
sel ectivity for unsat lg’(rlé %?%M(ﬁga]a‘%}g%%gt 14 3P§‘tg%dgr§§y§89yfii B’ gcﬁl’d, and
total one-pass yield @ff 30 hupsdktahddorladehiid maniBerseMy, AVeBiCReDOXYI i C
acid as given in those Exampl es are defined as fol | ows when, for’ exanpl e,
propyl en80 - 4 h~a~ #pBsC, D and O, respectively; where a is 12, b 1s 0-5, ¢ is

0.1-10, d 18 0.1-10, e is 1-20, fis 0-5, g is 0.001-3, h is 0-5,

and x is a numerical value determined by state of oxidation




9 is used as the starting conpound. Content of inert conmponent (% __ MAR 7003
(wei ght of inert conponent) x |00 (weight of catalytically active coﬁgbﬁﬁﬁw
+ wei ght of inert conponent) Propylene conversion (nol % _ 10 (nol nunber
of reacted propylene) (nol nunmber of supplied propylene) Total selectivity
(mol %9 _ x 100 15 (total mol nunber of fornmed acrolein and acrylic acid)
(ol nunber of reacted propyl ene) Total ohe- pass yield (nol %9 _ x 100 20
(total nol number of formed acrolein and acrylic acid) x 100 (nol nunber of
supplied propyl ene) Referential Exanple 1 25 (Preparation of catalyst) In 1
liter of ion-exchangeofgaeh of the edemengdbalt nitrate, 412 g of nickel

nitrate and 191 g of rric nitrate were. dissolved, a 9 of bisnmuth
nitrate was dissol vedtIieII"r‘f (é)dﬂgjcﬁ%‘s(_) %'Plsi ﬁgﬁﬁfﬁﬁﬂﬁ%gﬁ@gﬁé&%@%@ 50 m of
conc. nitricfaGhdl0r) LAR0Abwal ah%lrba]fr‘i(gé;?ggﬁa%ll g?t}f‘efreto?%i?@k%%‘&ﬂ , 1000 g

of ammoni um par anol yddate and 64 g o nl um par atungstate were added to
3 liters of mo¢thools: eMobaspecifiendly, fanek ainpdn| JeathnesdePatentrNog. I nto the
resul tant aqueous sol utign those separately prepared agueous sol utions were
added dr opwi @&@9}&3%6—(@3, 5, 81p Iﬁ?yg’@oﬁetfﬁmdoﬁo-an aqueous sol ution of

00 2O TYs 1o e oy e chibmitePh o8 he RS CEF PRFRERiE0 maV R i T e

steam to dryRe§sthatlie ifett th s t@ictadn.aFeedxupeef m@éee%eﬁéwuwuw@&

pul veri zed, and the resulting powder was m xed W ﬁh sui tabl e anounts of
amoni um ni t aatiseahcamaers; suchgetdilicon sarhide, ahimihupeoxidet (alwimgs),of 5

ings were cAMEORMTANASEIEPD, APt eTde e anie IR eXideoui de
cxcopt | ng Cox e (AP B AusFEY A Ihe AR A b Dobdy e, [ 1o o
shaped cat al pdtuminh amabziaeordial Axewanvehidsit]@\idsedB~i Fel Co5Ni 3Ko. 1.
BET specific surface area of such inert substance desirably
does not exceed 20 m?/g, preferably ranging 0.1-15 m?/g, inter alia,

0.5-10 m?/g. Where the specific surface area is large, CO and CO,

15 formation increases to decrease yield of the object products. Average
particle diameter of the inert substance desirably does not exceed 200
um, preferably ranging 0.1-100 pm, inter alia, 0.5-80 um. Large
particle size is detrimental to its blendability with catalytically active
components.

