; e3e| F6Tv' PRODUCTI ON PROCESS FOR UNSATURATED ALDEHYDE 'i ~y~~y BACKGROUND

OF THE | NVENTION A. TECHNI CAL FI ELD The present invention relates to a

production process for an unsaturated al dehyde and/ or an unsaturated
carboxylic acid. Mre particularly, the present invention relates to a

process conpri si n#ROBUSTHONPROCESS KPR AINSATHRATED gdDBPHYDE oxi dat i on

of at | east one conpound selected fromthe group consisting of propyl ene,

i sobutyl ene, t-butyl alcohol, and nethyl t-butyl ether as a raw msi?’ 71 al

wi th nol ecul ar oxygen or a nol ecul ar - oxygen- cont ai ni ng gas by i

fixed-bed mul titubular reaBAGTKGROHNDLOFIHEINNENIKANG yst SWW’HBHW""IE
produci ng an ulil ted_al dehyde and/or an unsaturated carbo (v by =
BACKGROUND Aﬁim&ﬂgéés whi ch conprises the step of carrying out

catal ytic gas ph;ixge oxi dati on _.of a Iefst one conpound sglected fromthe
y

group consi sting"8f pﬁ?sﬁBtyl"éVr‘Fé‘f‘o'i‘ 6 9% AePTOAUGHRN, PrOSESE o105 AN YRSAtYratedy |
tmb g%ﬁl gfgggigéﬁrfofdg?ﬁf&“é% fﬂ)ﬁ‘zi E%ffﬁ%ﬁ%‘:s'zﬁ%éﬁé%ﬁ9&5?{022{;%21%?@@3 or
22\%?; anrgnsa.tr&r a'{ e1 %sa_r l?gé{y?lscs:'cacﬁd ‘P%g% c%’?r e%%?!ﬁ@‘?@ eagfﬁ' rgggmpﬁggeri al ,
3P B 038351/ %@éﬁo@@iﬁ’%}%ﬂ%ﬁg@cﬁ&ﬁf AL S tF £ s b%g‘bz

JP- A- 003093/ 1386yleaBd t-bByf- sl 63D 3hAP IMthyl K- bEHE ARPVE, aSPIE REGSASHAR ar e
industrially carfied out. This Catalytic gas phase oxidation reaction is
acconpani ed woldtuRR E¥ige® ! ¥ MYRLMAF-Gk LehWffaindiy gad byt DENET Hrifked-veacal
portion having an extraordinarily high tenperature (which nay hereinafter
be referred tmltitabulan@hctspwhich®y packed with ettaBsisntherebppldusing laf yfsaturated
Particularly, as long as the oxidation reaction is carried out by using the
fi xed- bed muhkldebydeidndfor ae apsaturateidtcartoxylipaddi bl e to avoi d the occurrence of
t he hot - spot portion in the catalyst |layer. Wen the hot spot portion
has a hi gh t EapBe(A{GRE Amaly excessi vely cause the oxidation reaction,
resulting in alowyield, or, in the worst case, it nmay cause a runaway
reaction. | n addPsiter pracesatdlighs coraprises dbg slap af camang bt egelytip@as phasei s
exposed to the, hi,‘?h%tt eggerature, anﬂ thergfore there is accel erated the

det eri or at i oRXiJptieThel @-past gug comppund seleetnd digasthsromconsisiing,Ploprepylers and

Rl SRR AT AHOL B b i B R BB 2
ol ybdenum kel k0 53 ERESPROR LA ANL SP WOBRAE SGORE,  ana
therefore ¢ NenARLEHLCBASN JHHIPNE BLKDCWAR' 2! bl S AU prdligipbal e

problens are nore striking int se of carrying dGut eacti on at a

hi gh space vgh@irhiéd %ldeh?d@gx%%r?ﬁtﬁ%ﬁﬂ%té@%&rﬁ&g}ﬁc efcﬂlethﬁf"‘%r%g(tﬂd)f&)s ddaR

pur pose of enhancing the” pr ctivity of the objective pro to the
above probl ef@y naterfl, tserhioptopSsalti Ha96 htHeridbdef @efiteli (€ £ YIRB-03088%/20Ad Y St

| ayer as packed in the reaction tube, then the catal yst as | ocated at the
hot spot por UP-®:03833m1088,r ayP-4L2940%8/€9910r IPd204p39/199¢at H-ys317682/19eAt ed at
the other portions, and the yield of the objective product is greatly

| ower ed due UB-A-003(93M®96,send IB-A-168F0301D98).i cDf dmnabwedsdihe qubdessed atably
carry out. And then, as is aforenentioned, the deterioration extent of the
catal yst is pedusirially safrigdioat.ge in the case of the nol ybdenum contai ni ng
catalyst or in the case of carrying out the reaction at a hi gh space

vel ocity or in aThisgiatalyicceastnhasq exidation teactionvis geeompanigdofith A extremely

af orenenti oned Fnov,vn-i n-public proposals having hitherto been made is a

p . )

proposal t hafX¥hermnigreactiph, ks thegefongea desshdprionkavire ahexthardispaly Beht i on
to I ow. However, in the case of carryjng_out the qgxidation, reaction by .
o g ho f YRS Bt PR BR RO TR A 3 SO PO GRS G et ef §
prevent the accurrence qf t hot .spot porti in the catal yst |ayer and
Pher et or e nag oSt IBGE . By dsdBh o PR o ot Rahih G et hEUShe
deterioratio - | yst.. as. - t rntion is
ol ativery | iegibieRMedthyBuBPh ks o RuleR5ROiP b Bloid e bR br B
portions. This problemis remarkable particularly in the case of..using the
nol ybdenum contai ning catalyst or in thelcase of carrying out the reaction
in a high concentration of the raw gas. SUMVARY OF THE I!\I\\mwmwm ECT
OF THE | NVENTI ON Accordingly, an object of the present in , "”

provi de a process in which, when the unsaturated al dehyde and/gmine

unsat urated carboxylic acid are produced by carrying out the catal ytic gas
phase oxidation reaction by using the fixed-bed multitubular reactor which
is packed with the nolybdenum containing catalyst, the deterioration of the

. o o, o, N o S T T "




using a fixed-bed nultitubular reactor which is packed with catal ysts,

‘t hereby produci ng the unsaturated al dehyde and/ or the unsaturated

carboxylic acid which correspond to the raw material; with the production

process being characterized in that an oxide and/or a conpl ex oxide

“i ncl udi ng noPBASMerifm inBheseatalyst 1268 i ron as essential conponents are used as

the catal ysts, and further characterized by further conprising the steps of

di vi di ng t he i nsWendhe batsRot RagHeR Bes 3 (gh teypparpfure; jtyaay. exeessHsin sausbiear

reactor in a tubuylar axial dir.ectior] to.thus arrange at |east two reaction
i the dypast

zones; and t R¥Ia{RI kG3AHOR: HESWURG L2 18Y Y8ide 8% iPt 6% Y MY (S ach a
that th ti R of .th t .d i f th | t to the t
density of t FNRSY HGRIN( b Acdiindanereysior lokeign e i St pprepnof”
Theae’ and o REosabiE R i ishiEadls, b RoikSEhoiRis ReBRRt Ml BlRELAR T be
com At ages . .
T T SRR Sl S S B e TR
nvent i on,  waifys| AkAAEinBHRAE NN By e s8R IRSOBESRB bt

conponents, any - catalyst can be used it the use thefeof nakes it possible

to produce ! banparFpsaoRdicas: uns MdyiRicatmaleiise cRBYAO halmiodidhastd

carboxylic acid by the catalytic gas phase oxidation reaction of at |east
one conpound pssplefifds st the Wataly3e teHdOtP chas i diiki toGsubfimation Wif ahe mdlysdleriingl ene,
t-butyl alcohol, and nethyl t-butyl ether as a raw material. However,

f avor abl y usedmbéenent,candwhezeforexthe detedibmatips txteit of tigesaealpdt if largeul a (1) bel ow
MoaVWbBi ~FedAeB f CgDhE; Ox ( 1 ) (where: M is nolybdenum Wis tungsten; Bi
i s bismuth; Fe i §heabove pfoblematnrel marststrdneg il therease of edreyihg dutf the reaeticomnay
cobalt and nickel; B is at |east one elenent selected fromanong sodi um
pot assi um r @adiigh apace cvieliciinor ama highiconeenirat®n ef tie awegss fonthegivepasatof

sel ected from anong boron, phosphorus, chrone, manganese, zinc, arsenic,
ni obi um t i ngenkancingghe produetivity afiihe eliestivprodvgt.| ead; D is at | east one

el ement sel ected from anong silicon, alumnum tita and zirconium E

is at |east one 4 10dhe3hoNe psehlems, dfjatengpn smdiregtes) thﬂ‘qu?nf]Eir@é(r"(f fhegatalys:  and

O i s oxygen; ;and furth mc

Fati 08 of Wb 4P g Papid in g réhorl fube. ety s’ paByaic s il ST B Shd case
&1 220, 1 805 i el 5 UhRGlohdaFE i BRI A i & (B o b,

nunmerical val dat ] i ' : ).
There i o no- a3 SR yPR] G BERoY Boguat} BB TRl Bucly BREIEMRISENE,
catal ytic CORpQRRAbN BArESEMFoul\BTRINIHEArSAbS . ARH K 65 is HOHeRRAMRA; the

chl orides, sulfates, hydroxides, ordganic¢ acid salts, and oxi des of netal

el ements as genrebaltiol &a6t bPriht htdalkitnes Partfcalanlyy $drg®rina e Xhiér oft iner eof

i n conbination may be used, but the ammonium salfs and nitrates are
favorabl y usesblyifenagiatamisd cathlystrordn thd cse i odrrvind betnttle oéactibrattt 4 high
materials for the catalyst nay be prepared by a process as generally used
for this ki ndpade veltcity gsin a ligh cenanration efdhewsgasol uti ons nmay be prepared
fromthe above starting materials for the catal yst and then bl ended

t oget her in ordeAnyTofethe dferementieneelckniwn-inpublici propasals dmvitig hithestof kaen

bl ending the starting materials for the catalyst (e g. blending order,

t enper at ur e, Madeds apeoposahthab phms atisuppressinghe tempesaiure of Hier kot Spet PeHifRdas

sol ution or il urrégof the blend of the starting material s,foh t he c&x,tal yst,
as obtained i'PWt hHEWRKS), 1 dhec srieedtt FavARE OB Hiey Pdationoregeion RY Askgk®esol i d,

