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1 PROCESS FOR PREPARI NG UNSATURATED ALDEHYDE AND
UNSATURATED CARBOXYLI C ACI D FI ELD OF THE | NVENTI ON 5
[ 0001] The present invention relates to a process for
preparing an unsaturated al dehyde and an unsat ur at ed
carboxylic acid by catalytically oxidizing a conpound
sel ected fromthe group consisting of propylene, 10

PROBEsY| eOR BREPARTNC- BNEXTURKhEENOAT WhtRDAORRBULREATURATED
oxygen in a gas phase. BACKGROUND ART 15 [0002]It is

wel | known in the art turated al dehydes
and unsat ur at ed carboé%??%ﬁgﬁﬁggzggﬁ%ataIyticaIIy

oxi di zi ng propyl ene, isobutylene and/or tert.-butyl

al cohol in a gas phase in the presence of a

nmol ybdenum bi snut h-i ron m xed oxi de catal yst. 20

[ 0003] Such an oxi dRIFBR PBa&EFEoANVENGSGH| |y carri ed

out by supplying raw material gas in a reactor tube

packed with a catalyst. Commercially, the oxidation
reaction is often carried out using a nultitubul ar

[peatior. Sheceptdmeroxi datvieaniv@actébatés adhi ghlprocess for

exotherm c reaction, 25 |ocalize i gh-tenmperature
PYSRBES RN i ar PRy L) PO ACHBRE e tUha FBsaturated

c&@b&%g@% apchbl etoyf oredtiiraducd g, t hex{ @ 1w erd al compound
gas. i nce the oxi dation reaction exce$3| vel Yy pr oceeds
sgtechedhot £5pt s, thRe ypebup of coheidgbshnged pfoduptspylene,

- e ddi.tion, sjnge . ar heat, _ 2 -l cad
+ALbEEL PEELCRAR | LB R SPYEPY B 2 Lo onygen
idetegher ahasand thus a catalyst lifetinme may be

shortened. These probl ens becone nore serious,

particul arly when the concentration of the raw

material conpounds in the raw Smaterial gas is

i ncreased or the spaceBReKgBPYVYPoRRThe raw materi a

gas is increased to enhance the productivity per unit
amount of the catal yst. [0004] Accordingly, it is very

[bHBBﬁtantIEo %ﬂ?prggilth%mown in the art to ©prepare

unsaturated aldehydes and unsaturated carboxylic acids by
catalytically oxidizing propyiene, isobutylene and/or
tert.-butyl alcohol in a gas phase in the presence of a
molybdenum-bismuth-iron mixed oxide catalyst.

[0003] Such an oxidation reaction is usually carried out
by supplying raw material gas in a reactor tube packed with
a catalyst. Commercially, the oxidation reaction is often
carried out wusing a multitubular reactor. Since the
oxidation <reaction 1s a highly exothermic reaction,
localized high-temperature zones, which are usually called
hot spots, tend to form near an inlet for introducing the
raw material gas. Since the oxidation reaction excessively
proceeds at the hot spots, the vyields of the desired

products often decrease. In addition, since large heat
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excessi ve exotherm c heat at the hot spots to | ower
the 10t enperature of the hot spots, so that the
desired products are obtained at high yields by the
above oxidation reaction, and al so commerci a
production facilities can be operated for a | onger
time with suppressing the detefioration of the
catal yst. 15[ 0005] To suppress the exotherm c heat at
roposal s have been nmade. For

hot ts,

egﬁﬂéfg*? S@?Pi\fgg- g@G Bedratpbres, athet Aedatwaprnsivng

di i i t of t

wher et OB e R TP A oF T abie P oPREG fpehnaY napeFhar tened.
| TIRg §e L 9r o 1 &RS L OPomEBnd PL93841 Ay ggb%fk?é&fa l?ﬁéggg the

using a reactor in which an 1nlet raw nateri

gaent¢enpackich v £ htise seppans eer cat abympouds | €nafhe raw
outlet is packed wth a usual nolded catal yst, and

Je e bl 1998 4l dinel ozeed o nethwdsiare paekonit @ of the raw
ported ca al%sts havi ng gradi ent

r r_wWth s
sﬁ%%%%a%mn%alﬁnu of CIRR Lt 1R S VR pRdepEsVity per

sueih tg}ﬁguﬂt{neo@wrgam s of the catalytic active
conponents increase froman inlet for a raw materi al

00 a4 an auideatdidQIGP6]EP s 4RO Aonphd <h Sed o@'@?’s&bpress the

met hod for packing a reactor with a plurality o
GRGA S [Fasd i T i dresmrit at3 tdoc Uyl rEEpotod unesLleweh the

t t he accupyi ol umes decrease froman inlet for
;ér?“;ﬁrr‘?gttuerﬁ a?&y g}%’% X’é’tar?l‘iﬂhfifetsio U atattdit d@sired products
Syl IS¢l t riskn acki a _
reac?g}%r{gﬁ%tgﬁgﬁjﬁiﬁlg%dr%%ge eoﬁbd%égé%)%ﬁ Pn reaction,
lagndl 12g. St @onmelrcd G 1C plral id ta BC ifaWiliies &y MH Wb teq

ki nd and/ or amount of an el ement selected fromthe

dPsuR domsiedt ithgieotvidihk suppretsalingand et kitdnimration of the
%%[E%tli tsl,éti ng the catal ysts and al so changing a

Cal ¢ fati on tenperature during the preparation of the

LRI 2 T80 B L SR U i e,
gaset praposaflkehave been made. For example, JP-A-47-10614
discloses a method comprising diluting a catalyst present
in a part of a reactor where a hot spot may easily be
formed with a material inert to a reaction, GB 1529384 A
discloses a method using a reactor in which an inlet for a
raw material gas is packed with a supported catalyst, while
an outlet is packed with a usual molded catalyst, and JP-A-
06-192144 discloses a method for packing a reactor with
supported catalysts having gradient support amounts of
catalytic active components such that the support amounts
of the catalytic active components iﬁcrease from an inlet
for a raw material gas to an outlet.

