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1 PROCESS FOR PREPARI NG UNSATURATED ALDEHYDE AND
UNSATURATED CARBOXYLI C ACID FIELD OF THE I NVENTION 5
[ 00011 The present invention relates to a process for
preparing an unsaturated al dehyde and an unsat ur at ed
carboxylic acid by catal yticahly oxidizing a conpound
sel ected fromthe group consisting of propyl ene,

il o5, st Wil L RS o 6 e

wel | known in the art Eare unsat ur at ed

al dehydes and unsaturaf:@&B 2 bdkyPCdPaci ds by

catal ytically oxidizing propyl ene, isobutylene and/or
tert.-butyl alcohol in a gas phase in the presence of

a nol ybdenum bi snmut h-iron m xed oxi de catal yst. 20

[ 00031 Such an oxi delRIn ¢EdEHE oCINVENTHEMEI |y carried

out by supplying raw material gas in a reactor tube

packed with a catalyst. Comrercially, the oxidation
reaction is often carried out using a multitubul ar

[ERFLPOT - ShRCe gri@er®Xl 981 ERPI 682G 10 ds BoNidhbY¥ocess for
exot herm c reacCtion, 25 localized high-tenperature
preRELingi cAnar angatairaresh| | akdelyde spand, taend wrsaturated

cgaarbmgl/?rceatn%é{%ilt afg?{ 8a[%:agog#%laﬁ.g ! h%xz,realﬁlriﬁpgt eré al compound

I"ON " €XCESSI
fHleeests atfide hathspotgrode Ye@bsibsoing he @IESI regbpylene,
products of ten decrease. In_addition, sjnce | %F heat

mobutylene and tert.-butyl alcohol with mo ular oxygen

in a gas phase.

BACKGROUND ART

[(0002] It 4is well known in the art to prepare
unsaturated aldehydes and unsaturated carboxylic acids by
catalytically oxidizing propylene, 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 1is 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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|load is applied to the catal yst, the catal yst may
deteriorate and thus a catalyst lifetine my be
shortened. These probl enms beconme nore serious,
particularly when the concentration of the raw
material conpounds in the raw 5 material gas is

i ncreased or the space velocity2of the raw material
gas is increased to enhance the productivity per unit
amount of the catalyst. [0004] Accordingly, it is very
i eeyd et anp lSigghries sthidheca edestsi vehexod tel pst heat

at, the hot spots to |ower the 10 tenperature of the

h&te (3010 2 o arshit e e radky i gimeyeayhpai sedrtened.
a igh viel by the ahbove oxidation reactio and

afrs{% s%o o%cl:jegqs )p‘):’reéz S[tei ?rborF T 271144 %s %aalﬁtjb%uj;%]é}%t When the
f @ord dridngatidn 9 W A5 t L oyt

of the caté]yst. 1§&?d%%§$ﬁTo gﬁgbfggggﬁﬁgi%x%?hggﬁi%aw
heatt eati alotgaspdiss i ncy@as gt aposds dtane besloddee. o Fothe raw
exanpl e, JP-A-47-10614 discloses a nmethod conpri sing
dFRGErAg la 98 disydhogieasest ta erdgiwe tdfe oredietibivity per

I hot .s easi.ly be formed with a materi al
wﬂgﬁg %gognFegg:Fg%¥C@%?f§%§384 A ZQ di scl oses a
”@bb@g]us'nﬂc%o&%@ﬁb@&,'ﬂﬁ“@éj%éyq'ﬁﬂg?rééﬁﬁzt%r§W£press the

material gas is packKed with a suppor catal ys

whkbessdameoekbehersipaticad witt tha tetalspglgdaed lower the
catal yst, and JP-A- 06-192144 di scl oses a nethod for
phERPREaGUreaefothpi hRt shopsont 6@ Gardl ydtes demvimad products

LR g oRBhe S HBHCA . RABH e edasodit ThRoieve o idsion reaction,
cahal ¥iks @Bﬁﬂn%?cl' Qrﬂpgggﬁh\%t’igﬁr ?gﬁglﬁgggaa%ebngjeez§daerated

for a raw material gas to an outlet.

596r Aadisnbesesimenwtbadshipbrpagknggtae deterioration of the
catalyst.

[0005] To suppress the exothermic heat at hot spots,
some proposals have 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 catélyst, 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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reactor wwth a plurality of catalysts having different

3 occupyi ng volunes such that the occupying vol unes
decrease froman inlet for a raw material gas to an

outlet. US Patent No. 5,276,178 discloses a nethod
conprising packing a reactor with a plurality of

m xed oxi de catal ysts having 5 ontrolled catal ytic
activities by varying the kind and/or anount of an

el ement selected fromthe group consisting of alkal
nefEHPYARG VRaAMmegmseehstinal ithe tdecurp iy stelumes decrease

al.so_changqi a .calcination tenperature during the
oFERHr A0 GRIBE RS Caldi SPEETIG | RS thR FnIQATE: 10US

2PREEREYNGL BRO78219BY AR INERLC OB A & d @ packing

a raw matérial gas to an outlet. Ver”,

oh tbecabeveimht BOgIuedn i t3AISTAGLLS I AR ESEyd€ having
exot herm ¢ heat at hot spots, and the yields,

caearyst1eif eatadyting epédatiitdesofoyt harhs my ades skimy and/or
not necessarily be sufficient for comrercial _

pPBAURE| 8%. aBURAARINEF STLE CtRéENTIOON the [008] sensisting of
obj : 0 p e kavention i.s.tQ .provide

