;e3eu>rt: Fn6T>R[ g ' """o~ PROCESS FOR PRODUCI NG ACRCLEI N AND ACRYLI C ACI D
Field of the Inyention *cooooz* 5 This invention pr dice Sy 1007
produci ng acrolein and acrylic acid. Mre parti cummmmmmm“”mm | ates to a
process for producing acrolein and acrylic acid by thg yapor-phase

oxi dation of propylene in the presence ofl a nol ybdenum b snut h-iron-based
oxi de catalyst. 10 Description of the Prior Art In producing acrol ein and
acrylic acid by the PROCESRFORPRODIGING ACROQLEIN ANDACRYIA®Xi de
catal yst cont ai ni ng %)@ denum bisnmuth and iron is usually used. One

di sadvant age of this bdenum bi snmut h-i ron- based conpound oxi de cat al ﬁSt

is that, when water vapor is present in the reaction system mm’mmwmmﬂ mum

conponent thereof tends to be sublimted and the sublimation

mol ybdenum Feetdoofarhte Inventiomt ed especi al |y at hi gh tenper at ur es *cdzeover ,
in the case of 20 ex&&lher_m'c reactions, such as the oxidation reaction of

propyl en@, the catal ys¥ispByentipasrelataseidbproerss fof pred weinghacralein

abnormal |y hj e ur I - ot o] i C t envyd. ronnent
' ani ch { nena SRR, JFidk aferti e e ety £ 20bfiteRs R PR

Fur t her nor ein% herslebh iatRl adrylié vl By vRpBLPhAd8NERidti6A GfPopsa- i n 25
areas having |lower tenperatures, leading to an increase in the pressure
drop of theeBatnlths presengedofhamelybdenamebismadhi-iromobasedtoxideper at ur e.
In order to solive, these problens, a variety of inprove nents in the
nnlybdenunw%ﬁ%ﬂﬁ%h-iron-based conpound oxi de 30 catal yst or the process for
produci pg acrolein and acrylic acid have been proposed. For exanple,
Japanese Patent Lai d-OQpen No. 0 7 MAY 2002 2 113730/'80 discloses a
process usi Dgscxipti jothee Holordirthum bi snut h-i ron- based conpound oxi de
catal ysts having different, activitiges controlled b aryj ng the content of
on kel metal (e ol HEBAxET B ACsp RN Aoy RR AR B The Senks 6haseal 1y

di sposed r 4 i : fdotRds i ubul ar
eactor ar & gatort 8P RoByIchEa BoRRN PRxidp 2atilybt (orRHIRALE BObH. .
activity i ndesrasgsbisnouth headyaon idl esuallgteusdd.t he reaction tube toward the
gas outlet side thergof. 10 Problemtp Be Solved by the Invention In these
convent t¥nal nol ybde&!’(ﬁ Ql@?ﬁf%ﬁ%@ﬁ@k@@@%&%é%E}lﬂ@‘@rw%b§séa
processes f ! [WaR i ! arabl . been
ol ved o comBLAMEORALCEOITLE SRS W Ko Rlor vabBT MIARSERE IHUR

i nproved prezetiond eystemduhé ngolshdarwinecompatheartr thereod¢eddwitiohba@i d of a

nol ybdenum bi sirut h- i ronhased conpound oxi de catal yst. Accordingly, an
obj ect of t%blgwsf@dtama@mswbhm@tw g?&gﬁdmiyabfﬁ%m CPmpcm@atyjas ng
acrolein a [ ' [ ' ] I g the
presence O][}Sjr rr%ﬁ 9%%%3%%%&8‘3 %gﬁ?ﬁ%%ﬁ?ﬁ%@e%éé%g%ﬁg@%,x%gﬂ%actﬁ g?ydg s
wher ei n2@crexctheranid mactions, atich sathbexdtabion peacticedfipropydény; thel f or

a long period of tjne. ans for Solving the Prohlem 25 The abgve .obj ect of
the preSentcAtalkst bk teadote dexalapilpsabaress aaaagés@abaprm%ﬁﬁivggl

o o TR S B PR RS et Al

propyl ene wit I bxXyge O oxygen-contai ning gas in a

fixed-bed ngHd niclhblahureaen®ponvhit ¢4 nsereliabes t8@ubdimusiony, Fagthoe-
catal ysts therefor, ound_ oxi de catal ysts of the general formyla 0 7

co
MAY 2002 3 muoxe)ihsisubbanassl o lybdenum somppacaittemss © aetymadateninwi s
tungste Bi_is pismuth: Fe.is axon: 5 i S.at J east. el e sel ected
from b graris e Mok tb Bufbiaturie Joedik. o ingPea gL BIeRE 21 ehen
sel ected frpmdsi@edPPof NS catalyst bed and hence a further rise in hot spot

temperature.

In order to solve these problems, a variety of improve-
ments in the molybdenum-bismuth-iron-based compound oxide
30 catalyst or the process for producing acrolein and acrylic acid have

been proposed. For example, Japanese Patent Laid-Open No.



i ng of phosphorus, antinony, boxon, tin, cerium niobium |ead, chrom um
and zinc; Cis at |east one elenent selected from the group consiggt MAO200f
alkali metals and thallium Dis at |east one element O selected fromthe
group consisting of silicon, alum num titaniumand zirconium O is oxygen;
a, b, ¢, d, e, f, g, h and x are the nunBer of atoms of Mo, W Bi, Fe, A
B, C Dand 0, respectively; and when a is 12, b has a value of 0 to 5, ¢

has a val uel1p87801'8(pdidtloskshapradcess using tddof mdfe nfolydslewmalbig-of 1 to
20, has a value of 0to 5 g has a value 15 of 0.00 J. to 3, h has a

val ue of 0 miEpirambasedaompoandeoxideccataipathaving diffdaenbactivaties of
h el t Ki. h t al i h tion tube. havi
Do or mor ecdniiiiiehby By iBg shicaiteRs) r leARSReal (R PIUFIHD ( ne
tal yst i | t - ide: 20
Fatio of | not BDIAY WIERHGnG 8F BRe'qiia AFMBKLLEH 1Baf oA Todes B
packed im téach esattion fadreoda fived drd miltitvbudar réactomnade Pegkiedpt i on of

the Preferred ENMBODI MENT The mpl ybdenum bi snut h-jron-based conpound oxi de
25 cat al ystWlth the aferesaid eafialysts in sughiaway hat Eheiactivity ppexaanes

i nvention I . [ J - known

processes. RE dheaf IeREias BEABH JERckfh BB PR RS Bttt Blde oo,

t hat each ofhdfe®freacti on tubes of a fixed-bed nmultitubular reac 30 for is

packed with nol ybdenum bi smut h-i ron-based conpound oxi de catalysts in a

specified manner. That is, according to the present invention, each

reactio? t B¢, avi ng 4 We or npre rctei QN _zones 0 7 MAY 2002 4 (usually
Q”_ ~ ntion

