2 8 NOV 2005 PRODUCTI ON PROCESS FOR UNSATURATED ALDEHYDE BACKGROUND OF THE
| NVENTI ON A, TECHNI CAL FI ELD The present invention relates to a production
process for an unsaturated al dehyde and/or an unsaturated car box%& gciq@
More particularly, the present invention relates to a process .c PY A%
the step of car PROBUCTIHOMNPRIOCESS FOR RINSAETURATED ADDEHYBE | east one
“conmpound sel ected fromthe group consisting of propylene, isobutylene,
t-butyl alcohol, and nmethyl t-butyl ether as a raw material with,

nol ecul ar oxygen or a nol ecul ar - oxygen-cont ai ni ng gas by using a fixed-bed
mul titubul ar reactor whi BAGKGBANKND QF{THE INYENEION t her eby produci ng an

“-.unsaturated _al dehyde and/or an unsaturated carboxylic acid. B. BACKGROUND
ART As to QLMMOWHS% the step of carrying out catal ytic gas
phase oxidati QﬂPOf at | east _one conpound s&l ected fromthe group consisting

of propyl ene, HSBFGER BNt gelales 19| & gHeductign PrafsehyPr @npyRspluraether as a

| ngugihér Byt o f”%hﬁ%’?ﬂ%%%@ﬁé¥£’f§g@%fﬁ£ﬁ§%%! gl e”thé’?ﬁ%és%ilé‘;g% ist,
| %c-?aetKaf”ﬁ?,%*ﬁfg@%gl%%stt%9%ﬁ%ﬁﬁs@é@ﬁwﬁsﬁéﬁ%g&p%é‘ge@afBw‘#” o & ¢ hither o

: : . =B - B- o JR- A- 294238/ 1991,
35 A 054258 1S A SR B SaPrY Clecie ot i Meme H pfiviche

JP- A- 16800%1i8A8le. BudingicBRAY S HRAFRI PLARASSRE 3 % hIakhbR iy car! i ed

out. This catal ytic gas phase oxidation reaction is acconpani ed. Wth

extrenel y meailiebijgen’ 8AG nfflecultthxlybei-6dMifing $RCH) -ushRY hi fdifed Ng an

- extraordinarily hi H¥|§e tenperature (V\Xﬁ?ch may hgréei ng“%t jtueSE%be i?%‘?‘dgl?e\raed to as
~a hot spotmploitubiutan yeao®e Which 8 packedatiel Mﬁlydt@ﬂ%ebg%ddc Alin¥atu@ged ONg as
the oxidation reaction is carried out by using the fixed-bed nultitubul ar

react or, idldéhgdé apbersinhimatimtad airbloxtyitie aoidcur rence of the hot 28NOV2005

B. BACKGROUND ART

Astoa 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 material . with

- molecular oxygen or a molecular-oxygen-containing gas by using a fixed-bed .
-_ “multitubular reactor which is packed With a catalyst, thereby producing an
unsaturated aldehyde and/or an unsaturated carboxylic acid that correspond to each
raw material, several propqsals have_hitherto been reported (e.g. JP-B-030688/1978,

JP-B-038331/1988, JP-A-294238/1991, jP-A-294239/1991, JP-A-217932/1992, :
JP-A-003093/1996, and JP-A-168003/1998). Of the above, some processes are |
- industrially carried out.

This catalytic gas phase oxidation reaction is accompanied with an extremely
exothermic reaction, and therefore a- local portion having an extraordinarily high _
temperature (which may hereinafter be referred to as a hot spot portion) occurs-in a
catalyst layer. Particularly, as long as the oxidation reaction is carried out by using

the fixed-bed multitubular reactor, it is impossible to avoid the occurrence of the hot
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spot portion in the catalyst |ayer. Wen the hot spot portion has a high
tenperature, it may excessively cause the oxidation reaction, resulting in
a lowyield, or, in the wrst case, it may cause a runaway reactifg.Ndvn 005
addition, a catalyst as |ocated at the hot spot portion is exposed to t%e
hi gh t enpers@Ptip@ion Huthe katabisblagen here is accel erated the deterioration of
the catal yst, such as chan%es of physical properties and chem cal
properties of tWBeEHEhO| ot pertiaadiasia high temperaiung ii may excessively causd thde
‘selectivity of the objective product.  Particularly, -in the case of a

mol ybdenum 100 TPHHORTeSINIBE intd oW Fighh rt Iofheawerst paseptimasesaust a he

catal yst tend to change due ,..to sublipmation of the nol ybdenum conponent,

and t%eref d’fl%awqerfiﬁigtt“g}i glpa?qdéiﬁoréxaf éﬁtlaﬁ'gff 4 H‘éca&gt &) st hC%/tssnoérpgg_iorrrg above

- . problens ar ¢ ri-king in the ¢ carryin t e reaction at a
IE\i gh space c\_%g ogi(???/lli eofrllgil1 r‘i&gb%fiﬁlﬁe’@Bﬁiiﬁ%ﬁtﬁ?fﬁxzﬁﬁg@%ﬂ@é%e “Pé*;ftfqnhe ,

f. i k4l f th bj i duct. _As h
bove. pr obi i, s BRARAS bt MltabbrobOf ol iy Piopeitia ob fal st
| i s easts t ! | | ted at th

ayer as paatafdr td‘r_e&&]ﬁmrl%%hhggﬁsya'dgﬁty LREe %Qgctﬁﬁtg%ﬂﬁet 0®§ﬁt§)’§§)?% CF'gcat 'eg

hot spot portion Is nore'rap etertorate n a Ca

at. the ot h@aratdyofisihe @Sdlof BndtyblcuflconliiniRR bR bl Hpfl" 8at | ¥

| ower ed due to [ongtinme use, so | product i an be diffticu 0 stably

carry out . phapriidsest, thescatadysefienice i charg8edhe fohablfbesH Of 3hd AL of the
catalyst is particularly large in the case of the nolybdenurtcontaining

catal yst orcompondné and siecreforecthe idyicrigrativh extber JTERClaabt estlaﬁgfe.hi gh space
velocity or in a high concentration of the raw gas.” Any of the

af or ement i oned Theebwieiprolfainb he: morpaidhsinthy tag oNtdrieid cuthiReRactiiRde 1S a
proposal that ains at suppressing the tenperature of the hot spot portion
to |ow Hekgkespack yelokhidy eade adiigh sonsentrgficmuel thheawgasidibri the pugmse iofn by
using the fjxed-bed nmultitubul ar reactor, these proposals cannot ,
conpl et el y cpapggiths predugiatyrofdbroebjetive peodust  spot portion in the. catal yst
| ayer and therggor have not succeeded in_solvi ng@t he probl em such t hat
the deterioratfdi° RYe Brobieyes. ahttigniian isqirecied dayheentirety hbthsatakysbt

ggBtSI on i Slarygrl %;[ IIJ\Z{(ﬁ(lCX 1|natin %acttlj?)g %Bg%enoiheaca&:a %(s%la%sl%cﬁgd la? %h%t 1?0(1 S%E)t 2 8 Nov

portion is more fapidly deteriorated than a catalyst as located at the other portions,
-and the yield of the objective product is greatly lowered due to longtime use, so its
‘production can be difficult to stably carry out. And then, as is aforementioned, the
deterioration extent of the catalyst is particularfy large in the case of the
molybdenum-containing catalyst or in the case of carrying out the reaction at a high -
space velocity or in a high concentration of the raw gas. |
Any of the aforementioned known-in-public proposals having hitherto been
made is a proposal that aims at suppressing the temperature of the hot spot portion to
low. However, in the case of carrying out the oxidation reaction by using the
fixed-bed multitubular reactor, these proposals cannot completely prevent the
occurrence of the hot spot portion in the catalyst layer and therefore have not
 succeeded in solving the problem such that the deterioration extent of the catalyst as

located af the hot spot portion is relatively larger than that of a catalyst as located at
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" The pr esent

the other portions. This problemis remarkable particularly in the case of
usi ng the nol ybdenum containing catalyst or in the case of carrying out the
reaction in a high concentration of the raw gas. SUMVARY OF THE l%%—bgﬁ{ﬁ
A. OBJECT OF THE I NVENTI ON Accordi ngly, an object of the present i [

is to provitheotheppotiens iThinpioblem iswemarkiahle partsatantyain ¢hic edsdefiyisiag apd/ or t he
unsat urated carboxylic acid are produced ..by.. carrying out the catalytic
gas phase dRplabdengm-sandaringwatelystied inghe hase of icgmying et therrodction ibalhégh r eact or
whi ch is packed with the nol ybdenum contai ning catal yst, the deterioration
of the cat APEINUREOD BLBEE}W §BS-t he hot spot portion can be suppressed; so
that the reaction can be c inued for alo ti while a high yield is

mai nt ai ned, regardl ess of RK@Egﬂ%BgYEﬁIQ%n occurs and al so even
i ' 1as i s high. B. DI SCLOSURE OF THE | NVENTI ON
ot—Has—d t+y studied in order to solve the
above-nenti one I acesult, he has .taken note of a.ratio R of
the apparent %8%55? 5%“? ﬁéacogtﬂgﬁ g;ge‘n{ Blvf%éo“tiﬁﬁ"epfagﬁgiatw%?ﬁswh gl al yst
(apparent dgpsi , LEY t) . find oyt that:
even if a cat a@%{t“ H%Tmr\g/{\%? %Léép %éé@@@ﬁ@%b&g%%g{cg %Qfé)gslc ‘2%%“@ eaprﬁgﬁcﬁ’ﬁ '
“tenperatur i I fher@itd t LAl v tcl r_t:han t hat
o 8 cat al v AP IEDE he ALARD B kb O idRn LR KT s BBl 0 TN
that the ahguittubiRbr&ER: AR [RkoEHith he HRRAULMS-k @Y éatﬂyét,[ E;Fe“t as
to the.ratio R and then packing themin such a manner that a catalyst of
whi ch the RKetesiohitioh@f thescdialgatag docatedt d1ehdRét spEOForOR tarPBe Hipprédsdd; 3o

nei ghbor hood. That is to say, a production process for an unsaturated

al dehyde aftitdhe smactiomemt ber an@duabfobaxphg tineoildle abighrydtlads Midiigedr esent
“invention, conprises the step of carrying out catalytic gas phase

~ oxi dati on aofgaadledsed stheomibe dotpmt pdrtmeloscire dnd rlboevdieif thy canpetcatioh 9Fi ng of
propyl ene, isobutylene, t-butyl alcohol, and nmethyl t-butyl ether as a raw
.material withrawogasduigh. oxygen or a nol ecul ar - oxygen- cont ai ni ng gas by 3

B. DISCLOSURE OF THE INVENTION

if the concE_ 0RO

The present imventor has diligently studied in order to solve the
abqve—mentioned problems. ‘As a result, he has taken note of a ratio R of the
apparent dénsity of the catalyst to the true density of the catalyst (apparent density of
catalyst/true density of catalyst) to find out that: even if a catalyst of -which this R is
higher is exposed to a high temperature, -the deterioration extent of this cétalyst Is
smaller than that of a catalyst of which the R is lower. And then he has come to
realize that the above problems can be solved by preparing catalysts different as fo
the ratio R and then packing them in such a manner that a catalyst of which the R is
higher is located at the hot spot portion or in its neighborhood.