2’{‘3Plr V. or . caReddet ﬁgﬁﬁ&iﬂ%“gqag{ggf ﬁ%‘?%‘?xiggé‘qes%\s?%‘iégﬁ%p%%#%w?rsV?@ e

[ - I ni RL T [
o especi al RERTTSIPE Ot B Rl PCBbioR A wE Rl aber A istbrs oyer ° ' °
catal yst pr e%HFc%gféedpmJsof%g}%otrrhgﬁy‘ri@b(?{)rg]so{)l{ &Qﬁmgﬂémékiﬁr%hm?ﬁﬁ%w ofthe ceﬁ%geiéa”p' €,

a powdery catalyst precul al ne such as a spray“dryer and
a drum dryer 110(91'iedaatl?ﬂlé)ﬁ;&'s§§t \A;ASHrHI)A %kr)élaﬁaélgll%gér tRASHAL S04 cATBYstR 102 fied by
heati ng under a gas strea th such as X-type dryer of a tunnel-type
dryer. The heat-treatnent conditions are set in such a manner that the

ignition loss 5 - ratio of the catalys® precursor P 1 will be favorably
in the range of I 0 to 40 mass (excluding 40 mass %9, nore favorably 13 to
37 mass % still nore favorably 15 to 35 nmass % However, it is naturally

possible to use the catalyst precursor even if its ignition loss ratio is
out si de the above range. Wen the catalyst precursor P 1 is uniformy m xed
and about 10 g thereof is accurately wei ghed out and then heated under air
at nosphere at 300 C for 1 hour, the ignition |loss ratio of the catal yst
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The ignition loss includes: such as a nitrate radical conponent and an
-anmmoni um radi cal conponent that remain in the catal yst precursor P1 and
beconme deconposed, volatilized, and sublinmed by the heat treatnent; and
water (The nitrates and the anmonium salts as contained in the catalyst
‘precursor P thatbemporieiso ng sarioblgmnis semargalle partighlaily ip theatase ef wieg theus
renmoved fromtrf atal yst .precursor P 1. That .is to say, it i.s nmeant that:
t he hi gher tﬁéﬂ’ﬁaﬁwm' ﬂtﬂaﬁgg Fatpkyst Qgrin thfecase OF F3rEHing, palthe Seactipn in 3 Righhi gher
the content of su&h.as%f\t}ge nitrates and the amoniumsalts in this catalyst
precursor s CynceRal © H¥58%% r eat ment conditions should fitly be

sel ected accordi ng to the ki % f ﬁﬁl—ﬁﬁl ng appar at us
(dryer), and they cannot be ggg@{lﬁ%‘a bﬁf»&’@ ver, for exanple, in
t he case of %lggédﬁeop%éwlgﬁﬁx&(] t he catal yst precursor nay be

obt ai ned by t treatnent under a gas streamat a

tenperature of nREco‘?{i)iﬁel?,r %r# Elaﬁ?tégﬂzﬁrgs%ht tviRionds ROMbYide ybﬁ(&%&i)ﬂl Witith

precursor Pl, favora e lgnition loss ratro een adj usted

in the above wgy thd ansatithie§ bRRhY @ fhdPdt! tHELhSRIrhRR cRIbBRYIRY add %}eg@gh%?gati on

step for obtaining a powder having appropriate particle dianet n the
occasi on demFlotsa:rymgdoﬁthﬁa datalyti %dsa;ﬂﬁlfs@bkﬂdtiérp r@cﬁé&bﬁg%ﬂ@ theDtgrgdst ep.
Into the catal yst precursor P'1l, favorably, of which the ignition |oss

rati o has 6 mulgmbulatydastoeavhich isheckdiowsh tengelybdeminddentainingscHpg pauget | y
added and m xed to thus prepare a catal yst precursor P2. There is no

especi al | i midetetiomtion of theecdtalyst asflodated dvitielbot spet pettienl camble suppeekséditso t he
catal yst precursor P 1. Exanpl es thereof include publicly known binders
usabl e for mbhafitheyreattianatanl hescamfinbed fonatleng timefwliter abigh. yidldds aramtainedyf t he
bi nder as added and ni xed into the catal yst precursor Pl (favorably the
amount of t héegasdless cfvherridg hehspatipreivn; ascwrs tahé alsatexery ifithg censantsasionf) i s
favorably in the range of 5 to 30 parts by nass, nore favorably 8 to 27:
parts by masdht @ gasisRER favorably 11 to 24 parts by mass, relative to 100
parts by mas f af or epent i Qned cat al yst precursor Pl. In the case
where the anm;ls 8 L/ .1;:\__ QN 30 parts by mass, there nmay be a
possibility that .the nol dabili f the.catal yst. precursor P2 i
deteriorated to su&hPE® gr'B‘ée"tt%aﬁ’a?hgﬁ}%?P@ né‘"@&ﬁnd‘e Bgﬁﬁa%ig’z"eou@‘.e I'n
t he case wher, : t ded.i.s | e q r . MRS here
is a possibi |a??{/4@ﬁ§1§@lé?ﬁé8@fiﬁgi ngs t?e{e\%ggnﬂlet ?]1%51 lgdcﬁ;l %I%)?g 0%?%%’9 ggré? is so

weak that thepgmbi d%HsC}{yto?%é %ﬁapa% uﬁ%ﬁ%ﬁ&@%ﬂﬁ& Sﬁﬁlyﬁtgﬁé%atrg]Y %Qnéit{y dJrhe

nol di ng can be carried out, e” physical strengt yst rs

| overed. In tchalgese SnskRbf YatagstPW ifXbiitiRatoBvenar dichdlysBofWhidh Ags Reghi ne
is broken if things cone to the worst. The water as added to the catal yst

precursor P highenidexpasktet £hiph tempefaturé cthedeferirationl RRHUS of @iy tatalystok

vari ous substances or a m xture of various substances and water. anpl es
of the subst amaHer than tichtiefl atcagdyshef wiidhhtht Reiswetver. i Awd thée hertiak dome to

assi stants for enhancing the noldability; reinforcenents and bi nders for
enhanci ng t heealize shaj she ahove poetigmainah beibalvethby prephsing eatalyste déiffeaxtntyasueed as
pore-form ng agents for form ng pores in the catalyst. As to these

subst ances, fhamtath andathen padkingathemsin sheht a canngstthatzacatabysd of whichethe & isn t he
cat al yst performance &acti vity, and selectivity of the objective product)
by the addit hégher sagatedsat the kot gpotipeptinneria it peighberhoedh aqueous sol ution, or
a mxture with er, of a subséan,ce t hat goes not rerr&in iin the 7 -
catal yst after tH&3CE 0§ AgHodugHan mregess foragn, upsrurage pldekyde gpd/ar gyt ure
wth water, of suhst ance. t hat does. not have bad infl uence, on the catal yst
per f or mance Systoraied aboxylin i, aceorfiagds fé AsseRaveion pagprises e Siepet

cal ci nation. LT | es,of the above (i) include: organi¢ compounds,
ctch g et hyCERREOLEGART e Spite nifaiBRah ik obd Sotiint SRRy FrofOREY)

al cohol, pro - ] e , [ f I C i

anmoni um ni t%‘%ug?&g% ﬁ%ﬁﬁ?’ﬁ%@aﬁ%@ﬁ %eg.g’n%f)"ggi é?lg(lc? blé%ggrpﬁéetéylotgb u{ﬁﬁeeq’aeﬁove
(ii) include i I n i | S S as
silica, al um'a%raaf}ﬁgll %yg%ﬁ?i ‘g%}?ggﬁ %bi%fa?c&gxgégla%\?gg:ﬁe cg%%g%@cﬁ%\?? % i%gi.gyl n the
present invention, the catal yst as produced has practically sufficient

physi cal strength, but the above reinforédements are added thereto when the

still higher physical strength is necessary. In the case where the anount
of the above substances as added is in excess, the




physi cal strength of the catalyst is remarkably |owered, and therefore it
‘is favorable to add themin such an anount as does not | ower the physical
strength of the catalyst to such an extent that the catal yst cannot be
practically used as_an indusf,ri al catalyst. When the water is added . in the

“formof the ¥6Béed dHedded Byltivbuler BFaciph iR 1§ seketh At Gatabrstsy diegehyf
e S AN,
Sdden Lo t e CBReneR 40 ATk St Fateieh ST e o cibp prodest FRMR onRtacibficed . °

Toe ol yat ag UeR ol RO 4 BBt RRERSAbURY SO ORI phfinf TR as |

shape, Or & SURRGK! GRALAL UK udd ROhEARHSRY sRt RRME! LlHadiifel By Hukbr

precursor P2 on any inert support having Inite shape, or a“catalyst

whi ch conpri 8mpfising e S@ps 8N Alididpese inRidet et Rhoth @bél of HRPRKddESkd
catal yst, but tﬁe nol ded catal yst as obtained by nol ding the catal yst

precursor P2 piltigibalaf edactdrr il a RN Hdalfdwéoticbiocthus i@drfzel 8 1636t ©BPRAERIN
limtation on the shape of the above catal yst, and the shape 8 - may be
any shape of zetieshandthen ppdiang thebe shaium, zoaerwithithe cbaysts inpath emanhapBit a
ring shape, and an irregul ar shape. Needless to say, in the case of the
spheri cal shaheratiotR af e apparent density df¢heacitalyst topghetree densityrodythd eatalyst
substantially spherical shape. The columm shape and the ring shape are al so
simlar to tHKappardm deokifyt ¢foentalystéruchdepsityo bf catelystitimlegeht reastipmedneddifierseach
reaction zone may be either identical with or different fromthat in

anot her r eactffamthab ifcanogheg reagtien goficet si de: spherical catal yst, and
gas-outl et side: pellet catalyst). However, it is usually favorable to pack
the nol ded cat al yl”g‘\ege #d §@ﬁb8gle§ angt the wdyantagsy jiof dhe presell faveatian avill e ¢ o

th [ f th t t, i.nth : th h f th t al'yst
o a spheri cAPOERABLEPRaRaF BORbe I a GRS whi ch have an aver age
catal yst particle di anﬁﬁA%ﬁgﬁéﬁmW &@?/ [ EM@% 10 mm still

nore favorably 3 to 10 OT M The pore

vol ume of the cat ' orahl.y i OuA: kO re
favorably 0.25 t_dlii‘4 Ot%%e %ﬁ@l Stg ?S%Qtl%éﬂe&éé%ﬁbk@%gonst?%bctgrl g'éfﬁ%a |b39;8't“5m1 her e
IS no especi gkl &ﬂtifo‘ﬁ”qﬁ%se&lhﬁl Mﬁp&:ﬁé ahg%&hfxﬁpéantb*é%sédim?ﬁ%se éﬁé}go here
can be used any support that 1s usu y usable en there 1's produced a

catalyst for padufi peksid tb! ?roﬁﬁé@d thY oResponBfgOyhsattate®naAdeyaxi sadon of
acrolein. Specific exanples of the usable support include alumna, silica,

si | i ca- al um nasathiatclnéaboxYHE AGHEI B thel databaic g Ph&dedoxidation reaction of at least
silica-magnesi a-alumna, silicon carbide, silicon nitride, and zeolite. In
the case of tdme comppund sdectad fibmsthe gtdup congistingt ofiygopyenen isobutyleae ctalhuayly st

wi th which each reaction zone is packed is fitly determ ned so as to obtain
t he opti num aaltdhel, tand ametdhyd etbeityli etheryasianrawomatedalr aftHomvever, favocablyngsedhis a
conditions of the oxidation reaction, and the activity acid the strength of
t he cat al yst ,complex-¢radeseatglpsttof ageneral formya{bvslemly in the range of 5 to 95
% nore favorably 20 to 90 % particularly favorably 30 to 85 %