two or PEORNEC BY B8 BYERUMY the axis of the tube is packed

with two or more cat hyhese haYivestiiddCARIvbASALSS- it -BexMhBeand! of
iron content to the Mo content (hereinafter referred to as "bisnmuth-iron
propor t i on"¢omposuxhozidmyatdlystd be probessas fori prod yeingoadiodeirdandeases
fromthe gas inlet si towar,d th as outl i de. For exanpl wher e each
eacti on LubIiEasih, thenRiams fale hegn edtvad & somb el { Howawer

bi snut h-iron @r, ol : i IR a
hi gher bi e%tlﬁi#g%d%?;ﬂ%ﬁgﬁ%%gc 859{1%{ e rdegg?%tgaég%?er on tlﬂg gas
inl et alsle d€roleny andad¢lio aéel weth fuod af a' odybde nem ddiagentheandn -on

zone"), and the, catal yst  havin ower bisnmuth-iron proportion is packed
in the rea ?Wﬁ%ﬂ@%@@ﬁé‘lﬁ%gag‘ﬁiﬂs& side (hereinafter referred to as

"the latter-stage re } €ak- J 3}
el enents are express%ghqgﬁél?qgt %)&iocﬁf\régglpgg,ﬁegﬁgggggngé?gl%SlZ{eéd@ﬁP% he
present i nveidte @aprosyss fot prod Gcing acddletd abid aceylic acidbbgGhef vagoper 12 of
nol ybdenum as defined by fhe general formula (1)._ Accordingly, in the
practice ofPhageg Hon; Hﬁﬁ?eilp the Hé%%!s‘&)r of b’i’gﬁﬁgﬁﬁt%' catal ysts
havi ng g f feramt - hi s [N ! i3 LA t hese,
the 20 2t AR EHbOa ol Ph gL R eyt b e bty 0 ea i n

t he former-astde acdctan bezstably prdduleedcat higls yidldviorg fongperiod of

bi smuth-iron proportion nmust be packed in the |atter-stage reaction zone.
Waen the bi@FR-h-iron proportion (i.e., the atomc ratio of 25 bismuth
and/or iron to 12 of molybdenum) for the catal yst packed in the
former-stage reaction zone (hereinafter referred to as "the forner-stage
catal yst) |iMedanrofor@Sdlying/the Brobldmie bi snuth-iron proportion (i.e., the
atomc ratio of bisnmuth and/or iron to 12 of nolybdenum for the catal yst
packed 2, the | att er Theatgoveabidcsoizbeeprenandiinveatign eanrke aceea-t o as

"the latter-st catalyst) s deneoted by M.2, ML an 2.pr r.ably
satisty O RRRERASAA AR Es Fx BFOQUERE Yol Bt HnaPRE NS RRIPBEBE 1 o0
nore prefer 3] & r sin 10. | f
WL s equal e sPhse b kiagor dhiopyiehtre Ry mlgeutis ¢feen 1V o
control thesabhobatilan axfy gemecomtaindeg@ascomp dieed -bed wltitebudéaer hand,

if ML is excessively.greater than M (e.g., 100 G ML/ M), the process w ||
be di sadvarf‘feé’é:ieﬁs ' $RMPHECesi red catal yst performance cannot be

achi eve t he reacti t i i jJmati on of
t he nol g%denum corrpoﬁd;ntl?émml% aatggﬂger (‘é‘éﬁ%&{lggﬁs ﬁ@%@gﬁ’rﬂé’wﬁf%@eﬁef erred
enbodi ment @italyetspofedangenoyahforamuldt is desirable to prepare the
former-stage catalyst and the |atter-stage catalyst so as to satisfy the
relationship represented by 1 < Ml/M2 ~ 100, and pack themin the
former-stage reaction zone and the |l atter-stage reaction zone,
respectively.




15 In the present invention, no particular limtation is placed on Llhﬁ
ratio of the group A elenent content to the Mo content (herei nafterﬂ AY 2002
referred to as "the proportion of the group A elenents”). However, in a
preferred enbodi nent of the present invention, two catal ysts having
different proportions of the group A el engnts are 20 prepared and packed in
the reaction zones in such a way that the proportion of the group A

el ements increases from 1 ' rd the outl et side. That
is, tw catal ysts having iaf‘fg Belﬁ?‘legéﬂcﬁ%g?glgﬁ%w%f t he g?)(s)up A el ements are
prepared so that the atomc ratio of the group A elenents to 12 of

propor t1on ofv e MpRAPeReh R e V3 sedern, Huis Bistl i A5es Mt on
zone, andst hey eab@Nysdt mamnanbiset&rteawr%g@@ip% gﬁsﬁ@gjq cRATEN! S

is packed int | atter-stage reaction zone. Ica en the
proportion ofandnaidielypP & & lemsbone(eleementt seleatednfront $hée @rofiptdunhastoup A
el enents 30 to 1%, f milm%bdenun) for the fornmer-stage catal yst iis denoted
by N1, and t HREHARASRLTUs: apﬁl@l@%uﬁom%ﬁmﬂeﬁ@um,m@blwm leadnic ratio

Pat ter - ot age Capmieh NndRold AL EIRD e Palbindls ERRERAC R b8y o1y
the rel ati ongbnpistems efalikeld rhytdls Ahd-tAINEN <D is aPlchslodfecslaphend. 05

N1/ N2 < |, and_ nost fpref grably 0.1 ~ NI/N2 < 1. 5 Accordingly, in a nore
pr ef er r edOentelpatedifrem theerowr sansisting of siicon; aluminsim aitanivmpangar e

the forner-s I th atter-s catal yst .50 that they
satisfy bot h&gg:%lnﬁighf;e(pié iogl_&%gﬁi gsbr é’paeg’eﬁlgg‘ %&f 5“?\/&5‘&/&1@1 85%nd 0.01
~ NI/N2 < 1, a35ehPSE M, IWINBINFehq, B OeD £ha W3, FedpeltioBlyZ:ied ik heis
| atter-stage reaction 10 zone, respectively. \here each reaction tube has

three reacti d2, bohas a valueifsOrte 5, crivas prvadue of Ot to A0, hbas at wilpst obn t he

gas inlet side, .t m ddl e cat al d.the catal ys n § he,gas outl et
side are den@_t]eéiolt:@’l\ﬂ,gawv el\%‘,Sf F‘é?@egﬁﬁf‘eﬁ 3"/?‘?"%8%9%% 7h:3 e?@?iﬂﬁe
t hat thexssabmtaoit%tmmaé_att?ﬁdee&p@uterm"aemimrseé%améigg rmindd/ M ~
100 and 1 < M2/ M8 ~ 100. Sinmilarly, when the proportions of the group A

el enent s f or byHdheaxidatian staterf epch elementiate]l the niddl e catal yst, and
the catal yst on the out l.et sj,de a not ed .by NI . nd N3