~ That is to say, a production process for an unsaturated aldehyde and/or an
unsaturated carboxylic acid, according to the present invention, comprises the step of

- carrying out catalytic gas phase oxidation of at least oné compound selected from ﬁhc
group consisting pf propylene, 1sobutylene, t-butyl alcohol, and methyl t-butyl ether

as a raw material with molecular oxygen or a molecular-oxygen-containing gas by
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2 8 NOV 2005 . using a fixed-bed nultitubular reactor which is packed with
catal ysts, thereby producing the unsaturated al dehyde and/or the

unsat urat ed carboxylic acid which correspond to the raw naterial ; 28 NAVt208
producti on pr.ocess bei%ﬁ characterized in_ that an oxide and/or a conplex
oxi de i ncl ub¥iRg ardirgdybeh argltipibylentmactemwhighofs packed seihtdatdlystorthembnt s ar e
used as the cgt alysts, and further characterized by further conprising the
steps of di RiP4PHEE dhfeunsalirated sidebyds, apd/gt theonnsaiisaed carnaylic sed-vhich '
mul titubul ar_react in_a tubular ial direction to thus arrange at |east
two reacti o%omgg?{gg{o [hﬁd'a‘?’ﬁ‘é erbajcﬂ’%ﬁg}g’f REduCHUILRROLESS begigechapgotenizedh an

catal ysts i : the rati o R of .the apparent density of the
cat al yst toﬁl‘tEl ﬁgﬂ:p )r{@%ggae}ﬁlg%t@%ﬁeﬁ%g%%cgwmf’LYBB%{‘r"é‘ht IRBHEs gt gen as

- catal yst/trye..densi [ [ kan zone differ romt hat
i n anot her re%cftalponl{lg%rﬁrét.sc‘#%glé%é%%\g)co%taﬁ%&oBﬁﬁgﬁiheéﬁﬁmﬁﬁgr@g\}’é’n &s of the

present. | V@RIt LS of B ENSA It inBBPRF SR, OB, BB P RLDBLde 2l 1 ed

di scl osure. TAI CED DESCRI PTI ON TH o the ¢ ts, :

used it hempisialic rkatiih la00buldh b6 diRelisfIe RS YREGRUD el fligrand 1 1 On
as essential conponents, any catal yst can be used 11" the use thereo makes

i t possi bl ezanes; pnd ditaatiifg GREE RAPGIIEIAGS wnﬁ%é-'éa?élﬁsgss al SehY A8 nARdhar

unsat urated carboxylic acid by the catalytic gas p e oxi dation reaction

of at | eastthe gate Rafivaimppaseit detsity dfrthercatbigstababip traedshsityl (Tahe EatR@py| ene,
i sobutyl ene, -t-butyl alcohol, and nethyl t-butyl ether as a raw materi al.

However, f dappaatritydensitydofl eatalystdnmepdenxitorl datalyse) ah esth efachorgemrer @hedsor mul a

- (1) bel ow. MaWBi cFedAeBf CgDhE; Ox (‘1) (where: M is nolybdenum Wis

- tungst en; Hrom éhabinssaether iqetipwzéneon; A is at | east one el enent selected:
from anong coba|t and nickel; Bis at | east one element selected from
anong sodi um pdessad,aher abjeets g the silvantacanaf theapiesantyime@ntion atill beeast one
el enent sel ect%ﬁqf rom an&n{i%ﬁgor?n, .phosphorus, chronme, manganese, zineg,
arseni c, nitBBFdY mparencitem iy plloping detstleshdisclosiism and |ead; D is at |east
one & erent _ sel ect SRR AT BIS SbION o HE e BR U 2N

zirconium E is at
As to the catalysts, used in the present invention, which include molybdenum,

bismdth, and iron as essential components, any catalyst can be used if the use thereof
makes it possible to produce the corresponding unsaturated aldehyde z;ndlor
unsaturated carboxylic acid by the catalytic gas phase oxidation reaction 0f at least
one compound selected from the gro&p consisting of propylene, isobutylene, t-butyl
alcohol, and methyl.t-bu'tyl ether as a raw material. However, favorably used is a
complex-oxide catalyst of a general formula (1) below:

Mo, WyBicFeaA BC,DLEO, (1)

{where: Mo is molybdenurn_;'W i's tungsten; Bi is bismuth; Fe is iron; A is at
least one element selected from among cobalt and nickel; B is at least one element
selected from among sodium, potassium, rubidium, cesium, and thallium; C is at
least one element selected from among boron, phosphorus, chrome, manganese, zinc,
arsenic, niobium, tin, antimony, tellurium, cerium, and lead; D is af least one element

selected from among silicon, aluminum, titanium, and zirconium; E is af least one
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428 NOV 2005 elenent selected from anong al kaline earth netals; and O
is oxygen; and further, a, b, ¢, d, e, f, g, h, i, and x denote atom c
ratios of Mo, W Bi, Fe, A, B, C, D, E and O respectively; and i n28hk0V 2005
case of a =,12, .the follow ng in alitjes .are satisfied; Ob_ " -5;

0.1:¢c: 10; o‘?li‘?‘%f’:‘fﬁgc‘?&.f@é“. %‘?@i‘g ikl caghageta L@‘!‘ﬁéd? oyygrnsant fusher.@, Ci C

. 5;. and X i rd erm ne - Qxi [ ate of each
el ement ) . %%r@’%%%ﬁéé‘%@c‘;&g@?i&mﬁ‘gt‘{ﬁ& Ogﬁ%%tﬁ‘r ﬁ&&%ﬁgﬁ%iia&ﬂ&or t he
~above cat al yidectiveP HaNR Me &1s6TAS 12 AR WD S AL $aiedd bl cgLhonates,
chl ori des, I‘suﬂlef 81.‘{ eg’, hydreoxi des, ordganic ét)ci1 f@g{l'?aélflgg%%é%ﬁ%«gsa nmet al

el ement s as=genqi£Y0Upee d-000; FAES 0, DOOPE 1284, FI L 19F 0 &1 ¥.Ul,§ f her eof
in combi nati on may be used, but’ the afmoni um_séﬂ_sgé“nlg’gl_t% égmgrote

 favorably useds; Andaqisepuameabaltvade f delkedhinyd 8% e RkaRHoR R 8F LI

materials for the catalyst may be prepared by a process as generally used
for this kietgnet). catal yst. For exanple, aqueous solutions nay be prepared
fromthe above starting materials for the catalyst and then bl ended

t oget her in or déere i¥herspdcsal imiksipe oh alartingvatvahatonal® for thO Bktiveicamfyticor -

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

-t enper.at ur €ompeReY (AlemMednd. Amonitne rsalts, snithies earbamesyeRlogidés) GuEa¢EOUS
solution or slurry of the blend of the starting materials for the

cat al yst, &¥dpides.neraanip acidi saltpagnd pxidescofnetat tlamenttstas gimymaby is¢dfoebt ai n a
cake solid, when the occasion demands. The -aforenentioned aqueous

sol ution, Addend ofcatalxst opra guwares erapfgn qombinstiondmay behesed sbir thieng
materials for the caal}sal yst. i s heat-treated, thus obtaining a catalyst

“precursor PLMOHERE A pizalssue davorahly #sedi on on the heat treatment met hod
precursor . For e SoUMopbiie BEa hlopdioh st Toteriylop@eomained with
orecursor nayHe PRl M) RO s ioHEl el g B bt ShierBstic iOhe &
box-type deyfhplef aghebts ¥ofltidn¥ REay by Blepared from the above starting materials for

the catalyst and then blended together in order. There is no especial limitation on

- conditions for blending the starting materials for the catalyst (¢ g. blending order,
temperature, pressure, and pH). There is also a case where the aqueous solution or
slurry of the blend of the starting materials for the catalyst, as obtained in this way, is |

.~ concentrated to dryness to obtain a cake solid, when the occasion demands. The
a_forementi'oned aqueous solution, aqueous slurry, or cake solid of the blend of the
starting materials for the catalyst is heat-treated, thus obtaining a catalyst precursor
P1.

There is no especial limitation on the heat treatment method for obtaining the
catalyst precursor P1 and the form of the cat'alyst precursor. For example, a
powdery catalyst precursor may be obtained with such as a spray dryer and a drum
dryer, or a blockish-or Vﬂaky catalyst precursor may be obtained by heating under a

gas stream with such as a box-type dryer or a tunnel-type dryer.