I nci dental Iy, in MpNBidsehBCANE R on, tlhe supporting ratio of the

catal yst can be calculated fromthe follow ng equation: 9_ . supporting
ratio (9 _ [(mad¥here: k/gmryglyg]%qum; Wb &inestenchl s bigaithpFe M@ﬁ#ﬂys ahyass

The heat i1 eiif%ihvec %%ﬁ%ff?%%%@dg Sgmohong bl i BER 'ﬁif%i@!lﬁ'stﬂ%% e"’l‘a&‘nﬁf ng the
that "are gonrishy Adh A @Hﬁ%eé%%ﬁ@’Efﬁﬁ"‘aiﬁn’a%e.‘g%ﬁ_ﬁiaﬁ'a”tﬁéﬂiﬁﬁf Gyt e
Ty be o1t hortugnt T RapHFled i RO Kon TRORARKRS OnkOnhdREE, i 10"

zone. The heaérsén'ié?gIdEﬁiPﬁ tn IREHGT ilutbism| B4 RMRRNY 1420; DNE af IRAYEnOblerdef) T O
600 C, nore favorably 400 to 550 'C, and the héat-treatnent tine is

favorably in deftciamas affont siiftohOalititiin, tkBSuAEbh@®dirtsHiumDES 3g 1daktone
catalyst may be a hitherto publicly known method. Applicable are nolding
met hods such as an extrusion-nol ding nethod, a tabletting nethod, a
granul ati on net hod (tunbling granulation‘%pparatuses, and

centrifugal -fluid-coating apparatuses), and Marunerizer nethod. O the
above, the extrusion-nolding nmethod is favorable. The production process
for an unsaturated al dehyde and/or an unsaturated carboxylic acid,
according to the present invention, is characterized by conprising the
steps of: dividing the inside of each reaction tube of the fixed-bed

mul titubul ar reactor in a tubular axial direction to thus arrange at |east

o, . o o o . o o



supporting a catal ytic substance on a support, only the catalytic substance
“is peeled off fromthe surface of the support by any nethod, and the true
density and the pore 10 vol une of the catalytic substance only are

nmeasur ed, thus cal cul atitgg the R frag_mthe above eguati on. If the catalysts

“different asckeenhislsciad om amongralkaling sarhy metaly and O it oxvgen;and dihar, 8.0 i t s
t d it ked.in th b . then, 1 th t
al dehyde andPob & Ret s Bt GenoipoByies . B Siioduced, By B 91 ng
t th talytic. idatio i.on. b i the fi -
mul 1 ¢ abur ar PesereRt aff B SERA S 7 AR UG g pslehten S8 stRR £S5
talyst, the-g, i 1t f i i ]l ield
s i nt ai neds Sy Bhaar SO Gr Sr d He ot VUGSt 2360 bR bR a0l
even if the ce n i e T, ﬁ-nﬁﬁ h 3l i.al
I:/m tlati on or?(%g’ %‘E@%gggl %{‘&Eﬁﬁlﬁeﬁﬁsﬁe ca@a {/:sﬂ_tkgbglld??%drqgtﬁ s(ggg Cg t he
ratio R of tRp,papparent density of the catalyst to its true density.
However, they can’'be produced, for exanple, by the follow ng processes ( 1

) to (4) or a conhiRal hBsgebRI BMitation dn JRARING &R MAEH A ARIRSalNe CRARMICNT t he
ignition loss ratio of the catalyst precursor. If the ignition |loss ratio

is low, the tompdidn®releieninr eSmdniune said, alittates,| Garborlatds chidfides) Ralfekgre t he
apparent density of the catalyst is high. And then, unless the conposition
of the cat al hgdrozides,corganic abtidnadts,, aridnexidesust letak elements dshgenerallnligsd fatoes
not change even if the production process is changed. Therefore, if the

i gnition | osshis dind of catabyst of kenfktue therapé . in Toontbiatioo ey rbg, used, binethe
ignition loss ratio is high, the apparent density of the catalyst is |ow,
and t her ef or ampianin saltssand|nitrat¢are Tavordhilndsednd/ or anount of the

pore-form ng agent as added to the catalyst are controlled. If the

por e-for ni ng agedin amepusgsodutioncen dwrmyef adlendf stastieg materialfefos sheatatalysti s
added and if the anmount of this addition is relatively _r;stJced t hen t he
appar ent dendiayy Do PEDRES BY gnprosesd asneenmralycuseddtor dhigekindrof iqaialsbnikiosr y, i f

h f th ddi ti b latively | hen the R b
el | I addrTe, SRR, e pereeied S dhegbats-nng e B of
th -f ] ! - i ; ' I,
i1t he. compotld FosARE Ry ghetyyehddERnGE, lcr™y el € ARUIHARY il Bac "oy
h I : i ' : h
e dens: ty RARGNLRF DR Biiuiribe RRRGR B0 babBa RO b Siel "0

contr ol | ed alfipkfBRELIG iR e ThHES: by hlofsdWhelt Bk &fuRBus Bk ATP! €

in the case o e tabletti'ng, It the tabletting pressure 1s raised,

the R beconmesgpiral @shé@hend bf the Hﬁn{@%ﬁéﬁ&@%%@@ﬁmgﬁ, dsSoDtANES B dhis Waghist he R
becones small. I'n addition, in the case of the extrusion-nolding, if the

extrusi on pr gsaceherated t6 drarss td Hemint Heall’ ftidowhen kigy gecasion deifanddle The
extrusion pressure is |lowered, then the R becones small. Although not
especi al | y | iafdréraentidnbé agadous s6lutibn,t dypeayspsiurey)tor dbake solyd of tHehdenthofdhy st |
usable in the present invention, to its true density (apparent density of
cat al yst/ t r ustatengsinateriels fomthal optalyst isshdateireatady| thus ebtaining angtalystfprécizsrt o
0.55, nore favorably 0.30 to 0.50. In the case where the ratio of the
apparent dendilty of the catalyst to the true density of the catalyst is

| ess than 0.25, there is a case where the diffusion efficiency in the pores
ri ses together wiltharetipaojespacéal disnitskion pa the heat frspimant metghadnfor og@wg thee
activity of the catalyst and the selectivity of the objective product are
enhanced, buCatheF erecbrsar %lsé‘a‘{;é‘i‘ﬁ agfn iof thezpatalysk Rf%ct“&gi%?st Feg Fgﬂare B Ps

kably | d. h wh he ratio of th t depsity of
he. catal yst POBGERadk Prshent pabecapibed At Svch & el Biar dod ggam' * ©

contrary to t aboy . I tr h i . LS a

di sadvant age d?}ﬁer,t ‘Era glfoﬁ%l?lggf%i%f %{ﬁ%ly?ttq{gé"\.g%%rg @s&n%gﬁ? ﬁ’gyiﬁ (Laé%’térggthﬁ/d?fg of
the objectiv PAHEL; r g 1 resent invention, the
i nsi de of ea?ﬁpé eact?gﬁs‘t?c&bag%&?_ﬁéy?éygﬁﬁggnér]m@ﬁemﬁuI ar reactor is
divided in a tubylpgmhear@meht’ @aHItBAs bR AP s@dh ARBANE! thhe8Rlighi¥Bn 1&ICt i on
zones, and then these reaction zones are packed wth the at |east two
catalysts different as to the ratio R as prepared by the above process.
There is no especial limtation on the méthod for the above

packi ng- arrangenent. Exanpl es thereof include: packing-arrangenent in such
a



manner that the R decreases fromthe gas-inlet side toward the gas-outl et
-side; and |2 packi ng-arrangenent in such a manner that, fromthe
gas-inlet side toward the gas-outlet side, the R once increases and

t hereafter decreases. Favorably, the catalysts different as to the R are
“arranged in Jadhohthematabyst pragursenBl will derfaveraly i die renge ghLQ inf@mass Ye of
each reaction tube toward the gas-outlet side thereof, That is to sa t he

cat al yst havi(fFlediag A8 mpass ve)rmose fverakheld 31 Mesy%s stilh more @VB’@PIYah%¥(i he
t al t havi th | | t R th -outlet side. ]|
Saa ) on, | 3or8ass Skt HOMEYe el orraly AOS TS O et oh Biecymt e bl

i ncreases and t.hereafter .decre s fromthe gas-inlet side toward the
gas-outl et si’ﬁ’é‘,%o'?ﬁpés Fagf()lléog{s'q%ﬁge Pt?ﬂygfarfggngth of the packed catal yst

mor e Tavor ably i W PEeARLAprestisgh g8 i finitmtP HRARE b Bt TP BT i) o
etative 0 tREuAhAAlALYSInd X hehEDGhdr ol aBSiRle dOARC 1R AR VS S