respect i v)él y, it is g?@ epﬁwgt%? ¢ {“Pg?/'ggsa'tr’r g4h %ﬁ?ﬁﬁ‘&m&%‘ﬁ% B¥ehi ps
20 represent gd rAyrd r@actiohboNes didpaset AldHg itsMiddnsukh AevHRthaf vhar

limtation is El aced on the shape and size of the catalysts used in the
present i nveffialyst psgkedyindd reartinmpene va diezgasontied side haisl  leweren

fromwel |,z kn 0 . I | e h I S e of, yarious
shapes s&gh g%ﬁga(ﬁe@e E@W’%@F ez"@“&ﬁﬁﬁ?%@%ﬁhﬁﬁﬁpiﬁﬁaﬁ% ‘Fﬁtlaiﬁtbn i's
pl aced on thpagkblde fiy raxctiH kofe ohetleagas Yoles i@6. use in the present

i nvention. For exam ple, shaped catal ysts nay be obtai ned by dissolving or
di spersing required anounts of source conpounds containing respective
constit 30 uppt. olqng Sttt 2Pk ip agueous aedi ym heating the
resulting so - O SPer ST Ot W t 11 StITTTIy, rating it to dryness,
pulver 0 7 MAY 2002Thée giolgbddeuntbidrhubb-iseh bh el @mhpbuhd daader,
shapi ng the powder into any desjred shape according to a shaping technique

sEch as éﬁtr%taiysha)pﬁthgg@nﬁgalgfmmulm éswﬂai@hnﬁqe u&tﬂilhéggfpdneimgtthel
aiich ar e 5 SEveh PR sRH ARG Bl BEERYRay R el BBy § ano

struc well-known processes.

The essential feature of the present invention lies in the
fact that each of the reaction tubes of a fixed-bed multitubular reac-
30 tor 1s packed with molybdenum-bismuth-iron-based compound oxide
catalysts in a specified manner. That is, according to the present

invention, each reaction tube having two or more reaction zones



tural integrity of catalysts, such as inorganic fibers (e.g., dl alzf q%gms)
and various whi skers. Mreover, in order to control catalyst propeft

wi th good reproducibility, there nmay al so be used additives generally known
as powder binders, such as ammniumnitrate, to cellul ose, starch,

pol yvi nyl al cohol and stearic acid. The catalysts used in the present
invention are not limted to the form of 4shaped catal ysts as descri bed
above, but may also be in the formof supported catal ysts. Supported

catal ysts i it urce ounRd on. a rrier
general |y Eﬁﬁ&n%@p @26 ri}gq'ihgé? ?gggﬁpf\@%@a?ﬁm&ﬁg atl,'i‘es’il’ﬂsc%ft%e

St i ca- al untitike i Al RAFRLHS o ioHal cithystd haviRg EHeHOKALES oFPONC
alum numor silica-titanic, and then firing the resulting supported pieces.
Al'so in the tbf§%l8muﬂugpdfquonmmt¢ag$p tﬁméd\/liabmm}edés(hef?ﬁdﬂtxm er |t ﬁl S 3 uch
as inorganic_ f.ibers and,whiskers may be used.t.o inprove engt h an
struc 20 turrgife]i'rrﬁdzg)r 8y ’(?Fn?ﬁé‘lio&i §F9E?’ét.1°‘?x/3r ,at"ﬁ%yag@éé{lﬁescri bed

powder bimndey 15 j j : .
Catal yot Tpr QLR SR RobiAlsB s TR pRE RELAC eRAM I The |, &
for use in tdm emtleesidd.nFenteixamplehevli¢rd euctoteddtioptabe te@ twoch as

shaped pi eces or, supported pieces 25 mpy be carried out, for exanple, by
heating t he FERSHOR NS $Wer Catadvts hapngdifferent bismaathgironipropora

t enperature f ri .

particul ar Itl?cjrﬁl %g? ?g)%e?gg‘%?'a?efﬁ oe%%t F@gﬁga%’??gx‘taé’é%?‘[ﬁ%%%%% for the
oxi dation r §e@h ipraportibhds aekedtin tiueidaction 30nd ey the Ris beledgileyed any
reaction conditions commpnly known to be useful in a process for_producing

acr ol ei 0andhateinafierreferpgd toas "the fopmeragage yeagiion zomelh and hot i c

oxi dati on of I i i - i Lar_r. tor . .Fon exanpl e,
the oxi dati SREFERELA Ing fw&éﬁﬁgsgﬂﬁ?h%éﬁ%?@ﬁrﬁgg ifg DacRed in the by

provi di ng argagtiowszon&brhec@poatidt afdd (Herelbiftey refdyred t8fadrihieyl ene, 3
to 30% by volune of 5 nol ecul ar oxygen, 0 to 60% by volune of water vapor,
and 20 to 8dgttey-staigeieastioazang)t gas conprising nitrogen, carbon dioxide
and the |ike, and pasg i S 1 Xk he react ) om zones
of the reaction tube?ﬁ’l&raég'kg:gé %@%q‘%ﬁé&?&%ﬁ@é&gi g;&g@{lg%ﬁg? 5?‘3%&3’0@' 250 to
450C, a 1 esgudtdric Patiod,abk ddtalystadisadsiratiee peéssitimvieRiordmdyP 300 to 5,
000 hr 1. Effects of the Inventiaqgn The IE)élocess of the present invention

mfakeﬁ it posonsam Oel §?]Elﬂr%fsgi ltlﬁé Q 4ipi Hhof 86 rar 15 6f mo REM.c¥hponent
~ 5 r\ H . ;s
e f or mance e b e FACel el (D RB-BBHA il SHERARROFhe 1 o1

of acrol ei npradentinventionl it foreodzeapy tepeepare beosdazhlysts driviaged in high
yield for a J.ong period of tine. Moreover,_ the roc&a of the present

i nventi on néliferent hasmushdren proppriess withm thess Himise G theseubhe nat ed
nmol ybde s o B0 : i1 L s L of the
cat al yatthod A Rl o LEghH Bl BEEE BRGo IO SR BRRIEHAR ™ cocts
for the conmhesformerEstipe acthhnipengrasdthe icavalyst baving mlosvepeci fical ly
expl ai ned wiith reference to the foll qw ng exanpl es.. The conversi gn of
propyl ene, SupERIth/I¥OR PIARITEIOM BN wgyk%magﬁl%f&ra@aﬂémeaﬁémn
Conver si on fn%ropyl ene (nmole %9 _ 30 (Nunmber of noles of propyl ene
reacted) / %ﬂunber of noles of propylene fed) x 100 0 7 MAY 00'I 9
Selectivity (mole % Whighutthebisthuthliesn piroportddri(he athe atoulic aasio of

formed) / (Nunber of noles of propyl ene reacted) x_ 100 Yield le 9
) 25 ( bismuth and/or iron top12 82( moqybdenum) 1)01' the catalyst pécriped m/() -

the former-stage reaction zone (hereinafter referred to as "the for-
mer-stage catalyst) is denoted by M,, and the bismuth-iron propor-
tion (i.e., the atomic ratio of bismuth and/or iron to 12 of molybde-
num) for the catalyst packed in the latter-stage reaction zone (herein-
30 after referred to as "the latter-stage catalyst) is denoted by M,, M,
and M, preferably satisfy the relationship represented by 1<M,/M,