The heat-treatment conditions are set in such a manner that the ignition 1oss
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The heat-treatnent conditions are set in such a manner that the ignition
loss 5 2 8 NOV 2005 ratio of the catalyst precursor Pl will be fav,raﬁﬁ‘%( bdg
the range of 10 to 40 mass % (excluding 40 nmass %, nore favorabl?al d
37 mass % still nore favorably 15 to 35 mass % However, it is naturally
possi bl e t oratiseftthecatalyst] precurpordtiuwiibbe Ewerablyf ini ths ranig@Rift10an 40a65s0ati 0 S
out si de the above range. Wen the catal yst precursor Pl is uniformy mxed
and about 1GxgudingrionassSr), saearfavahbly ugitgR@assit, atitl mdredavueailgd sypder air
atnosphere at 300 C for 1 hour, the ignition |loss ratio of the catalyst
precursor % BERCH ataveves pidsnateally pobsolp usedhagatalyst préogriot bem iFitss rati o
(mass %9 = (mass of catal yst precursor - mass of catalyst precursor after
heat i ng) / nef8HeR lessraliq isioubyidcthe @Bpvedangn. The ignition | oss includes: such

i [ ical d [ di cal h
Tomain in the CHBSR i SRR e amP s A PDBENBG erhababdl & Bleseatls zed,
d bl i h t t,; d wat Th itrat dth
ammon um Sai Py o UFEN sbh B U mend Snd8, S pbptieth S0 6l hetcomposed
by heati i t at .ed . t t.
ot ecarsor AT 24t NPEEBLAY Bl el RIS el R PR hohap 1 on

| oss ratio Qfafile catal yst precursor is, the higher the content of such as
"the nitrates and the amonium salts in this catalyst precursor is.). The

above heat - t r eqlyiioh |6:Qghi6 as &)t i i @%&gg%eﬁ G OF gt 0 the -

.kind or properties of a heating apparatus (dryer t hey” can

specified ByeeRragtyheatin s, of ctaly8ABRIrer x Ipot he case of using the
box-type dryer, the catalyst precursor nay be obtained by such as carrying

out heat treat rithet ignititer lessgmsludes:” QRN & adni@RED SAAalT SoronBat 'GA\%ﬁf than
230 C for 3 to 24 hours. The catalyst precursor Pl, favorably, o ich the

i gnition | eeynenumoatiesl dwagonentdhaisteadin in thb eatalysvigretvdyor PiSasld@giced to a
~pul verization step or a classification step for obtaining a powder -having
appr opr i at éepeinposed.evobiitiired.emd suhléncd byethe deatdieatment; and water (The nitrates
and the ammonium salts as confained in the catalyst precursor P1 become
decomposed by heating at high temperature and thus removed from the catalyst
precursor P1.  That is to say, it is meant that: the higher the ign'i‘ti'on loss ratio of the
catalyst precursor is, the highcr the content of such as the nifrates and the ammonium
salts ir_l this catalyst precursor is.). o
The above heat-treatment conditions should fitly be selected according to the
kind or properties of a heating apparatus (dryer), and they cannot. be specified
sweepingly. However, for example, in the case of using the box-type dryer, the
catalyst precursor may be obtained by such-as carrying out heat treatment under a gas
stream at a temperature of not higher than 230 °C for 3 to 24 hours,
The catalyst precursor P1, favorably, of which the ignition loss ratio has been
adjusted in the above way, is subjected to a pulverization step or a classification step
_ for obtaining a powder having appropriate particle diameters when the occasion |

demands, and then it is transferred to a subsequent molding step.

Into the catalyst precursor P1, favorably, of which the ignition loss ratio has

6



demands, and then it is transferred to a subsequent nolding step. Into the
catal yst precursor Pl, favorably, of which the ignition |loss ratio has 6 2
8 NOV 2005 been adjusted in the above range, a binder is subseque@g NOV 2005
added and mixed to thus prepare a catalyst precursor P2. There is no

especi al | ibeph adingad enthetpboke mnges a binderbis sdbsequentlyddded ambimiiedad thasnt o t he
catal yst precursor Pl. Exanpl es thereof include publicly known binders
usabl e for DEERAR hERRlySIPEErsPsPE. but water is favorable. The amount of the ~

bi nder as added.,and. m xed i.nto the catal yst precursor Pt (favorably the
amount of the \?@’f’@rlsa{"g eéaﬁé% IRtatantherdind phihebindaryasiadgedand sored P1) s

f ably . f. 5 3 b S, . bly 8 27
par ts by RO PAPRERBhuser, bEr BRGIASS ook TPy ke lnderve to
100 parts %ﬂ@fﬁ?ﬂ‘?Jldigé@ﬁmﬁé@%tg@@ﬁ*ﬂ?%iﬂfa%@}aﬁ yst precursor P1. In the case

where the anount as a rts by mass, there may be a

possi bi 11ty thahe iuADbARRINhdY &ladiIf SR LS huPERUEARR fiButSers |

deteriorated to such a degree that ng canno

the case WpRkErabfiethe ARRUAL oﬁﬁkeﬂgﬁﬁpaﬂg%d@%ﬁ ixbd 3o P @ﬁt&l?'set?}#éﬂgi}sozﬁ I-th_hie g e

is a possibility that: the ndi ng between the catalyst p

so weak thagt)ihRvemabieiinthd taa i : to; nif the
_tha ?) virabii gé BfSQGBQ%artQ? Gifdss, rﬁ@re%q{r%gy?;\t@gfﬁ%‘t@.

nol di ng can be carried out, the physical rengt h of is

| over ed. | bytoss,Geiflendzé foarably DU IO pa ByuRhRNreliive 91900 Parfillydhild of MaChi ne
is broken if things cone.to the worst. The water as added to“the catal yst
precur sor Fhe afommeheoreddetlayprcumotie form of an aqueous sol ution of

vari ous substances or a m xture of various substances and water. Exanples
of the substanbetheaasavlion theogetonat asvddad tih brgeattem 30 phrtedby mamd, dhdre -
assistants for enhancing the noldability; reinforcenments and binders for
enhanci ng Mayeechapessipdity shat dhegieldabibity nyjﬁ@tcatﬁzégptehansoml’b igdetericadtty used as
pore-formng agents for formng pores in the catalyst. As to these '
subst ances 10 #4fof degree dhat the ngmge@nnot be carried out. In the case where the

amount as added is smaller fhan 5 parts by mass, there is a possibility that: the
binding between the catal'yst precursors P2 is so weak that the molding itself canno.t
be carried out or that, even if the molding can be carried out, the physical strength of
the catalyst is lowered. In the case of carrying out extrusion-molding, a molding
‘machine is broken if things come to the worst. |
‘The water as added to the catalyst precursor P1 can be addéd even In the form
of an aqueous solufion of various substances or a mixture of various substances and
water. |
Examples of the substances as added together with the water include: molding
assistants for enhancing the moldability; reinforcements and binders for enhancing |
the catalyst strength; and substances that are generally us.ed as pore-forming agents
for forming pores in the catalyst. As to these substances, favorable are substances
_ t_hét 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
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that do not have bad influence on the catal yst performance (activity, and
selectivity of the objective product) by the addition. That is to say,
favorable are: (i) an aqueous solution, or a mxture with water, 2@ NGV 2005
substance that does not remain in the 2 8 NOV 2005 catalyst after the
cal ci nat i ongatalystl aftérithe ealciagfumsn asd &gl antdquequsapludion] ortaunietune withwedter of of a
subst ance that does not have bad influence on the catal yst perfornmance even
if this subsibateses thatrdoich 80§ havethad dafluengs on Hietaatalyshperfairaneratvieont thpeci fi ¢
exanpl es of the above (i) .include: organic conpounds, such as ethylene

gl ycol , gl yibptarce rpmains ghibe catalygt afierths ealeipatipn. penzyl al cohol , propyl

al cohol ,- butyl_ al cohol, and phenol; and nitric acid, amoniumnitrate, and
anmoni um  car bow&PEIC ?"TS' epé&%ﬁBP‘ées?Sf inglde’; BIRFRIC( PQFPQURES. uBsht #ose

- . which are g rall nown .as _reinforgcenents,. such . as silica, alymna,

Ol nss 11 ber iy gl BYEHRorob Rt S FEHE st gy Soofob pionyt Do
i nvention, ith at,alyst. a rroduced. has practically .sufficient hysi cal
strengt . B AEHLOTA Pheilo R8s A, Ao {aifaieo A PP REUR | | |
hi gher physigal..gtrength is necessary. In the case where the amount of the
above substances as added is in excess, the physical strength of the

catal yst i 1 enekbluhAUe el sB06 (DA osk wich £2YORRL AR &IY Lhem.

in such an amount as does not | ower e physical stren e catal yst”

to such an @feBmdntatsuth &s Calic, YhimipanBRks PBedd! afiohit htb¥dUSRE BifcoRD
industrial catalyst. Wen the water is added in the formof the above

aqueous solditriden Bf thy prdsomiSinveEnitioa] o atRE adhrodiided b pyRticAlSsuShiAsitances
-and water, for exanmple, when the nmolding is carried out by adding 20 parts
by mass of physieaissténgiiydou shee tinveermmfogbyent o laddddotheteto WRn pae tsEllby mass
of the catalyst precursor PlI, the anount of the water as added to the Pl
i s cal cul atlagheaphysotal Svmgtivi ngegsdary0. 05) = 19 parts by mass. The catal yst
as used in the present invention nmay be a nolded catal yst as obtained by
nol di ng t he catiafigsqaspvhergthoampmtohths ahovesubsianess oh agied ipin excesspibor t ed
catal yst as ohtai ned by _supporting the catal yst precursor P2 on any inert
support haigeat sergthiof Brestpilist torempriahlyjayesred,and Hicedwisrit Selgverable '
combi nqt ' %Iid Ehgglsiﬁ sgal e(ljnee(ljmount as does not lower the physical strength of the catalyst
to such an extentt that the catalyst cannot be practically used as an industrial catalyst.
When the water is added in the form of the above aqueous solution of various
* substances or mixture of various substances and water, for cxample, when the
molding is carried out by adding 20 parts by mass of 5 mass % aqueous ethylene
glycol solution to 100 parts by mass of the catalyst precursor P1, the amount of the
water as added to the P1 is calculated as follows: 20 x (1 — 0.05) = 19 parts by mass,
The catalyst as used in the present invention may be a molded catalyst as
obtained by molding the catalyst precursor P2 info a definite shape, or a suppioned
catalyst as obtained by supporting the catalyst precursor P2 on any inert support
having a definite shape, or a catalyst which comprises a combination of these molded
catalyst and supported catalyst, but the molded catalyst as obtained by molding the
catalyst precursor P2 into a definite shape is favorable.

