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Process for Producing Catalyst for Use in Producing
Unsaturated Al dehyde and Unsaturated Carboxylic Acid,
and Process for Produci ng Unsaturated Al dehyde and
Unsat urat ed Carboxylic Acid 5 BACKGROUND OF THE

I NVENTION 1. Field of the Invention The present
invention relates to a process for producing a

catal yst for use in producing an unsaturated al dehyde

Priik SR orWssiut Al ¢atANR@tyf o £ el Ih Privoddding Unsatlitated
present 10 invention relates to a process for

Noh @S alrE fd & dcapb ey oe ﬁ@ﬁdanaﬁasﬁi:éééégdfor

carboxylic acid, using the catalyst obt ai ned by the
WMdxylic Acid
PR E, LRI Sraf e RASERA} gl Ly ER SR A s s
15 in producing acrolein and acrylic acid by
catal ytically oxidizing propylene in gaseous phase

wi t h nol ecul ar r for. _c used in
produ0| ng mnet %‘&%‘?ﬁ?%‘g QI‘ W%aﬁ\%gﬁ@gi d by
catal ytically oxidizing isobutylene or t-butyl al coho
1. |Wejdi§é%u%h$hﬁt‘éew*‘l’ﬁml ecul ar ‘oxygen, catal ysts
conprising am xed 20 oxi de whi ch contai ns nol ybdenum
bi sithe Paesentohnyentépncrelakes to R IPXERFS pgpducing
produci ng an unsaturated al dehyde and an unsaturated
a cedadyet foragse iay ereduging pndmﬁ:@‘ﬁumtﬁﬁyﬂwwe and an
aqueous sol ution or aqueous slurry obtained by m xing
unsavuratedrcatboxy it eagidnd I redditicyl citliengpresent
obt ai ned catal yst 25 precursor. The calcination is
inwgaineion | ye petdoreda upretess ghsr producing an unsaturated

aldehyde and an unsaturated carboxylic acid, using the catalyst
obtained by the above process.
2. Description of the related art

It has been known for a long time that for catalysts used
inproducingacroleinandacrylicacidbycatalyticallyoxidizing
propylene in gaseous phase with molecular oxygen, or for
catalysts used in producing methacrolein and methacrylic acid
by catalytically oxidizing isobutylene or t-butyl alcochel in
gaseous phasewithmolecular oxygen, catalystscomprisingamixed
oxide which contains molybdenum, bismuth and iron are effective.
Such catalysts for producing an unsaturated aldehyde and an
unsaturated carboxylic acid are usually produced by drying an
aqueous solution or agueous slurry obtained by mixing raw

material in water, and finally calcining the obtained catalyst

precursor. The calcination is generally performed under a gas




10

15

20

25

1 atnosphere contai ni ng nol ecul ar oxygen such as an
air atnosphere, as disclosed in, for exanple,

JP- A- 62- 234548, JP- A-4-4048, JP-A-7-124473,

JP- A- 2000- 70719 aqd JP- A-2004- 351295. The catal ysts
for use in producing an unsaturated al dehyde 5 and an
unsat urated carboxylic acid which are produced in
accordance with conventional processes, however, have

atmEEBHEEE@dﬂ?aﬂﬁ%ﬁﬁ%ﬁi&c@f&fbk?ﬁenﬁﬂﬁﬂiﬁéﬁﬁﬁﬁhtmosphere,

propyl ene, 1so ene, and butyl al cohol may not

as BEsSt’tBQEﬁeg.nia“” 5%%‘;%:: g,%e,r %ﬂﬂm-saﬁ%qwae,smilu 4048,

unsaturate es 10 ‘unsaturated carboxylic

oo B2 a0 R A R AL B s Ve

conBBE A ALY A HF P LABERyISBaY ChaAHeRy o aldenyde

unsat urated al dehydes and unsaturated carboxylic
andy apd yngaf ursitege carbarydd G okt i@%ﬁt i Pféy g in

Thus, the object of the present invention is to
accprdange withr coayentdonalo RRAGRPSECathaiesteT ohake in
produci ng an unsaturated al dehyde and an unsaturated
insudfficipnitc cadiad witiicc lactianid yox ag1d diftenafione: iRropylene,
activity. In addition, the object of 20 the invention
isobatydeneqyiatd &-pudgilcaloohplomeysnph baickidized in good
propyl ene, isobutylene or t-butyl alcohol is oxidized
conwielrgihe ahdl alofrte syleinalimgy unsadtheratial e lptadgedss iand

good conversion to produce the correspondi ng

unsatsated esrvbLehydecadd miyabtnat 6btained in satisfactory
yvield. When the reaction temperature is raised in order to
increase the conversion, side reactions such as consecutive
oxidation easily proceed, whereby unsaturated aldehydes and
unsaturated carboxylic acids may not be obtained in satisfactory
yield.