5 (Nunber of noles of acrolein and acrylic acid formed) / (Nunber ﬁt7 Wﬁﬁ?
of propylene fed) x 100 DP (kPa) _ (Inlet pressure of reactor)-(Qutl'e
pressure of reactor) 10 Exanple 1 [Preparation of catalysts] Wile 3,000 m
of water was being heated with stirring, 1,000 g of ammoni um par anol ybdat e
and 26 g of ammoni um paratungstate were dissolved therein. Separately, &7
g of cobalt nitrate 15 and 191 g of ferric nitrate were dissolved in 1,000
m of water, eover, 27 f _bj th ni te s di ssolyved jn_an aqueous
nitric aci d—%wét mpye §8Bf3611-i5%ﬁ1@\425626eﬁp a’tné%ftrﬁrterf%a}éiyl b 200 ¢
of water. Tﬁﬁl/f\ggglqj ng three aqueous solutions were m xed by adding the
second and third aqueous solutions dropwise to the first aqueous 20

sol ution. Then, an a@fidpyss é?hﬂt@@rﬂé@@@h@ﬁ M, diess MVIMY=21y} igwall be
potassiumnitrate in 50 m_of water, and 142 g ‘of a silica sol havi ng a

concent r at i 8Hfisulpogwontvedi idre sublimatiesefsihemolibdenun compoinesd. wi t h

t he abov ed a ous sol utingn.. The suspension, th 0 i ped eat ed
wthoset pri D5t a8 BEBERhatl el is paEeSVRRG Biphuer hp B (108, BT 25 g
solid mat erjppl S I i ; MELed | Se ARVE h jnt o
cylinders h%@i/%@étg?gn@?gégg%mgb% andv%tﬁ‘lﬂeéh%t h ot tg\.é%%r}r% &gﬁgegi red in a
stream of atatadys#po€fdranafckcannotbeohthiaved)eheatred otson té&m pdteture
conposition (j,..e., the atom.c ratio of. the,constiiyent el enents except 30
oxygen; thewggrh;e EqLee ’ém%h‘ﬁéf“i’h-‘ﬁﬁﬁbgln)o%? ?I‘Pil%fyi’od]ed?‘y'/’%‘t CQMPOREN Tty s

fol | ows. Qi el eho Ml 2W. 2Bl i 2Fel CoSKo.oSsli In the catal yst
(1), the bismuth-fron proportion is 2.2/12, and the proportion of the group
A el emends is 5/12. Achexdinglieinatproferrd® e mbsdimepsrofdthacppegbmg to the

same procedure as de_sc_ridi)ed pove for the ﬁégparati on of the cat ;I%st (1),
except t hatlnventagputisgesirabie tp nreparethpdormergetpgecatalyst andithee

anmount of fgrgi I QNARASLL j
caralyst (2 mEsiies EnfaliBt ORRF oty Sheto dOB S aRE BEENRd bY F .
catal yst (2} M,/eL 300! brid paclerthpai ih ahei forddd-Pag@rdattionpisri®aiidon of
the group A elenents is 5/12. 15 [Oxidation reaction] A stainless steel
tubul ar readt®latiavistgse répgionezone, LBPestweYpacked with 500 nl of the
catalyst,.(2) on the i t sid . 1. 000 . . opn the
Gas out 15t &1 do.  hef thegusshl TviRtion dihpruulp Bf B nb gl
propyl ene, dd¥hbyrat®d BffehdEroupAvdiem e 8o RteOto BBe W ovesiete ita@@ire- and
68% by volunme of an inert gas conprising nitrogen and the |ike was

i ntroduced inafterynefarsedtoas ttha propewier of dhewgaup A elementad. a cont act

per  or manccEar R iR Pa RS IR hpORRRRS IR PR PR aPriREe 2t ter
§5 t he | aps@taflly StsORfviis dsfferén S pasportiodf bl ¢hé. cYoUP A éldnenkxaipl e 1
eaction was carried out in the same manner as in Exanple 1, except that

1, 500 n20 of praparest andspagkied in she reastigpezonaghin sawll & vaydhasiha ned are
h in Table 1..30 t] g 2 Reactj i t.in th
S mannerPIPGEHGR ofEBAP RS SEREERE HRRsks ot E Bk Bleb e o ' e
catal yst (2owphrdehvasad'satlet Eide ! qHUL B, tWescalpstreRa e diffaneht Tabl e

1. Table 1 Reaction time (hrs.)Reaction )
proportions of the group A elements are prepared so that the atomic

ratio of the group A elements to 12 of molybdenum is in the range of
25 1to 20. Then, the catalyst having a lower proportion of the group A
elements is packed in the former-stage reaction zone, and the cata-
lyst having a higher proportion of the group A elements is packed in
the latter-stage reaction zone. More specifically, when the proportion
of the group A elements (i.e., the atomic ratio of the group A elements
30 to 12 of molybdenum) for the former-stage catalyst is denoted by N,

and the proportion of the group A elements (i.e., the atomic ratio of



tenperature (C) Conversion (nole % Selectivity (nole %9Yield (nole % DP

(kPa) Exanpl e 1l niti al 07 MAY 2002
st age31098. 494. 793. 220. 08, 00032598. 294. 993. 222. OConpar ati vel ni ti al

st age30098. 592. 290. 819. 5Exanpl e 1g00031598. 490. 489. 030. OConpar ati vel niti al
st age31079. 795. 876. 421. OExanpl e 2g~p0032581. 095.677.421.5 0V 3] NGG
0 7 MAY 200z 13 Exanple 2 [Preparation of catalysts) Wile 3,000 mM of

wat er was bejng heated with stirrin 1,000 g of ni um par anol ybdat e and
26 g of am@hfﬁ%ﬁ%‘é’rg @9%5%&42\/(%}@0&%8%939 flqrgﬁtﬂ ﬁﬁtt%ﬁéﬁlﬁ@el y, 481 g
of cobalt ni . | akelnynit rate, f ile nitrate
were dissol Séﬁ%tfég%dﬁ)#aowg\v};f rl ak}gr%]gvsgﬁmglzg%@ﬁ{)bf gﬁﬁ#ﬁ‘/ ﬁb?rat e was
di ssol ved i ReRitiGwisleR g i dscinded dyd 03] SN OIN.CAMRaA6de YreBrb1910.05 <
concentrated nitric acid and 200 g of water. The f oregoi ng t hree aqueous

sol utions t NMBhLe< ki nad mossquieferably GdconNy /Npd<ihi rd aqueous sol utions