There 1s no especial limitation on the shape of the above catalyst, and the shape
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catal yst and supported catal yst, but the nol ded catal yst as obtai ned by

nol ding the catalyst precursor P2 into a definite shape is favorable.
There is no especial linmtation on the shape of the above catal ystZ 8§y 20i®
shape 8 28 NOV 2005 mmy be any shape of such as a spherical shape, a

col um shapeay(eanyshapsheipayh asasphegicshehope, aedimam shape épelleashaphlapeingNeed| ess
to say, in the case of the spherical shape, it does not need to be a true
“sphere, ~ buh#hsy ambanirggplat shappal Nyedess de savain Sapse ofithe splsrioshsheprafte and
the ring sga e are &I sg simlar to this. In addition, the shape of the
catal yst adOpRRRdECT H BRENUESRBEF b ABHEGR julsEnEplh spher igalrihaReal Thiet h or

pher cal caPaR 2P iR gRi foet 87 UGBnBER O Jae d0gEe. o shuent i1 i s
Iy f t -th | ded tal yst . ted | yst

navi ng. t o RLaen g a8 R i S8R 2o b b BalREr Y or TR c s

wh th f.t t ' i cal 1 f bl

ised t hose wl deni, Anifid: Sakiln, bl T 2L AR U, il S el BB mndly 15 o

o Loy o B Yulet SR Bl | 1Rl WRLARY Shvorkile Wpnd BhiRh1 1| | 77

favorably to 8 mMm e pore volune o catalyst Is Tavora n the

range 0.2 t@als of SB/pBricdBilysk BYARA MleYsaB3nse 0. 55 cnB/g. In the case of
t he supported catalyst, theré is no especial "limtation on the naterial

itself of the auppefetsizersfthé BEse filyshan WReths@WeRUBP Mdpelofdtle datargipual | y
usable when there is produced a catalyst for producing acrylic acid by

carrying ois a gpiiricgiisage, obdrelatd Divorblyaseateish wibiehivd &n a¥aRRaasysef -t he
usabl e support include alumna, silica, silica-alumna, titania, ‘magnesia,
si | i ca- magpetick, diansétti afal trabmhesn,anelefavarahly ditbiléanme stilbindes favblabon

nitride, and zeolite. In the case of the supported catal yst, the supporting
rati o of tHelGmpulygisttillinens faxdnatdyn 3da8mmeact i on zone is packed is fitly

- determined so as to obtain the optinmum activity and sel ecti \éi ty in -

~ consideration ke Beenolgeraféhe entelytinfryomblytin heoangra.2 6m 0.6remaite mong  and t he
.actl vity aPa(:\iIOIt"art])Fy &% teon&ggcglglé he catal yst, but the supporting ratio-i s

In the case of the supported catalyst, there is no especial limitation on the
material itself of the support, and there can be used any support that is usually usable
when there is produced a catalyst for producing aclylic acid by carfying out gas
'phase oxidation of acrolein. Specific examples of -the usable support include
alumina,  silica, silica-alurnina, titania, magnesia, | silica-magnesia,
silica-magnesia-alumina, silicon carbide, silicon nitride, and zeolite.

In the case of the supported catalyst, the supporting ratio of the catalyst with
which each reaction zone is packed is fitly determined so as to obtain the optimum
activity and selectivity in consideration of such as the conditions of the oxidation
reaction, and the activity and the -strength of the catalyst, but the supporting ratio is
favorably in the range of 5 to 95 %, more favorably 20 to 90 %, particularly
favorably 30 to 85 %.

Incidentally, in the present invention, the supporting ratio of the catalyst can be

calculated from the following equation:



favorably in the range of 5 to 95 % nore favorably 20 to 90 % _
particularly favorably 30 to 85 % Incidentally, in the present |%Iv¢§bvozgg5
the supporting ratio of the catalyst can be calculated fromthe f W ng
equation: 2 8 NOV 2005 supporting ratio [(mass of catalyst after
cal ci nation - rsHBROrGAE saliwpBe) ¥ /[(masasd catblysbafidrycslcimafiver- madsaifsappon)] x 100.
There is no especial limtatjon on the heat-treatnent conditions (so-called
cal ci nat i orm#swératalysiafics calringtioniec W&par ati on of the catal yst, ei t her”
Applicabl e are__cal ¢cination conditions that are generally adopted in the
production of tICE K RA pecidlalimptpden oxrbe Heat-treatmartneoi ltﬁ@ﬁﬂéoﬂ&laﬂﬂde ﬁf t he
' ' be either identical with or
i er ent RO ORISR AHERE MEASERBHCRSREE Bt faeL damligiicae
t erature js f.avorabl.y i he range, of, 35Q to, 600 C, .nor favorably
to Bs0 G e RRafitns. ekt ECRTY AopEd b dif prodieieibor shig Eingron {0 o
hours. The d r ' e catal may ,be a hi.therto publjcly known
method. | asarsEe MRhEPlE At ChbRbs ST o anied & citisralony
- met hod, a i : -hod: A thod. (tunbling. granul ation
appar at usefsz,amaﬁ[{cilty lf:bg?llttﬂrgﬁugal’c?f &F??tﬁég%ﬂcﬁgﬁ%p@%a nu%"é) o %&‘gw{}ﬁerl zer

- method. O TiHaenealR¥Emeht @ mpRidiik Sk ?&@Iggﬂ%ﬁggﬁg 1350 BV, Sorkne

production process for an unsaturate _ _ r-an unsaturated,
car boxy! i ¢ fairshly 406 & SHOTT, taad {HEheRt- 8@ Mnt AN R RRabIy $n &Jearg@%to?ﬁ't%ed by

conpri-sing the steps of dividing the inside of each teacti tube of the

fixed-bed rOlHouisubul ar reactor in a tubular axial direction to thus

~arrange at |east two reaction zones; and then packing these reaction zones
wi th the catal fbe sicthoddocimohlimptinestatysainay bea hithér RbUEI IO wARRRRGN
density of the catalyst to the true density of the catal'yst (apparent
density of Apalieabjsarctmeldingensihvgs sfchcateaal exsrijionmaddio metiaet iaasbiedng di f fers

fromthat in another reaction zone. Incidentally, in the present .

i nvent i on, Ma0dapdar eFRPUBEAR| tpcthed ¢ Hundklingl ygranilstion  apparatuses, and
centrifugal-fluid-coating apparatuses), and Marumerizer method. Of the abm}e, 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
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calculated as follows: apparent density of catalyst = 1/(1/true density +
pore volune). In addition, in the case of the so-called supported catal yst
as -obtained by supporting a catal ytic substance on a support, onl g 8tha&v 2005
catal ytic substance is peeled off fromthe surface of the support by any
met hod, andvaitrae of the cawhdictspbstantetdndy promecai@re, BudNcalci?dfp thy 8 fwore thd t he
catal ytic substance only are neasured, thus calculating the Rfromthe
above equatdbeie equatiphe catal ysts different as to the ratio R of the

apparent density of the catalyst to its true density are packed in the
above way, therﬁ(%wlﬁﬁé%ifﬁgeaf ay ter the rafiodd 8y the 2ppaent denkiy oftbacealysied

carboxylic acid ar roduce y. carrying out the catalytic gas hase
o dat | oh rBas TG BT AcHetin Fha heYD Se bR WaiB e SRR IR | s

O RO S A SR S0 o o
wh th i d Jf th trati f
REER S T e R T
duci t gat i t .at i f th t .
roduer . i, o BBl ot Dt Sl PRI

produced, figfe ﬂﬁﬁé@h%? f))il%{d timafn%iﬁé?i‘é’iééég%d@ésﬁ’ 8?@@%‘% éé]elﬂot.tsﬁ%t(pﬁ%ti&r octu

conbi nati on t hereof. The R can anged angi e 1 gni Tion 1 oss

ratio of th@adeRbav¥sif thddoneetif®ion of the B dag W Higipn 1 0ss ratio is low, the
formation of pores in the catalyst is |ittle, "and therefore the apparent

density of the Thetealsyssé especkil dimitdiivth dbhahe pisUess fort FOduGiRERRS ichiaRfsOf the
catal yst extrenely changes, the true density of the catalyst doeS not

' change evenrlifférenthes tprtiedrativi Rof thoammeent densitgngatl cathigstabdtseue dentibe
ignition loss ratiois low,. the Ris large. To the contrary, if the

i gni tion | dyvavey theyicen be ghoducért forappmplnby derfsllowingfpradesses é)ab ytori s | ow,
and therefore the Ris small. (2) The kind and/or anount of the '

por e-f or ni Agoapirtionsheseided to the catalyst are controlled. If the

por e-form ng agﬁntl?%avi ngﬁan actjon of formng pores in the catalyst is
added and if t Krfendre ¢hengedibyichanging the 1gnition Jess yatie gl hedcatalysén t he

-precursor.  If the ignition loss ratio is low, the formation of pores in the catalyst is
litile, and therefore the apparent density of the catalyst is high. And then, unless the
composition of the catalyst extremely changes, the frue dchsity of the catalyst does
not change even if the productioﬁ process is changed. Therefore, if the ignition loss
rati.o is low, the R is large. To the contrary, if the ignition loss ratio is high, the
apparent density of the catalyst is low, and therefore the R is small.