[0006] EP 0 450 596 A discloses a method for packing a

reactor with a plurality of catalysts'having different
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[ 0007] However, none of the above nethods can
satisfactorily suppress the exotherm c heat at hot
spots, and the yields, catalyst lifetinme and operation
of the 15process may not necessarily be sufficient for
commerci al production. SUVMARY OF THE | NVENTI ON

20[ 0008] An obj ect of the preseft invention is to
provi de a process for preparing an unsaturated

%!Q?h de and an unsaturated carboxylic acid b¥
ca alffi‘ﬁrb%ﬂ %&?%i%#@ HabnpbanacsePEéngdve i eleshdecrease

O QUP Sl st f yl ene. . isobuty] ene and

tert. - u?@?ﬁé 2%%§Ia5#¥ﬁlh% S grggiy Bn?25PRthehas US
phassm iNd. s8ifd7 6 erd | yi SEPPEES Sh Nde EXOL hes i £ -
hot spots during an oxidation react?on, mﬁ%ﬁ%ﬁiggﬁé SSCklng
Vi elakstofr thidtipraoduots airtey i ot reased entldé heabepyst 9allaving
on the catalyst is reduced, which process is easily

Sthd i lart gy eotisl $¥ohe 3 hey vieppbiat tled kind and/or
ci 4 production. [.0009] To achi eve the above
o%bj ec{t, Oﬁweanpr.esegnnetncC ﬁﬁr}eerfﬁ%cg Ui R EPiRceeskping of
RrieRari f tan LINSAE Winhed d{cm/ AR, d
car boxlyl ic acid conprisi nlgtllt e %% eps %‘? %Wu%g#%%fgf%ts and
edmeo Wi rseinec tee d aflrcdma thie> rg rosip oS sd ider 8y the

E%ppylene, i sobutyl ene and tert.-butyl al cohol, and
EESHRAR O&x Pde it hien ca tiadastter tashet hpste Kt wi the Iy e

[ .cat alysts an erforming a catalytic oxidation
B Sy B B o Lerr aro AR ™ oNyfe Tor 2 rau

aa@as ikAphase thh shheyreagt or tube, wherein the reactor
tube is packed with a plurality of m xed oxide

da0anyst s Hawiengrdi hberentt aatealatdve adtinddd esmand
each conprising nol ybdenum bisnuth and iron, which
SPELREECEQTILA Yt REPPrEsentheofexe theduion remdnpduntht spots,

h at, . catalytic 15activities of the catal ysts
?ﬁgrgggeyﬁégﬁﬁéncﬁﬁ%gysﬁoil etime and operation 3% the
process may not necessarily be sufficient for commercial

production.
SUMMARY OF THE INVENTION

[0008] An object of the present invention is to provide
a process for prepéring an unsatqrated aldehyde and an
unsaturated carboxylic acid by caéélytically oxidizing a
compound selected from the group consisting of propylene,
isobutylene and tert.-butyl alcohol with molecuiar oxygen
in a gas phase with sufficiently suppressing exothermic
heat at hot spots duriﬁg an oxidation reaction, whereby the
vields of the products are increased and the heat load on
the catalyst is reduced, which process is easily operated

and advantageous from the viewpoint of commercial
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raw material gas to an outlet of the reactor tube.
[0010] Furthernore, the present invention provides a
process for preparing an unsaturated al dehyde and an
unsat urated carboxylic acid conprising the steps of
20suppl ying a conpound sel ected fromthe group

consi sting of propylene, isobufylene and tert.-butyl

al cohol , and nol ecul ar oxygen in a reactor tube packed"
wi th m xed oxide catalysts and perform ng a catal ytic
SHogRIG P r-eact i on bet ween t he conmpound and nol ecul ar

in gas .phase in 25the reactor tube, wherein
ﬁ)r%)%?gact oaf i SHdhEeRRATH A ¢ehst taednesert

i al - rd s mol ybdenum _bi snuth and iron
\(%/I)’fl1 |v%%tﬁg tnh é%l\t?) favdwL %%tr?t%wyrg%eessesn cgo%fp]gé RRUHY iy cohpobingated
andeatydeeasid ene urigwed: X e &ﬁtk%%ﬁiiéoz{@{% zc%%}gprﬁing the

nol ybdenum bisnmuth and iron which s no

slepsr efestprdly iag educinpg watmeing t sdichrdhathd heroup
catal yti.c activities of the catal ysts increase from an

FRPEL SR da OfaRtRRYEENE!r JEot wieTrutand - wfrtt héoutyl

Rt .. B JLLAccording to the present .
B o TR “PHe Tpr BYAATi 0 i S A ked with
alidelydeiasdcamal ur, R | &  dati
exothernﬁc hgataig%?ﬁoﬁgﬁggfgqiupp%gég%zﬁgguﬁggléﬁﬁ'g?atlon
rhecténpebatweenat-hieheohgbusigbtas & aid ke-uel aasad 3 gas

aﬁd thus the desired products can be 10prepared at
RiPgRcyi-Bl 82 EGREREENGHES /t WheTedn |thed memdtve tube is

S t_t ot .spots can be reduced. DETAILED
%%%g%e%ﬂp‘[ﬁ‘?@ &Biﬁgaéﬂé ERREB ERROSMEST S5 001 T ing
aatabyshs used1lenct BecpLeRakat oy o an dﬂ;gn%arti%rﬁ{ ed
al dehyde and an unsaturated carboxylic acid comprise a
me keddexime boanathi agdmi-phgeptifichbiasRUthie ;aRe 1O 1RS

essential elements. The m xed oxide nmay contain one or
ROTecBfenthtd BEABFiRHaRCRBPYBde nsHChMEha thitbeutdatalytic

20U 208 Lo T REL B ShbE ALt o, ST o
rosimimethal | 48 t81&n outlet of the reactor tube.

[0010] Furthermore, the present invention prd%ides a
process for preparing an unsaturated aldehyde and an
unsaturated carboxylic acid comprising the steps of
supplying a compound selected from the group consisting of
propylene, isobutylene and tert.-butyl alcohol, and
molecular oxygen in a reactor tube packed with mixed oxide
catalysts and performing a catalytic oxidation reaction
between the compound and molecular oxygen in a gas phase in
the reactor tube, wherein the reactor tube is packed with
at least one mixed oxide cataiyst comprising molybdenum,
bismuth and iron which is heated in the presence of a

reducing compound and at least one mixed oxide catalyst

comprising molybdenum, bismuth and iron which is not heated
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[ 0013] A preferabl e exanple of the m xed oxide used in
the present invention may be represented by the
formula 25(1): MbaBi bFecAdBeDf D9Ox(1) wherein A is an
el enment selected fromthe group consisting of nickel
and cobalt, Bis an element selected fromthe group
consi sting of manganese, zinc,Scalcium nagnesium tin
and lead, Cis an elenent selected fromthe group 6

consi.sting of phosphorus, boron, arsenic, tellurium

tidhddte® ea?ﬁricgﬁ)rﬂl,’? | T9@em NGl compempds | $ach értd?at the

' I L ceriu D.is an el epent sel ecte rom

tzclhacret%gL oeljlprg %thcslivsjﬁjne;g dtt p@?eas%? i y?%éﬂ?%}%%sﬂ{w an
AL 2uhe; — C h € n

?ggpiﬂ;ﬁdvellayrsag{]?%fy thrbeﬁe(%:iahsf}ltz‘l:%naSI:1 %u_< %?0? 01?n<e c]%?fmtor