different as to I e apparent densit the catalys Dits
true density : ht i C .2, re
arranged in ttﬁgﬁgggglgﬁ%sg?@ ﬁ? h%fn?lgmﬁgérlﬁttﬁpg%%gsog? a??{%élc?iégl gte)ﬁlygltg gdnlgfv%r}gﬂt he
unsat ur at ed URfory! i c acid are produced by carrying out the catalytic gas
phase oxidation reaction by using the fixed-bed multitubular reactor which
is packed with tHgnitioh Yo aation(masgt %) & (aass af Fhwbist picbersetet eidso baichalysof t he
catal yst as |located at the hot spot portion can be suppressed; so that the
reacti on can precutsontafieiedtihgymassl aiicgtatysnpreavrsdrec B00hi gh yi el d i s mai nt ai ned,
regardl ess of where the hot spot portion occurs and also even if the
concentration of THeeignatwongaessi mchidgé. such agidi niteatg radibal cédmpdvencandl st i ¢
activity is controlled conventionally by using the catalysts different as
to the acti viammonikeradicaleompangnt thei remain Histhg atalyst preeursgor Rl and beeosee wher e
the concentration of the raw gas is _high. However, if the present invent'ion
process is usdgompessd, vadalilizsq, @érﬁubbmé‘ghif theeat trestment) grkjwatehe hamitratesa hi gh
yield is nai nir@/ing;aeg, even if the concentratiop of 8hhe raw gas i.s_high, and
regardl ess of apyRoniyp  s3list apronfadedo it (fhe | cafalyst prepyrsre Bl b i on
production process fqr, the unsaturated al dehyd nd/or t unsat urat e

o boxyl Lo acaomposecoy Heaitko fobeRfmp i o0 B refioutd G A YhhEhe 1
catal yst as iyl e - e. I I [ Z i ffers from
that in anot ﬁg(ré&ggrtlﬂé gﬁgﬁ lgfztios% t\l}/caj}g rrnggr@ﬁi %hﬁ@ggéﬁgfﬂ#%lé&?@%ga'n&ogé% al

i i tati on oyt fie BRAGRSSis! ME HIRAE G HPNENE Rlakothd ot S BbGAn as 10
L Bl R s cheny§y 3

the activity as hitherto pu nown processes are usab

Speci fic exanligm hnedaeMst bRchideis)a process that involves changing the
ki nd and/ or anmpbunt of at” | east one el enent selected fromthe group

consi sting of sodifenaboRehassikéaierntWdhditiond skl A1y bareletbalabioidingwhited i s
referred to as conponent B in the catalyst as used in the present
invention); akipd asemspdrtied of nv heativg appariisn@irydry; andpthey téangotr b ispecified
process that involves changing the calcination tenperature; a nethod that

i nvol ves chamgyieepinghe ddwevenrfor akamopleainnéiehvase bhasing b boetypehdryer, the

conbi nati on of the supported catal yst and the nolded catal yst; and a
process that ¢atalyst peesurshamgy he obtaineg by sid as cairpimgtout heabfreatmentundsr 9gas; and
a process that involves a conbination of these processes. There is no

especi al | i mi ttamah adempasatupsaefiaion icher thag d3 vt forsttedd hoyrs. t he catal ysts in
the case where t at | east two reagtio opes, ar acke ith the

cat al _y:t s in thehﬁl?o‘iﬁéa])‘?é?ﬁ’ﬁ@t“rstoﬁg&a aﬁlgra ’é’tz Pgi‘”’f‘ip%_&ﬁe ngétl \554\4%9 has begte n
Cace whor o 1 rasdueq Tadus Ats Widais SBROBH C8 PHFEEAIEN B0 P ENE oA 1 € i

{ fﬁéht ?U?SQﬁéﬁc’% SR o Bt diridVind, Ao PRRE Gabicts HRbleterS ey %P? BB ner ey
Zone and T ut ¢ SRR I TRENS BLARRGCH § BiRedAMbliRlg 4 21O Cact ] on zone
also differs fromiditl dafhiff BrORFof PACHIVBRAEOBE whieheabAABh 168 ko g ect ed

to the R, exanpl es of the packing-arrangenent netho or the catalysts

i nclude the aforenenti oned ones such as: €acking-arrangenent in such a
manner that the R decreases fromthe gas-nlet side toward the gas-outl et
si de; and packi ng-arrangenent in such a manner that, fromthe gas-inlet
side toward the gas-outlet side, the R once increases and thereafter
decreases. However, when attention is directed to the activity, exanples of
t he packi ng-arrangenent nethod for 14 " the catal ysts include:

packi ng-arrangenent in such a manner that the activity increases in order
fromthe gas-inlet side toward the gas-outlet side; and packi ng-arrangenent

g, o o



As to conditions of the above reaction, the reaction nmay be carried out,
“for exanple, by bringing a mxed gas into contact with the present
invention catalyst in the tenperature range of 2SO0 to 450 C under a
pressure of 0.1 to 1 MPa at a space velocity of 300 to 5,000 hr-1 1 (STP),
“wherein the bserediusted intks akpyve.range, @ bindey &y subseanently addedeandimized towpound

selected fromthe gro consi st of propyl ene, isobutylene, t-butyl
al cohol , andprt‘i’ﬁﬁ‘ﬁif‘lca{aij)ghE"';‘FF“ré?rh}%e:;rT as a raw gas; nmol ecul ar oxygen 16

mert “gas. (e o TETER Dastherhinisan sgle Rt bumerb 2t HdsFnad 2

di | t. The, i ti iVe. [ al | bl

favorabi e r ol £ Pl EReER P A lsRS et Rl BB Mrhcnda’ ¥

hi gh-| oadi nguga%gecitol_ %laﬁr‘i’wféawﬂﬁs tbtﬁ%v %Hglfg{,or%]?anci ng the productivity,
under I ére: ?

for exanpl e, er con r'ons e concentration of the raw gas is

higher or the .Sp@ﬁ@amegﬁcgﬁc eib?ndg} Q?%Hdcdpﬁ{dtWﬂéﬁ%ioﬂhe%ﬁ%lﬁ%%ﬁm&f pihe

present 1 nvention can be Ieved even If a hi gh- concentration raw gas such

as has a rawf@asal9hée Bnbadt! Hthe fwdlQ asS4Hakd @hd WhiRE Fatyy MelERal et (iuRsor
severely not smallér than 9 volune % is used. (Effects and Advantages of

the I nventiop]y is\hestaiiien ties@hgy 8f 6o 30 Paiy B nRBEl /midre tHvdrabIe 3ty Rt Rt
carboxylic acid are produced by carrying out the catal ytic gas phase

oxi dati on rebgiiaes) sl musé fiyotddey 11 w2k pat bythiss] rekativato [@RpdrBrbywhassofi s
packed with the nol ybdenum contai ning catal yst, the present invention can
suppr ess t hetldatferementadncd catalyst precuradrdtlyst as | ocated at the hot spot
portion; so that the reaction can be continued for a long tine while a high
yield i s maintai hethe casywheliecthe anfounhas addethas loger shant 3(party by mass; where and
also even if the concentration of the raw gas is high. DETAI LED DESCRI PTI ON
OF THE PREFERREDcRVBOSbNIENTR! the wiokdabilisy of thecainlyss precursar BA s dntericsatadr e
specifically illustrated by the foll ow ngt exanpl es of sone preferred

enbodi nent s. [HENEy & degren dhad the apqlding,cappeiobe pasTigdoul. | nithe cass whesdhe

| i . identally, h i h th Si ,
CTaBt iy, S oo B i e 555 bt S SROFTRDOR: o o o
ted st i t ial)/ | i 1 ti 1 i al X
o0 el et 1 vblthel GGG ERua( JReiodh pOHERS WESk b AR BNR LaR )
t ted i 1.d : i Rt i X 100
Viord (ot ot cAfiE ol Corifat ik TPU® oiaERah BE ofthBh Pl SR Hehanbe
car boxyl i ¢ agieddfhI)Ri§ meréd!pgh'tﬁé cadedbit éﬁ?iﬂ%t@?ﬁﬁbﬁjrﬂollﬁnéo&) mblding | N

addition, the true’ density and the pore volurme of the catal yst were

measur ed W t fhachie iobrolRM i hiNRASIMCIORAE waRpar at uses and by the fol | ow ng
nmet hods: True density: Measurenent apparatus: AutoPycnoneter 1320 produced
by M croneri ti csThe watek tisladdddas Whieccmalystpeécaadr PAan be 4ddedadves & thle)fsim was

wei ghed out and then put into a neasuring cell, and then this cell was set
i nto the abovfamaqeonsesaatiornefermus subsknces orcdl mieure Mf avarioensbstangep andit us:
Aut oPorel Il produced by Mcroneritics Co., Ltd. (mercury penetration

met hod) Measwaterent net hod: About 2 g of catal yst was wei ghed out and then
measured in the pressure nmeasurenent range of 0 to 414 MPa and in _an

equi val ent tine Eﬂarmmeseﬁthndgbstqr@asaw@te rogsthes Withrthesweatas|ieclude; moldipar at i on
of catalyst (1)): Wiile 10 L of pure water was heat-stirred, 1,500 g of
amoni um nol PEdRias fenbaneing thegneldabibifys reinfoseementssang binders fpienthangiag | j ca
sol was further aggded thereto. To this mxed liquid,  a Ii%uijd as obtai ned
by di ssol vi n§€1¢ yt@tr@ngﬂ&%@ s[ubﬁp@qeattl@,t apey generally used as porc-forming agents

for forming pores in the catalyst. As to these substances, favorable are substances
that do not have bad influence on the catalyst performance (activity, and selectivity
of the objective product) by the addition. That is to say, favorable are: (i) an

aqueous solution, or a mixture with water, of a substance that does not remain in the

7



g of nickel nitrate, 372 g of iron nitrate, and 5.7 g of potassiumnitrate
into 1,000 mM of pure water was dropw se added under vigorously stirred
conditions. Subsequently, a liquid as obtained by dissolving 446 g of

‘bismuth nitrate.int aqgueous sol ution was dropwi se added thereto under
vi gorousl y st‘iaf%ég& a‘@%ﬁﬁ? inﬂﬁlﬂgt,lor\nﬂﬁq @f)r?nt%e%ﬁ&eﬁlﬁen%mvaﬂem waeraphed by
e suspensi ch BsRRSFHAF el et on B e b oReSifi B 1 or
obtai neq. was Hearrryear ta BT BRI crmer atur e of heat eu gas:
15 hours) | thus. CBeoH Raiie) L ARE ootk SRl Balr ebapd il i, &

precur sor Wasetisfene %)%%Y,?%Iyﬁg, ?%benid%'i& MAGE a&iH,SbSéggﬂiatléo(ﬂ /(l), lggg)zl hi3bihd, was

measured. As a resu 9 mass % Next, mass ous anhoni um
nitrate sol uthueyl Meshokdeed phendlhanbesmtid abld, GHndnigh MEBCURE" anRAYEiER I N 2
ratio of 260 g of the solution to 1 kg of the catalyst precursor powder,
and t he resuldagbvnhatei xt ure was kneaded for 1 hour, and thereafter the

m xture was extrusion-nolded into a ring shape of 6.0 mmin outer dianeter,
2.0 nmin inner dipacificexamples obth® abuve (i) elghtthossenttich abgen@sity kivin 40! ded
structure was cal cined under a streamof air at 480 C for 5 hours, thus

obt ai ni ng a danfrgeeents, 1suph aFhsilica rphoming) glasoffibawst ailicoh earbides dnd dilicon

catal yst except for oxygen was as follows: catalyst (1):