(2) The kind and/or amount of the pore-forming agent as added to the catalyst
are controfled. If the pore-forming agent having an action of forming pores in the
catalyst is added and if the amount of this addition is relatively reduced, then the
apparent density becomes high, and the R becomes large. To the contrary, if the
amount of the addition becomes relatively large, then the R becomes small. In
addition, the R can be controlled also by changing the kind of the pore-forming

-agent. |

(3) Although the effect of changing the R is smal, if the composition of the \
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apparent density becones high, and the R becones large. To the contrary, if
the anmount of the addition becones relatively |arge, then the R becones

small. In addition, the R can be controlled al so by changi ng the Ri8rit0\b 2008
the pore-formng agent. (3) Al though the effect of changing the Ris
smal |, if tK&aydinhs kindsandfadditien| miios of Nevng@Bsused at abwyshattidie fori thds and

the nmetals used as raw nmaterials for the catalyst) is

2ﬂglntglegn [ ﬁtéﬁg’g’ﬁ‘gg% fhaeecde el Bnadenstly ch#nges. isad dicsrferetthe RRissl obangshanges.
Step " For oxangDd e San b ouded R T (phides hegreswiotindia BokBE gy -

P essur e i STPRGRRRIE. it A fotver Be pRIGHES it b pissant Roneed anBe case of
bocones 1 ar R ket L0 GEleliR BRI o, Ben e Ritseomdrmat ©
opparent  donkadditied BPHET00be RRGGSoh Xyl Fitne LISl PrRisBiart reF 1o 1 1

1 d it Loy ; : . ' { [
Favorabl y | Bt e p o3t et if R TR HEEER IOV SR T 15

the case wheéwnichempmti o of the apparent density of the catalyst to the
true density of the catalyst is less than 0.25, there is- a case where the

- diffusion effichlheygh ol dspeciglty HmiteliSER {280 RETthaviabfarbMeddnbiey 8R%K: Of . the
pore volune. In this case, the activity of the catalyst and the selectivity
of the obj ecttilyss, psabituat tier presehaineatdionpus its tther @edsBy é(aﬂia?@fﬂ\d@ﬂsﬁﬁg@f in that
the catalyst strength is remarkably |l owered. In the case where the ratio of
t he appar enealdgsidiveydeasitit he cetatyat)yist favarablyeint the rangbeof 0125 ©f 0.5hemeat al yst
Is nore than 0.55, contrary to the above, the catalyst strength is
enhanced, bi#voh3Q & 5Yi sadvantage in that the activity of the catalyst
and the selectjvity of the objective product are remarkably |owered. /I n
the. present i nidheicas, whae theEtigeofohe aapaientcdsositionf thalmatayfst tchtheftiueed- bed

' 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, confrary to fhe 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 af 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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mul titubular reactor is divided in a tubular axial direction to thus
arrange at |east 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 limtation on2BHR0V 2005
met hod for the above packing-arrangenent. Exanpl es thereof include:

packi ng-arr in such a . manner that the R decreases fromthe
gas-inl et s@ggﬁgﬁvﬁl\}a@%ﬂq’t’% 18 4B RAnngs; H@I éﬂ’&? ths gasdnigt ¢idg ispesl the

acki ng-arr BNt 4k Ngsugh r_that,,fr t he .gas-inl et side toward
Ito he ggs'- OLE}? g)t% ﬂ&g%lglé ﬂ?’hg c?g?{é?e:%ﬁ%sr 3@%&“ #g@r t(ﬁgrreg%t _erIi'L g aties.

Favor ably, i r -t I ed in such a
‘manner that&'ﬁgtﬁ&tggt%ggiégﬁe; fRo{ﬁ?t he %%g(sjl-ni n%lé'lt3 @?@g?gga‘?gg%g ‘#eégéquon t ube

toward the Bas-BYgainls d8e b?%raﬁpfrcactizﬂﬁﬁbé. ?vadagc,i % Ea.st-?ﬁﬂ&gsg ; 31 PPavi ng

the largest Ris arranged on the gas-inlet si e "havi ng

* the smal | esthaRist6 say,rmmﬂfv]ﬁmamg B fr@ddt Rat aghusiRd ohﬁh@g%i—irnief)ﬁdeiagd the
packi ng-arrangenent in such a nanner that the R once I ncreases an

ther eaf t er theletlgmsmsing hsisilRsORS: iithided ShdRe LOUMIG: 6o AA%a@HbASH Si de,
the ratio of the layer Ilength of the packed catal yst having the’l'arger R

on t he gas-thépasking-ateangemémtviarsall y matner tar ehet R afcd hclbasdiOing tha¥gieabl y in
the range of 5 to 50 % still nore favorably 10 to 40 % relative to the
‘total cat aldpgteasesfenm (hengashiniet fsidettowatd theagas-outie sidd, ahy sdth olf the egyept as to
the ratio R of the apparent density of the catalyst to its true density
(appar ent dengdh ehthe packsd satglysyhaving thersgar R oif the gaainjatisjde infwomblyanged i n

t he above way, then, when the unsaturated al dehyde and/or the unsaturated
car boxyl i c FHlaar@ BrBergdavemly i theyiangs @fi it totWocsilagtei fovayaldy ph as e

packed it HOSGHEST PobEIolahceBRoblbrHEPaat al yst , the det erioration of the
catalyst 2 | OSANEd: By ke ERcR % A G R B By (1
T The. cond AR 5 1t BRLS RGet ChondiTbr PR EREER Gk e
catal ytic ol hivhigédlin ORb6R Waf, GRAY Slch WA harict iy bl 553! Al St
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 spbt portion can be suppressed; so that the reaction can be continued for a long
time while a high yield is maintained, regardiess of where the hot épot 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 pfocess is used, thé
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 regardiess of where the hot spot portion
-oceurs.
In the present invention production process for the unsaturated aldehyde and/or

the unsaturated carboxylic acid, it is favorable that, ﬁlrﬂleﬁnore, the activity of the
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acti'vity, there have been limtations 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 tine V\htlBeiﬂf\/ Rﬂ'ggh
yield is maintained, even if the concentration of the raw. gas is”. gh,
and regardl ess of where the hot spot portion occurs. In the present

' ' ' f h d al deh d/ h
unsat ur at et A E s e RCREGR OF k" 07 ThP aifile Bordy hEr B bt
activity Ofantoﬁf'c_ra)ﬁthgagle%tﬁv?{g&ﬂg?%@ﬁ&l-yﬁ as packed in each of the at

| east two reaction zones ers fromthat in another of the at | east two

react i on zones THEREE SolcSpdl SRR lon! eThiodls 95 BBl e 3652 bt as

produci ng the above catalysts different as to t act Ivi n

hitherto pufifferehtasko @ adhiv iG CERBHCRAShIIEM! RblICIPREE W | oc%&‘s%meﬁé%éié‘er eof

I nclude: a process that involves changing the kind and/or anount of at
- least one elpevifictexsmples tiegedNinacuiha %‘b&&t@ 1160 WBloBlck RBarHing BB andRQt assi um
rubi dium cesium and thallium (which is referred to as conponent in the -

cat al yst asmuset! of rat tlhast pmeselamenth veedted Mom ahd EaspScorshtihg | 0TVRUMES
changing the supporting ratio, a process that involves changing the
cal ci nat i orpotaspipex sbidivm, ecsmanhant thabiuni (wintly Bsrefenad gb ag compordhl Btihon
ratio; a nethod that involves the conbination of the supported catal yst
and t he noltheaatalistasyused imhe prepans deestionan processthaemvohen ghagitehibe parti cl e
~dianeters of the catalysts; and a_process that involves a conbination of

t hese procSYBREUNE /I 3 Brogessethge d1valves joknnging dhe ealciniigonpteriperatpray a angenent
met hod for th catal ysts in the case where the at |east two reaction zones
are packed Wﬁ'ﬁ‘ﬁi ttﬁ?é m%%‘f’%“l aaging the, ilngey datiein Acmethnd t that dnvatves they of t he -

catal yst in _each .reagtion zone, differs fromthat in another reaction zone,
nanmel y, i nCPWg“@gg'éo r%}‘ppﬂ’ge%\f’a sstnd the m?lgé‘@f:?%[ﬁsrz@ﬂ@§ mpespiisked with

th t al ' ol hat th ti f th t d it f
the oat al yab RS i ueRARE BBk bRy ndseeRt Taerepbes o |
cat al ySt/t%‘b%n%‘ﬁfﬁ%ibﬁ}f\fﬂ’ksecﬁbé‘és¥&t,) I n each reaction zone differs fromthat

I n anot her
There is no especial limitation on the packing-arrangement method for the

catalysts in the case Wherc the af 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 ceach 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
dechases from the gas-inlet side foward 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 fhercaﬂer decreases. However, when

attention is directed to the activity, examples of the packing-arrangement method for
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reaction zone and further that the activity of the catalyst in each
reaction zone also differs fromthat in another reaction zone. \Wen
attention is directed to the R exanpl es of the packi ng-arrangen2ftNetldd
-for .the catal ysts include the aforenentioned ones such as:
‘packi ng- ar riffgeri@nits iipclyde npackingnaremeemsnt itheud adewnaers it fthomctiniey
gas-inlet side toward the gas- outlet si de;. and acki ng- arrangenent in such
a manner t hBfTCa48 o tcﬁgergé@ni’ niligt 2as-Huett &%rﬂmtaﬁg thgaga&)mt]eéts?@q dend t he R
once incr easeE and thereafter decreases. gever when attention is

P

directed t P¥ ’é’ga?dﬁng‘?“ﬂ?}“ 1By :%sm%ﬂ‘“ef that.olem . sasrialeystentowred Mt for 14

2 8 Nov 2005 t t t

that the act P! %*ﬁ%?‘é &S gt dere RO M MeRaiE TR | Budtbar ”?ﬂg:r

. | i t
L A R

gas-inlet side tovvar the " gas-ou ases and

thereafter 1h@1‘é5.s%§§f1?61818}: FYRN @P |g¥s il1BsideCH ALY fdastidl {uj)@ E@Mrd% éag-ouﬂ

actiV|ty are arranged 1 n such™a manner that the activi I nc eases in

order fromgifemeasti ntigk 1§tcﬂ%y0fthee@é%£l?'§t%9ﬁlg% foHRStL 5&)%% %H&%%a% utl et

side thereof That is to say, the catalyst having the st activity is

arranged onhe tgag-igassiiid) i B dRital@n hating Bahahest adiei tcﬂhﬁl%t
I on in

activity is arranged on the gas-outlet side. In addi

packi ng- ar rgesgatiendidd. n Is udditenrnihe patikiag-atriirem@ft invducH aOfﬂﬁﬁ:eﬁiﬁﬁf grses and
thereafter increases fromthe gas-inlet side toward the gas-outlet side,

the rati.o oictivite ohesydecréasesyain] dferdaiier racdesst fahahy ghs-haeti side foharditgher
activity on the gas-inlet side is favorably not nore than 60 % nore

f avorabl y igastohtet sidoge mfio 5f the BYerddengsh iof therpacked earadysiltblaying @het ighé %
relative to the total catalyst layer- length. If the at |least two catal ysts
Cdifferent StV phéeassiivet Sidaisctasorblygetimore thae 68Baveorevayoraliihénthewhen t he
unsat urated al dtjgntge gnd/or the unsaturated carboxylic acid are produced
by carryi nd@®toh Qa@aﬂt@tmeregfa%orﬁméé te 49 datslative e dbe foi cplysidryry t he
fixed- bed r[ult tubul ar reactor which is packed with the