Taddb@,. Oe < 10, 0Of1, and O< g 2, and x is a val ue

defined by the oxidation states of the elements other
tlF&A 1dxy ge ACqoBli4| AN o teh o ot et ty sitrsy et thiose, b 1y the

At R L T S

2B B 1- n- 5C0[- 103h0, 1- . 1- :
0T P 0017 N 21 6 F. GRG0 5 s T0b0 L PR H
FOObERAS ctiawtMoR! isplot of, Oft Hh e MA@ O 0Tt H G0t spots
15cat al ysts, conpounds of the elenents contained In

ERE Bat yPydt slesyehsasl exiddehumitthreatoesirsd fratRRicts can be
car bonat.es E}é%%oxi,d ox0 acids and their anmoni um
des,

EAFParflarr bl Throvd o Ry b& WP TP Tno rhtes hewits ilgiashton the
EQEa§?EE§f%knghghﬁpgggéﬁgﬁf%ghpbka%%%%be%ReCIflC

exanples of the no

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0012] The catalysts used for the preparation of an
unsaturated aldehyde and an unsaturated carboxylic acid
comprise a mixed oxide containing molybdenum, bismuth and
iron as essential elements. The mixed oxide may contain
one or more elements other than molybdenum (Mo), bismuth
(Bi) and iron (Fe). Preferable examplés of other elements
include nickel, cobalt, potassium, rubidium, cesium,
thallium, etc.

[0013] A preferable example of the mixed oxide used in
the present invention may be represented by the formula
(1): Mo.BipFe A4BD¢Dg0y (1)

wherein A is an element selected from the group consisting
of nickel and cObalt, B is an element selected from the
group consisting of manganese, zinc, calcium, magnesium,

£in and lead, C is an element selected from the group



20conpounds i ncl ude nol ybdenum tri oxi de, nol ybdic

aci d, ammoni um par anol ybdate, etc. Specific exanpl es

of the bisnmuth conmpounds include bi snuth oxide,

bi smuth nitrate, bisnmuth sulfate, etc. Specific

exanpl es of the iron conpounds include iron(lll)

nitrate, iron(lll) sulfate, 25eron(lIl) chloride, etc.

[ 0019] The catal yst conprising the m xed oxi de may

usual |y be prepared by mxing the raw materials of the
cetRfysting Qatehosphobrai nbanonquessasnsal, utedhued uan
agueous slurry, dr ing_the solution or slurry, and .
tﬂ%ﬁgs %al%?ﬁ?%@n¥he 4t 1 €O maf éHRARUR AAtaPABBpheisconium

C Lo ecul ( - A- 59-46132,

TR0 a0 TS P Oht R as s8 ettt TPol £12; geour

deynh 10 tiyg DEef Cacth€6i @K} HShDEiantOoR%ENLMORAK QEXHTQum, and
devi ce such as a kneader, a box 5type drier, a drum

twipen tarough- fhowcdriere, af spndygdrespecaitbagshsdeiefy the
etc. [0020] The concentration of nol ecul ar oxygen used

i HiHel bdv el calkinatd.orP pf ocessl s Lstat |y FG,0M Kto < 10,

% b l une eferaply from 10 to 25% by vol une. As
e B hl G U D gards anhr ot ot yder e b the
useiha tThen MY £l a8 £ Opygem &Ry, Bt b enal | Tzhgﬁ 9&%&&9‘

Wi th nitrogen, carbon di oxide, water, hellum " argon,
et@)1410021]Ahen g att fod nadt ti iy & e etias sik ehh 81§ UBhE VST D8V ing
300 to 600c, preferably from400 to 550C. The

CA GG IR SLEtG FRER s QYN Y I¥orRpEe ienabbs woedo

h f f 1 to 20, hours. [0022] The
s T AR b B § for

cat Z°dBsli red form

[0016] Mo1,Bio.1-5Fe(.5-5C05-10S00.1-5510.1-5K0.01-1

[0017] Mo12Bio.1-sFeq.5-sNi5-10S0b0.1-5T10.01-1

[0018] As raw materials for the preparation of the

catalysts, compounds of the elements contained in the
catalysts such as oxides, nitrates, sulfétes, carbonates,
hydroxides, oxo acids and their ammonium salts, halides,
etc. may be used in amounts sufficient for satisfying the
above atomic ratios. Specific examples of the molybdenum
compounds include molybdenum trioxide, molybdic acid,
ammonium paramolybdate, etc. Specif;c examples of the
bismuth compounds include bismuth oxide, bismuth nitrate,
bismuth sulfate, etc. Specific examples of the iron
compounds include iron(III) nitrate, iron(III) sulfate,
iron(III) chloride, etc.

[0019] The catalyst comprising the mixed oxide may
usually be prepared by mixing the raw materials of the
catalyst in water to obtain an aqueous solution or an

aqueous slurry, drying the solution or slurry, and then
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Preferably, the catalyst is nolded in the formof a

ring, a pellet, a sphere, etc. by tableting, extrusion
nol di ng, etc. 20The shaping may be carried out before

or after the calcination in the atnosphere containing

nol ecul ar oxygen, or after reduction treatnent of the
catal yst which is expl ai ned befow. When the catal yst

i s shaped, inorganic fiber, which is substantially
inert to the oxidation 25reaction for which the

ca® B iing stigedriedymbeeaddedihoahha taakphyst EBntaining
i {ove t he mechani cal strength of the catal yst (see,

B QXYPEA- 0926208335 PoA23BThe JRCAFGDEY 66B3Dhe JP-A-

b t | ed by, heating the catalyst in
R atehed o4 Teaute i cbipothd g Thar Brnbeeked out
tﬁﬁfh§ﬁﬁﬂddﬁhéﬁtI@ﬁa§a%?§¥§%p?8vﬁggegﬁgge?geaoLngader, a box

reduci ng conpound may be si y referre 0 as
uUthudﬁiHrJr&ainmmtﬁype[@@ﬁé&gﬁagpbﬁsdggegpearggyggngrier
conpound i ncl ude 5hydrogen, ammoni a, carbon nonoxi de, !
Hygﬁdﬁﬁ¥ﬁgmﬁr&ﬂ%bﬁols, al dehydes, am nes, etc. They

be used as. a mxture of two or nore of

ti |
?[ﬁ'y?%%qp: gp Zﬂr}la |SPREEHE B UM hyliP bRaR bohsoxapenhesed in the
sy T t - b t o,
gty o AN AN S M%se 10 SRS FRGRCD, BheTBe by |

vatlumat, e hral fephatlive e OcRrbONss suUSh #S1HEE hangs +he
et hane, propane, n-butane, isobutane, etc.;

TRd&Cllate @*MdeFhatare aHydraoc arbonsosygdn asa ety | @hed.  The
rq@%h ne, abutylene, 6-butylene, isobutylene, etc.;

enzend tafE YaRd Made ORIy darfbt Bated wiigh nitrogen,

2heebhal s1ibrgliade ated :15al i phatic al cohol s such
as met hanol . et hgr%gcltet{r’n-h%ﬁ&g)ug[ﬁola?r Spropanol ,

opatanol , Theobutianielat i9eC tdieadnurd efd .us M ANYLon 300
etc.; unsaturated aliphatic al cohols such as allyl
&Pc6RBIC, cpoeferabtyhbromnédbhakbyls5aPcohofhe et gl ¢id&@dion
. - i I f h al dehyd i nclud
Qt_ﬂﬁgo!’LS %@%gllllyc f?:)c()?nwg ?nsln%tes"suqco a4Od(:)hoyur(:)ss, Ipnrcefuer(:)ably from

1 to 20 hours.