MD~2C06N12~1 Mitgide~ Ioho psgsgniTineeniipnathg satalys) ahprwducedahas prartiollyi sufficippar ent
density to it t'réje den itl% &apparent .density of catalyst/true density of
catal yst) of Ryv&Eal seenglh, bk the, pbeyesteinforcements rase @gddesh dergte when thpestill
catalyst, the.ignition loss ratio of the catalyst precursor P 1, the anount
of the bi nde(reh %E%rgh%sé‘ffl SIEFIRh GAeEeSSaY0 parts by nass of the catal yst

precursor Pl, thqnﬂ ze of theigcata a atio R he apparent '

dens: ty to the true déRsIMY<( %B@Pdé%?’%gbena@g&g%ﬁ{a@éﬁseﬁsﬁgdtitF dLexsErs they gf

i ey T ! P i Exar 3:
repat at | on GISHCHASERE of BBty Sty reobab Y By dtE A Mol LSS aBich! e
respectively thRdd MRSATRNEY afSuf'as %Esallnc}f%wfrrtﬂgE}ﬂs@i&ﬁtﬁﬁ%@#ﬁ??‘gﬁé&%ﬁ

that the anopunt of the SO mass % aqueous amonium-nitrate-so

added to the 153t arSdxtddt Bt iRQatdiyst ciidt BABRCGHA AsThnt i { on
nmet hod of the catal ysxt (1) in taheysatc)ove Ca alcyst S’%sg%%sgnilgﬁus@agﬁg{agfs{l' As

to the catal ysts WRon thedvated)is aldiad i8 QR A%t dfQRe bovelRuédts abMigibn of R&ridu@ni ti on
| oss ratio of the catal yst precursor P1, the anount of the binder as added
relative to k0bstaeet Soryixtes sofobaridve subditahoestandr @aur,SF dRahplel Reheni aR Of
the catalyst, and the ratio R of the apparent density to the true density
(appar ent dernsoldipgds cemied|opt blytaddingdhpartsybyomassofab ysdsy Yamquepusnetryighed i n
Table 1. (Catal yst Production Exanple 4: preparation of catalyst (4)): 19
Cat al yst (4) sheol spjutiomisal A0npartsebysmass ofidlye easalyst Deduadoy 1, theauhoint ofithExanpl e
1 except that the size of the catalyst was changed to 7.0 mmin outer

di aneter, 2. 0ai6h3 dddediatheil b iseqalaulatedas followsiR0Pn(1hed.§hk= il % pattebymessar at i on
nmet hod of the ca Iysaiqlpé 1) i@,the above Catal yst Production Exanple 1. As
to the catalyst (At @Hs6<iiR ithn PEseRliBVeItIon) Pay bea, moldsd eatalyst| a5s s

el Lli’i Ve 1o fOBIRERLmBlEAILE atetyeh preciaf P2 imp cotstind ﬁgi@%?g{ agﬁgnaqiéﬁﬁf the
(apparent qeqzrBst aF by, HHpoRRERE s Pisheshf Be)Shupiy Bsfaliopitta i n
Tabl e 1. (Catilmst RERRGhOY 243 stewﬁfch%&Bﬁ%&&@%b@r&tﬁﬁmh{ﬁ{ wgﬁ&eganpl .

Cat al yst (5) was obtal ne i the same way as’ o

1 except t hatcafaiRt AEPHBpoREd Eeﬂﬁyﬁof)@ﬁﬁé Wl 'dtéa%gsi%_oﬁ&ﬂﬁg bmegh@@@d to

7.2 g in the preparation method” of the catalyst ) int al yst

Producti on ExaaplseprécurddiP2Gafrogdfinie3hafe iSBvatab®l enents in this catal yst
except for oxygen was as follows: catalyst (5): M, ZCo6N 2Bi, 3Fe~ 3Si zKo,,

As to the catal yJhere5) no tdpeciabimaation sithebhdpl o f el aboyStatalyfiCariddné thapp | 0SS
ratio of the catalyst precursor P 1, the amobunt of the binder as added
relative to 100 parts by mass of the catglyst precursor Pl, the size of the
catalyst, and the ratio R of the apparent density to the true density
(apparent density of catalyst/true density of catalyst) are sunmarized in
Table 1. (Catal yst Production Exanple 6: preparation of catalyst (6)):

Catal yst (6) was obtained in the sanme way as of Catal yst Production Exanpl e
1 except that: of the conditions of heat-treating the cake solid, the
tenperature of the heated gas was changed to 220 C, and the anount of the
50 mass % aqueous ammoniumnitrate solution as added to the catal yst

. o Y b1 T 7 AN\




Catalyst (7) was obtained in the sanme way as of Catal yst Production Exanple
"1 except that: the anmobunt of the potassiumnitrate as added was changed to
3.6 g, the anount of the 50 mass % aqueous amonium nitrate sol ution as
added to the catal yst precursor Pl was changed, and the size of the

“catal yst was Tedyafgty shape efesush apaspherival shapeaacolyma pkapedpeliey shape)  ring t he
above Cat al ysil Productjon Exanple 1. The conposition of netal elenments in
thi s catal ystheheeapt an bregslay shapenaegdess 40 soindn thepasg 9lsthe spherical shape, it
I\/b120~6N1281]d.3 Fei .sai ZEO 0s As to the catalyst (7), the _cong\gsi tion of
the catal yst dOFhRO4n5ad {9 Bf 2|tBsShere; Butdpay hea subsignjially spherigakshape iThe he

R e L e e
R T R i R
preparation gifon?athét! }f?tagétmr) ?eag@@&ﬁ'%ﬁ& (@%%] ﬁ%@-?xﬁ@@%i%‘ef‘%ﬁhég@a{ %gta%{fenaé@gy%as

of Catal yst Production anp except € anoun

aqueous anmopga), ikt iRt ﬁelﬁz%étsl&%z.t ﬁigo@%,qﬁfs%sﬁélgfl ﬁ%:%%h;?& ipgaftﬁg&go‘géedp 1

was changed in the preparation d of the catalyst ove

Cat al yst Pr oquglys@ior 5isonled catalydd HaQinhBe %ﬁ@dhﬁ?é, (8), the conposition of
the catalyst, the ignition loss ratio of the catal yst precursor Pl, the

anount of the bi ngep thesiacloftheBbR tatdlydtOin kO caa viterdthe Mg &Xfthé BRalgat al yst
precursor P 1, the size of the catalyst, and the ratio R of the apparent
density to theatsphericdbsimpt ythéeppe feniabde nsidt diokf whieh dlays bh taveragglengiity of
catal yst) are sunmarized in Table 1. (Catal yst Production Exanple 9:

prepar at i on ghrtxdt diapster 09) Yo 1Canm| ywote {a99rablysl wbtaimnedtillmomdawaatty Bay as
of Catal yst Production Exanple 1 21 except that: 9.7 g of cesiumnitrate
was used i nsttedf nyn, yehatilpmorsvensblyi X tokmm. t he anbunt of the 50 mass %
aqueous ammoniumnnitrate solution as added to the catal yst precursor Pt
was changed, and The@oss vadume of the catatyst iy favorshdy ke sange 0k tor{g6 pNEpaneNti on
met hod of the catal ) i;n the above Catal yst Production Exanple 1.
The conposi t&’(’)YPrBtﬁyﬁéiséé Oc]-ﬁséﬁ%ﬁ-s in this catal yst except for oxygen was as

Lhe composit ron OF &ty SHPPATRE PRyl B3 Bodo Capier! JmEen o ey s

P 8 . f the bind ded | at i 1 b
rmes of the X dBAPREhe Sluplomo el PRE ot b R i SpBort e oslilly BT oY o
R of the app%lﬁgtthg&gqg 'J%ré'dlfcgd tah§t§19ﬂqop?Fb%u%%gﬁ%@qf&rnfﬁg g&g&i&ﬁ@ét Fhst

catal yst/true nsity cataly are sunmmar

Producti on 4o on fat ( ; I ( S
obt ai ned inEﬁgw sg)r{r%igt\;\%ﬂ; Oggﬁ (F)(?&'&ata ggtﬁélégﬁélgfg?i%tgmlgxgnpf(ﬂ%ﬁggcég%m}téﬁat
the anount ofalirhiaa50 Kitiss % SLLLAHSni NtitafdaNi t rAdghesial Ut isfiRadtagaéided to
the catal yst precursor P 1 was changed in the preparation nmethod of the
catal yst (9) silivatrhagnadioahintias,alljcoh chybidbysilicannitideph@z&litéds to the catal yst
( 10), the conposition of the catalyst, the ignition loss ratio of the
cat al yst precur sdn tiRlcast ef gheosupporéd tdiaydsj thdesuppatingl detib ofthatcatabyst with00
parts by mass of the catalyst precursor P1, the size of the catalyst, and
the rati o R ofhieheachgpantientzove mspacked o fithedetenminatbsosag to ¢himip aheoptiensi ty
of catalyst/true density of catal yst) are sumarized in Table 1.

(Ref erenti al agstwifpped seleatiyity oy :copideraiign ehsuchasahy spaditions pf the qxidatipnas
obtained in Catal yst Production Exanples 1 to 10 was packed into a .

st ai nl ess- st &&cll drt&%lé?ti"é%{ andfhe sirengn phihe catalyse rbug theniprortipg satigelst ed

with a nolten nitrat.e).in such mapper that the |ayer | th woul d be 200
nm and then?ﬁvoéaoﬁl}éllg}ttpﬁ TAREE Bf‘lgs@ ggi{ﬂamo&h f‘i“’é’é’i‘,bcll’cﬁ 3 Sﬁ%@p}’?’éﬁé‘%s

carried out I DG Ci a reaction gas having the follow ng conposition
at a space ngf%o&&ilﬁgyo gé,q%bo hr's (STP). The results are listed in Table 2.