“nol ybdenum% ‘aining catalyst, the deterioration of the catal yst as

| ocat e(.j at the Ipﬁl ar R:%st t&grc%{a?y%tscé %crcnt 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 cafalytic gas phase oxidation reaction by using the
fixed-bed multitubular reactor which is packed with the molybdenum-containfng
catalyst, the deferioration 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 maihtaincd, regardlcss 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 thaf the
packing-arrangement is mﬁde‘ 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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nore suppressed; so that the reaction can be continued for a long tine

while a high vyield is maintained, regardl ess of where the hot spot portion

occurs and also even if the concentration of the raw gas is high Tm %ﬂﬁt .

favorabl e node for packing-arrangenent of the catalysts is that tg@

packi ng-arrangenment is made in such a manner that: as to the R it

"decreases fromthe 8as-i nI}ft side, toward the gas-outlet side, and, as to
n& WY

~the activi t§erils 19 es FeHeindustiiglly,; the gmed; ¢fest capdke obteaned t he
Peaction zonEfenty S fibginR pRaBRRD bt 2w Dowed 18 dlfencas kemet he hot
Hovever 1 g dfio P S ZANE e 8 Prman AR on, R Wit 1y by
G vi di ng-r SORSOUPGE k2o, Rl 0 00 sob ot shER sl siBotPon such
and 81 7o of HeRer P AT KRS | PSLIRS) (Ot BAIORE Sefiens o

cannot be spegihdled TRORRRI Ma Yitly e sdl@idOsd Y tof bbthik tRE opEMER! as to
obtain the-opti r%?n activity %ndysel ectivity as a whol eoﬁvé{]lgﬁ %ﬁg atal ysts

are packed ahdteleatizith af @dioleon tube, it is also possi bl e that.. the
- catalyst as diluted with an inert substance is packed into each reaction

zone. There i sWiendbpeatabktsl drerphelted dntocsach heactisrotlibe it a6 Pog e ¥ ch
conprises the step of carrying out catalytic¢c gas phase oxidation of at -
|'east one teratalysdasdilded with ahrinert substageeos padked site tastgreadtiprony| ene,
i'sobutyl ene, t-butyl alcohol, and nethyl t-butyl ether as a raw nateri al
wi th nol ecul ar Thstpdeno espegial inlitation an faxgrgduction pravess which @smptiteertkdy
produci ng the gnsat,ur ated al dehyde and/or = the unsaturated carboxylic acid
whi ch cor r 86pShgaryng KBt satglytieges phse osidatiqn offas feastsonegcanipoupd sclecitd
i nvention _g(at alyst as a catal yist . This production process can be carried
out with g&RBr H% §FOUR £anUp: Gt aepyicnsyisglifdeag, tuiid edcobel iodsmetdisll under
gener ally Hgl?t(}jrl Coer%ﬁiért '35 2 raw material  with- molecular oxXygen or a '
molecular-oxygen-containing gas, thereby producing the unsaturated éldehyde and/or
the unsaturated carboxylic acid which correspond to the raw material, except for
using the present invention catalyst as a caté]yst. This production process can be
carried out with generally used apparatuses, by generally used methods, and under
generally used conditions. |
That 1s 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
cxample, 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 af a space
velocity of 300 to 5,000 hr' (STP), wherein the mixed gas includes: 1 to 15
volume % of at least one compdund selected from the group consisting of propylene,

'isc'}butylene, t-butyl alcohol, and methyl t-butyl ether as a raw gas; molecular oxygen
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That is to say, the catalytic gas phase reaction in the present invention

may be carried out by a conventional one-pass nethod or recycling nethod,

and such as - fixed-bed reactors, fluidized-bed reactors, and novi ng-guggly 2005

reactors can be used as reactors. As to conditions of the above reaction,

the reaction may be carried out, for exanple, by bringing a m xed gas into

- contact wi thavikgea polesenatic of biud il O tines ekt toithis rdva@ad; QAPQR Aok gis (@pge Of

250 to 450 C under a pressure of 0.1 to+ MPa at a space velocity~of -300 -

to 5,000 hrwater {PR)NIIregen ges, and werbvinxieckidragas) mcd ditleat. | to 15 vol une % of

at | east one conpound se| ected fromthe group consisting of propylene,

i sobutyl ene, t-bift preseiitcigmentionapepogest by giveh paryiculatih epmarkablyr fawogbk:;

‘ol ecul ar oxygen_ 16 2 8 N O V 2005 having a volunme ratio of 1 to 10 tines

.~ relative tofeﬁlﬁfssmr_ &QMPaEson s Witha ponvisatianal psoqessey . undgm thigh-loagiog , readtionogen
gas, and carbqn. di gxi de gas) .as .a djluent. The present invention process

" can give pa?qnglﬂ?P%\rt% 38 Gobenging Ao peasiuetivipve don expmple,cwndst comslitionsi t h

conventi onal Drogesses tjrnder E,iﬂgh-loadi ng reaction conditions that aim at

3

enhanci ng t Nethr QG FOPFPFRUOD ph G aThgR% s rOfdBh @PFSeoYFIocitHe higher. he
trati . . kS, hi gh th el.oci i s higher.
Barc i cul ar (S flrs ot GRS of Snd S8E hcriieT BR” Ban feiSiativoelt Bven, i
hi gh- . on: trati f t
Sl o ¢ nadEpEbRenBlioh 3ty 488 «RHTH 188 vRT e CRIBROF RERS Gl G oy s
used. (-Effe&ﬁtﬁn@ﬂ@kﬂﬁ%’&%ﬁ%t&fndl%&??%@ﬁﬁﬁ“@isY}QQf" the unsaturated

al dehyde and/or the unsaturated carboxylic aci'a are produced by carrying

out the cat@ktts andAdv § oPitlcdRbdr@ibn)- €action by using the fixed-bed
mul titubular reactor which is packed with the nol ybdenum cont ai ni ng

catal yst, the pVBseHe MMM MEGRNIS 4BPBEHR WRGMAREE dafodliORigfark NE
catalyst as located at the hot spot portion; so that the reaction can be -

continued fprodused bpgratrying ovti the catalfiicfasypiRbe okidatid Rasiidtely uSiggand! ess of
where the hot spot portion occurs and also even if the concentration of
t he raw gadixed-bed ghultitubular 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 long time while a
-high yield 1s maintained, regardless of where the hot spot poriion occurs and also .
even if the concentration of the raw gés 15 high.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS - |
Hereinafter, the present invention is more speciﬁca]ly illustrated by the -
following examples of some preferred émbodiments._ However, the présent
~ invention is not limited to these cﬁcamples in any way. Incidentally, herein cach of -
the conversion, selectivity, and yield is defined as folléws.
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 pfoduccd unsaturated aldehyde and. unsaturated

carboxylic acid)/(mols of supplied starting raw material) x 100
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Herei nafter, the present

i nvention is nore specifically illustrated by the follow ng exanpl es of
sonme preferred enbodi nents. However, the present invention is not limted
to these exanples in any way. Incidentally, herein each of the co@&N8Vold
selectivity, and yield is defined as follows. Conversion (mol % = (nols of
reacted starti rig adiionahetruatdsiyans ﬂmpcwmhmq)fmesaa@mwtmrerxﬁagémheri al) x
100 Selectivity (mol /a) = (nmols of produced unsaturated al dehyde and -
unsat ur at edwitlc thetfolloping neeswlymhémapparafuseeartttgahs faloinomedwdsnat erial ) x 100
Yield (nol 9% (nols of produced unsaturated al dehyde and. unsaturated

car boxyl i ¢ aci djig desssy:of supplied starting raw material) x 100 17 2 8 NOV
2005 In addition, the true density and the pore volune of the catal yst were
measured . with t h&eslEBEIhg appaswse ngnioRspameteus eS28ndpyudede bl | owi ng
“met hods: True densit% Measur enent apparatus: AutoPycnoneter 1320 produced
by M cromgienitesCo. l4d  Measurenent method: About 4 g of catal yst was

wei ghed out and then put. into a _gggéuuri ng cell, and then this cell was set
into the above nea Fement maihad: it 4og of colglyshivas msizbed eneand thppar at us:

Aut oPor el | | Br.rgduced b%/. M ¢f, ore |.tics. Cﬂ Lt d. \(lggercury penetration

et hod) MedSUMERENTHE R §° ’ATﬂﬁj:l B ts'so(i‘e cHRsaPS) dntoias aheycymessummeniand t hen
measur ed ir&p{)g}gmgressure measur ement range of 0 to 414 MPa and in an -
equi val ent Ime of 10 seconds. (Catalyst Production Exanple 1: preparation

of catal yst A(lé’bfe\wﬂhﬁ@ 10 L of pure water was heat-stirred, 1,500 g of
amoni um nol ybdat e ' '