[0022] The catalyst is usually shaped in a desired form.
Preferably, the catalyst is molded in the form of a ring, a
pellet, a sphere, etc. by tableting, extrusion molding, etc.
The shaping may be carried out before or after the
calcination in the atmosphere containing molecular oxygen,
or after reduction treatment of the catalyst which is
explained below. When the catalyst is shaped, inorganic
fiber, which is substantially inert to the oxidatién
reaction for which the catalyst is used, may be added to
the catalyst to improve the mechanical strength of the
catalyst (see, for example, JP-A-09-52053).

[0023] The activity of the catalyst can be controlled by

heating the catalyst in the presence of a reducing compound
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20saturated aliphatic al dehydes such as fornmal dehyde,
acet al dehyde, propi onal dehyde, n-butyl al dehyde,

i sobutyl al dehyde, etc.; and unsaturated aliphatic

al dehydes such as acrol ein, crotonal dehyde,

met hacrol ein, etc. Specific exanples of such am nes

i ncl ude saturated 25ali phatic &m nes such as

nmet hyl am ne, di net hl am ne, trimethyl am ne, ethylam ne,

di ethyl am ne, triethylamne, etc.; unsaturated

i epieaad tam neish sucre asiad | yf anieecath ayby| ami Bite presence
etc.; aQE ani |l ine. [0025] The catal yst is reduced by

r?efgﬁ AF e Rt ETRIUNG 73y Pyasirgohy ar aif egredhetaboye

i i 0 The concentration of the reducing
cg%%%hn O%hq?%%ﬂggg“?s usually fromO0.1 to 50% by

valozag, prefemalas fdo 1,0 R0 ?gr@n T

reduci ng corrpggﬁld i's d.rﬁ}fﬁ e% Wi tfhrpj/hi(%/ér)f}1 gen,dSIc}gCer%%e
divehioden , watmeron ikl iaupbar gamoseide, toy@td@d fbSUeN &l cohols,
cgg%%ntration” The nol ecul ar oxygen may be present in

SdER YA G Natfat alite effhast mofy tdmet rasthicty dre ofsddieas a

t i-s.not inpaired.. Preferably,_ the nolecul ar
R o P8 Aro B i GG76) The SRR O Sach of the
hoARBEALHbA S, S AUl f T, {0 nref erably
2%0 to 550C  The redu%:éti (‘)—%%e?l S aglgﬁ;qqlslefsr glr%%l to about
ﬁinatbsntat@&shouSpeqﬁﬁeke@&bﬁpﬂggnaﬁugdgﬂuﬁygggdéfg%ns
hours. The reduction of the catalyst is preferably
¢BFLPea satubyterardilpgatic dadaopstrbionsa siftontainrerhane,

S - ube-type.contai ner or a box-type container
§E§Q??bmﬁﬁépflﬁgr gg‘s b&%ﬁ‘fl&i' nilﬁg’%ﬂlﬁéfﬁeed@éﬁcng A FedtTRted
L i pHgRi ENRyEPREAREhs kichhi e gas exhausted
froﬁ1thé co%tainer na? ggc%égéc%g§%?§ %Hegggﬁgéfﬁgﬂ,a
bttyesne edf-BOEQORREL n igebergll enkhe ewei. ghto c@fz 2 aﬁ? the

cat al yst decreases after the reduction treatnent. e
%%?%ent%@%cb?théxﬁEPéﬁﬁ Péssueh BReobaflal yoiclugle saturated

06341 G F GRTEPBeEs 358 by Ehenew ) pveron - 1oopropancl,

iﬁ%ﬁiﬁ%ﬁﬁ@lwhﬁsbugaﬁoliSi§o$ﬁ£9ﬁ519fs@cqabﬁk%%gl?e%%E .-
butanol, etc.; unsaturated aliphatic aléohols such as allyl
alcohol, crotyl alcohol, methallyl alcohol, etc.; and
phendl. Specific examples of such aldehydes include
saturated aliphatic aldehydes such as formaldehyde,
acetaldehyde, propionaldehyde, n-butylaldehyde,
isobutylaldehyde, etc.; and unsaturated aliphatic aldehydes
such as acrolein, crotonaldehyde, methacrolein, etc.
Specific examples of such amines include saturated
aliphatic amines such as methylamine, dimethlamine,
trimethylamine, ethylamine, diethylamine, triethylaﬁine,
etc.; unsaturated aliphatic amines such as allylamine,
diallylamine, etc.; and aniline.

[0025] The catalyst is reduced by heating the catalyst
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reduction treatnment and CWa is a weight of a catal yst
after reduction treatnent. [0030] The wei ght | oss of
the Catal yst may be caused by the loss of lattice
oxygen atons in the catalyst, and the 10 |oss of the
| atti ce oxygen atons may change the catal ytic
activity. The degree of the refluction of the catal yst
can be adjusted by selecting a reduction tinme and/or a
reduction tenperature. On one hand, as the reduction
of 5¢ h@%a@%%%nb?%c‘élé@samﬁ% lv\%dlgmngossmpbunhe The
5% % sgrgends tf |ncreqi On the other hand, the

ca E T AT Y eend oFomPoiR e el BnBl¢ edRess

fpﬁy t I cr
tiey n@rbj T h@é‘l %’% \L(y lﬂr? CCO?H?%JQYy?r?IHel to 30%

reduction of the catal yst procee
dat alglstmeact iMHd yréiﬂﬁﬁlﬂ@tc&@msﬁé | dY1 0 PEH SRPES ﬁ?trogen,

t he melght | oss of the catal yst increases. |In genera

& %y%uowrny@tamu deliwss afgdh Olet®. 686 h@stain such a
her cata tic activity than a catal yst which is not