Thus, the object of the present invention is to provide
a process for producing a catalyst for use in producing an
unsaturated aldehyde and an unsaturated carboxylic acid which
have excellent catalytic activity. In addition, the object of
the invention is to provide a production process in which
propylene, isobutylene or t-butyl alcohol is oxidized with the
catalyst obtained by the above process in a good conversion to

produce the corresponding unsaturated aldehyde and unsaturated

carboxylic acid in good yield.
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carboxylic acid in good yield. 25 2 SUMWARY OF THE

I NVENTI ON The present invention provides a process for
producing a catalyst for use in producing an
unsat ur at ed al dehyde and an wunsaturated carboxylic
acid by catalytically oxidizing a 5 conpound which is
sel ected from propyl ene, isobutylene and t-butyl

al cohol in gaseous phase with nol ecul ar oxygen, and

compr i Sing a M XgfhyRy Igr Wil rigRiveirN Mol ybdenum

bi sruth and iron, erein a catalyst precursor is

cal ¢j ned under._ a qas at nps g 138 &€ nbgbg%gg fBL?éP$&ﬁcing
oXxy - PXR epﬁeﬁni?nﬁégp?gfg ?e% %O I'Nn € presence
of reduci ng substance. ,Further, the esent
a CREOLHEELTOBIAR dds PROPPGRYLAF JHiSFTURLFR & Lgehyde and an
unsat ur at ed al dehyde and_an unsaturat ed carbo I C
unsatuFa gl G At i%‘éSC%Eaelp‘étjo‘FaHﬁbo?FeMng‘g a
catal yst by the above-nentioned process and then
compgruid) high visaefetir from @rgRiene el beeigtylens and

propyl ene, isobutylene and t-butyl alcohol in gaseous
t - e adiadhaipligt (dasewxy gehase whkh preleerbar pxygen., and
catal yst. According to the present invention,
congatidiyss a niitedisxiide wintaldoontglas nobtybdenumd bismuth and
al dehyde and an unsaturated carboxylic 20 acid, which
irdmy araseeld entcoitd By 3t | preq@itsot yis ceal bined cunded. a gas
Al so, by using the thus obtained catal ysts, propylene,
atmosphere containingmolecular oxygen; and then is heat-treated
in the presence of a reducing substance.

Further, the present invention provides a process for
producing an unsaturated aldehyde and an unsaturated carboxylic
acid, which process comprises steps of producing a catalyst by
the above-mentioned process and then catalytically oxidizing
a compound selected from propylene, isobutylene and t-butyl
alcohol in gaseous phase with molecular oxygen in the presence
of the catalyst.

According to the present invention, catalysts for use in
producing an unsaturated aldehyde and an unsaturated carboxylic
acid, which have excellent catalytic activity, can be produced.
Alsc, by using the thus obtained catalysts, propylene,
isobutylene and t-butyl alcohol can be oxidized in good

conversion to produce the corresponding unsaturated aldehydes

and unsaturated carboxylic acids in good yield.
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i sobutyl ene and t-butyl alcohol can be oxidized in
good conversion to produce the correspondi ng

unsat urated al dehydes and unsaturated carboxylic
acids in good yield. 25 3 DETAI LED DESCRI PTI ON OF THE
| NVENTI ON The present invention wll be described
below in detail. 1In the present invention, catalysts
for use in producing an unsaturated al dehyde and an

unsat ur atfn LRt ks Er BT forf P TiE PNERTXON Oxi de
whi ch contai ns nol ybdenum bisnmuth and iron as

esseﬁ{eit ?gfg%mom.%ﬁ%;ﬁo ﬁ'bfﬁg &éégfiﬁéd FOIRIiR 8Btail.

el enen ot her ybdenum bisnuth and iron,

ref erabl y .ni ckel d/ or I I .
In BE P el co CARA s Fok 356, STREOGdotng an
thal liu Preferable m xed oxi des can
unsalaina 140 alfahy i ol iF A SERe PR SRR g 4] comprise
MoaBi bFecAaBeCf DgOx (1) 15 wherein M, Bi an% Fe are
a myRed IR Wik conted nis BR1YbAdeayEe: Pjsmpthnand iron as
ni ckel and/or cobalt; B is an el enent selected from
esspgaesempenaptsecal Bhemixpagrdsiamay contadd angdement (s)
is an elenment selected from phosphorus, boron,
othesthan moflybdeniumm bismiigsardiront prefierally pigkel and/or
alum num titanium zirconiumand 20 cerium D is an
cob EHneand sei exlemkeiit Os) petbestedn fxomi potasstuni upnbidium,
thal lium when a=12, 0<b: 510, O<csl O, 1sdsl O
cediamp lah stisd ) ium.
Preferablemixedoxides canbeexemplifiedbythefollowing