22 P I : I & - t40 ' 27
2 e (e, oo, e oS bR ot M R
stai nl ess- st eglonfFRdGdnt Al fo@OWingRGuRfon2> MM in inner diameter (as heated

with a nolten nitrate) in order fromits reaction-gas-inlet side toward its
reaction-gas-outlet side in such a manner that: the |layer length of the
catalyst (1) would be 1,500 nm and the Payer length of the catalyst (2)
woul d be 1,500 nm and then a catal ytic gas phase oxidation reaction of
propyl ene was carried out by introducing a reaction gas having the
follow ng conposition at a space velocity of 1,500 hr ~ (STP). The results
are listed in Table 3. Propylene: 5.5 volunme Air: 50.0 volunme Water vapor:
10.0 volune Nitrogen: 34.5 volune (Conparative Exanples 1 to 2): The

catal ytic gas phase oxidation reaction was carried out in the sanme way as
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(Exampl e 2, and Conparative Exanples 3 and 4): Catalytic gas phase
"oxi dation reactions were carried out in the sane way as of Exanple |I except
that: the catalysts were packed as listed in Table 3, and the conposition
of the reaction gas was changed to the foll ow ng conposition. The results
“are listed in TaBPRPEtngFi9,(“ehz [(neass of satalyst after calajnation 7. masygif sHppordt er
vapor: 10.0 volu Ni trogen: 26.5 volume (Exanples 3 to 5, and Conparative
Exanpl e 5): @ss§0yeatalygfAtepralewaignldalithn reacti ons were carried out in the
hat. the catal ysts were cked as |isted

b 2 5 ond (haR. 5 Bacesiean Bfthiien 806 Al Geaminl: coltaine (Soalet

Vol umat A9 SO RRAelin Bondlignsh Rt fhe Prérprasih it chicalgtseceiae _Prr%%fcg Sarke 24
T heser Pl AGRTABR BAGTaRS TRF i, SR *Adobied Wikne RGubAY B i€ R 48"
LN, Gt ks entietheaf edrhefe feypiBirt oS ke atglyst a5 paghed i egshreaction

T30 3 oo 2o be dither identical with or different figm that i nother reacsiog zong
0035(6) Mo, ~Certdi Kidai-trédtnent _iemipetdeare 1id 246britsidan i th sdMgk Bif. Foeroyson ¥ Sthre3405. 5

X 2 0 x 5.50 31(8) T19 026TO 35(9) M, Co~N, zB~, , 3Fc. Sti Csoo, 191207.0 x 20 x
7 p0 42(10) THavAaadFass td\s50 Xgkind tRe Maseakarfitht Mk favirablyiithkaafiosr-pot

dai nty of catahdasity of c~lvst)Rtenpaanve (G-Convason of pwpyla>c (nol

% TM-I yield 1&Cmaccm and aQYl ~c nad (rod % Total selectivay of acolem ~d

aQlx arid The method for molding the catalyst may be a hitherto publicly known method.
Applicable are molding methods such as an extrusion-molding method, a tabletting
method, a granulation method (tumbling granulation apparatuses, and
centrifugal-fluid-coating apparatuses), and Marumerizer method.  Of the above, the
extrusion-molding method is favorable.

The production process for an unsaturated aldehyde and/or an unsaturated
carboxylic acid, according to the present invention, is characterized by comprising
the steps of: dividing the inside of each reaction tube of the fixed-bed multitubular
reactor in a tubular axial direction to thus arrange at least two reaction zones; and
then packing these reaction zones with the catalysts in such a manner that the ratio R
of the apparent density of the catalyst to the true density of the catalyst (apparent
density of catalyst/true density of catalyst) in each reaction zone differs from that in
another reaction zone.

Incidentally, in the present invention, the apparent density of the catalyst is
calculated as follows: apparent density of catalyst = 1/(1/true density + pore volume).

In addition, in the case of the so-called supported catalyst as obtained by

supporting a catalytic substance on a support, only the catalytic substance is peeled

off from the surface of the support by any method, and the true density and the pore

10



(md YRrtaemal E 1( 1 )0 3531098292 4941Rdcrartsl E- 2(2)03031098392. 193
"7Rd' aa~hel E~cnt~ple 3(3)0 4331 DO6 891894 8Rderei mal Elk
4(4)0. 3531 097. 091794 5Rdaenhat El k 5(5)0.353109G 791594 GRefeirntial E~le
cgeN) 5(331080.%6. 394 8Refamms| Elk 7(7)03131099390 6912RdavNitd E~l e

" 8( 8) 03531099 YPREegyhe patplxtin sulstancy oglygiye measyrerh thus catpyiatigpdie 3 fiomthe~| e
10( 10) 03531 082.378 595 4 N L 168 060 66bECOCh~ 006Th 006

00ZEl 69' 067" 8BEYEFEPAMA | ~j ~(6) >~~(1) >~S~I ~38 066 680 66LO0CH~ 009h OOt l/ ~
0001S ~t~3Z' 1 6S06Z, 66CZN01=(8) ~(|)>~dA ) >~~~ 16Z | 6667 ~ U091
OObi N~ 00016 |6g§‘86 °%852‘éé’8@’eé‘1%5 ‘Q%U)afﬂo)“ ﬁftth? @Bl?a@%e‘l%%gi%%ﬁst
L64000hL i 6S,6 L 001~ [=.0001 . =(1) ~( i.§~f~ ~I ~"38 769 .069
Le2000nti | -+ SIS yip TR mecpidksg it thdahp ié”ﬁbdﬁg“:(wsrf? @%E‘Psf‘é‘{a@&ljlf:m@ée 069
L6l zZOOOh ~P+! ' 0) o)~ | = ~ >~ -L EOOOQhY~E6'
168 L601 0Ol 3"%@’%&%@@%%’W@ﬂ%ﬁﬂ@b%‘%ﬁ%’ﬁl’gwg&%@% &8s 16S
860 001~ 000+ SEIAY W otont] o I 001 =(; ~"~JZ
bb9 26" 569 OB %i&ﬁgggsaég%(g)ghgagﬁgot%dg%g)@mb)%&%%%g%% %pé% de
xpCne pua vmhAdefie tnotybdddtm=criddifinglchtalysO thé Adctiota B@Eolﬁglﬁed'rorafﬁ)ng
t~n-seb73 ~~at~ PT~.LP~ ~I~l ~ Ph~ F~t.h <~pJ~"~~nm8 P~H n N alg~.L

Vari ous det aitinfe whild zhﬁiéh Wit is MaintamedoR gSARBO6CwWHérE iR ot dpR Pokidhdhdbadm i t's
spirit not its scope. Furthernore, the Foregoing description of the
preferred emandalyeeven ifdreaodiergration bhthe.rpwgaenthighivention i s provided for
t he purpose of illustration only, and not for the purpose of limting the
invention as def Thew isyna lespeambdirditationl an e @rotesshéorr preduding Itheen cataly2@
C7/~AIM5 1. A production process for an unsaturated al dehyde and/or an
unsat ur at ed cafftsentyasite thecragio Ruof dhe apparent denssity rof the egsalyst toatsrtpiendpnsity.

catal yti c gas_phase oxidation of at |east one conpound selected fromthe
group consi stiawgver they say be peoduped; for grpmiale, by thefellowiag pserssses Bhndo (btay |
t-butyl ether as. a raw material wth nol ecul ar oxygen or a '
mol ecul ar - ox FFOMPIBHER TSNS gas by using a fixed-bed mul titubul ar reactor

andl or e unsat baTsRc R iene oSy ahufinnthe dERELH o 6o Ohdhe saiyst > O

ondror a comBresugs PURHCEh R AERERS sofEhh e BRERARTS &RE prigh SBan&0scnt
. f ) i f h

compri s g ¢ nie BEUREEEEEARNP hoheie? B i dhBRELisTIA AL AR " 01

fixed-bed mulchinbbdiibbs fh%ae%ia‘l)%stn gﬁ‘t{ﬂnély QH%%’es,atﬁé Aue Qlieﬁﬁgt(;fgﬂe E&alh/g'tucfoegr range

at | east two reaction zones; en” pa ng these reaction zones wth the

cat al yst's i nnstietange 8RANEMe PReductiBf pfodds @s Bxaﬁ%edl herrRRIFeYE SitthedgRtibh Yosef t he
catalyst to the true density of the catal yst (apparent density of

cat al yst/ t r ueatiteizslotvy thef R dslaage/stJo the cnelry; ebeticiignitidn iess dafid & Bigh @ t hat
in another reaction zone. 2. A production process according to cFai m 1,

wher ei n t he appdrestsiendityoiithacdtalgst iz lome andithergfiore kieR i $rhall. he cat al yst's
different as to the ratio Rin such a manner that the R decreases fromthe
gas-inl et side of2)cHerkingand/poamourtsef theweorefarnengyagenb as hddeddo the ¢atadystof . 3.
A production process according to claim1 or 2, wherein the activity of the
catal yst as pEcadolled. e d€ thegporeferming gend having an aatden ofhformingspates meths from
that in another of the at | east two reaction_ zones. 4. A production

process accoraRlygt scpddedand af thgrasneuny of s additien ds fftlgﬁ%’f”f}’eé@w@n thedrfde ar e
Phe act 1 vi ¢y 2PFE Ead Pespmen diginant theR EEameolduc o BICORHY HHEC  over d
of cla e 1 EloRt G iEckiftion, Beoomeb | Bty ety 15 e 36 SPiomel pualt "3 "
R At 8 o 58 e

agent.

(3) Although the effect of changing the R is small, if the composition of the
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density of the catalyst is less than 0.25, there is a case where the diffusion efficiency

in the pores rises together with the increase of the pore volume. In this case, the
activity of the catalyst and the selectivity of the objective product are enhanced, but
there is a disadvantage in that the catalyst strength is remarkably lowered.

In the case where the ratio of the apparent density of the catalyst to the true
density of the catalyst is more than 0.55, contrary to the above, the catalyst strength
is enhanced, but there is a disadvantage in that the activity of the catalyst and the
selectivity of the objective product are remarkably lowered.

In the present invention, the inside of each reaction tube of the fixed-bed
multitubular reactor is divided in a tubular axial direction to thus arrange at least two
reaction zones, and then these reaction zones are packed with the at least two
catalysts different as to the ratio R as prepared by the above process.