‘1?3] nt he TEIRA G e AHHIRN Tiherked @pegsenti sn such

FH'rlefﬁr{cﬁ‘Mte ﬂh%tustgxo S%%ea&§%tf?h¥18t hac%/%r{%soaq éS lgeacq*(@aalyst

loss of 0.01 to @as one of
i e nepclioed. Ub@re%e%%&ﬂ'ﬂ“tﬂ@‘fdﬂ%&m @yéecﬁ‘sls not

of nore than 6% may be used as such, but it is
prefsendbl y again calcined in the mol ecul ar

contai ning gas and then reduced to adjust its
3?6%%& g‘&ctrle\%l l%@?ﬂ]ﬂ%atthléecdtﬁ seswillhefrom 200 to
d t| e n t duci ound itself
?8%%$m&%§ FHGhtPhotine is

medmmyg £@ORPBURE nliY s @RIDD Hd ke %%Ieazl t
reduction treatnent depending tﬁé ki nd Zéﬁgt fiort %0

mé@U@ﬁﬁgt@oﬁﬁobndrSheaﬂhEre&dmemuomondlmn@%baﬁaﬂysﬂ'ls
ght of the remaining material is

Rﬁ?ESFég?XnSaEEBFPaEFédbﬁrSHﬁFHénﬁhéh§\ﬁﬂ%ﬂﬁyaﬁ irhe
R ERer: aF ™ R B Eub R r i Bt BT ainRs e arsturowe
bynthénetland flowing the gas containing the reducing
compound through the container. 1In this case, the gas
exhausted from the container may be recycled to the

container, if desired.

[0027] In general, the weight of the catalyst decreases

‘after the reduction treatment. The percentage of the

weight loss of the catalyst is calculated according to the

following equation:

[0028] Weight loss (%) = [(CWp — CW.)/CWs] x 100
[0029] in which CWp, is a weight of a catalyst before

reduction treatment and CW, is a Weight of a catalyst after

reduction treatment.
[0030] The weight loss of the catalyst may be caused by

the loss of lattice oxygen atoms in the catalyst, and the
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measur enent of total carbons (TO, since the remaining
material may typically be carbon. [0032]In the process

of the present invention, a plurality of catalysts

having different catalytic 5activities, which are

obt ai ned by the above reduction treatment, are packed

in the reactor tube such that 10he catal ytic activities

of the catalysts increase froman inlet for a raw

teri as to an outlet of the reactor tube. .

guaqsesn? Ve yattHec sralgan (aionuBatt@pnde tiee catalytic

jon. treat nent a cat al yst. whi c as not
k]?%gﬁq}si&bi ‘ectéd L6 XhE rogfgL%ef &4%‘&%& _ ar}ée patktyst can
b RE Ustart oy e quely thated i o &l Mid Cagidyifies
of tﬁg catalﬁ%ts to tﬁg;outf%t of&?Le reaé%or}%ube.
Tedmdtdan aempeatttiuar .betoreemd heargw B! tdll B8 xyosn of
in a gas phase is reactor tube. The catal yst may be or

{the Gattrdyséf Prpeeesiet dhe utsel gH0038Ys Wierthdecatalyst
reactor. tube is material gas n, the catalytic

h
rSres &P ¢OTpEERE -and e &S @oth(ﬁ-li;t aﬁlq'hé:}tené?agi&llﬁquj(ﬁn
ta'&%iivrilt?t ipReked W teh .t he 1, 200 %fr{%it ity qfe d rkq'te maximum and
Vi1 e o actd vittes

catal ysts having the controlled catal

ithehherapeal iy derdensar] bhenneseddlt iGH I thdWatalyst
the catal ytic oxidation reaction, the exotherm c heat

REocredret 4peprsdingdif edthiev eiaycaélypsg:r @sste'dfhitanhdiddmlsaot
the desired products can be obtained.in a hi tota
DECPASoSALB0SAPTRICRE Bochss sh Miie Lorisa@t the catalyst

hA%eakkes,. as$ntBBneral, a catalyst having a weight loss of
0.01 to 6% has a higher catalytic activity than a catalyst
which 1is not subjected to the reduction treatment.
Therefore, it is preferable to use such a catalyst having a
weight loss of 0.01 to 6%as one of the catalysts to be
packed in the reactor tube. A catalyst having é weight
loss of more than 6% may be used as such, but it is
preferably again calcined in the molecular oxygen-
containing gas and then reduced to adjust its catalytic
activity.

[0031] In the course of the reduction treatment, the
reducing compound itself and/or decomposition materials
derived from the reducing compound may remain in the
catalyst after the reduction treatment depending the kind
of the reducing compound, heat treatment conditions, etc.
In such a case, the weight of the remaining material is
measured and subtracted from the whole weight of the
catalyst to calculate the net weight of the catalyst. The

weight of the remaining material may be measured by the
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ki nds of the catal ysts increase, the tenperature
distribution in the reactor tube can nore effectively
be controll ed. However, the increase of the kinds of
the catal ysts nmakes the production of the catal ysts
and the 12 packing procedure of the catal ysts
conplicated. Therefore, preferldbly, two kinds of the
catal ysts are packed in the reactor tube. [0035] The
shapes of the catal ysts packed in the reactor 5may be
I St diff flatent .cavond tBovens incal thet hodsifong
Suppr es i&ﬁkeﬁfthernic heat at hot spots may be
CEi Yh GMRe Frelseme i sRkRR on. [0036]1n the
reeess of th r | hventi.on, the gas- phase
gatalytic 3&%3&%32%%?%%% i%ﬁl%%@c&ﬁ?ﬁ oﬁ?&%Rtlon' a
Blsupnliviyng 1 e taaw 9w afd Alng oot el eet e, {1 om
the group consisting of propyl ene, 1sobutylene and
it vilgieyl, ahdaoholareand tmilrealiay 1% gasbvdtedilte: ion
reactor tube. In the comrercial production, a fixed
bEG ARty uBGRaPacEsst o ddfprmesiaipn Halreantdr thite the
' .§ use 5[ 0037].As .t he nol ecul ar
b 18 e O R SR GRS O THE (e an
raleti abrecanpaundadlgithe I eqular Qxngen. £ g 1 Wactor
mat eri al -gas may optional I'y contai n other gaseous
faberi ahlsachaasveilly, oger, eaEReR tdisgXiddh ] &AHRONo the
nonoxi de, steam etc. 20[0038] The reaction tenperature
FEAUshaP Py tFeBRNEBY £HB0C R site aditiiabn HerseSBITr drdes

SR P e RREe e P Hep the Goede Ramiat raitihe
pheCOsTRUBE AR IMAST ) VAR APHLIRLBE, s S e
theatantsmiecrabsgasrom thealihyetr @6w500 et @ a% BRQ ial gas
@é @hgtgggfég é% ggaggggtggdtg%g%SU%ie%?Tzaé catalytic
oxidation reaction between the raw material compound and
molecular oxygen in a gas phase is carried out in the
reactor tube. The catalyst may be charged from the inlet
or the outlet of the reactor tube.

f0033] When the reactor tube is packed with the
plurality of the catalysts having the controlled catalytic
activities in the specific order and then used for carrying
out the catalytic oxidation reaction, the exothermic heat
at the hot spots is effectively suppressed, and thus the
desired products can be obtained in a high total yield.