P oEeLL e A DB R TR SR (P R e Lyt and
UaB8d UEBERE1 64" ROXY L EEnaek BnbY ehpledlattireald iy dirdd NY

a conpound selected fromthe group consisting “of
popyheacioni sbbuhgl eatadgdteer to- htayl tdlec @adla Wittie

mol ecul ar oxygen 25 in a gas phase with sufficiently
SUphot BE5Y ngt eXBe her kit tYShEal nEE eRGESs 3608 @ il edn for a raw

' ' ciflLo eby the yields of the
3?%%%%%§Pa§§§i%%r%%sé@gaﬁ “the heat load on the
CRo@YPt | susweweed. n¥hECHrPEREC B OE RBThLYsOREHAL ed
satisfactorily suppress the exothermic heat at hot spots,
and the yields, catalyst lifetime and operation of the

process may not necessarily be sufficient for commercial

production.
SUMMARY COF THE INVENTION

[0008] An object of the present invention is to provide
a process for prepéring an unsaturated aldehyde and an
unsaturated carboxylic acid by catélytically oxidizing a
compound selected from the group consisting of propylene,
isobutylene and tert.-butyl alcohol with molecular oxygen
in a gas phase with sufficiently suppressing exothermic
heat at hot spots during 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 advantageocus from the viewpoint of commercial
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and advant ageous fromthe viewpoi nt of comrercial 4
production. [0009] To achi eve the above object, the
present invention provides a process for preparing an
unsaturated al dehyde and an unsaturated carboxylic
acid conprising the 5 steps of supplying a conpound
selected fromthe group consisding of propylene,

i sobutyl ene and tert.-butyl alcohol, and nol ecul ar
oxygen in a reactor tube packed with m xed oxide
cRERAYSItdoand performing a catal ytic oxidation

ion b th d and npl ecul |
L TBRDT0 phalo Ao LTS eR (RHO VS (RP) Sifor ek e (hEesent
LoRTeAt i ?x’fto?lhdaévgi nkaS‘f’féﬁ‘% ta efﬁatﬂu c‘g’%%%’f %’E:g et @???E‘érated

aafideagbiec Qmpr ia%i Mg s ATUNNERNWArHASfE D B64H | EQfbrising the
whi ch are heated in the presence of a reducing

cérppaEnaf supklytiay sheovgtcaingd ise ki tad | fndm eshof gtdwep
catalxsgs increase froman inlet for a raw materia

gaRn oS hANguLLe PTOP YR & edEOb i Age FrBD gLt - ~butyl

F r t r t _inventi.on provi des rocess .
FALLBSETDY Sl B BLETE YR LT RO, Rl B wien

unsaedr skedecanbaiykis aekd peMISIHY 4 N& 18RS ©f0:03ation

suppl ying a conmpound sel ected fromthe group
comst 81 pngbeftwepnophkerempiosioliutaylde me latd: aar toxydylin a gas
al cohol, and nol ecul ar oxygen in a reactor tube

pLERE Wit hPfi k8ACERF dEubEat Whpged Nartd aersitamgube is
i C.oxi dat.i cactiign. .between t he conpound .and.
a0 oL 0255061190 1 DSR2 SR Vg
tabetevbigt ebatbnor i agEel vt ¥hesi SnePEked Wk r idling

| east one m xed oxi de catal yst conprising nolybdenum
molybdenum, bismuth and iron, which are 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 cutlet of the reactor tube.

[0010] Furthermore, the present invention prdﬁides 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



bi smuth and iron which is heated in the presence of a
reduci ng conpound and at | east one m xed oxi de
catal yst conprising nol ybdenum bisnuth and iron
which is not heated 5 in the presence of a reducing
compound, such that the <catalytic activities of the
catal ysts increase froman inl®t for a raw materia
gas to an outlet of the reactor tube. 5 [0011]
According to the present invention, during the
prBp&P&t PERSEMCE AUfn SatlinMEd @l aaindindsegh that the
unsat ur at.ed arhoxylic id, the exotherm c heat_is
RO P OlSREs aTArasets GE MO SRALTT o LUHRASR e an
th t ot;s 51 r t.he
o e T oRud e Bam o™ 5 cardh A O i fygreactor
Fuobbernore, the heat | oad on the catalysts at the hot
spots can be reduced. DETAI LED DESCRI PTI ON OF THE

5  PREFERRED ERBCOINENTStol5he0@®rascTite icateaihistrs ubeding the

or the ?ie aration of gg unsat urat ed al dehyde and an
|

f
URSEY OF At £B cBFbBRy MRE2AUFE L SComddsdyde Ancedromnge turated
Qf@bﬁﬂ/ﬁ]gcngl:xggegﬂglxie%'g%%%hi%n%ealg Q1 %%gr %Srlrlfgrrll}el'yal

C
el enents. The m Xxe contdaln one

eseppréssothge hbanspekyhdenemieier @it 20 Biot spots
and iron (Fe). Preferable exanples of other elenents

i el udle vietketlectebakt, apdt dbsisurpher yleisdinen peesiucts can be
preferabl e exanple of the

thal | i .[0013] _A
10 iR beE et aiht Hléiﬁé'pré"g&ﬁpeirﬁ\‘i’é'ﬁtri Shemapae Load on the
d .
VEoH BEeeAdReLt BYcRe £ 1 TERRe: SR R Eediceremen
sel ected fromthe group consisting

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

15 [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

20 (Bi) and iron (Fe). Preferable examples 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