20 Shaped catalysts according to this invention can be pre-
pared, for example, when a complex oxide expressed by the general
formula (1) is used as the catalytically active component, by adding an
inert substance to the complex oxide at an optional step during the
preparation of a shaped catalyst comprising said complex oxide, and

25 mixing it into the system. For example, a shaped solid catalyst can be
prepared by a process comprising: adding starting materials contain-
ing the constituent elements as expressed in the general formula (1)
to an aqueous medium and mixing; adding an inert substance to the
resulting slurry; mixing; heating, drying; pulverizing; adding to the

30 system an additive such as ammonium nitrate, cellulose, starch,

polyvinyl alcohol, stearic acid and the like which are generally re-



The conditions [I] and [I1] selected for preparation of the shaped ca,tmﬂy/;“

(1) were as follows: 15 [I] content of inert conponent: O w [I1J (a)
occupation volunme: 170mB[=~(6 2nm) Zx6m] 20 [I1] (b) atom c ratio of alkali
metal atons (to Mo 12): 0.1 [I1] (c) calcining tenperature: 480C (Oxidation
reaction) Into a stainless steel reactor of 25 mmin inner dianeter 25
which was filled wwth 400 m of the shape? catalyst (1), a gaseous m xture
of 5 volume % of propylene, 10 volunme %o oxygen 20 vol une % of steam and
65 vol ume % qf ni trogen cont aining inert gas i ntroduced at a space

vel oci ty (S-fereddomnbmdesndtegs, géét"@é htwatay ﬁadmgbheﬁgatqm@n nder the

condi tions o&gentar gress & (I)nI\/Pa Pgeﬁfon tg erait .ure 300C.
The results WeFE qr% S 2)%%58?@ B My By (\Wﬁ/ P8CAUFYRi n and
acrylic aci dgh@3aF w’}‘ﬂﬂe §é195§0£1ra%0r!}ﬁtrbcaﬂglo%%)é|th% %t%an%?tl&@ﬂ]é T 4

PR~R coos 11 Referenti al Usi ng an alum na powder having a
specific surtheamoent of addeﬂhgemmb&tamenaghapgedmide adi tdreeg¢emondf 55 Vi m

f d shaped b d ' '
and5. o | RORBIEA [Thbwt g8 Mot 4himachubaGpacdmiot Hhe Sheed | coa |
Ref erent | al Eé §C(3> KPHA S PEM{)M&&}P@# Qﬂia(?:{mgartggg %h&"%?iaggﬂd“‘:t ed

under identica on COI’] I ons 0ose use eren

1, except t h@étélb@t e es) c@aémhﬁgttefn?ermd epthesBapad @Qwﬂgsawm na shaped
bodies. It was in consequence 10 confirned that the propyl ene conversion

was not hi ghehanged, t Brovidd pluraliskaped catalystechaving rpns@etivity
Ref erenti al %&( | e 3 The powder which was obtained foll owi ng the nethod of
Ref erenti al aﬁr%l e 1 was mxed with 1900 g of an al um na powder 1~ having

a BET spggific Surfac?nairﬁélt%}n&tﬁglxﬂegﬂgi% ‘éﬁr S1RR6 ol Ke gi.@mst er of

55 ~.m The resultant m xture was knea |t|on of adequate
amount s of apaped loy: mddlangestamttn\gamattermilﬂjcmmpnmg the)cmmsigme:ﬂt adach 6 Mm
in outer dianeter

n |nn di anet.e hei ght , |ch wer e
cal o ned at BEUYE 15SBAPERA B0t RRARTAGPTRHBLLL G 97 BRABIAANS %’ﬁwg
catalyst (2) niReherrddiak (R ¥®RLiAg slurry, drying, pulverizing, mixing the

resulting powder with an inert substance, and then adding thereto an

15 additive such an ammonium nitrate, cellulose, starch, polyvinyl
alcohol, stearic acid and the like which are generally known as bind-
ers, together with water, kneading the system and shaping the
kneaded mass into desired forms, followed by calcining while passing
air. Plural catalysts of different activity levels can be prepared in

20 that occasion, by changing the added amount of the inert substance as
the first condition [I], and also by changing at least one of the second
condition [II], (a) occupation volume of the shaped catalyst, (b) kind
and/or amount of the alkali metal(s) in the shaped catalyst, and (c)
calcining temperature of the shaped catalyst.

25 The content of inert substance is variable within the range
of 0-80% by weight, preferably within the range of 0-70% by weight.