[0034] In the process of the present invention, as the

kinds of the catalysts increase, the temperature

distribution in the reactor tube can more effectively be

controlled. However, the increase of the kinds of the

catalysts makes the production of the 'catalysts and the
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[ 0039] According to the process of the present

i nvention, excessive exotherm c heat at the hot spots

can be 13 sufficiently suppressed and thus the

tenperature at the hot spots can effectively be

| owered. Therefore, it is possible to produce acrolein

and acrylic acid from propyl el or nethacrol ein and

nmet hacrylic acid from 5i sobutylene or tert-butanol, in

good yields. [0040] The present invention will be
iRaGistratb eydure $51 thei agt&Ekasps espmphichtdd. noTherefore,

limt t scope of the present invention in any way.

@rﬁ%é%tagﬁ%rvf‘%% iR atedthe neatal inks 8Fegrasksdapn the
Y ity are those at STP. 10In the foll ow ng

Exanples, a conversion (% and a total yield (% are

defgamd as il | ped O@ﬂl‘&}@n&§f§l9§t§%a5k%90iﬁ the reactor
[ (Mol es of supplied isobutylene) -~ (Mles o unr eact ed

imQb Utey | téree )d dn{dViod 1o sd Of £ skapt | edAngobfit ybenentional methods
15[ 0042] Total yield (%9 = 100 x [Total noles of

T SRR T8 S5 10 S Heryd ¢ hert AT Nepesspétsuppyi bd

[ | ene) CQVRARATI VE EXAMVPLE 1 20[ 0043] (a)

@gg)éﬁgetdlegﬁito <Kt 4151 ooay P um ol ybdat e

[[(ON916 M7 Q24 - HL QY r { Iy L4)r Bn dBS, di S50 i’ﬁgexgg%%ﬁ,ragkhe gas-

water (15,000 g) at. This solution is referre

bBelset icart Ayt iSepariaial yon irenddidy dte@tLied out by

[ Fe(NG3) 391-{20] (6,060 g), cobalt nitrate

5 FreH2GW (MEd 096 ) carPwrdi sed et tedt Brom the group

Egﬁgggti%%S%f propylene, isobutylene and tert.-butyl
alcohol, and molecular oxygen into the reactor tube. In
the commercial production, a fixed bed multitubular reactor
comprising the reactor tube explained above is used.

[0037] As the molecular oxygen, an air is usually used.
Apart from the raw material compound and the molecular
oxygen, the raw material -gas may optionally contain other
gaseous material such as nitrogen, carbon dioxide, carbon
monoxide, steam, etc.

[0038] The reaction temperatufe is usually from 250 to
400°C. The reaction pressure is usually from an
atmospheric pressure to 500 kPa, although a reduced
pressure may be used. A molar ratio of the molecular
oxygen to the raw material compound is usually from 1:1 to
3:1. The space velocity of the raw material gas is usually
from 500 to 5,000 hr™ at a standard temperature and
pressure (STP).

[0039] According to the procéss of the present invention,

excessive exothermic heat at the hot spots can be
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g) were dissolved in warmwater (6,000 g), and then
bi smuth nitrate [Bi (NG3)35H20] (2,910 g) was
di ssolved. This solution is referred to as "Sol ution
B". Solution B was poured in Solution A while stirring
to obtain a slurry. 14 Then, the slurry was dried in
a flash drier to obtain a drié@ material. To 100 parts
by wei ght of the dried material, 6 parts by meight of
silica-alumna fiber (RFC 400- SL manuf act ur ed
SNINT-GEBA N 'ﬁ%p%fsssé‘djde?dld it h@%ﬂe@m@%@e at the hot

| ded t r|n s _each. havj an outer

é)qrﬁ%t grar}loferkgfefoclve an Bt i Shet e h%rf £Z]ME'ue’rmjr%\njosa
QRet 16f R i r 6C
Pl P R R D g et
conpyilred ,0.036 raitdradde latiomarnd] 4nd fIHCRF 0B, adi® from
cobalt atons and 0.48 10cesi um atom per 12 nol ybdenum
a#&#@tq@@%p@b)te@a—@amamlnem igred Qo4 dzat al yst A

) pr ared in the previ,ous step (a), was pack

g?%élwdl ass gaé’tr(?rseln&bénleﬁxﬂtﬁgj)rhﬁ"%%é?e di et tera to‘%d t®y the

@6‘11-'0_%'91@ AR, NG RACIRY dha 4 Cé‘et%el%’l‘!otﬁ‘e of the
tal yst A, xed gas of I"sob ty ene, oxyge

pkbé@ﬁ%nlﬁﬂ@n%h%&nhhn ankolak . raﬁkﬁf%% %t%e%QQSE'%ﬁhlcated
was supplied at a space velocCity of

6RedVedugelsuyfl gassars andeactsrarre erqolemtw ealoa‘ t360§& at STP.

& %gnp% gaure of _a heat source for heating the

Batt'6r P 8Yln§0¥ﬁém8 ffer §i SIS SBUL Y erfdhrid kel
el | thacrylic acid are

%%%%‘E ?{n?ng d%%?ﬁ%l%P% F%\]ig% MPLE 2 [ 0047] Cat al yst

A00BQ1g) prepeeedibn t(he stepo &) [OMAROHRIAIIIE ed

Exanpl e 1 was’ packed in a glass tube, and a m xed gas

ofohydvéger) and Hpﬂeeg@ﬁ unreavdlashd satity lemed(:/B0oles of
Wrate of 200 M/mn. into the

ﬁ}lggiugﬁbésfjguﬁ:éf% &' catal yst A at 400C for 3 hours.

Tbenz; Total yield (%) = 100 x [Total moles of

methacrolein and methacrylic acid]/Moles of supplied

isobutylene)
COMPARATIVE EXAMPLE 1
[0043] (a) Preparation of catalyst
[0044] Ammonium molybdate [ (NHy)eM070244H,0] (13,241 g)

was dissolved in warm water (15,000 g) at. This solution
is referred to as “Solution A”. Separately, iron(III)
nitrate [Fe (NOs3)3-9H,0] (6,060 g), cobalt nitrate