d | to the firsgt lution. T , L.uti d
by g Ssobving 3.8 ¢ ACRHIER i mdepreiestederafodament oftheras g br o
silica sol Ravidigr in ORGBAL 1Rt ABsiRhbROY weﬁ@fgﬁhe%&&%ggg{gegg%glgﬁedded

to and m xed wth the above m xed aqueous” 15 sol uti on. t hus
obt ai ned waanleidiethtteristage catalystecatimiatiesy satidfy beth, ofaid eliagibn-Af t er

h I ting.solid ial ' wder., i wd
Shaped | nt 0" RITGE PRAAGGCA P I oM NSt E90 amdk Dbt Saih, g diethbeek of 2
d I h. f ' | | {..48Q¢ 8
nour o to- obt i n foEplbr Blagt Yoo it 2bllethind RRETafleribiadd réillion™ o
as foll aps. zoM3 2 piistidiel. 5~' ~3. 5N135~. 08511 25 In the catal yst (3), the

bi smuth-iron proportigon is 3.3/12, and the pro$ortion of the groug A
el ements is 7112. Ne¥Yhergeaghtraapsion iybodmnsvhrne renctienzongs, thet he same

o ocedu o6y aEh 56 AR KA SRODELLBD Ol GBS SPLE b2,
amount of bhFddld catdlyateandsshehedigdsst onEhé gas andldthadarmendeAbtéd Bse!
nitrate was_changed to 343 g. The conposition of this catal yst
M,, M, and M;, respectively. Then, it is preferable that they satisfy
15 both of the relationships represented by 1<M,/ M, =100 and 1<
M, /M, =100. Similarly, when the proportions of the group A ele-
ments for the catalyst on the gas inlet side, the middle catalyst, and
the catalyst on the gas outlet side are denoted by N,, N, and Nj,
respectively, it is preferable that they satisfy both of the relationships
20 represented by 0.01=N,/N,<1and 0.01=N,/N,<1.

No particular limitation is placed on the shape and size of
the catalysts used in the present invention, and any desired shape
and size may be suitably chosen from well-known ones. For example,
the catalysts may have any of various shapes such as balls, cylinders

25 and rings.

No particular limitation is placed on the method for
preparing the catalysts for use in the present invention. For exam-
ple, shaped catalysts may be obtained by dissolving or dispersing
required amounts of source compounds containing respective constit-

30 uent elements suitably in an aqueous medium, heating the resulting

solution or dispersion with stirring, evaporating it to dryness, pulver-



0 7 MAY 2002 14 (4) was as follows. MO 12w0.2B1S Fe 1.5 C2.5 N12.5 ~. CS Si11
5 1n the catalyst (4), the bisnuth-iron proportion is 4.5/12, and(t7hMAY 2007
proportion of the group A elenents is 51 12. [Oxidation reaction] Reaction
was carried out in the same manner as in Example 1, except that the

catal yst (4) was used in place of the catalyst (2), 10 and the catal yst (3)
was used in place of the catalyst (1). The results thus obtained are shown

in Table 2. .Co rative,Exanple 3 Reactyion was, car{ied o in the sa
manner as iﬁz‘é&gﬁ“%’f&&z‘}“&%%ﬁ{d mé}terf%pw ,Fhépb‘égifl§£0‘t’§?ré}lg§e was
used. The 1 ' ss‘TfE;i’ﬂi : . ratl.ve:
Exanpl e 4 R?i}ﬁé%%ﬁ%ﬁdéﬁé‘%}g??ggbgﬁi?l gflfnda%lhe arrrl{gnt rgmelguéss I n gg“%& Higlofl,
except that mMokliagndr gfanhhiatianh ahegting4 pnal theen Wasnghe. sHdeed gdetdss t hus
obt ai ned are shown in Table 2. Tabl e g Reaction(*éﬁiprre (hrs.)Reactjon
temeratureb@%m}b&mq&rﬁr@ e, d8eie gy daed mataraals whishare) - pp
(kPa) Exa

Ctngnsio0, BsBelbliihnow o b affeetive in dmaroying the.strength Apd struc-
st age30098. t1h92] bPfogdify QEééfﬁngts?g ghcl0R9 13dPeBRiSfiBer S S@gz,g%lgss fibers)

23. 7ConparativeTnitial stage31080.196.076.916. 2Exanpl e
and various whiskers. Moreover, in order to control catalyst proper-
ties with good reproducibility, there may also be used additives
generally known as powder binders, such as ammonium nitrate,
10 cellulose, starch, polyvinyl alcohol and stearic acid.

The catalysts used in the present invention are not limited
to the form of shaped catalysts as described above, but may also be in
the form of supported catalysts. Supported catalysts may be obtained
by depositing a source compound on a carrier generally known as an

15 inert carrier, such as alumina, silica, silica-alumina, silicon carbide,
titanium oxide, magnesium oxide, sponge aluminum or silica-titania,
and then firing the resulting supported pieces. Also in the case of
supported catalysts, the above-described materials such as inorganic
fibers and whiskers may be used to improve the strength and struc-

20 tural integrity of the catalysts. Moreover, the above-described pow-
der binders such as ammonium nitrate may also be used to control
catalyst properties with good reproducibility.

In preparing the catalysts for use in the present invention,
the firing of the precursor such as shaped pieces or supported pieces

25 may be carried out, for example, by heating the shaped pieces or
loaded carrier in a stream of air at a temperature of 300 to 600°C for
a period of about 1 to 10 hours.

No particular limitation is placed on the reaction condi-
tions employed for the oxidation reaction of the present invention.

30 There may be employed any reaction conditions commonly known to

be useful in a process for producing acrolein and acrylic acid by the



320 77.4 96.3 74.516.4 v=0V 3 a-c 00 07 MY 2002 16 Example 3

[ Preparation of catalysts] Wiile 3,000 i of water was bei ng heat@d MAYt2007
stirring, |,000 g of ammoni um par anol ybdate and 26 g of ammoni um para 5
tungstate were dissolved therein. Separately, 756 g of cobalt nitrate, 412
g of nickel nitrate, and 191 g of ferricgitrate were dissolved in 1,000 m
of water. Moreover, 229 g of bisnmuth nitrate was dissolved in an agueous

of vater. ThATPERESAPRDEL Giddidh SheiBRYTENe AR e TYMEG g ne
second and thbudaAYEEEHSYT. SFbF%&QQZp%r, ReVd Bl altior beadtiba lofatiéeepisses® ution.