25 {1): MosBipFecAqB.DeDyOx (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




of nickel and cobalt, B is an elenent selected from
the group consisting of manganese, zinc, cal cium
magnesium tin and lead, Cis an elenent selected
fromthe group 6 consisting of phosphorus, boron,
arsenic, tellurium tungsten, antinony, silicon,
al um num titanium zirconium f@and cerium Dis an
el enent selected fromthe group consisting of
potassi um rubidium cesiumand thallium and 5 when a
—CQ@Sl@tl@g de @thSML@,r XPETL /i \@rrfyersm,i stel Iieium,
uatl ns b < < c 5 10, < <10, 0 5
2“91‘?3 nfoan£lﬁﬂ°5fY1 SAH&C@% gal@rrzln%d &l?%mauw Frerconium
d n a t S her
tgéﬁ S "B P P e T sl o forh R Rl

t henbalkitowigne £ 1o reeEies,t Imdlweme&w%d afl'?alllum, and
preferably used: [0015] M12Bio. 1- 5Feo. 5- 5Co5- 10Cs0.

owhen[ 80%¥6112, b, c, d, e, f and g respectively satisfy the
Mb12Bi 0. 1- 5Feo. 5- 5Co5- 1osbo. 1-5Si 0. 1- 5Ko. 01-1 [00171
MBEPBtéoRsSsFdo 55K §0108b6. - 5TRE, d1<1d @019} RAs<raws< 10,

Ls,for t t f the_ 15 cat
Brpobnis’ bf “PeCckcRont & cORfarned PnVBAGE CEFaFe by the

sufdasiexni desiehl bratde o3WhbatesS ot WMHEDxygen.
hydr oxi des, oxo acids and their ammonium salts,

haPpdés, eﬂmongayhbeca$adysMsan¢hn@&:hﬂﬁﬂng(ﬂnefﬂullowing
sati sfying the above atom c ratios. Specific exanples
?O@H%S%Fyaaerﬁeﬁpzetc e?ﬁzfaeﬁds airgc PFEE sreiblyd evead :

i um par anol ybdate, etc

ng? ?c’exan%1 es- b?ﬁ %§6C8F§ﬁ§§%°h6npounds i ncl ude
bisoush oxids, Btﬂo 2'%:@- Di;Ebat esh, ?'5%%&851‘@0“!31‘: ate, etc.

Speci fic exanp i es e iron conpoun I ncl ude

i E@RYT] 1) nﬁbfzﬂlﬁa.1—5FM§45NE§;&18$1H35.@155'J-0.01-1

[0018) As raw materials for the preparation of the
catalysts, compounds of the elements contained in the
catalysts such as oxides, nitrates, sulfates, carbonates,
hydroxides, oxc 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,
ammenium paramolybdate, etc. Specific 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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25 iron(lll) chloride, etc. [0019] The catal yst

conmprising the mixed oxide may usually be prepared by
mxing the raw materials of the catalyst in water to
obtai n an aqueous solution or an aqueous slurry,

drying the solution or slurry, and then 7 calcining

the dried material in an atnosphere contai ni ng

nol ecul ar oxygen (see JP-A-59-46132, JP-A-60-163830,

JP- A- 2000- 288396, etc.). Here, the drying may be
c&fdicediogr thesidwyed qortventa bnad ah ya tgosievéce sowbaining
as g knﬁader, a box 5 type drier, a drunw;%pe

t RPOSGHIPFOR"aeET | (SPaspiEnPA I et613% fTBeh 01163830, JP-A-
e L Th cent i on ,of | ecul ar oxygen_ use

i trzl%t0 I(ﬁje%é(é]g\?é ca%g'pn'at i%eﬁrtedr onccheess&?%l%%dﬁéﬂ %%lr%?‘r’fﬁl‘?‘g out

30%i Ay avebuRRn tAiefAr alwi g B-d 62Vl YOl Bier, a box
As the 10 nol ecul ar oxygeén, an air or pure oxygen nay
béypsedrigime amplrexultarpeoxtygerugteyf ot idmisdty despray drier,
diluted with nitrogen, carbon dioxide, water, helium
afgbh2sBt Eripge2 ECFhe cal cination tenperature is

u fro 00 _to.600C,. preferahly from400 to i
SEHB DY e PR Rapk Rt Re SR S e (A aitias ™ used in the
NbBYvESchPc4RabouhS fer akl y, f9f 0

[ 0022) %hecca?glggtpfgeﬁgﬁa??yxg$£§££¥?ﬁ#é%tééggfgi by

f vobume Prpfefabbplyt feomatldl yot 2ise no) dedune t head o

of aring, a pellet, a sphere, etc. by tableting,
SRP+BSH AT nBKUPARY, ebcalir2orTRarsharvEemabdcarsadd The

Uy EGPE SEyBELTRR BpERRTY BB LA LR LIPS agen,
teepbo®ndi ki §88 GatakysheMiLf) LS gon, etc.

[0021] The calcination temperature is usually from 300
to 600°C, preferably from 400 to 550°C. The calcination
time is usually from 5 minutes to 40 hours, preferably 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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expl ai ned bel ow. When the catal yst i s shaped,
inorganic fiber, which is substantially inert to the
oxi dation 25 reaction for which the catalyst is used,
may be added to the catalyst to inprove the
mechani cal strength of the catalyst (see, for
exanpl e, JP-A-09-52053). [0023]8The activity of the
catal yst can be controlled by heating the catalyst in

the presence of a reducing conpound 8 (hereinafter,
P@rﬁé§ﬁﬁﬁ$ﬁﬁ ﬁhﬁ?(hﬁ%ﬁsnﬁ er&ﬂﬁe@ﬁtﬁiy&@ imftlke presence

uci ng ound b referred to as
: Pgdﬁctr EPEA CHOBLRY 0D Ae SABRl g SASTIRA to as
r@QHQbEﬂlsﬁWEQ%%%_ diglde 5 hydrogen, annonra car bon
nonoxi d rocar bons, ‘al cohols, al dehydes, ami nes,