The term, “occupation volume of the shaped catalyst”, as

used herein means the apparent volume occupied by the shaped
catalyst. Apparent volume signifies the volume including inside

30 cavities of the shaped catalyst. Therefore, when shaped catalyst

bodies are spherical or cylindrical, their occupation volumes equal the



Ref erenti al Exanple 3 was repeated except that no alu m na powder was g@eu
to provide shaped catalyst (3). Referential Exanple 5 25 Into 1 liter 2
| on-exchange water, G87 g of cobalt nitrate, 412 g of nickel nitrate and
191 g of ferric nitrate were dissolved; and 229 g of bisnuth nitrate was

di ssolved in an aqueous nitric acid solution conposed of 50 m of conc.
nitric acid and 200 m of ionexchange watgr. 30 Separately, 1000 g of

anmoni um param)l ybdate and G4 g of ammoni um paratungstate were added to 3

Sirring kBl b@humed of TRE spherestr FERRANGS ABARL sERn ThaRgapRa, M ornc
wer e added d'bﬁ&ﬂ‘y £ a?@%ﬁ%)f@ﬂneaofdr%@ﬂnmé %Hgiltd&ﬁpﬁtlofi‘f‘vé‘}ﬁiﬁ@%ﬁu?% ution

of 4.6 g of cesiumnitrate in | on-exchange wat er, and by further
addi ti on of 1he@ubigvolumas alfmhe mmgmph&rthtmel ofghe HpEtespecréuedsdr f ace

area of 1 n2/g and_an aver particl er .of 55 ~, m Thus, obtained
slurry was héﬁ%’gﬁ theddnsst i wmthé&éﬁ%@g&pwfcaimsw@amrm ness. The

bowder aad el e EReLRAT s E T chb ek S PhaERe ey Wb oo
t oget her kne@EWvlﬂé]ﬂtl&é‘%&ibé McOcylindscl byadihrfziABtheiodifhe throa®d Ry, 2 MM

in inner dianeter and 6 nmin height. The Ti ngs were calcined at 480C for 8
hours while paighthgna (C) wdneprﬂmyc@r%n@gefwrmdalbysqha(r@mgnéieer entdral

Exanpl es 6-12.15 Referenti eate ce t hat. t he anount
of "t he- al uri AAARSHERADOT AeiaR DL LN Hang WHRCO Fosife Bl e At taAcHODS af 6.
shape of the i tfp}%%r r at al yst
were vari ed grﬁéggyﬁ&lﬁi%ﬁqgggﬁ%gﬁ%t%g%n %&Cﬁéﬁ%ﬁ)‘%’/@dg&s ap%

cat al yst s10( Sywolddjaceit Redaiemtzonés witlrphapdd cRedlestndf diffdringplceivityvas

repeat ed except .that the anmount of alum na s changed to 8G g and
the di nensi oi%"(ﬂﬁ» yhaueh gguapses taphthedaty (37Ld ﬁﬁfn)fqtme@m QARGWA- 2 nmin

et LT SO T, o e BB HipoB RSB Yol R 65,1

netallic ele
cal cining tegherahetioh gifs 1$1m@10§1@e0a3ﬁdithébacdﬁétlérlQrbhﬁiaec(mzaloﬁlgﬁother

Referential Exanples 1-13 are tabulated as Table 30 1.
shaped catalyst filling the reaction zone closer to the reaction gas
15 outlet side falls within the range of 1.2/1 - 64/1, preferably 1.3/1 - 27/1.

The amount of alkali metal is variable within the range of,
for example, the atomic ratio specified by the general formula (1).

The calcining temperature also is variable within a range of 300-
650°C, preferably 400-600°C. While the calcination time is not subject

20 to any critical limitation, it normally ranges 1-24 hours, preferably 3-
12 hours.

Form of the shaped catalyst according to the invention is
subject to no critical limitation, which may be any of granules, pellets,
spheres, cylinders, rings and the like.