Then, an aqueous sol ution prepar dissolving 1.8 g of cesiumnitrate in
50 mM of wateventios iy beafaraies] but dysprodingg gasence mixdnirerconi- 20% by
wei ght were sucgessj vel.y ded to and. m xed with t bove m xed aqueous
S0l Ut i on | 15050 Glub Ferki bt HOLIBEE MEaPYigYenadocd0 T bX oA A
evapor at ed r ri-egao ' [ | @hoas
pul veri zgd %%O%S\ﬂ%?,%xyg?g’ go%g? A’ﬁ%’é%ﬁ%ﬁﬁ%@ﬁ%@i ng‘gﬁjhg\?}dggbgﬂg %ﬂé\gf

di amet er of by vohunae offneingirtag®s eonpridingmiangea, kanbdbh dibxeddamd and

fired in a streamof air at 480C for 8 hours to gbtain 20 the catal yst (5).
The conposi thedils, and passing fhis gaseons mxtuge idwoughpilze veaehionsadmss 5N13

' 50. 02511 | t S i § - I rtion is.2/12, cand the
25 proport i % tBE ERCBRIEubal petREA AR b chRBERE A | oLt aBuiCprTE) \as
prepared acegodiong50%T  Apreastre0fOe¥Hel MePAcand PePasbtodi®y (BVS of
preparation of the catalyst (5), except that the anpunt of bisnmuth nitrate
was chard@ed300 ®73,00)0 hite arount of ferric nitrate was changed to 381 g,

t he amount of nickel 30 nitrate was changed to 137 g, and the anmount of
cobalt nitrate was changed to 550 g. The conposition of this catal yst (6)
was as foll @ects of theNVetididnh 17 Mo~W. 2B~. sFe2Co4Ni | Csoo2sl In the

catal yst (6), the brsnuth-1ron proportion is 4.5/12, and the proportion of
the group A el ement s The pracesssofthe presentinvémtiont makets it Hoasableptepar ed

according to the sa rqQgedure as scri bed, above for the prgparation of
t he ca!t algysfsuPB)"?S%gE‘é%t“%ﬁH&%t’t%ogggﬁH’El{)gfeb‘%ﬁ%‘t‘r%‘t ﬁoﬁmﬁ’ﬁ@p @“%halnged to
801 g, t j i - f

9, Yie e&%&gg@gﬁfe%ﬁx@{ O@%& g@@%érf@s%&eﬁgaﬁq the &Zs&%ﬁ&%a o ARe O

ni ckel nitrate ange nmount of 1 t nitrate was
changed t o 3#sbly. forhe lengpesidd of tihet HCsnsaqaéusly, ¢he praswtidmblfows. M)12
W. 2$13.5 Fe3 @02.5 0. 02 .S11. In the catal yst é?}% ihe bi smut h=iron
proportion PEr@iesn pnd geavligac (RAPMPNeHATY P FiaRle CoRERYC] 1n) 5 12,
[ Oxi dati on i tialp! : b C ! Lamet er of
25 wes. phoind i (o8 BRR o o tine. M e P e eyt 20
(6), and 50fresemf inventiahaiadkies(ib)possilslecte suppyedshthe aheymeladicar ofinged

[ h d : i nl id dth 3 i de. ,

e e ge b d 0580 S i TR
, 10% f a0

crraer,  10% R ol 48ty R b e AN ity g o

conpri si ng rogen a t he rntro I'nlet of the

af oresai d tghuhars ekrttierpewen costy foxt thé semyfredsdr.seconds, and the
reaction was continued for 8,000 hours. The performance at the initial
stage of the reaction and the performance after the | apse of 8,000 hours
are shown | x%ﬁ ?e?" Conparative Exanple 5 30 Reaction was carried out in
the sane ma n Exanple 3, except that 1,500 ml of the catalyst (5)

al one wag used. The The present invention is more specifically explained with
reference to the following examples. The conversion of propylene,

selectivity, yield and AP (kPa) are defined as follows.

Conversion of propylene (mole %) =
30 (Number of moles of propylene reacted) / (Number of
moles of propylene fed) x 100



Q7 MAY 2~1 is results thus obtained are shown in Table 3. Conparative
Exanpl e 6 Reaction was carried out in the same manner as in Exanpl 8 73MAY 2007
except that 1,500 m of the catalyst {6) al one was used. The 5 results thus
obtained are shown in Table 3. Conparative Exanple 7 Reaction was carried
out in the same manner as in Exanple 3, except that 1,500 nl of the
catalyst (7) alone was used. The results thus obtained are shown in Table

3. Tabl e 3 Reaction,ti hrs. )Regetion tenperature ("C)Conversion (nole
% Sel ectivity (nole 51?551"8%’ ?IHSE% % DP (kPa)Exanple 3-1niti al

stage31098.I94.392.517.3§NQHH%g9%§TﬁOr 40§33ﬂﬂ531Egﬂggggﬂ@%5§¥ﬁﬁﬂﬁg?§gé -

5Tnitial stageThe recitation cou not be continue

hot spot tenper at ur eConpéNaimber wiftrhslessoegesiidhettdadtéd) R1T0PEXaml e 6 8,
000 320 80.4 95.3 76.6, 17.8Conparativelnitial
st age31070. 395. 667. 21Viedd(malec’y =8, 000 320 68.7 95.7 65.7 17.5 cD O V 3 a

¢ NO 5 (Number of moles of acrolein and acrylic acid formed) /

(Number of moles of propylene fed) x 100

AP (kPa) =
(Inlet pressure of reactor)— (Outlet pressure of reac-
tor)

10 Example 1
[Preparation of catalysts]

While 3,000 ml of water was being heated with stirring,
1,000 g of ammonium paramolybdate and 26 g of ammonium para-
tungstate were dissolved therein. Separately, 687 g of cobalt nitrate

15 and 191 g of ferric nitrate were dissolved in 1,000 ml of water.
Moreover, 275 g of bismuth nitrate was dissolved in an aqueous nitric
acid solution composed of 50 g of concentrated nitric acid and 200 g of
water. The foregoing three aqueous solutions were mixed by adding
the second and third aqueous solutions dropwise to the first aqueous

20 solution. Then, an aqueous solution prepared by dissolving 2.4 g of
potassium nitrate in 50 ml of water, and 142 g of a silica sol having a
concentration of 20% by weight were successively added to and mixed
with the above mixed aqueous solution.

The suspension thus obtained was heated with stirring,

25 evaporated to dryness, and dried. After the resulting solid material
was pulverized to powder, this powder was shaped into cylinders
having a diameter of 6 mm and a length of 6.6 mm, and fired in a
stream of air at 460°C for 8 hours to obtain the catalyst (1). The
composition (i.e., the atomic ratio of the constituent elements except

30 oxygen; the same shall apply hereinafter) of this catalyst (1) was as

follows.