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 meésurcment 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.
| Subseql_zcntly, 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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was di ssol ved thereinto, and 425 g of 20 mass % silica sol was further
added thereto. To this mxed liquid, a liquid as obtained by dissolving
1,236 g of cobalt nitrate, 412 g of nickel nitrate, 372 g of iron mif\iaﬁlﬁﬁ
and 5.7 g of potassiumnitrate into 1,000 m of pure water was d'r-%g Se
added under vigorously stirred conditions. Subsequently, a liquid as '

obt ai ned byubliesised, \dnd Shetdfiicd QT ighiiBAISs ritid Ha Mehhd ahs ARUERUS (SQ! uti on

was dropw se added thereto under vigorously stirred conditions, WHer ei n
“the aqueoud 8oinuss BN Nast, G0trAkREY daieons AiebrdER nithar® bolGRAE §AL g@&e‘a%”i tric
was

acid to 500 ml of pure water. Then, .the suspension as produce

beat - st i r r ¢ reaulthnt batalybtypretasorgjoardepa 4 ravbo Jf60 Wodfathe WEISLEY AP kgt&d, thus
obtaining a cake solid. The cake solid as obtained was heat-tredated with a
box-type  diljeesatilyss ppensbupewddr, ambtht edulias mitfie: Was kicadat foy ¢Ihog, td of
heated. gas: 1.2 nmisec, and heat-treatnment tine: 12 hours), thus obtaining
a bl ocki sh theaeadley $he mixduigrway extiusicn-wolded Yo apirer shape rof e nibd i o8teNOV 2005
pul verized, .and thereafter its ignition loss ratio was neasured. As a

resul t, it dipseeter) g.0ommds inper NEametes Qngefs® 1 dinysight. aivexdntheneniltanat e

sol ution was ded to the resultant catalyst precursor powder in a ratio

of 260 g oft¢rd LBICHS SvpstFloinsdgunser a Hesamaetaaiy 8t 480 SEufosSr hpowdibns and t he
resultant nixture s, kneaded. for 1 hour, an thereafter the m xture was
~extrusion- %ﬁéﬁlé%g ?ﬁ%@y E @S{ngﬁ%%ﬁp%f“o&@ fﬁ‘ﬁ?‘ﬁi"ﬁ?"ﬁiﬂse’rﬂ thisi cafabsbexcept 0 mm i n

i nner- di a i i.n height. Next, the resultant "nolded structure
was cal ci @d%EX@mﬁ%&?‘Z&;‘ﬁ%‘of air at 480 C for 5 hours, thus obtaining a

catal yst (1). Qe L4 - Qf- tal el ements in this catal yst except
for oxygen wasaa@y%W?@?é%g{‘g‘%ﬁ@ﬂﬁ“w12_006Ni 2Bi 1. 3Pei . 3Si 2K0. 08, The
catalyst (1) h i I £.9: .app. t nsi its true, depsity

#lo 2afit ?9@9& 2 Hlio g ol yapgﬁ ca{l%t]ls@gtt? lisf ¢SS (o t he

(apparent density of “cat st/true densi

cat al yst (@pa&ﬂ?de%@i@@fé&&d}%ﬁ% dk ?’%?L‘Iﬁ‘se(’ dhe ignition loss ratio of

the cataly precursor P.1,” the anou I'nder as added relative to

100 parts by AR&sthelcatali@t (19! M XdinpBEiBSHESME cAAlysd B iBhfitn Bss HH st &l yst,
and the ratio R of the ' :

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 (appérent density of catalyst/true density of
catalyst) are summarized in Table 1. |
(Catalyst Production Exémplcs 2 and 3: preparation of cafalysts (2) and (3)):
Catalysts (2) aﬁd (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 chzingc-d 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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apparent density to the true density (apparent density of catalyst/true
density of catalyst) are summarized in Table 1. (Catalyst Production
Exanples 2 and 3: preparation of catalysts (2) and (3)): Catal ystps {@y 2008d
(3) were obtained respectively in the sane way as of Catal yst Production
Exanmple 1. except that the anobunt of the 50 mass % aqueous anmoni um
nitrate sol uti oCagdysagideds bbtaied iﬁﬂ{eadamtw@rag@pcgﬁ[ysﬂbm\@g&i&mnﬂppged in
the preparation nethod of the catalyst (1) in the above Catalys

Pr-oduct i on Exappthet the sks-of thetdatalainab yhirged 2 7.006hn (Bdutet BAMSRADAS ik on of
the catalyst, the ignition loss ratio of the catalyst precursor PlI, the
anount of t heinbémdlemetes aad dddmneindteighe it the Podpargnian nscthod ofths cahlyiie)

catal yst precursor Pl, the size of the catalyst, and the ratio I¥2 t he
appar ent dehsthe pbovs CadystPueduttins Exgmplppar ent density of catal yst/true
density of <catalyst) are summarized in Table 1. (Catal yst Production

" Exanpl e 4: prepéf 3 thsrralyst ) athy sompayijion ebthe catalyel tixoighitioatiadsyatio ¢#) was

obtained in_the.sane way as of Catalyst Production Exanple |I. except that
the size of hef@tabat BIegwonRk thepapwr it binder mhetdedogtasive do d0pats by2. 0 mm
I n inner di arretetr and.7.0 mmin gei ght, in_the preparati on nethod of the
catal yst (1925 ot g STCEHESAF dy Upsy gk of thsncaalystpingd the 1atio Roof His -

catal yst (4 osi Lion of, the catalyst, the.ignition | oss ratio of
~the catal ys%pp 6?@21261% g{)@ %ﬁhet e dRR &BPmFIﬁe&B?‘h'dBF Cg@iyég%‘a depsityt9lve t o

100 parts b X t, precursor P1, the size of the catalyst,
and the rat%/aéalg&Z%eg %@é{)@éﬁa&ﬁe%ensi ty to the true density (apparent

(Garal st Produrrnt PRIl o SEb RS o BB O™ (7). caalyst (5)
that the. ampunt arorRe Ry okt Bt S WEL o Ot PRI Byt 1270
P odUGt | on Bxop L e O TP h e s e e MME B TR AP e o
except for myzgeuibmsmas of ld @ieByst (1) in the above Catalyst Production Example 1.
The composition of metal elements in this catalyst except for oxygen was as follows:
catalyst (5): Moj2CogNi;Bi; sFey 381:Ko .
As to the catalyst (5), the composition of the catalyst, the ignitién loss ratio of
the catalyst precursor P1, the amount of the binder as added relative to 100 paris 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 surhman'zed in Table 1. |
(Catalyst Production Example 6: preparation of catalyst (6)):
Catalyst (6) was obtained in the same way as of Catalyst 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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catal yst (5): M12Co6N 2Bi 1. 3Fel-3Si 2K. 4-1. As to the catalyst (5), the
conposition of the catalyst, the ignition loss ratio of the catalyst
precursor PlI, the amount of the binder as added relative to 100 paEtBSNW 2005
mass of the catal yst precursor P1l, the size of the catalyst, and tfAe ratio
R of the apparent density to the true density (apparent density of

cat al yst/{ riaslendit Gt @bl (A€ Sr W betlsd Ind B gyl g (Pl vot

Producti on Exanpl e 6: preparation of catalyst

obt ai ned i najgacens aeBsiyes-df @he G%hﬂbN@épprthdH&Isit?%f@&%érdgﬁﬁﬁgg cthat:

of the conditions of heat-treating the cake solid, th f-the
“heat ed gas vaaysthangedniaoz&Plh Tablahd t he amount of the 50 mass % aqueous
amoniumnitrate solution as added to the catal yst precursor P 1 was
changed, in theCalysplretucioon Brarhpld 7oprephraticmb@daydyst (A): i n the above .
Cat al yst Production Exanple 1. As to the catalyst (6), the conposition of
" the catal yst, tGaalygdV} wanobtaised irathe saroé way heofoGdtallystFroduction Ex@nple 11, t he
amount of the binder as added relative to 100 parts by 20 2 8 2005 nass
of ‘the cat af*psrt hatethgrammunpef themotassipm nitraterns addedaives thangeditot hé gf gfei 0 R of
the apparent deg)%istfl%/ to- the true density (apparent density of
cat al yst / t raygoung, yOomass a¢ AAyequs pEoRiURmBERiEctplutionT abkdded. to Get al yst
Producti on Ex le 7; par ati on of talyst (7)): Catalyst (7) was
obt ai ned i ncAﬁggéeﬁﬁmﬁgg?aY?soé‘%daPﬁﬂwFﬁ‘m ¢ Gatalysiawps ehangeductot t hat :
t he anmount [ nitrate..as .added s .changed to 3.6 g, the
anount . ofﬁ%%aéﬁg’g%n%tg‘z&@? Q}(‘fu ti%ﬁﬁﬁﬁﬁ%ﬁeﬁ%@?t}é&ﬁﬁt@% F%fémﬂgd]ed to the
catalyst pr : ' ; ize t he catal yst, was changed
h the pr ontentosiibn BRReRL BRARS AR (AR HiepPlor heSeniduss ableliage:
Producti on Exang 7y M %@’gg LEhoa: pf nmetal elements in this catal yst
except for oxyger?ﬁf\fva )asBi%gI6 olvvsﬁ’lﬂf:lzi?lég?/?t (7):
Mbj 2Co6Ni 2Bi | . ad t3SkM9st95), RS cifpdste Tihe ibGorCRIPOSL Liron of
the catal yst, the igniti gan?)dss ran?ﬁ:)o opqﬁ{tﬁéeé/azée{ %’I%}gf pr'oencﬁggs)rgflolg , the
amount  of - tthe il precafson Bl Sthe atldht ¥thb BinkBPa AdbF rdkive to 100 parts by -
mass of the catalyst precursor P1, the size of the catalyst, and the ratio R of the |
: Vapparent 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 prepération 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 Pl, the size of the catalyst, and the ratio R of the
apparent density to the true density (apparent density of catalyst/tfue dénsity 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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mass of the catal yst precursor P1l, 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. (Cagaiors o5
Production Exanple 8: preparation of catalyst (8)): Catalyst (8) was
obtained in the sane way as of Catalyst Production Exanple 7 except that

"t he anount exdept tiet:50D7 ERSS cdhumg] wEEIS vABTRE §HRad toF 3k psalsitih %ﬂragé added to
the catal yst precursor P1 was changed in the preparaI)i on net ho ’ot‘Il t he

~ catal yst (-#poumi ohéhcahdveasCthadguebusPamthoniting mitkxanplution - as ARldE® 14 Hge cat al yst.,
(8), the conposition of the catalyst, the ignition loss ratio of the

catal yst praalyptsprecupsor Plt was olirmged, aoil thésizbiofi der catalysa deracthtngdedtih i t 0 100