25 Apparatus and conditions for practicing the vapor-phase
catalytic oxidation reaction of the present invention are not critical.
As the reactor, a generally used fixed bed reactor is used, and each of
the reaction tubes in that reactor is divided into plural reaction
zones, normally two or three, and the zones are filled with the shaped

30 catalysts of different activity levels in such a manner that the activity

level rises from the inlet side toward the outlet side of the reaction



TABLE | Shaped Cata- lyst Metallic Elenentary Conposition (atom c ratios
Excl udi ng Oxygen) Content of Inert Compo- nent (% Shape and di nen- si%WMAR 100s
(outer diane- ter (mm x inner dianeter (mm) x height (m))Cccu- pation
Volume (mmB )Calcin- ing Tenp. (CQCalcin- ing Tine (h)Referential

Exanpl e 1(1) Mol zWsBI i Fel CosNi 3Ko 10ring: 6 x 2 x 61704808Refer enti al
Exanpl e 2BET specific surface area: 1 nRlgy of al um na powder100ring; 6 x 2

X
X
X

N O

X

GL704808Refer ential Exanple 3(2)Mo 12 W s BlIFe 1 Cos N 3 Ko.160ring: 6
2 61705008R tial EX le 4 Mbl aWb.,sBi.{ Fel Co5Ni 3Ko ,10ring: 6 2
51708008 e 8% o FE e AERaRRE VRGP RO PG USAT Lhpse FORGI G A R 551 1 g
2 617()%%@}3 ' o@‘ﬁ’x‘@%’ : ~\\). ~§%s}l§t'f§egs Oring: 6
§ 61)7(04808 e erg];Yﬁ%P&@afr’ml e F‘éﬁ%%%ﬁg%ﬁué%&&% | 3Ko. 1 (?lsngrgl ng X 2X

95724808Refins@ttrastd EaebgtydiBécidstthdoghRidpee-jh4kesdh t3Hptit DRidagonG x 2 x

61704808Ref erenti al Exanple 9(8)M12W5B11Fel1C)5N13CSO h20ring: 6 x 2 x
61705008Ref efeastion. Eenepnraple( themeacisonps praloeomd Brsendseindg 6 x 2 x

61705008Ref tial EX | 11(. 10 2 W.5RBi Il Ee 1 Co . Cs0, 0425ri :
o oo B PEGTR ordgtisine Yiia Fplfing do o8 pe §08 sbdut® BoBtRTL ' "
Cso. oal Ori ngsurddX.& bréﬁ RA0OBE tBE a1léd @lt 18%8tBhe compound selected

13(12) Mol aWo. sBi I Fel Tos

Ko.i40ring: 9 x 2 x 95725008 cu D ¢ c,
from propylene, isobutylene, t-butanol and methyl-t-butyl ether), 1-10

volume % per volume % of the gaseous starting compound of molecu
ar oxygen and the balance of an inert gas (e.g., nitrogen, carbon

10 dioxide, steam or the like) serving as the diluent, with the shaped
catalysts of the invention at temperatures ranging 250-450°C under
pressures rangi'ng 0.1-1 MPa and at space velocities ranging 300-5000
h™ ! (STP). While nitrogen, carbon dioxide, steam or the like can be
used as the inert gas, use of steam is advantageous for improving

15 yields of the object products, because steam has an effect of inhibiting

formation of side products.

[Effect of the invention]
According to the process of this invention, occurrence of
20 hot spots or excessive heat generation at the hot spots can be effec-
tively inhibited, and in consequence the intended unsaturated alde-

hydes and unsaturated carboxylic acids can be obtained at high yield.

[Examples]

25 Hereinafter the present invention is explained more
specifically, referring to Referential Examples, Working Examples
and Comparative Examples. Content of the inert component, conver-
sion of the starting compound, total selectivity for unsaturated
aldehyde and unsaturated carboxylic acid, and total one-pass yield of

30 unsaturated aldehyde and unsaturated carboxylic acid as given in

those Examples are defined as follows when, for example, propylene



- 4 f~1 AR ?003 14 Referential Exanple 14 The oxidation reaction as i .
Referential Exanple 1 was repeated, while replacing the shaped cat dl{)gw {0@
Wi th shaped cata lysts (2)-(12) in each run. The results were as shown in
Tabl e 2. TABLE 2 Shaped Cat al yst Propyl ene Conversion (nmol % Sel ectivity
for Acrolein and Acrylic Acid (nol % Yield of Acrolein and Acrylic Acid
(nmol % Referential Exanple 1(1)99.393.69299Referential Exanple
2---Referential Exanple 3(2)83.495.379.5Referential Exanple