et 602They rrwa@@tlle@wﬂ Y Hee xlé%ﬁrizlafg a:o:ﬂﬁaﬁrrﬁ elrgémc\r@

or nore of them Preferably, each of th

hidelde 8ebenemmand aholcs rbaind edoydes dand ramnmsaﬂmmg, tlcohols,
carbon atoms. Specific exanples of such

h?gﬁﬁEXSBEnsaTénﬁﬁclﬁ&€ -satliyedt & YaldRfHamiadly be used as a
hMgﬁQﬁ?ébQFSt%BCBra%OQ%tE&n%he eth g@fé%ﬁﬂ%ﬂﬂﬂquh of the

ut ane, 1 sobutane, etc unsatur

hyﬁd@@@ébl@@ﬁs$Uﬁmc@ﬁoqtsh)"a@.’ﬁl%hyﬁ%‘%pléln‘?in%m sblHa)Q Q%6 about
(3-butyl ene, i1sobutylene, etc.; benzene; g

| p keariSpecatbomsexafpkes faot euahp&beob&lSubﬁCh@@&ocarbons
satuL ed 15 aliphatic¢ alcohols such as met hano
ethandre %ab%ﬁaﬁeir allpeaﬁe-epaaréroc:ﬁrbemén@mch as methane,

sl rpafh: b A0Ehog! o boby ARt oo

ot el oo by Lot o, g ) -
Futtylare, o tiphayiena) débydesyienh, asttor nbedebyde, and the
like. Specific examples of such alcohols include saturated
aliphatic alcohols such as methanol, ethanol, n—pfopanol,
isopropancl, n-butanol, isobutanol, sec.-butanol, tert.-
butanol, etc.; unsaturated aliphatic aleohols such as allyl
alcohol, crotyl alcohol, methallyl alcohol, etc.; and
phendl. Specific examples of such aldehydes include
saturated aliphatic aldehydes such as formaldehyde,
acetaldehyde, propicnaldehyde, 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, triethylamine,
etc.; unsaturated aliphatic amines such as allylamine,

diallylamine, ete.; and aniline.

(0025] The catalyst is reduced by heating the catalyst
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acet al dehyde, propional dehyde, n-butyl al dehyde,

i sobutyl al dehyde, etc.; and unsaturated aliphatic

al dehydes such as acrol ei n, crotonal dehyde,

nmet hacrol ein, etc. Specific exanples of such am nes
i ncl ude saturated 25 aliphatic am nes such as

met hyl ani ne, di nethl amine, tri%ethyl am ne,

et hyl am ne, diethylam ne, triethylamne, etc.;
unsaturated aliphatic am nes such as allylam ne,

dit® 1y 1% R SR I Gdd trith9 e T g DI TRHeNRARAy st The
LEoriten che S LI LI R Ynobuid fh%BRe gas is

contai ning the above Teduci ng

cere@ntiatirem of, 1t e rmuqsyﬂgrdmﬁmur&éfbﬁmlgaﬁréﬁ 1 to 30%
usually fromO0:1 to 50% by 'vol une, preferably Trom1l

t &y30%l umg . v olTinee r eBue imed ucimpg walmpicundl 1t el |wi€ed nitrogen,
Wi th nitrogen, 5 carbon dioxide, water, helium argon,
ef@rbeg gitgidesumatar chrddmmatdrgen TRt Gl ez tfain such a

0 present in such_an anmount_ that the _
CEPRERnERERELL OB st ity Shodiday B¥ qirSsent in such
| gRaibfmedntPegber 2BkY e £ HRl e Gleal QNN

present.nlo [ 0026] Tﬁe redtg?ti g%etaé:neperat urbrrie%lfs]oéhe catalyst
useahby fimpmi?ead.t o PreFeCabiref ehabhy 1260 10 5H0fgedhes not

reduction tinme is wusually from5 mnutes to 20 hours,
pPERERBBFY from 30 ninutes to 10 hours. The reduction

et g e K TR TR
o e Ple B AP o SO e U [ P50
cosai hgr frém bhimsnaase, tbheogasurexhausifed dfylgmaden 30
ggyégéggrtgaY0b§o£§g¥C|%getgegﬂgtion of the catalyst is
preferably carried out by charging the catalyst in a
container such as a tube-type container or a box-type
container and 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.

[C027] 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 eguation: |

[0028] Weight loss (%) = [(CW, - CW.)/CWp] x 100

[0029] in which CW, 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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container, if desired. 20 [0027] In general, the

wei ght of the catal yst decreases after the reduction
treatnment. The percentage of the weight |oss of the
catalyst is calculated according to the follow ng
equation: [0028] Weight loss ($) = [(CW - CM)/CW] x
100 25 [0029] in which CW is aO%weight of a catal yst
before reduction treatment and CWa is a weight of a
catal yst after reduction treatnment. [0030] The wei ght

| 68§S0P It hBecARAtySe My dsd ahipesd MY ahangesthefcatalytic

| atti t in t talyst,. and the 10 |
ORI T BB S YeT ame eay SHGTIS T Y ChaigatElyst can
apti ¥ ustihepgdegeae ofifhe fr%%fctedi% A1 1S fRE A Vit

can bé adjustéd by selecting a reduction tine and/or
aretdadudbhonetpapeatayr.e. 0o corke gy, aas tHe® reduction of
reduction of 5 the catal yst proceeds, the weight |oss
ofheheatatspysprorerds st dhienciedadd. 10sst ef dthrercdtamtlyst

tge atglytic activity increases for a while and ,
r geﬁgs Phera%Pifim a et tGrZabandy dde cfesl vie