- parts by mass of the catalyst precursor P1l, the size of the catalyst, and

the rati o Reppratipe mediedrafithe arialypt (1) div thendbove GetalishBiadyctiapangié 1densi ty

of cat al ys&.&;rue density of catalyst) are summarized in Table 1. (Catal yst
Producti on sitepn of metal claments ithis gatalystexcemiyr oggemvgsas Hlywaas .

btained in th ' f Catal Prod ' Ex le 1 21 2 8 NOV
2005 oxcept 1 EHATS (). BBl A PGt mas used | net ad of the potassi um
ddea 1o the cAPN JEEaRhet(FBF BRpaloR ALg caab e pron s et ote.
ahove Cat A <EORpoAte o e e B 3T UG A b liff B By hent s 1 n
hi I NS, 9)
oj 2000N, 2" e e SLoRIASH PAZEes B W Bk b8 48 e Konptiei i on of
- th I h@H 1o ' : I Ri, th
mount o (ber ! Rehm ' 08 & Tl CoPre R BT R MR ol

catal yst peaidip@e sitdmating ifiT%g1eqf the catalyst, and the ratio R of the
apparent density to the true density (apparent density of catalyst/true

density of caiCatast Produaichubnmiple 0t prépafabh@ftaalyéai g)yst Production
Exanpl e 10: preparation of catalyst (‘11?5): ; .
: 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 I"l was changed in the preparation method of the
_ cafalysf (9) in the above Catalyst Production Example 9.
As to the cafalyst (10), the compbsition 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 thé ratio R of the
apparent density to the true deﬁsity (apparent density of'_catalyst/truc dcnsitj.y'of
catalyst) are summarized in Table 1.
(Referential Examples 1 to 10): -
Each of the catalysts (1) Io (10) as obtained in Catalyst Production Exarples 1
to 10 was packed info a stainless-steel-made reaction tube of 25 mm in inner
" diameter (as heated with a molten riitrate) 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 ﬂlc following composition af a space

velocity of 1,500 hr' (STP).  The results are listed in Table 2.
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Catal yst (10) was obtained in the sane way as of Catal yst Production

- Exanple 9 except that the anmount of the 50 nass % agueous amoniumnitrate
solution as added to the catal yst precursor Pl was changed in the
preparation method of the catalyst (9) in the above Catalyst Prod@dd Now 206
Exanple 9. As to the catalyst (10), the conposition of the catal yst, the '

ignition Foss .rlaxtob?lg Jiatvt&%rﬁ%i;/[gl yst precursor P1, the -anount of the binder

as added rel ative O parts by mass of the catal yst precursor P 1, the
-si.ze of the Catﬁirﬁ’%ﬁwﬁ?@% he ratio R of the apparent density to.the true
density (apparent density of catalyst/true density of catalyst) are

summari zed i n Tt vdoor: AGFRIIGMERL 1 @l Exanples 1 to 10): Each of the
catalysts (1) to (10) as obtarned in Catal yst Production Exanples 1 to 10

was packed int qqmroggraiznlv%ﬁﬁn§@/@el -made reaction tube of 25 mmin inner
di aneter (as heated with a .nolten nitrate) in such a manner that the |ayer

- length woul d hgEx2@plemn and then a catal ytic gas phase oxidation reaction

manner ' t hatlayar

of propylene was carried out by introducing a reaction-gas having the
fol | owi ng conpdBlietdatalystst (13 asgh {Z)ewere phcleitintoof staiulb@stddl-mddS FRktiod Rper esul ts

are listed in Table 2. 22 28 -NOV 2005 Propyl ene: 3 volunme % Air: 30 vol une
% - Wat er \efpdY mmOnvioherndiaftets t(aobented Hithvo molten %itrdiEX anplder Hom e
catalysts (1) and (2). were packed into a stainl ess-steel -nmade reaction tube
of 25 nm i Feagiivargastitdeteida topasd He atagtomasroudlensitie ensuchta mbmer imtoghder from
its reacti on-%as-_i nlet side toward its reaction-gas-outlet side in such. d
engthydthe saiglyst 6F) waeldcher hi50@ mmg,1andithg! dydrelength 5F0them  and
the l'ayer length of th catal yst (2) would be 1,500 nm and then a
catal ytic ﬁﬁa%ﬁﬁﬁ?géfv%&ff el 90 mraaand %‘?fl »Fatalytie gys phase xidatiommeaction fit by
i ntroduci ngi) a reacti onagaﬁ hav'bng th{? fol | owi ng ) ' '
: ropylene " was cartied 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
min, 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 Exampies 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 followmg composition, The

results are listed in Table 3.

Propylene: 6.5 volume %
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conposition at a space velocity of 1,500 life (STP). The results are |isted
in Table 3. Propylene: 5.5 volunme % Air: 50.0 volune % Water vapor: 10.0
volunme % Nitrogen: 34.5 volunme % (Conparative Exanples 1 to 2): The
catal ytic gas phase oxidation reaction was carried out in the sanpgwihy 2085
of Exanple 1 except that: only the catalyst (1) was packed at a |ayer
Il ength of 3, 00QxirR0 @Wlu@eby the catalyst (2) was packed at' .a | ayer length
of 3,000 mm The results are’listed in Table 3. (Exanple 2, and
Conpar ati ve Exakmkesapdr:a0d ¥hlumées al ytic gas phase oxidation reactions were
carried out in the sane way as of Exanple 1 except that: the catal ysts
~were packed as Nitrsgend26.6 vohimtee®s3, and the conposition of the reaction gas
was changed to the follow ng conposition. The results are listed in Table
3. Propyl ene: @ESampeuit® 56228 Conpahddive Fi@mplis): 57.0 vol ume % Water vapor:
10.0 volune % N trogen: 26.5 volunme % (Exanples 3 to 5, and Conparative
- Exanpl e. 5): CéAtatalytia gas phssepixadationxéagtivnsowereearicdmus imthesamarvayed oput in
~the same way as _of Exanple | except that: the catal ysts were packed as
listed in %@F@]%} XAepttihel theo spelyplsi wereafackerk as distedi ionTelds 3namd changed to
the follow ng cq os}ti on. The results are listed in Table 3. Propyl ene;
8.°0 vol une “OFRP$ILION BT Ee I5aclipR 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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2005 Various details of the invention nmay be changed without depaé}d’ @ﬂVfZﬁ[ﬁm
its spirit not its scope. Furthernore, the foregoing description e
preferred enbodinents according to the present invention is provided for

: . f h f Ilm h
inventon as.deFiriols &8l B8 B enBf oy e Honkel wRPR St v o 2 2
- Nov'20% CiiefEnds. iih REAUUCKEALARS e 609%3 d0sAblEA" Gyl Sefyds andor

an 5 unsat ur-ated carboxylic aci yi ng out
catal ytic %ﬁ)odlments according to the present invention is provided for the purpose of

111ustratlon only, and not for the purpose of Ilmltmg the invention as deﬁned by the

appended claims and their equwalents
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phase oxidation of at |east one conpound selected fromthe group consisting
of propyl ene, isobutylene, t-butyl alcohol, and nmethyl t-butyl ether as a
raw material w th nol ecul ar oxygen or a nol ecul ar-oxygen-cont ai ni ng gas by
using a fixed-bed nultitubular reactor which is packed with ca?iég{,s‘ms
t her eby producing the 10 unsaturated al dehyde and/or the unsatu ‘
carboxylic acid which correspondcyonjnje raw material; with the production
process being characterized in that an oxide and/or a conplex oxide
i ncl udi ng nol ybdenum bisnuth, and iron as essential conponents 15 are
used as the catalysts, and further characterized by further conprising the
steps of. divilding the prducin pfocesc forr aactisanrdted alddhydd entlioreshr bed
mul titubul ar reactor in a tubular axial direction to thus arrange at | east
t wo r dactunsatumtadesybeytic thdn whabkéomgprisee e stemof caryizgoescdyis ghs t he
catalysts in such a manner that the ratio R of the apparent density of the
cat al yst phaset peidatianectiehtrastyorsf cothpousah selsoted frapptheegroupl engsistingopf
catal yst/true density of catalyst) in each reaction zone differs fromthat
i n anot hdwomdene: isshutzlsme, t-byyl eliehalaand metvl t-bHty? HWS agagrapamriedaln t h t he
cat al ysts ,a{f&tﬁre}g} as to the iat{o 25 R in_ such a manner &ga{% ttﬂe rati o. R
decr eases™ CHiEr gR¥eenfiTet MOlsqilagPX B qntaipE gas by v bllastibehe
gas-outl et .sjde thereof. 29 2.0 2005 2. . A production ocess, accordi ng
U0 P ai mectiiflet (RERL whEh i paghed ot cod ity e BER of i he
said.at | I i ffars fror k r t he
sim Ilgr z]i]?‘ %g{se;ﬁoatl(\ile\g@g%%@ ?%tﬁgggsnag%r? eg °§Tb°5&9‘gar %%‘g}:‘&hf%ncog%g@e}lggo gé:ecor ding to
claim 2, r%‘i?af%ﬁhl't he said at least two reaction zones are packed with the
catalysts different as to activity in such a manner that the activity
i ncreases fromthe gas-inlet side of each reaction tube toward the
gas-outl et side thereof 10

with the production process being characterized in that an oxide and/or a

complex oxide including molybdenum, bismuth, and iron as essential components

15  are used as the catalysts, and

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

20 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 denstty of catalyst/true density of

catalyst) in each reaction zone differs from that in another reaction zone, and
the said reaction zones are packed with the catalysts different as to the ratio

25 R in such a manner that the ratio R decreases from the gas-inlet side of each reaction

tube toward the gas-outlet side thereof.
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4. A production process according to any one of clains 1 to 3, wherein the
said reaction zones are 2 or 3 in nunber. 30 :

28 NOV 2005

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

another of the similar at least two reaction zones.

5
3. A production process according to claim 2, wherein the said at least
two reaction zones are packed with the catalysts different as to activity in such a
manner that the activity increases from the gas-inlet side of each reaction tube
toward the gas-outlet side thereof.
10

4. A production process according to any one of claims 1 to 3, wherein

the said reaction zones are 2 or 3 in number.
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