~ 7 MAY 2002 20 Exanple 4 Reaction was carried out in the sane manner as in
Exam ple 1, except that the catalyst (3) was used in place of the[]yqq Izmt
(1). The results thus obtained are shown in Table 4. 5 Exam ne 5 Reaction
was carried out in the same manner as in Example 1, except that the
catalyst (6) was used in place of the cagglyst (2). The results thus

obt ai ned are shown in Table 4. Tabl e 4 Reaction tinme (hrs.)Reaction
tenperature (C)Convergsi o (npl e2%9 Selgctiyit nole %WYield nol e % DP
(kPa) Exanpl e 4l niti alﬁf‘)l%ozﬂilz (3/?8051%0_05§11 v ! ( "

st age31098. 194. 792. 917. 78, 00032198. 394. 492. 819. 2Exanpl e 5l ni ti al

st age31098. 094. 692. 718. 98, 00032598. 194. 292.420.8 0 O 0 7 MAY QO2 22

CLAI M5: 1. Anprhecestaliyet (by, athechizgn ath-oten preporawiyis 2. Kt dahd thee
vapor - phase catal ytic oxidation of propylene with nol ecul ar oxygen or a
mol ecul ar oPygpArtontef tha:greup A elementsdsded2qul tit ubul ar reactor, which

conprises (a) using, xas cat al,ys therefor. ¢ ound,.oxi.de,cat al ysts of
t he gene?’al forml a @ﬁxhﬁﬁc@ﬁé?wa&d’wyﬁc _Bgntol\ﬂlq §arr}/e

mol ybdenum pWtediiFeasiddkeribed abbvemBl RheFSrdpardidon of the @ltallpastione

el ement selected fromthe group consisting of cobalt and nickel’ B 1I's at

| east one eleagept that ébeaimbuorh afHesyrwtlp ndtrateswias¢hefngatb spBaug, and
anti nony, boyon, tin, ium niobium Il.ead, ropd um zinc; C.is at
ons ome otBR@mOuBtalieat o ailraH: WhstEA kRt ShL Bor T el bASIAIR and
thal lium Dgeshid cé@ﬂ?ﬁt?ﬁﬁ“}%{s‘aﬁ%ﬂé\%em ed fromthe group consisting of
silicon, alum num titaniumand zirconium Ois oxygen; a, b, ¢, d, e, f,
g, h andox are the number of atons of Mo, W Bi, Fe, AL B, C, D and O

respectively; and wh a .l 2, has val.ue of 0 to 5, ¢ has a val ue of
0.1to 10, d has a viﬂﬂez‘&shz Mﬁf@ﬁ@%ﬁﬁm $ a value of 1 to 20, f has a
value of 0 to 5, g has a value of 0.001 to 3, h has a value of 0 to 30, and

x has a value deternmi ned by the oxidation state of each el enent, and (b)

packi ng sai fintheatatallpst (R)¢shb bieaniiloirdnipeopartiog iswh 5612 ¢ theact i on
zones di sposed along the axis of the tube in such a way that the catal yst
packed in t REOP@EEen®f thengramp thelemendsis &'13i de has a | ower ratio of the

Bi and/ F Mo content than the catal yst packed in the
reacti o(r%%zoﬁgkg&lnéﬁﬁ}el Itg(]egds?%l ﬁT]et si de.

A stainless steel tubular reactor having a diameter of 25
mm was packed with 500 ml of the catalyst (2) on the gas inlet side
and 1,000 ml of the catalyst (1) on the gas outlet side. Then, a gas-
eous mixture composed of 8% by volume of propylene, 14% by volume
20 of oxygen, 10% by volume of water vapor, and 68% by volume of an
inert gas comprising nitrogen and the like was introduced through
the inlet of the aforesaid tubular reactor at a contact time of 2.4
seconds, and the reaction was continued for 8,000 hours. The perfor-
mance at the initial stage of the reaction and the performance after
25 the lapse of 8,000 hours are shown in Table 1.
Comparative Example 1
Reaction was carried out in the same manner as in Exam-
ple 1, except that 1,500 ml of the catalyst (1) alone was used. The
results thus obtained are shown in Table 1.

30 Comparative Example 2

Reaction was carried out in the same manner as in Exam-



2. Aprocess as claimin claim1 wherein, when the ratio of the Bi and/or
Fe content to the M content for the catal yst packed in the reacti @y KANHE
on the gas inlet side is denoted by M,, and the ratio 0 7 MAY ?007 23 of
the Bi and/or Fe content to the Mo content for the catal yst packed in the
reaction zone on the gas outlet side is dénoted by M2, ML and M2 satisfy
the relationship represented by 1 < M/M2 ~ 100. 3. A process as claimin
claim1 or Pletsmesiceptdhaltyls560hatiofighdi fftalest (T)aloe Whste @ PUR A

el ement content.to.the conient are packed in the reaction zones in such
a way that tReUMsthag bt are showmeigdable bt side toward the gas
outlet side. 4. A process as claimin claim3 wherein, when the ratio of
the group A elenent content to the Mo content for the catal yst packed in
the reaction zone on the gas inlet side is denoted by N1, and the ratio of
the group A elenent content to the Mo content for the catal yst packed in
the reaction zone on the gas outlet side is denoted by N2, N1 and N2
satisfy the relationship represented by o.ol<_ N IN2< 1. 5. A process as
claimin any of clains 1 to 4 wherein, when the nunber of the reaction
zones is 2 or 3. .A Au,.AL. A% A Aa,.Au. A A AS. A, 8A. VN A AaLA VI

A CA{.As3,A Le3 A& -A R A A? 5:kn2illVM\ Qp;

zuoj e_ZU] ca] ca] c™a] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] c™a] ca] ca] ca] c™a] ca] ca] c<al] c<a! &7c,

(Q 3s| wnhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ~ I K" UR#$S

&8&&&' " (e(()<)))**h+++
,C,,,txsnid_Z]ca]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal
cal calca]ca] calca]ca] ca]ca]ca]lca]calcalcal!,,O0-r---H U W/ON24D5M6Z6\ 6b777/ 8
s888%9°99::=;n; w,

. | wmhb] X] c] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!;

. <R<<<<E=====>?" AYACCC. CDDDyEFHHHHI ! | $I hl | { vpkf a\ W ] ca] ca] ca] ca] ca] c*a] ca]
cMa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cha] ca] ca]ca]ca]ca]calcalcalc
a] cal! I I I KK! K- KOK=K@KXJKeKKK#L8M MANNOQOOYPHPPPPP;

Q-QQRzuoj e [V]] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca
] ca] ca] c*a] ca] ca] cal] ca] ca] ca] ca] ca] ca] cMa! RRRORXRRRRSbSSSSTcTTTTSUSU[ W\ UW
VWWWW

VWA xr mgb] Xj e [ V]]] ca] ca] cal] ca] cal] ca] cal] cal] ca] ca] ca] ca] c*a] ca] ca] ca] c"a]
caj] ca] ca] cMa] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca

WY\ \ A, A AKAW { T accc{ ddddduee5f =f >f | hLhNhPhThWh} xsnic] Xj e [ V] ]] cal] cal] c
aJ ca] ca] ca] calc™a]ca]c”a] cal chalca]c"a]ca]ca]c”talcalcalcalcalcalcalc

ru~ytoj}xsnic] Xje [V]]]cal caU] ca]]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calc
a]J ca] c”a] ca] ca] ca] c”a] ca] ca] ca] ca] c™a] ca] ca] cal] ca
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nitric acid and 200 g of water. The foregoing three aqueous solutions
10 were mixed by adding the second and third aqueous solutions drop-
wise to the first aqueous solution. Then, an aqueous solution pre-
pared by dissolving 3.8 g of potassium nitrate in 50 ml of water, and
142 g of a silica sol having a concentration of 20% by weight were
successively added to and mixed with the above mixed aqueous
15 solution.