:E@ti@gHgtEHErQESEQefggt%l%%Hlep%%%e%%%tH%%1¥H£'HﬂQ@mum and

e catalyst activity does not 10 necessar

| theragesdaslihedveirghkek)sasofthbheeeictl iy of the catalyst
i ncreases. In general, a catalyst having a weight |oss
aprogeedst o Boshadinghiyghshecabdbyist acttiiwiitty tdvers aot
catal ys ich is not subjected . to the reduction

tPeat %f.iwrhé%m?é?% 85i $16r EdPRSI 05 ¢de HifcIFafalyst
CPUELIEeDTY 00 Benbia® I ALENoP! 0 Thol & AR oss or
catel ysé bavhag & MeyBBE catalytic activity than a catalyst
which is 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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| oss of nore than 6% may be used as such, but it is
preferably again calcined in the nol ecul ar oxygen-
cont ai ning gas and then reduced to adjust its

catalytic 20 activity. [0031] In the course of the
reduction treatnent, the reducing conpound itself
and/ or deconposition material sllderived fromthe
reduci ng conpound nay remain in the catalyst after

the reduction treatnent depending the kind 25 of the

r BFEVRETESH nd-otiidatcarkensreffConslin¢onshe etemaihing
such a.case, the weight of the remaining material is
nEasGFdd aﬂ?%mﬁ%ﬂ%ﬁ%ﬂiy;h%NHQWRPWmoIe wei ght of the

c kyst tocaleul at ' he catal yst.
Tﬁg@%gi ght Iglf 4 lée%rrgrga%% % n%}fée%gaﬁsoérr%%/ Jbrév?}égjs ed®
bplukelily sEasurensiitOhdwin oorhonsmd TQsabjHre
the remaining material may typically be carbon

[ 8082V ilkAeshe whicbe ss eofolttiad Erck Sentt Henvedv@n;edact ion

pturakit of catalysts having different catalytic 5
actFé ’E“F*é&' fhEcRagkebbtaithed 18pcIeE dbde Fichicthan the

t : . [ e react.or_.tuhe such that
 FEPeTErLr, AFEL0IRIRE, kL, U 350y dhdiiheaion an
fioMeanfoknhetahomna@eraW1Npher itd! a%ﬁ%d%ié%“d%”ﬂﬁg Yactor
the reactor tube. Alternatively, the catal yst(s

stiBbect eliltornheiv6lyedubki antharlgattnent sund exteat Ay the

whi ¢h has not been subjected to the reduction
ﬁ%@%mnatvéeﬁsreaea PRIt Be caftadysdr Whilsh fash ndtatbeen

B R e e

of ed o ¥ eBEhOr shidRethdbelnet BPEtGaALRLK G tivities of the
catalysts increase from the inlet for the raw material gas
to the outlet of the reactor tube. Then, the 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.

[0033] 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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15 oxidation reaction between the raw materi a

conpound and nol ecul ar ‘oxygen in a gas phase is

carried out in the reactor tube. The catal yst may be

charged fromthe inlet or the outlet of the reactor

tube. [0033] Wen the reactor tube is packed with the

20 plurality of the catal ysts Having the controll ed

catalytic activities in the specific order and then

used for carrying out the catalytic oxidation

r ®2CKigY RunCedindarfitthdecatahyst hectmpl spatedi.s Therefore,

effe igﬁ{y sggyr ssed, and thus the desired products
c B BE A nddq g gt thal cytalustosereoagked in the

t he processf the present invention, as the Kkinds of
the catal ysts increase, the tenperature distribution

| M0O0BS Jr eactOle IS LA M6 i €61 VYL Yoblked i tﬂe reactor
controll ed. However, the increase of the kinds of the

caeyl Pst $healseme e priddientdron. ofAkhe £ atehysh Si6NEl methods

tge 12 Eggckin procedure of the catalysts
cORpI PURPEE S SHRG SFGtdermeihaadblat hafo $rolks miythe

c Le.p ed . in the . reactor tube. [0035] The
sﬁggééﬁgg %ﬁghcgﬁgl%§F§ﬁ§%ﬂ&§Y?9F%?ﬂfreactor 5 may
beovbe]sane ror thkf berenlss AW of TR, I of ds _
for suppressing ex%t her m'sc heat eat osféﬁsﬁpgltqg}enrg&;ﬂ%g’ the gas
cbhbEredanillytibe opidatrion meanttion {DBHridd thet by

process of the present invention, the gas- phase
cEFBPy¥ L BdokPgatrYnmaEsEiadn compeand &k lagtdsy fibm the group

' h i al |, d | d f th
aplyiogihe g mhee Comayis e oL fyon
t&I Eoh8Y] Yhndah6286:1 a2 xRLeC Yo RIS IJHA thee . 1h

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 temperature 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 process of the present invention,

excessive exothermic heat at the hot spots can be
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the commercial production, a fixed bed nultitubul ar
reactor conprising the reactor tube expl ai ned above
is used. 15 [0037] As the nol ecul ar oxygen, an air is
usual ly used. Apart fromthe raw materi al conpound
and the nol ecul ar oxygen, the raw nmateri al -gas may
optionally contain other gasebds material such as

ni trogen, carbon di oxi de, carbon nonoxide, steam

etc.. 20 .[0038] The reaction tenperature is usually
fFBﬁféG@eP61Y4@@€Pr?ﬁéeﬁe§@ﬁ(ﬁ$%ﬁé§§hﬁémmﬁﬂﬁﬁuﬂ¢)at the hot