There is no especial limitation on the method for the above
packing-arrangement. Examples thereof include: packing-arrangement in such a

manner that the R decreases from the gas-inlet side toward the gas-outlet side; and
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the catalyst having thc smallest R is arranged on the gas-outlet side. In addition, in
the packing-arrangement in such a'manner that the R once increases and thereafter
decreases from the gas-inlet side toward the gas-outlet side, the ratio of the layer
length of the packed catalyst having the larger R on the gas-inlet side is favorably not
more than 60 %, more favorably in the range of 5 to 50 %, still more favorably 10 to
40 %, relative to the total catalyst layer length.

If the at least two catalysts different as to the ratio R of the apparent density of
the catalyst to its true density (apparent density of catalyst/true density of catalyst)
are arranged in the above way, then, when the unsaturated aldehyde and/or the
unsaturated carboxylic acid are produced by carrying out the catalytic gas phase
oxidation reaction by using the fixed-bed multitubular reactor which is packed with
the molybdenum-containing catalyst, the deterioration of the catalyst as located at the
hot spot portion can be suppressed; so that the reaction can be continued for a long
time while a high yield is maintained, regardless of where the hot spot portion occurs
and also even if the concentration of the raw gas is high. In addition, only if the
catalytic activity is controlled conventionally by using the catalysts different as to the
activity, there have been limitations particularly in the case where the concentration
of the raw gas is high. However, if the present invention process is used, the
reaction can be continued for a long time while a high yield is maintained, even if the
concentration of the raw gas is high, and regardless of where the hot spot portion
occurs.

In the present invention production process for the unsaturated aldehyde and/or

the unsaturated carboxylic acid, it is favorable that, furthermore, the activity of the
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There is no especial llmltatlon on the process for producing the above catalysts
different as to the activity, and such as hitherto publicly known processes are usable.
Specific examples thereof include: a process that involves changing the kind and/or
amount of at least one element selected from the group consisting of sodium,
potassium, rubidium, cesium, and thallium (which is referred to as component B in
the catalyst as used in the present invention); a process that involves changing the
supporting ratio; a process that involves changing the calcination temperature; a
method that involves changing the dilution ratio;, a method that involves the
combination of the supported catalyst and the molded catalyst; and a process that
involves changing the particle diameters of the catalysts; and a process that involves
a combination of these processes.

There is no especial limitation on the packing-arrangement method for the
catalysts in the case where the at least two reaction zones are packed with the
catalysts in the above manner that the activity of the catalyst in each reaction zone
differs from that in another reaction zone, namely, in the case where the at least two
reaction zones are packed with the catalysts in such a manner that the ratio R of the
apparent density of the catalyst to the true density of the catalyst (apparent density of
catalyst/true density of catalyst) in each reaction zone differs from that in another
reaction zone and further that the activity of the catalyst in each reaction zone also
differs from that in another reaction zone. When attention is directed to the R,
examples of the packing-arrangement method for the catalysts include the
aforementioned ones such as: packing-arrangement in such a manner that the R
decreases from the gas-inlet side toward the gas-outlet side; and
packing-arrangement in such a manner that, from the gas-inlet side toward the
gas-outlet side, the R once increases and thereafter decreases. However, when

attention is directed to the activity, examples of the packing-arrangement method for
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increases in order from the gas-inlet side of each reaction tube toward the gas-outlet
side thereof. That is to say, the catalyst having the lowest activity is arranged -on
the gas-inlet side, and the catalyst having the highest activity is arranged on the
gas-outlet side. In addition, in the packing-arrangement in such a manner that the
activity once decreases and thereafter increases from the gas-inlet side toward the
gas-outlet side, the ratio of the layer length of the packed catalyst having the higher
activity on the gas-inlet side is favorably not more than 60 %, more favorably in the
range of 5 to 50 %, still more favorably 10 to 40 %, relative to the total catalyst layer
length.

If the at least two catalysts different as to the activity are arranged in the above
way, then, when the unsaturated aldehyde and/or the unsaturated carboxylic acid are
produced by carrying out the catalytic gas phase oxidation reaction by using the
fixed-bed multitubular reactor which is packed with the molybdenum-containing
catalyst, the deterioration of the catalyst as located at the hot spot portion can be
more suppressed; so that the reaction can be continued for a long time while a high
yield is maintained, regardless of where the hot spot portion occurs and also even if
the concentration of the raw gas is high.

The most favorable mode for packing-arrangement of the catalysts is that the
packing-arrangement is made in such a manner that: as to the R, it decreases from the
gas-inlet side toward the gas-outlet side, and, as to the activity, it increases in order
from the gas-inlet side toward the gas-outlet side.

There is no especial limitation on the number of the reaction zones. The

larger the number of the zones is, the easier the hot spot temperature of the catalyst
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L10%& () - 10%Zv1d1$1g ratio o? the catalyst layer, its optimum value depends upon such as the
conditions of the oxidation reaction, and the composition, shape, and size of the
catalyst as packed in each layer. Therefore, the ratio cannot be specified
sweepingly. The ratio may fitly be selected so as to obtain the optimum activity
and selectivity as a whole.

When the catalysts are packed into each reaction tube, it is also possible that
the catalyst as diluted with an inert substance is packed into each reaction zone.

There is no especial limitation on the production process which comprises the
step of carrying out catalytic gas phase oxidation of at least one compound selected
from the group consisting of propylene, isobutylene, t-butyl alcohol, and methyl
t-butyl ether as a raw nmaterial with molecular oxygen or a
molecular-oxygen-containing gas, thereby producing the unsaturated aldehyde and/or
the unsaturated carboxylic acid which correspond to the raw material, except for
using the present invention catalyst as a catalyst. This production process can be
carried out with generally used apparatuses, by generally used methods, and under
generally used conditions.

That is to say, the catalytic gas phase reaction in the present invention may be
carried out by a conventional one-pass method or recycling method, and such as
fixed-bed reactors, fluidized-bed reactors, and moving-bed reactors can be used as
reactors.

As to conditions of the above reaction, the reaction may be carried out, for
example, by bringing a mixed gas into contact with the present invention catalyst in
the temperature range of 250 to 450 °C under a pressure of 0.1 to 1 MPa at a space
velocity of 300 to 5,000 hr' (STP), wherein the mixed gas includes: 1 to 15
volume % of at least one compound selected from the group consisting of propylene,

isobutylene, t-butyl alcohol, and methyl t-butyl ether as a raw gas; molecular oxygen
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results in comparison w1th conventional processes under high-loading reaction
conditions that aim at enhancing the productivity, for example, under conditions
where: the concentration of the raw gas is higher or the space velocity is higher.
Particularly, the object of the present invention can be achieved even if a
high-concentration raw gas such as has a raw-gas concentration of not smaller than 7
volume % (more severely not smaller than 9 volume %) is used.
(Effects and Advantages of the Invention):

When the unsaturated aldehyde and/or the unsaturated carboxylic acid are
produced by carrying out the catalytic gas phase oxidation reaction by using the
fixed-bed multitubular reactor which is packed with the molybdenum-containing
catalyst, the present invention can suppress the deterioration of the catalyst as located
at the hot spot portion; so that the reaction can be continued for a Jong time while a
high yield is maintained, regardless of where the hot spot portion occurs and also
even if the concentration of the raw gas is high.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter, the present invention is more specifically illustrated by the
following examples of some preferred embodiments. However, the present
invention is not limited to these examples in any way. Incidentally, herein each of
the conversion, selectivity, and yield is defined as follows.

Conversion (mol %) = (mols of reacted starting raw material)/(mols of supplied
_starting raw material) x 100

Selectivity (mol %) = (mols of produced unsaturated aldehyde and unsaturated

. carboxylic acid)/(mols of reacted starting raw material) x 100

Yield (mol %) = (mols of produced unsaturated aldehyde and unsaturated

carboxylic acid)/(mols of supplied starting raw material) x 100
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INFYLI0%&' ()-!1fYLO%& ()-!'I1fYLO%& ()-[GbC 1 !'ly, & S109%V& ()-m S10%R& ()-m
s109%M & ()-m 10 10 10; 10%& ()-y1109%& ()-y 9D Z8bC 1
" TINLIO%VVE () - ! NIO9%&' ()-"! @O%WK ()-" 110%~& ()-°
110%-~& () - 10%VB\ §dditiddZIHe thue-density and the @b Wlfme ofl theHtalyst wertQftlsgred 10M
10M 10MB<10%W&' ()- S109%&' ()-"/2345=uj_@1 !'!!19110%&' ()- 10" 10" 10 ;
10% & () - with the following measurement apparatuses and by the following methods:
True density:

Measurement  apparatus:  AutoPycnometer 1320 produced by
Micromeritics Co., Ltd.

Measurement method: About 4 g of catalyst was weighed out and then
put into a measuring cell, and then this cell was set into the above measurement
apparatus.

Pore volume:

Measurement apparatus: AutoPorelll produced by Micromeritics Co.,
Ltd. (mercury penetration method)

Measurement method: About 2 g of catalyst was weighed out and then
measured in the pressure measurement range of 0 to 414 MPa and in an equivalent
time of 10 seconds.

(Catalyst Production Example 1: preparation of catalyst (1)):

While 10 L of pure water was heat-stirred, 1,500 g of ammonium molybdate
was dissolved thereinto, and 425 g of 20 mass % silica sol was further added thereto.
To this mixed liquid, a liquid as obtained by dissolving 1,236 g of cobalt nitrate, 412
g of nickel nitrate, 372 g of iron nitrate, and 5.7 g of potassium nitrate into 1,000 ml
of pure water was dropwise added under vigorously stirred conditions.
Subsequently, a liquid as obtained by dissolving 446 g of bismuth nitrate into an
aqueous solution was dropwise added thereto under vigorously stirred conditions,
wherein the aqueous solution was obtained by adding 250 ml of concentrated nitric
acid to 500 ml of pure water. Then, the suspension as produced was heat-stirred,
and thereby the major part of the water was evaporated, thus obtaining a cake solid.
The cake solid as obtained was heat-treated with a box-type dryer (temperature of

heated gas: 170 °C, linear velocity of heated gas: 1.2 m/sec, and heat-treatment time:

12 hours), thus obtaining a blockish catalyst precursor. This catalyst precursor was
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pulverized, and thereafter its ignition loss ratio was measured. As a result, it was
18.9 mass %. Next, 50 mass % aqueous ammonium nitrate solution was added to
the resultant catalyst precursor powder in a ratio of 260 g of the solution to 1 kg of
the catalyst precursor powder, and the resultant mixture was kneaded for 1 hour, and
thereafter the mixture was extrusion-molded into a ring shape of 6.0 mm in outer
diameter, 2.0 mm in inner diameter, and 6.0 mm in height. Next, the resultant
molded structure was calcined under a stream of air at 480 °C for 5 hours, thus
obtaining a catalyst (1). The composition of metal elements in this catalyst except
for oxygen was as follows:

catalyst (1): Mo;2CosNi,Bi; sFe 3Si:Ko 0

The catalyst (1) had a ratio R of its apparent density to its true density
(apparent density of catalyst/true density of catalyst) of 0.35.