4(3)94.194. 288. G?Réf ertz]lr‘% i,.al Exanple 5 é) 81.595.878. 1Referenti al Exanpl e
6(5) 88, 594. 883 USRELAS %tértléﬁaﬁ%%o% ) 82.796.079. 4Ref erenti al Exanpl e
8(7)85.694. 480. 3Referenti al Exanpl e 9(8)8p, 496. 577. 6Referenti al Exanpl e
Z((9) 85. 395. 081. ORef erenti al Exanple 11(10)78.996. 776. 3Referenti al Exanpl e
12(11) 79. 697. 07CoAReh o Litidrelcompnim 9(22) 81. 396. 478. 4 Cn - 4 U~ r,
~DUS 16 Exanple 1 The stainless steel reaction tube of 25 mmin inner diane
ter was filled, fromthe refeeight ofanerhtempendnt) oward the out|et side,

with 500 @ of shapeWWfﬁWW‘mm—m—o?‘ KHhped 5
catalyst (1). A gaseoddG1ERY QF &auHY 15218 A5y o5 PPRREBY Fene, 16 vol ume % of
oxygen, 5 vol une % of weighhaofnded@comiponent) of nitrogen-containing inert
gas was introduced into the reaction tube at a space velocity (S~ of 1800

h-1, and subjected to the oxidation
Propylene conversion (mol %) =

10 (mol number of reacted propylene)
x 100

(mol number of supplied propylene)

Total selectivity (mol %) =

15 (total mol number of formed acrolein and acrylic acid) 100
X

(mol number of reacted propylene)

Total one-pass yield (mol %) =

20 (total mol number of formed acrolein and acrylic acid) 100
X

(mol number of supplied propylene)

Referential Example 1
25 (Preparation of catalyst)

In 1 liter of ion-exchange water, 687 g of cobalt nitrate,

412 g of nickel nitrate and 191 g of ferric nitrate were dissolved, and
229 g of bismuth nitrate was dissolved in aqueous nitric acid solution
composed of 50 ml of conc. nitric acid and 200 ml of ion-exchange

30 water. Separately, 1000 g of ammonium paramolybdate and 64 g of
ammonium paratungstate were added to 3 liters of hot ion-exchange
water, and dissolved under stirring. Into the resultant aqueous
solution those separately prepared aqueous solutions were added
dropwise and mixed, followed by addition of an aqueous solution of 4.8

35 g of potassium nitrate in 50 ml of ion-exchange water. Thus obtained



reaction under the conditions of entrance pressure 0.22 MPa (abso 104W@%ﬁ%5
The tresult was as shown in Table 3. Conparative Exanple 14 The oxi dati'oh -
reaction was conducted in the identical manner with Exanple 1, except that
t he shaped catal yst (2) was replaced with shaped catalyst (3). As indicated
in Tabl e 3, however, 15 tenperature at the hot spot rose drastically and
the reaction could not be continued. Examp es 2-7 and Conparative Exanpl es
2-4 The oxidation reaction of Exanple 1 was repeated except that the shaped

catal yst (2) S.repl hn_each run with another catal ys s i ndicated
o Tabie 5 iyt RERTed bnIRE Jiitnd 1b BxBRErAE off ShEREALe Ao ) “anc
Amount (M) gbsShamRIsSIad Mh(tbr bhtdivd Wp&EFaHHRD dyREESAEs phiviizRTP. Hot
Spot Tenp. Propyl ene Conver- sionSelectivity for Acrdlefn and Acrylic
Aci dYi el d of aAdridiearasidticgApowdex wAs miResd wiith sgisble bhetosn tedfemmmen gas
outl et side C) (mol ¢ . .
N ! gl%)u:n( m)trzgte an({() water, together kneaded and shaped into rings of
5 each 6 mm in outer diameter, 2 mm in inner diameter and 6 mm in
height. The rings were calcined at 480°C for 8 hours while passing air,
to provide shaped catalyst (1). The metallic elementary composition
(by atomic ratios, excepting oxygen, as in all of the hereafter given
compositions) of the shaped catalyst (1) was as follows:
10

Mo, Wo5BijFe, Cog NigK, .