LR ah cat BRERAE R S B e o) aieka g s
nﬁb§§%@é tex%g’éaukg tag?orl@ﬂ.’nhn%tn%f'a%r q]@%%ch o%‘c%nh

usual ly from e space ‘velocity

revopgleneal ogametBatsoaklin ahﬁoméﬂﬂédﬂyﬁidxgbﬂﬁ -fir 3
a standard tenperature and pressure (STP). [0039]
AbeoParrgens phetpréchysanbly hdnproesehtyliedvint i on,

th t at the hat be 13
CLFTRE) ont | RE RFPECRBALANATERGE PG BfpaddiiRtg ahed by the

tf‘@li‘@&unapﬁgﬁmﬁ@@sef&z ¢Lhvaby iR '19\4{%&6%@%%% i the

It IS possi eto uce acroleinand acryl

fpﬁé%e@EOPMbgﬁﬁloﬁr1HEI frﬁéf'n BRY 88t BRAEY i GGt cated,
from5 isobutylene or ter anol, in good vyiel g

[tﬂﬂOYOﬁ%@eﬁr@§e9aS$ﬁ$eﬂndon ﬂpbbeb@eﬂbhu$@ramajﬂnose at STP.

f ol ﬁl % Ies which do not limt the scope

t‘h%e Phlering oy W%ﬁsrnaaﬁynm;mem d¥d erreAnitasal

t S and a space velocity
are t ogg)a%fgﬂégﬁa%gﬁ egigﬁﬁ%MAng Exanpl es, a
Clover Bi on ¢8Avendient 04Rl= 100 x [ (Moles of supplied
isobutylene) - (Moles of unreacted isobutylene}]/(Moles of
supplied iscbutylene)
[0042] Total yield (%) = 100 x [Tectal moles of

methacrolein and methacrylic acid]/Moles of supplied

isobutylene)
COMPARATIVE EXAMPLE 1
[0043] (a} Preparation of catalyst
[0044] Ammonium molybdate [ (NH,)eMo7024°4H,0] (13,241 o)

was dissolved in warm water (15,000 g) at. This solution
is referred to as “Solution A”., Separately, iron(ITI)
nitrate [Fe (NO3) 3+ 9H,C] (6,060 g), cobalt nitrate

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

poured in Solution A while stirring to obtain a slurry.
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yield (%9 are defined as follows: [0041] Conversion

(%9 = 100 x [(Moles of supplied isobutylene) - (Mles

of unreacted isobutylene)]/(Mles of supplied

i sobutyl ene) 15 [0042] Total yield (%9 = 100 x [Tot al

nol es of nethacrolein and nmethacrylic acid]/Mles of

supplied isobutyl ene) COMPARATI4VE EXAMPLE 1 20

[0043] (a) Preparation of catal yst [0044] Ammoni um

nmol ybdat e [ (NH4) 6Mb7024. 4H20] (13,241 g) was

diTded v ddrg B hibry vea rdxilexi 000 a) £ hash Tt sesotatobbain a
s, referred to.as "Solution A'. Separately, iron(lIl)

P B MR NGh 3. FRIOY GO0 Y Conekt o 116 cazac

.6 , . ' i trat
(S e e e g Bl vt Lo bl PR (e
t Hen-BiLs Malnu £y turale dBIAYR) LR 12y W gacil%?t?,onand the

di ssolved. This solution is referred to as "So

BmixSukrgt Wars Bodaked pourtde ifforSolaf imings Wadie having an
sti%rin .to obtain a slurry. 14 Then, the slurry was

dPHEGET H1AMETESh o ifer’ 8ot RilMner dHanketar arf &1 .5 T and a
1 tseb ig f.tthe drjed material, 6 parts_ by,

b SRE 0P o) ML et sl et g reat Bt s18°c for

manHbaetUEedoby a$hl NE+GIRANATM Mas aé%dc%dlghsﬁﬂdcc}rﬂ%ig}hed 0.96

m xture was nolded in the formof rings ea avi ng
obt enuthastbry @f 46 i3ommatamsi,nrver? dicateratefms2.a8ndm. 48
and a length of 6 mm _and calcined in an air stream

at°81Be fbP™M BeRodPsMed YbPeaUm @4odlsyst A. This
CPABLYEL COTbE DG p, iyt om 2.9 fron atom,
[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 iscbutylene, 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,'énd the glass tube
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10 cesium atom per 12 nol ybdenum atons. [0045] (b)

Oxi dation reaction [0046] Catalyst A (13 m) prepared

in the previous step (a) was packed in a glass

reactor tube having an inner dianeter of 18 mm Then,
through the reactor tube packed 15 with Catalyst A a

m xed gas of isobutylene, oxygé® nitrogen and steam
inanmlar ratio of 1:2.2:6.7:2.1 was supplied at a

space velocity of 750 hr-1 to oxidize isobutylene at

a SPBEEH R % latsr & ofeBepE Yed tenromt terperfature in a

h urce for._heatj.n he r actor tube). 20 The

cgﬁ&gggl on ngr‘:“la%butﬁ%egcr?g)yanot %er?%{%?gﬁ%ﬁ?jl%‘ftf Catalyst B,
mekBagkekeihrand ’ T