The suspension thus obtained was heated with stirring,
evaporated to dryness, and dried. After the resulting solid material
was pulverized to powder, this powder was shaped into rings having
an outer diameter of 6 mm, an inner diameter of 2 mm, and a length

20 of 6.6 mm, and fired in a stream of air at 480°C for 8 hours to obtain

the catalyst (3). The composition of this catalyst (3) was as follows.
Mo, W ,Bi, gFe, ;0045 Nig 5K 51,

25 In the catalyst (3), the bismuth-iron proportion is 3.3/12, and the
proportion of the group A elements 1s 7/12.
Next, the catalyst (4) was prepared according to the same
procedure as described above for the preparation of the catalyst (3),
except that the amount of cobalt nitrate was changed to 343 g, the
30 amount of bismuth nitrate was changed to 687 g, and the amount of

nickel nitrate was changed to 343 g. The composition of this catalyst
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15 results thus obtained are shown in Table 2.

Comparative Example 4

Reaction was carried out in the same manner as in Exam-
ple 2, except that 1,500 ml of the catalyst (4) alone was used. The

results thus obtained are shown in Table 2.
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412 g of nickel nitrate, and 191 g of ferric nitrate were dissolved in
1,000 ml of water. Moreover, 229 g of bismuth nitrate was dissolved
in an aqueous nitric acid solution composed of 50 g of concentrated
nitric acid and 200 g of water. The foregoing three agqueous solutions
were mixed by adding the second and third aqueous solutions drop-
wise to the first aqueous solution. Then, an aqueous solution pre-
pared by dissolving 1.8 g of cesium nitrate in 50 m] of water, and 142
g of a silica sol having a concentration of 20% by weight were succes-
sively added to and mixed with the above mixed aqueous solution.
The suspension thus obtained was heated with stirring,
evaporated to dryness, and dried. After the resulting solid material
was pulverized to powder, this powder was shaped into rings having
an outer diameter of 6 mm, an inner diameter of 2 mm, and a length
of 6.6 mm, and fired in a stream of air at 480°C for 8 hours to obtain
the catalyst (5). The composition of this catalyst (5) was as follows.

Mo, W, ,Bi, Fe, Cog s NigCsy 51,

In the catalyst (5), the bismuth-iron proportion is 2/12, and the
proportion of the group A elements is 8.5/12.

Next, the catalyst (6) was prepared according to the same
procedure as described above for the preparation of the catalyst (5),
except that the amount of bismuth nitrate was changed to 572 g, the
amount of ferric nitrate was changed to 381 g, the amount of nickel
nitrate was changed to 137 g, and the amount of cobalt nitrate was

changed to 550 g. The composition of this catalyst (6) was as follows.
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In the catalyst (6), the bismuth-iron proportion is 4.5/12, and the
proportion of the group A elements is 5/12.

5 Furthermore, the catalyst (7) was prepared according to
the same procedure as described above for the preparation of the
catalyst (6), except that the amount of bismuth nitrate was changed
to 801 g, the amount of ferric nitrate was changed to 572 g, the
amount of nickel nitrate was changed to 0 g, and the amount of

10 cobalt nitrate was changed to 343 g. The composition of this catalyst

(7) was as follows.
Mo oW 5Bi; s Fey Coy 5 Csy 0,1,

15 In the catalyst (7), the bismuth-iron proportion is 6.5/12, and the
proportion of the group A elements is 2.5/12.
[Oxidation reaction]
A stainless steel tubular reactor having a diameter of 25
mm was packed with 500 ml of the catalyst (7), 500 ml of the catalyst
20 (6), and 500 ml of the catalyst (5) in such a way that they were
arranged in that order from the gas inlet side toward the gas outlet
side. Then, a gaseous mixture composed of 10% by volume of propyl-
ene, 16% by volume of oxygen, 10% by volume of water vapor, and
64% by volume of an inert gas comprising nitrogen and the like was
25 introduced through the inlet of the aforesaid tubular reactor at a
contact time of 2.4 seconds, and the reaction was continued for 8,000
hours. The performance at the initial stage of the reaction and the
performance after the lapse of 8,000 hours are shown in Table 3.

Comparative Example 5

30 Reaction was carried out in the same manner as in Exam-

ple 3, except that 1,500 ml of the catalyst (5) alone was used. The
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Example 4
Reaction was carried out in the same manner as in Exam-

ple 1, except that the catalyst (3) was used in place of the catalyst (1).
The results thus obtained are shown in Table 4.
5 Example 5
Reaction was carried out in the same manner as in Exam-
ple 1, except that the catalyst (6) was used in place of the catalyst (2).

The results thus obtained are shown in Table 4.
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CLAIMS:
1. A process for producing acrolein and acrylic acid by the
vapor-phase catalytic oxidation of propylene with molecular oxygen
or a molecular oxygen-containing gas in a fixed-bed multitubular
reactor, which comprises

(a) using, as the catalysts therefor, compound oxide

catalysts of the general formula

Moy WpBicFeqAeB fCgDHO x @

wherein Mo is molybdenum; W is tungsten, Bi is bismuth; Fe is iron;
A 1is at least one element selected from the group consisting of cobalt
and nickel; B is at least one element selected from the group consist-
ing of phosphorus, antimony, boron, tin, cerium, niobium, lead,
chromium and zinc; C is at least one element selected from the group
consisting of alkali metals and thallium; D is at least one element
selected from the group consisting of silicon, aluminum, titanium and
zirconium; O is oxygen; a, b, ¢, d, e, f, g, h and x are the number of
atoms of Mo, W, Bi, Fe, A, B, C, D and O, respectively; and when a is
12, b has a value of 0 to 5, ¢ has a value of 0.1 to 10, d has a value of
0.1 to 10, e has a value of 1 to 20, f has a value of 0 to 5, g has a value
of 0.001 to 3, h has a value of 0 to 30, and x has a value determined
by the oxidation state of each element, and

(b) packing said catalysts in each reaction tube having
two or more reaction zones disposed along the axis of the tube in such
a way that the catalyst packed in the reaction zone on the gas outlet
side has a lower ratio of the Bi and/or Fe content to the Mo content
than the catalyst packed in the reaction zone on the gas inlet side.
2. A process as claim in claim 1 wherein, when the ratio of
the Bi and/or Fe content to the Mo content for the catalyst packed in

the reaction zone on the gas inlet side is denoted by M,, and the ratio
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