The conditions [I] and [II] selected for preparation of the
shaped catalyst (1) were as follows:
15 [I] content of inert component: 0 wt %
[II] (a) occupation volume:

6 mm ,
5 )" x 6 mm]

170 mm® [=7(

20 [II] (b) atomic ratio of alkali metal atoms (to Mo ,): 0.1
[IT] (c) calcining temperature: 480°C

(Oxidation reaction)
Into a stainless steel reactor of 25 mm in inner diameter

25 which was filled with 400 ml of the shaped catalyst (1), a gaseous

mixture of 5 volume % of propylene, 10 volume % of oxygen, 20

volume % of steam and 65 volume % of nitrogen-containing inert gas

was introduced at a space velocity (SV) of 1500 h™ ', and subjected to

the oxidation reaction under the conditions of entrance pressure 0.22
30 MPa and reaction temperature 300°C. The results were: propylene

conversion, 99.3%; selectivity for acrolein and acrylic acid, 93.6%; and

yield of acrolein and acrylic acid, 92.9%.



(mol %9 (nol 99 Exanple 1(2) 500(1) 100030037698.595. 494. 0Conpar ati ve
Exanpl e 1(3) 500(1) 1000300drastic risecontinuation of reaction & MAR 2004
i npossi bl eExanpl e 2(4) 500(1) 100030037998. 695. 394. OConpar ati ve Exanpl e
2(5) 500{1) 1000300drastic risecontinuation of reaction inpossibleExanple
3(6) 500(1) 100030037298. 795.594. 3Conpar ative Exanple 3(7) 500(1)
100030041798. 590. 989. 5Exanpl e 4(8) 500(1);7100030037798. 695. 694. 3Conpar ati ve
Exanpl e 4(9) 500{1) 100030041398. 391.589. 8Exanpl e 5(10) 500(1)
100030037898.,,995. 8 E pl.e 6(11) 500(1) 100030037599. I96 095. 1Exanpl e
7(12) 500( 1) Dedersaniptixany .2793 6 v ~+Cvin~; L~Jil,i 18 Exanple 8 The
oxi dation reaction of ]ﬁﬂf t ition of
t he gaseous m xture wégév @?ﬁﬁ%? @%@Haﬁﬁ@%ﬁ]lﬂf%#eggﬁz%%ﬁﬂ % vol une
% steam 5 H@éalfﬁél%n rgdaﬁdtarxpge@rigecloﬁmleldigme'terbfgaspmwuvgxmmed/o The
results were: g ene conversion, 99.2% selectivity for _acrolein and
acrylic aci dS @Be épdmowenmmoutelbdmmemﬁa@nymenmr diamgetewand -- 4

t~'" N~ 3.19. roce r R&L uns rat ed. al,dehydes
and unsat & apdurb it BeigTT wese MBDRREE B Pl Hitnith PEGiRAo 1 o of
at |east onejps ‘Rfo&fé]ﬂn&PERQHﬁﬁesle' Sﬁb%ﬁéﬂﬂpéﬂ%'tﬁ%eof ﬂ)ﬁﬁﬁ%ﬂé KUy

t butanol and nethyl-t-butyl ether wth nol ecul ar oxygen ‘or "a nol ecul ar
oxygen- cont acondwactgdsyndet r@mmcfalmedctmd (x)hndhtmnsd\nththhoswleedeact or filled

ith sh d I [ h hat .pl | sh d
catal §s?§eex§?etaysbasldw il 4560 94 Brorbaped caradbst 6 w9 varyi ng: [1]
content of | PERAICEATROEALe Slyshis SHAEA HORIAL YN wa Qqn[cloh]s?@{l ehgast one of

the factors Ooccu O 8 ape i'hd and/ or
amount of1ot heowmfitekd ﬂl‘ﬁttatlh%)pl*dpyﬁé’@e Emlmbﬁsﬁiét highér(tharcel3ss ni ng
tenperature of the shaped catal and V\:hl ch catalysts are filled in each
of the reactBf nupeksiantinlaeagtivanioek plage. t he catal ytic activity |evel