[Co (NO3) 3+ 6H50] (13,096 g) and cesium nitrate [CsNO3] (585
g) were dissolved in warm water (6,000 g), and then bismuth
nitrate [Bi(NOs)s-5H,0] (2,910 g) was dissolved. This
solution is referred to as “Solution B”. Solution B was

poured in Solution A while stirring to obtain a slurry.
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the supply of hydrogen was stopped, and the gl ass tube
15 containing Catal yst A was cooled to room
tenperature in a nitrogen stream Thereby, the reduced
catal yst, Catalyst B, was obtained. The wei ght | oss of
the catal yst caused by the reduction treatnment was
3.52% 5[0048] The oxidation rédction was carried out

in the sanme manner as in the step (b) of Conparative
Exanple 1 except that Catal yst B was used in place of
Edredly sthea sehir tshevaeattienh tenpef hash edmbsr changedain a

f 360 . 320C._ Th | t e shown in Table 1.
oA AT R LD & o B Fesuekn oh g s

t; C . ..t he sape nmanner. as
el L R N o s

Ydr-Gge faaid S U RAE by b VRl diBa it 1) Ofa d 1P WaSy the
used in the reduction treatnent, the reduction

teémperrat wes wasl dethrigedHe aio 40T toi RAOGa@nthdheng an
reduction tine was changed from3 hours to 1 hour. The

REitGRt ALGEStSr e Coat Ay stan duer bianrterduttd on mn and a

0.04% 20[0050] Th idation reaction
LR S S R e T EES:

of nearRartat bye ramle 1L, 8xeept fihal Catalyst GBS neq 0,96
ts re snowm I n

used in place of Catalyst A The resu

Pabmeth. a2BEXANRIE iton0RTbiisat al ystcobairtepardad idhd he 48
ggggu&aétg% per 12 molybdenum atoms.

[0045] (b} Oxidation reaction

[0046] Catalyst A (13 ml) prepared in the previous step
(a) was packed in a glass reactor tube having an inner
diameter of 18 mm. Then, through the reactor tube packed
with Catalyst A, a mixed gas of isobutylene, oxygen,
nitrogen and steam in a molar ratio of 1:2.2:6.7:2.1 was
supplied at a space velocity of 750 hr™! to oxidize
isobutylene at a reaction temperature of 360°C (a
temperature of a heat source for heating the reactor tube).

The conversion of isobutylene and the total yield of

methacrolein and methacrylic acid are shown in Table 1.

COMPARATIVE EXAMPLE 2
[0047] Catalyst A (50 g) prepared in the step (a) of
Comparative Example 1 was packed in a glass tube, and a
mixed gas of hydrogen and nitrogen in a volume ratio of
20:80 was supplied at a flow rate of 200 ml/min. into the
glass tube to reduce Catalyst A at 400°C for 3 hours. Then,
the supply of hydrogen was stopped,.and the glass tube
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Conparative Exanple 1 (6.5 nml; 50% by vol une of the

whol e catal ysts) was packed in the inlet region for

raw material gas of a glass reactor tube having an

i nner dianeter of 18 16 mm while Catal yst B prepared

in Conparative Exanple 2 (6.5 m; 50% by vol une of the
whol e catal ysts) was packed id3he outlet region of

the reactor tuber. Into the reactor tube, a m xed gas

of isobutyl ene, oxygen, nitrogen and 5steamin a _
VUL Hetd Safaly st A eigs xaoled seppbiedterparapace in a

| it f_ 750 hr-]1 to carry out the oxidation
Ynglatgl%‘%%%‘ ?ﬂt%b Tﬁée]&‘?}?%'er Font ofUFeontt yr et angatalyst B,

t t el d ' t | i cid

e PP rane TR D TOReof thLy b b fen v
MEBC ti el srAiOIC A rfd Bth i Wk thessame manner as in

Exanpl e 1 except that Catalyst C prepared in

Gotidedrlat | veTRxarpl da Bl qr6. reartt; 1 G0%Wdy wat uived ofut hin the
15whol e catal ysts) was used in place of Catalyst A

THES SN &% Shddtf iSFeRablR 1T oo nat e digarle 1
lé%d@ﬂﬂ“ﬁﬂé% é%%%¥§é¥1é‘%g% used in place of Catalyst A and

the reaction temperature was changed from 360°C to 320°C.

The results are shown in Table 1.

COMPARATIVE EXAMPLE 3
[0049] A reduced catalyst, Catalyst C, was prepared in
the same manner as in Comparative Example 2 except that a
mixed gas of hydrogen and nitrogen in a volume ratio of
10:90 was used in the reduction treatment, the reduction
temperature was changed from 400°C to 250°C, and the
reduction time was changed from 3 hours to 1 hour. The
weight loss of'the catalyst caused by the reduction
treatment was 0.04%.
[0050] The oxidation reaction was carried out in the
same manner as in the step (b) of Comparative Example 1
except that Catalyst C was used in place of Catalyst A.

The results are shown in Table 1.

EXAMPLE 1
[0051] Catalyst A prepared in the step (a) of
Comparative Example 1 (6.5 ml; 50% by volume of the whole
catalysts) was packed in the inlet region for raw material

gas of a glass reactor tube having an inner diameter of 18



(c) AT (ct) Conversion (% Total yield (% Conparative
Exanple 1 Single layer of Catalyst A 360 70 99.0 76.6
Conparative Exanple 2 Single |ayer of Catalyst B 320
66 99.3 77.6 Conparative Exanple 3

l6

mm, while Catalyst B prepared in Comparative Example 2 (6.5

ml; 50% by volume of the whole catalysts) was packed in

the outlet region of the reactor tuber. Into the reactor

tube, a mixed gas of isobutylene, oxygen, nitrogen and

steam in a volume ratio of 1:2.2:6.7:2.1 was supplied at a

space velocity of 750 hr™ to carry out the oxidation

10

15

20

reaction at 330°C.

The conversion of isobutylene and the

total yield of methacrolein and methacrylic acid are shown

in Table 1.

[0052]

Same manner as in Example 1 except that Catalyst C prepared

EXAMPLE 2

The oxidation reaction was carried out in the

in Comparative Example 3 (6.5 ml; 50% by volume of the

3, the reaction temperature (the temperature of a heat

whole catalysts) was used in place of Catalyst A. The
results are shown in Table 1.
TABLE 1
Catalyst . Reaction | AT Conversion | Total
Inlet/outlet temp. (°c) (%) yield
(°c) (%)
| Comparative | Single layer of 360 70 99.0 76.6
Example 1 Catalyst A
Comparative | Single layer of 320 66 99.3 77.6
Example 2 Catalyst B
Comparative | Single layer of 360 73 99.3 76.9
Example 3 Catalyst C
Example 1 Catalyst A/ 330 63 99.4 78.8
Catalyst B
Example 2 Catalyst C/ 330 64 99.3 79.0
Catalyst B
[0053] In Examples 1 and 2 and Comparative Examples 1 to
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Single |ayer of Catalyst C 360 73 99.3 76.9 Exanple 1
Catal yst A/ Catalyst B 330 63 99.4 78.8 Exanple 2
Catalyst C Catalyst B 330 64 99.3 79.0 17 source
for heating the reactor tube) was controlled so that a
conversion of isobutylene reached around 99%to

eval uate the reaction results.11n Table 1, AT
indicates the difference of the tenperature at the hot

spot and the reaction

ource for heating the reactor tube) was controlled so that
a conversion of isobutylene reached around 99% to evaluate
the reaction results. 1In Table 1, AT indicates the
difference of the temperature at the hot spot and the reaction
temperature (AT = the former - the latter).