1. CONPKRR%de/E Eﬂxﬁ%tlvg%%gm[ 816%% %Cf:\ %i%%’g%t a‘%og‘?sed by
ptepareduict ibhe tyteapmrea)t ofas 25 Canpar ative Exanple 1

was packed in a glass tube, and a m xed gas of

h;ﬁ&Pééén andhgi Erdgern iiom are\a@tumz metd acaofrie?D: @0t was the

ied at a flowrate of 200 M/ mn. into the _glass
C iBBet BpBag.ascatarps Shem (oS ST ARsS Frwple 1

tgﬁcéHEpEMan Cg)égﬁg?%an%ssh%%%eq’n %rlqactr Iglcascsaltyus A and

cont al ni ng A was cooled

tenaefah@tsohntém Ekbﬁ:ﬁgénwgtsr AN gtaerfer% 1chp .
reduced catal yst, pC‘ata lyst B, Wwas “obt ai ned. ThC to 320%

mﬁhgh¥65@é§soﬁreheheanahysﬁaba&séd by the reduction
treatment was 3.52% 5 [0048] The oxidation reaction
was carried out in the sane manner as in the step (b)

s T s o oSy BH eyl vot P vas
t POP£S Bt Ur eAWBSdGBangedthl 9B 36R6theyv320€, 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
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The results are shown in Table 1. 10 COVPARATI VE

EXAMPLE 3 [0049] A reduced catal yst, Catalyst C was

prepared in the same nanner as in Conparative Exanple

2 except that a mxed gas of hydrogen and nitrogen in

a volunme ratio of 15 10:90 was used in the reduction
treatment, the reduction tenpdraature was changed from

400C to 250C, and the reduction time was changed from

3 hours to 1 hour. The weight [oss of the catalyst
cATged' il § He ket | Brorepatgdeit Gomparandyeobxanple 2 (6.5

L g g S Tind Tof Bgs) %lm%fcéﬁ%%éa?g%?g&agaﬁﬁk@d in
1th%x%(%ﬁfletth@tehg%r9|cy tlﬁe Was, ovvn |n %acelﬁr:o okhe reactor

Catal yst A e results are’ s bl e

XA, E al r{i0Q51 |g£atct Visdoruhy Raas edo &he ﬁi@?o&@l)l and
of Conparative Exanple 1 (6.5 nl; y vol une of
t & e@folia aca?tOdm}ra Yatvias qoiackel ZrﬁlhEZJhI\eier@pphled at a

for raw materia of a,glass reactor tube having
aﬁpﬁﬁﬁer °§ﬁ§ﬁbfﬁgaﬁﬁ%1¥% Hn CRRTY eCht Bhgspxpdation

PSR B A AE S 00ch BT o
Oubtau &Q@&@ﬂo@fﬁéﬁ%daﬁﬂﬁémlEﬂﬁﬁﬁmﬂﬂgé%§f¥br§%¥acgre shown

tube, a m xed gas of isobutyl ene, oxygen,” nitrogen and
5ist 8ahlenla vol ume ratio of 1:2.2:6.7:2.1 was
supplied at a space velocity of 750 hr-1 to carry out
the oxidation reaction at 330C. The conversion of

i sobutyl ene and the EXAMPLE 2

[0052] The oxidation reaction was carried out in the
same manner as in Example 1 except that Catalyst C prepared
in Comparative Example 3 (6.5 ml; 50% by volume of the
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 75.0
Catalyst B '
[0053] In Examples 1 and 2 and Comparative Examples 1 to

3, the reaction temperature (the temperature of a heat
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total yield of nethacrolein and nethacrylic acid are

shown in Table 1. 10 EXAMPLE 2 [0052] The oxidation
reaction was carried out in the sane manner as in

Exanpl e 1 except that Catalyst C prepared in

Conparative Exanple 3 (6.5 ml; 50% by volunme of the 15

whol e catal ysts) was used in plhiace of Catal yst A The
results are shown in Table 1. TABLE 1 Catal yst

Reaction AT Conversion Total Inlet/outlet tenp. (O

(Bourias doy QexP)nLCorparataveeSi ngbe) | ayer coht3601€8 so that
99.0 76.6 [Exanple 1 Catalyst A Conparative Single

| &y &PTBteEFAP e 6 o9 syt wl ens g ehed Garalypdt 98% to evaluate

ar.at | i nal e l.ayer of 0 73 99.3 76.9 Exanple
3 a‘?eyas‘zt\lc%é?%&%r?gilet 5. Cafrél'%g%lwl'sﬁ ghYgaged7ehe
Catizlr¥séndd BramBl et dnfatahyat o1& R3¢ 45%%t3ag8'£%e reaction
Catalyst B 20 [0053] 1n Exanples 1 and 2"and
Corprenttwe ExAMpl eise Ifdrmer3- the ILaH)QN tenperature
(the tenperature of a heat 17 source for heating the
r 88040 t ubdp wWeSPEFRtisly dkamplgmtl andohvir silphchfCatalyst

' 9% to eval uate,
'ipgﬂhyk%@%l§%%c e%e%%?%&% afone respectively, the reaction

temperature should be made high to achieve a conversion of
about 99%, and the total vield was low. In addition, in
Comparative Examples 1 and 3, AT was large and thus the heat
load on the catalyst was high. In 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.
[0055]. 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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the reaction results. In Table 1, AT indicates the
difference of the tenperature at the hot spot and the
reaction 5 tenperature (AT = the forner - the latter).
[0054] In Conparative Exanples 1 and 3 in which
Catalyst A and Catalyst C were used al one
respectively, the reaction terSerature should be nmade
hi gh to achieve a conversion of about 99% and the
total yield was |ow. In addition, in 10 Conparative
Exanpl dat dirfd Blaisredatst arge and thus the heat | oad
I n Conparative Exa

on the .catal yst maséH%gh. ngle 2.1in

whi ch Cat & PP E SR RF SHIHED t 3R Rsaruyperd addehyde and
slsirgh o Al tion fenmperature and