rises fromt ferrea t as~i nl et S|de of each reaction tube toward the

out |l et side. g—m&%&di ng to Aaim1l, in which the active

conponent in the 5hapeﬂ)&ﬁb@'&é%twhﬁhawﬁg%Bkﬁhe@(fo%wmg%e' metkod @gsed by

the follow n eneral formula (1): MbaW bBi cFedAeB f X (1) (wherein M

is nol ybdenuﬂp aneingialuixamede 1Bvas snhnednwmh 1900 ngs)ﬁamalumma pawdegast an

el enent 3 Ieﬁt ed fr obal and ast an el errent el ected
gho

from pho g¥nega rﬁpecb%? 1M aFf’ ﬁ‘reéé{% ]um ?%PB i4thfVEERRP PERHEIR um and
zinc, Cis a&ldxﬁéﬁér kit g ét%ﬁ'ﬁ'lthesfés%%z?rﬁ LRl wab 'kn%H@H BAEEAG- D is at
Ieast an el enment selected fromal kaline earth netal elenents; and O is

oxygen; a, btion, ofcadesq,ua‘tg a;nohn!amdf amananmmautmtmmmd mrtbe,randf M, W Bi,

Fe, A, B, C, .D an respectiv where a i s 05, ¢cis 0.1-10, d
s 0.1 10, “aasat sto YineS o eprh inatgmates Satiased 4 i in S o

nuneri cal v t Ldati on of
each of the e nts§m§e&§%}loﬂg §£ Z‘%gloc‘r?%vlvgrélcﬁrc a(l1 r{# or %9 Elﬂﬁb ich the
i nert coaponmrbamfamﬁlmlmpe;d pravide/shaped aatalyet (2)subst ance having a BET

specific surf{afe%e%%f?ﬁxt ei<ceed| ng 20 n2/g.

Referential Example 3 was repeated except that no alu-

mina powder was used, to provide shaped catalyst (3).
Referential Example 5

25 Into 1 liter of ion-exchange water, 687 g of cobalt nitrate,
412 g of nickel nitrate and 191 g of ferric nitrate were dissolved; and
229 g of bismuth nitrate was dissolved in an aqueous nitric acid
solution composed of 50 ml of conc. nitric acid and 200 m] of ion-
exchange water.

30 Separately, 1000 g of ammonium paramolybdate and 64 g

of ammonium paratungstate were added to 3 liters of heated ion-



A A hY. AsY?. A9l . AsU R A | R AsU. A9. A" . AsY. ALy. AsYA eL. Af. %BA. & AUrA y
E. . Ay. A93, S>X | 8 4 VAR 2003
FSzuoje‘[V]ca]ca]ca]ca]ca]cAa]ca]ca]cAa]ca]ca]ca]ca]ca]ca]ca]ca]c“a]ca]ca]c
a] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] cRa! SBPR$q8( Xu$bl
r*""#{vqgl ga\ W] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]c”a]ca]ca]c
a] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caloFH#HHYEREE( - ) * +"-. . . 02045666%B<8I 8:
<===1 >>>{vql gb] X]]] ca] ca] ca] ca] c&a] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca]

VAABBOCDIDY ECEE BRRER SV 6 FUYEAf éfé%fe£§e£%£§%€§§7§§%§§§Q%Séﬁééﬁiéfcaf%§¥§?

Lﬁﬁﬂ fﬂ?ﬁé? ﬁ@%%&kﬁ%tﬁ?ﬂ\ﬁ]&a@g% foggﬁ%a ﬁ}f@]ﬁ&ﬁe? })g Fca] caj ca
]Pc a] ca] <F:) ?’]3((:38 &aRLF:{ﬂeda]fonalid@r] sdditadrc ef aa]aplevajscsil atipaadfesd. 8] of c@mﬁi MVNSNUN

Si Sps]bTE]ﬂ T]Tm'txqiye @u@ﬂ/@lmiwmbfzgf\éww]é gax]cdcb{ g‘a{fdv@]crgaﬁd,aéqomqfcbq&%g E]z ;
al cfa] ca calc”alealcalcalcalc

77777777| (ﬁa[ [g[%f[c%‘% \1733‘6%\1 % \PO]W‘%J"‘ ﬁi‘éﬂ’]&%‘ fsé‘leﬁﬁcc%‘}’%%}:% &}r 8}0 Ela*}ncﬁq ca] cal ¢
?L ; a] ca] ca] calnd #h cRkrage pHktield arlhetad 55 ied Untricaiasab g 3l ndylwas cal cau