As to the catalyst (1), the composition of the catalyst, the ignition loss ratio of
the catalyst precursor P1, the amount of the binder as added relative to 100 parts by
mass of the catalyst precursor P1, the size of the catalyst, and the ratio R of the
apparent density to the true density (apparent density of catalyst/true density of
catalyst) are summarized in Table 1.

(Catalyst Production Examples 2 and 3: preparation of catalysts (2) and (3)):

Catalysts (2) and (3) were obtained respectively in the same way as of Catalyst
Production Example 1 except that the amount of the 50 mass % aqueous ammonium
nitrate solution as added to the catalyst precursor P1 was each changed in the
preparation method of the catalyst (1) in the above Catalyst Production Example 1.

As to the catalysts (2) and (3), the composition of the catalyst, the ignition loss
ratio of the catalyst precursor P1, the amount of the binder as added relative to 100
parts by mass of the catalyst precursor P1, the size of the catalyst, and the ratio R of
the apparent density to the true density (apparent density of catalyst/true density of
catalyst) are summarized in Table 1.

(Catalyst Production Example 4: preparation of catalyst (4)):
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Catalyst (4) was obtained in the same way as of Catalyst Production Example 1
except that the size of the catalyst was changed to 7.0 mm in outer diameter, 2.0 mm
in inner diameter, and 7.0 mm in height in the preparation method of the catalyst (1)
in the above Catalyst Production Example 1.

As to the catalyst (4), the composition of the catalyst, the ignition loss ratio of
the catalyst precursor P1, the amount of the binder as added relative to 100 parts by
mass of the catalyst precursor P1, the size of the catalyst, and the ratio R of the
apparent density to the true density (apparent density of catalyst/true density of
catalyst) are summarized in Table 1.

(Catalyst Proauction Example S: preparation of catalyst (5)):

Catalyst (5) was obtained in the same way as of Catalyst Production Example 1
except that the amount of the potassium nitrate as added was changed to 7.2 g in the
preparation method of the catalyst (1) in the above Catalyst Production Example 1.
The composition of metal elements in this catalyst except for oxygen was as follows:

catalyst (5): Mo,,CogNi,Bi; sFe; 3Si;Kg .

As to the catalyst (5), the composition of the catalyst, the ignition loss ratio of
the catalyst precursor P1, the amount of the binder as added relative to 100 parts by
mass of the catalyst precursor P1, the size of the catalyst, and the ratio R of the
apparent density to the true density (apparent density of catalyst/true density of
catalyst) are summarized in Table 1.

(Catalyst Production Example 6: preparation of catalyst (6)):

Catalyst (6) was obtained in the same way as of Catatyst Production Example 1
except that: of the conditions of heat-treating the cake solid, the temperature of the
heated gas was changed to 220 °C, and the amount of the 50 mass % aqueous
ammonium nitrate solution as added to the catalyst precursor P1 was changed, in the
preparation method of the catalyst (1) in the above Catalyst Production Example 1.

As to the catalyst (6), the composition of the catalyst, the ignition loss ratio of

the catalyst precursor P1, the amount of the binder as added relative to 100 parts by
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mass of the catalyst precursor P1, the size of the catalyst, and the ratio R of the
apparent density to- the true density (apparent density of catalyst/true density of
catalyst) are summarized in Table 1.

(Catalyst Production Example 7: preparation of catalyst (7)):

Catalyst (7) was obtained in the same way as of Catalyst Production Example 1
except that: the amount of the potassium nitrate as added was changed to 3.6 g, the
amount of the 50 mass % aqueous ammonium nitrate solution as added to the
catalyst precursor P1 was changed, and the size of the catalyst was changed in the
preparation method of the catalyst (1) in the above Catalyst Production Example 1.
The composition of metal elements in this catalyst except for oxygen was as follows:

catalyst (7): M012CogN1;B1, 3 Fe13S12Kg o5

As to the catalyst (7), the composition of the catalyst, the ignition loss ratio of
the catalyst precursor P1, the amount of the binder as added relative to 100 parts by
mass of the catalyst precursor P1, the size of the catalyst, and the ratio R of the
apparent density to the true density (apparent density of catalyst/true density of
catalyst) are summarized in Table 1.

(Catalyst Production Example 8: preparation of catalyst (8)):

Catalyst (8) was obtained in the same way as of Catalyst Production Example 7
except that the amount of the 50 mass % aqueous ammonium nitrate solution as
added to the catalyst precursor P1 was changed in the preparation method of the
catalyst (7) in the above Catalyst Production Example 7.

As to the catalyst (8), the composition of the catalyst, the ignition loss ratio of
the catalyst precursor P1, the amount of the binder as added relative to 100 parts by
mass of the catalyst precursor P1, the size of the catalyst, and the ratio R of the
apparent density to the true density (apparent density of catalyst/true density of
catalyst) are summarized in Table 1.

(Catalyst Production Example 9: preparation of catalyst (9)):

Catalyst (9) was obtained in the same way as of Catalyst Production Example 1
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except that: 9.7 g of cesium nitrate was used instead of the potassium nitrate, the
amount of the 50 mass % aqueous ammonium nitrate solution as added to the
catalyst precursor P1 was changed, and the size of the catalyst was changed in the
preparation method of the catalyst (1) in the above Catalyst Production Example 1.
The composition of metal elements in this catalyst except for oxygen was as follows:

catalyst (9): Mo;2CogNi,Bi, 3Fe) 351,Csg o7

As to the catalyst (9), the composition of the catalyst, the ignition loss ratio of
the catalyst precursor P1, the amount of the binder as added relative to 100 parts by
mass of the catalyst precursor P1, the size of the catalyst, and the ratio R of the
apparent density to the true density (apparent density of catalyst/true density of
catalyst) are summarized in Table 1.

(Catalyst Production Example 10: preparation of catalyst (10)):

Catalyst (10) was obtained in the same way as of Catalyst Production Example
9 except that the amount of the 50 mass % aqueous ammonium nitrate solution as
added to the catalyst precursor P1 was changed in the preparation method of the
catalyst (9) in the above Catalyst Production Example 9.

As to the catalyst (10), the composition of the catalyst, the ignition loss ratio of
the catalyst precursor P1, the amount of the binder as added relative to 100 parts by
mass of the catalyst precursor P1, the size of the catalyst, and the ratio R of the
apparent density to the true density (apparent density of catalyst/true density of
catalyst) are summarized in Table 1.

(Referential Examples 1 to 10):

Each of the catalysts (1) to (10) as obtained in Catalyst Production Examples 1
to 10 was packed into a stainless-steel-made reaction tube of 25 mm in inner
diameter (as heated with a molten nitrate) in such a manner that the layer length
would be 200 mm, and then a catalytic gas phase oxidation reaction of propylene was
carried out by introducing a reaction gas having the following composition at a space

velocity of 1,500 hr' (STP).  The results are listed in Table 2.
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Propylene: 3 volume %

Air: 30 volume %

Water vapor: 40 volume %

Nitrogen: 27 volume %

(Example 1):

The catalysts (1) and (2) were packed into a stainless-steel-made reaction tube
of 25 mm in inner diameter (as heated with a molten nitrate) in order from its
reaction-gas-inlet side toward its reaction-gas-outlet side in such a manner that: the
layer length of the catalyst (1) would be 1,500 mm, and the layer length of the
catalyst (2) would be 1,500 mm, and then a catalytic gas phase oxidation reaction of
propylene was carried out by introducing a reaction gas having the following
composition at a space velocity of 1,500 hr'! (STP). The results are listed in Table
3.

Propylene: 5.5 volume %

Air: 50.0 volume %

Water vapor: 10.0 volume %

Nitrogen: 34.5 volume %

(Comparative Examples 1 to 2):

The catalytic gas phase oxidation reaction was carried out in the same way as
of Example 1 except that: only the catalyst (1) was packed at a layer length of 3,000
mm, or only the catalyst (2) was packed at a layer length of 3,000 mm. The results
are listed in Table 3.

(Example 2, and Comparative Examples 3 and 4):

Catalytic gas phase oxidation reactions were carried out in the same way as of
Example 1 except that: the catalysts were packed as listed in Table 3, and the
composition of the reaction gas was changed to the following composition. The
results are listed in Table 3.

Propylene: 6.5 volume %
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Air: 57.0 volume %

Water vapor: 10.0 volume %

Nitrogen: 26.5 volume %

(Examples 3 to 5, and Comparative Example 5):

Catalytic gas phase oxidation reactions were carried out in the same way as of
Example 1 except that: the catalysts were packed as listed in Table 3, and the
composition of the reaction gas was changed to the following composition. The
results are listed in Table 3.

Propylene; 8.0 volume %

Air: 70.0 volume %

Water vapor: 10.0 volume %

Nitrogen: 12.0 volume %
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Various details of the invention may be changed without departing from its
spirit not its scope. Furthermore, the foregoing description of the preferred
embodiments according to the present invention is provided for the purpose of
illustration only, and not for the purpose of limiting the invention as defined by the

appended claims and their equivalents.
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further characterized by further comprising the steps of: dividing the inside of
each reaction tube of the fixed-bed multitubular reactor in a tubular axial direction to
thus arrange at least two reaction zones; and then packing these reaction zones with
the catalysts in such a manner that the ratio R of the apparent density of the catalyst
to the true density of the catalyst (apparent density of catalyst/true density of

catalyst) in each reaction zone differs from that in another reaction zone.

2. A production process according to claim 1, wherein the at least two
reaction zones are packed with the catalysts different as to the ratio R in such a
manner that the R decreases from the gas-inlet side of each reaction tube toward the

gas-outlet side thereof.

3. A production process according to claim 1 or 2, wherein the activity of
the catalyst as packed in each of the at least two reaction zones differs from that in

another of the at least two reaction zones.
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