e e N L SRS R B0 o
Calpipy stis gA aardmip dainCad ll st &d 10rdm Kk ByMEES PRLKELEting of
in the reactor tube so that the catalytic activities

oPIeRy leaeal ysobutndreras exhd riomnit hébutiyl edl¢ohdhe and
outlet of the reactor tube, AT was snaller than that

i ROLETHARLL PFYIER i & WA Usi P e Bhed)lwith mixed oxide
ca S .ot her ni eat. at_the hot spots |,
coé?éxggtgf}g?t'§gﬁér§§9§E§bf§§§g&’ QWﬁé%Qﬁ%ﬁ fgion
wastheghethelBomWhaind Snel HJRE 1S i
preparing an ur?s}'f?ﬁlr ated al dehyde%gn#xy%]%gl(s&gﬁr(%%[’edphase in
chhpoxghirtoackubeonphiesicig tihe steeptoaf tuwppplyigr-lded with a
co ouid selgcted fromthe group consisting of 5
DPUBYPAREY PECBUKGHCRE 18 bRl Yt PiaviRgD bl £ aarent

o] e react or .tube packed w th m xed
ont evy et ueEls LReR aRRCLaon, R BRI Sehiaa Ot
repshiiOn aRet een, t HAieAMAUNH ARd TR Le Gyl AL, QRLGRIL Ik 4
a gas phase in the reactor tube, wherein the reactor
tidueEnpackmpowntdh auch 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 molécular OXyden in a gas phase ih
the reactor tube, wherein the reactor tube is packed with
at least one mixed oxide catalyst 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

in the presence of a reducing compound, such that the
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10 plurality of m xed oxide catal ysts having different
catal ytic activities and each conprising nol ybdenum

bi smuth and iron, which are heated in the presence of
a reducing conpound, such that the catalytic
activities of the catalysts increase froman inlet
for a raw material gas 15 to af®utlet of the reactor
tube. 2. A process for preparing an unsaturated

al dehyde .and ., an .unsat urated carboxylic acid
c& Pi)igi%ﬁ& ﬁ?é:léﬁlé?ﬂse%fofasﬁb’b|%?ﬁg1%s%nsp%%ﬁﬁa§%| EepBgan

fr h u .St 0 0. propyl en i spbut vl ene
aﬁgq}etést%.o%%t %Ia%gﬂgdotﬁeo%lrylaréﬁszr%?e rﬁl%tﬁt%&g%ﬁ flﬁgareactor

r eabkqQr tube packed with m xed oxide catalysts and
performng a catal ytic oxidation reaction between the
conpound and nol ecul ar oxygen in a gas phase in the

reactor tube, wherein the reactor tube is packed with

25 at PeadfCoRECHSESH aGEFElideg digytlaighph et gy Wwherein the
, [ th _and i.,ron which is heated in the ‘
g?éég%gg&nkoggoﬁe U&Fnﬁgb&ﬁﬁgﬁh§Qﬁkf%ﬂpq tsgik;ted from

ntredgesiugeceakakyihg BRI JMEAD HRERIWD éﬁﬁﬂgﬁrhonoxide,
and iron which is not heated 1n the presence of a
riegdcbngrbonpohadingudh tiha dadrckd ateads! Mldohols having 1
activities of the catalysts increase froman inlet

fbP & FarPaat aEPEP, gad debysiesolavéndofl thiee & ezathon atoms and

t ...The process according to claim1 or 2,

mﬁ@?%?% Sﬁglngeguang &8 8&n&é%¥sat | east one

conpound selected from the group consisting of

hydr ogen, anmoni a, carbon nonoxi de, hydrocarbons

havi ngd1 Theb6pracbss ateswdiakcaekolsaiaviingrl 2,t werein a
carbon atons, al dehydes having 1 to 6 carbon atons and
weight loss of the catalyst caused by the heat treatment in

the presence of a reducing compound is from 0.0l to 6%.

5. The process according to claim 1 or 2, wherein two

kinds of the catalysts are packed in the reactor tube.

6. The process according to claim 1 or 2, wherein the
mixed oxide is a compound represented by the formula (1):
MoaBipFe AgB.DeD 0, (1)
wherein A i1s 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, cesium and thallium, and



10 am nes having 1 to 6 carbon atons. 4. The process
according to claiml or 2, wherein a weight |oss of

the catal yst caused by the heat treatnent in the

presence of a reducing conpound is fromO0.01 to 6% 15

5. The process according to claim1 or 2, wherein two

kinds of the catalysts are packdd in the reactor tube.

6. The process according to claiml1l or 2, wherein the

20 m xed oxide is a conpound represented by the

f SRR & (1)L2, WaBibrbe ABeDi Tr@xI (1§shpet bvaln Batasfy the
el ement, sel ected fromthe group consistin of ni cke

a @uggtt}aqs,. B is Bk di%néhi< ledi®d Jfr%rﬁgtfhelofgr(bﬁ) e < 10,

censd §tikng o gan , 5ZI NC, l.cj um ne

t?n _aﬁd 7 gédfangai@sga%sgl gr‘re% dséﬁaelcst &d \';‘aﬁg"% tciee#]gl}eo%a?y the
comdidsttiing aft qifeespifortlts dIMmtArSee e, theh | %y 4ah .
tungsten, antinony, silicon, alumnum titanium
zirconium and cerium Dis an elenent selected from
the group consisting of potassium rubidium cesium
and thallium and 20 when a = 12, b, ¢, d, e, f and g
respectively satisfy the equations: 0 <b <10, 0 <
c < 10, 1 <d< 10, 0 <e < 10, O0O< f < 1, and
0 <g <2, and x is a value defined by the oxidation
states of the elenents other than oxygen.