[ " aaaab] bihela¥ed enclergiouing Indnlevapomm dfifthe pté aNd dcyhess] cBheal cal cal ca

| cal cal mupppBEURUBAYSHSRETUb IR LheY Srtnevas PRSP LCapd Shea] cal cal o

2] cal cal ca, SAETHIREPPPET 8] BRKEAMERGR i@%‘e‘aﬂ@%@%ﬁﬁ%ﬁmﬂ ealeale

10% & () -10L0%itralty -enftiiw@ter, 1d%e thdn ke 446 adid(shapsdt Ht¥i¥ngs ok each 6

10% & ()- @0% & ()-LL410% & ()- | dE;/ 10t 10t @ 10% & (6)- 99 10% & (

@310% & () - £3M1inovfex dipmegers Boman 1) inpendimneter and sunsm/helght

::f L%g;/ & ()- Oe(y{gin S wexl'elga c1ned( 21t 4803(90{/&1' g hou(x)s w%ﬁ(g«%‘)a smg %91’0/ ()- 10tK~

|51 t*e109%: )y Ogldelgg/aepe(a cétaﬁyétlgp;& ()-s!10%& ()-!s! 10%&: ()-s!109%& ()-FS?@
A () -

BPR- @' s! 109& ()- ' YLO&'
Referential Examples 6 12
15 Referential Example 5 was repeated except that the

amount of the alumina powder, kind and/or the amount of alkali metal
nitrate, shape of the catalyst and the calcining temperature of the
shaped catalyst were varied for each run as indicated in Table 1, to
provide shaped catalysts (5)-(11).

20 Referential Example 13

Referential Example 3 was repeated except that the

amount of alumina powder was changed to 865 g and the dimensions
of the rings were changed to 9 mm in outer diameter, 2 mm in inner
diameter and 9 mm in height, to provide shaped catalyst (12).

25

The metallic elementary compositions, contents of inert
substance, shapes and calcining temperatures of shaped catalysts (1)-
(12) as obtained in Referential Examples 1-13 are tabulated as Table
30 1.
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conversion, 99.2%; selectivity for acrolein and acrylic acid, 96.2%; and

yield of acrolein and acrylic acid, 95.4%.
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CLAIMS:

1. A process for preparing unsaturated aldehydes and unsat-
urated carboxylic acids through vapor-phase catalytic oxidation of at
least one starting compound selected from propylene, isobutylene, t-
butanol and methyl-t-butyl ether with molecular oxygen or a molecu-
lar oxygen-containing gas, using a fixed bed shell-and-tube type
reactor filled with shaped catalysts, which is characterized in that
plural shaped catalysts exhibiting different activity levels are pre-
pared by varying: [I] content of inert component of the shaped
catalyst and [II] at least one of the factors (a) occupation volume of
the shaped catalyst, (b) kind and/or amount of the alkali metal(s) in
the shaped catalyst, and (¢) calcining temperature of the shaped
catalyst; and which catalysts are filled in each of the reaction tubes in
such a manner that the catalytic activity level rises from the reactant
gas-inlet side of each reaction tube toward the outlet side.

2. A process according to Claim 1, in which the active compo-
nent in the shaped catalyst is a complex oxide which is expressed by

the following general formula (1):
Man bBicFedAer CgDhOx (1)

(wherein Mo is molybdenum; W is tungsten; Bi is bismuth;
Fe is iron; A is at least an element selected from cobalt
and nickel; B is at least an element selected from phos-
phorus, antimony, boron, tin, cerium, niobium, lead, chro-
mium and zinc; C is at least an element selected from
alkali metal elements; D is at least an element selected
from alkaline earth metal elements; and O is oxygen; a, b,
¢, d, e, f, g, hand x stand for atomic numbers of Mo, W,

Bi, Fe, A, B, C, D and O, respectively; where a is 12, b is 0-
5,c¢is 0.1-10, d is 0.1-10, e is 1-20, fis 0-5, g 15 0.001-3, h is

0-5, and x is a numerical value determined by the state of
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