[0054) In Comparative Examples 1 and 3 in which Catalyst
A and Catalyst C were used alone respectively, the reaction
temperature should be made high to achieve a conversion of
about 99%, and the total vield was low. 1In addition, in
Comparative Examples 1 and 3, AT was large and thus the heat
load on the catalyst was high. 1In Comparative Example 2 in
which Catalyst B was used alone, the total yield was slightly
low, although the reaction temperature and AT could be made low.
[00557. In contrast, when Catalysts A and B or Catalysts
C and B were packed in the reactor tube so that the
catalytic activities of the catalysts increased from the
inlet to the outlet of the reactor tube, AT was smaller than
that in Comparative Examples each using the single catalyst.
Thus, the exothermic heat at the hot Spots could be effectively

suppressed and the total yield was higher.
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Stenperature (AT = the fornmer - the latter). [0054]In
Conparative Exanples 1 and 3 in which Catal yst A and
Catal yst C were used al one respectively, the reaction
tenperature shoul d be made hijgh to achi eve a
conversion of about 99% and the total yield was | ow
In addition, in 10Conparative Exanples 1 and 3, AT was
| ar ge apdathus theikeat ikead on the catal yst was high.
In Conparative Exanple 2 in which Catal yst B was used
alone, the total yield was slightly |low, although the

reaction te |
[0085] | B connsig 645,202 Llba Aol WCReLeNEad aldenyde

15€ndndnBunsatupackddcanbbkglicastdd tobprisitpathe heteps
catalytic activities of the catal ysts increased from
th8%inlet to the outlet of the reactor tube, AT was

smal | er sLhanytihat al BokpARAKALEYGCEXANEEH eaehgwslpg
the single catalyst. _ Thus, the exotherm c heat
at coneiRsingpetfs peoplydepe  efibebrityérpe208dppeesse®usid

th Loyi i_gher.. t i i is: .
SaSEh AR B R Bt Bl o Bl et
angiaedupsatier abed 1garkboxyld ¢ aci d conprising the

steps 5of supplying a compound selected fromthe grou
consi st Pﬁg’feﬁfmﬁpspayP@ﬁé,lYitésmwaeW&%ﬁaaFE.‘LPn.bqtgiﬁ%rf the

al cohPbundndh ARG AL 0X¥0§8ni 1h & §8aohalset YR HRAsKsEtor
wi th m xed oxide catalysts”and 10perform ng a

catalbgti c oxi dati on reacti on between the conpound and

nnlecul%%E%éxgﬁghgnrgagegrpgggg ig1&ﬂ§«£§%ﬁk9{at898rality
of mixed oxide catalysts having different catalytic
activities and each comprising molybdenum, bismuth and iron,
that was heated in the presence of a reducing compound such
that the catalytic activities of the catalysts increase
from an inlet for a raw material gas to an outlet of the

reactor tube.

2. A process for preparing an unsaturated aldehyde
and an unsaturated carboxylic acid comprising the steps
of supplying a compound selected from the group consisting
of propylene, isobutylene and tert.-butyl alcohol, and
molecular oxygen in a reactor tube packed with mixed oxide
catalysts and performing a catalytic oxidation reaction
between the compound and molecular oxygen in a gas phase
in the reactor tube, wherein the reactor tube is packed
withat least onemixed oxide catalyst comprisingmolybdenum,
bismuthandironthatwasheatedinthepresenceofareducing
compound and at least one mixed oxide catalyst comprising
molybdenum, bismuth and iron that was not heated in the

presence of a reducing compound, such that the
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d,
t hat e A0flo SRR, 110 108k it & G HRe AEAME y ot s

wherein the reactor tube is packed with a plurality of

m xed oxi de catal ysts having different catalytic 15
activities and each conpri sing nol ybdenum bisnmuth and
iron, that was heated in the ppresence of a reducing
conmpound such that the catalytic activities of the

catal ysts increase froman inlet for a raw nateri al
gasatalgh ieubketi vat itthe ofeatkokatulest20 increase2 frBm an
prqocess for preparing an unsaturated al dehyde and an
unsatGratey éaF%ng%rJa%]r FTDH5 i3] Ay HRE SfepBeoFeactor
Supplki ng a conmpound sel ected fromthe group

consi sting of propylene, isobutylene and tert . -butyl

al cohol, and 25 nol ecul ar oxygen in a reactor tube

packed @ith L xed_oxi de catal ysts and ﬂerf rnin% a .
catal yti'c oxidat PGRCPERCET oR Batdeen THe R ompdufia KRgrei™

nokgeuraguex ygedompoangds sphaseckBtt Baer e36pOLnEUBELIected
wherein the reactor tube is packed with at [east one

m £&E@Tokige JELLE S SdERINTs 9y HYSPIEEn U RO 1B, s gaipon
ang jir h .0 f duej
o e LB JEBO AL ) Ko e o a U Bl o
colmpviisigny twléy bdebom abossutdildait/dagohatviay Waso Botarbon
heated in the presence .of a reduci such

increase froman inlet for a raw naterial gas to an
outlet of the reactor tube. 53. The process according

to clai th-1 ofh2 pieesisnacherdéndciagctaouy Bs wherein
'e%z&%i‘?gﬁt"%@&%%dtﬁg'Séédﬁg%é{%&é% 8L0URe GNS! 3LL0Enent
of "hydrogen, ammoni a, car nonoxi de, -~ hydr 6car bons
havinnghé e ecae koh aatedecial colngaudavisngrémt®. 6L to 6%.
carbon atons, al dehydes having 1 to 6 carbon 10 atons

and am nes having 1 to 6 carbon atons. 4.The process
accordi Bg t o ¢leaibPote@s dccWherabntd Mehoht: 19SS Ofherein
the catal yst caused by the heat treatnent in the

pr &égenkengs af téwuephglysivpoune Haskadbanotiod nep sy, tube.
15- 5. The process according to claim1l or 2,
wherein two kinds of the catal ysts are packed in the
react or et.ube.The process accdirdilite tprotess laced@ diwhgrtdn the
claim or .2, wherein the 20 m xed oxide is a congﬁund

e Cad Iy itne FEFRENRY( TPPrROSBFBREAIBRBCEGER Y (1) :

MO,BipFeAgBeCeDgOx (1)

wherein A is an element selected from the group consisting
of nickel and cobalt, B is an element selected from the
group consisting of manganese, zinc, calcium, magnesium,
tin and lead, C is an element selected from the group,
consisting of phosphorus, boron, arsenic, tellurium,
tungsten, antimony, silicon, aluminum, titanium, zirconium
and cerium, D is an element selected from the group

consisting of potassium, rubidium, cesiumand thallium, and
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