general formula (1):
Mo,BipFecAaBCeDg0x (1)

wherein Mo, Bi and Fe are molybdenum, bismuth and iron,
respectively; A is nickel and/or cobalt; B is an element selected
from manganese, zinc, calcium, magnesium, tin and lead; C is
an element selected from phosphorus, boron, arsenic, tellurium,
tungsten, antimony, silicon, aluminum, titanium, zirconium and
cerium; Dis an element selected frompotassium, rubidium, cesium
and thallium: when a=12, 0<b=<10, 0<csl1l0, 1=<d<10, O=<esl0, 0=s£f<l10,
and 0<g<2; and x is a value depending on the oxidation state
of each element.

Among them, compounds having the following compositions

(exemplified without oxygen atom) are preferably used.
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and 0<gs2; and x is a val ue depending on the oxidation

state of each elenent. Anong them conpounds havi ng

the followi ng conpositions 25 (exenplified w thout

oxygen atom are preferably used. 4 MaBi bFecCOdCSg

(a=12, 0.lsbs5, 0.5scs5, 5sds10, 0.dsgsl) 5

MoaBi bFecCOdSbf Kg (a=12, O. | sbs5, 0.5scs5, 5sdsl0,

0.1sfsb, 0.01sgsl) MoaBi bFecN dSbfl Sif2Tlg (a=12,

0.1sbs5, 0.5scs5, 5sds10, O0.1sfl1ls5, 0. 1sf2s5,

O.Cﬂsgsl) 10 As raw materials for the above-nentioned

t conpounds cont ai ni ng each of the el enents

MOJEQ é égsgn the catalyst, such as oxides, nitrates,

sulfates carbonates gﬁﬁrOX|des xi aci ds and

3

(a=ldpo @ Uit ¢ O 13500t 3587d Onalli-§459513 are used in

rati o which satisfies prescrlbed atomratios. For
exanpl e, as nol ybdenum conpounds, nol ybdenum tri oxi de,
nol ybdi ¢ acid, ammoni um nol ybdate and the |ike; as
Mo.Biig ¢¢Pa§@ﬁ§®unds bi snuth oxi de, bisnuth nitrate,
bi smuth sulfate and the like; and as iron conpounds,
(as12n(0 119b<E 1t riatSeses s, of=d«10 ,s @.Asfe5, 200lsgnidl |)
chloride and the |like can be used. In the process for
produci ng the catal yst of the present invention, a
catal yst precursor produced fromthe
MoaBibFecNidSbﬂS:szTlg

(a=12, 0.1sbs5, 0.5sc<5, 5=d=<10, 0.1=<fl<5, 0.1<f2<5, 0.0l=sgsl)

As raw materials for the above-mentioned catalyst,
compounds containing each of the elements contained in the
catalyst, such as oxides, nitrates, sulfates, carboﬁates,
hydroxides, oxo acids and ammonium salts thereof, and halides,
are used in ratio which satisfies prescribed atom ratios. For
example, as molybdenum compounds, molybdenum trioxide, molybdic
acld, ammonium molybdate and the like; as bismuth compounds,
bismuth oxide, bismuth nitrate, bismuth sulfate and the like;
and as iron compounds, iron(III) nitrate, iron(III) sulfate,
iron(III) chloride and the like can be used.

In the process for producing the catalyst of the present
invention, a catalyst precursor produced from the
above-mentioned :faw materials is calcined under a gas atmosphere
containing molecular oxygen, and then heat-treated in the

presence of a reducing substance. The catalyst precursor can
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above-nentioned raw materials is cal cined under a gas
at nosphere containi ng nol ecul ar oxygen, and then
heat-treated in the 25 presence of a reducing
substance. The catal yst precursor can 5 be usually
produced by m xing the raw materials in water to give
an aqueous sol ution or aqueous slurry, and then drying
t he aqueous solution or aqueous slurry. The solution

be eéuahmyrps:c?cﬂ!bé@b%hfﬁn@&lﬂ&ra&%a@ﬁﬂl@.-Lnauésw@d;e.rgwe
box dryer, drumtype through-flow 5 dryi ng apparat us,

an é@hggﬁiﬁtiﬁh%¥h X@ﬁssiﬁgr&h%ﬂd%ﬁendfginbmﬁéaqueous

tal ned cat al yst precursor 1Is cal ci ned un a gas

sol%tt'_rl.%slp{; &e%sa'fsﬂpﬁ ol FLY ls%rlu@i%egr s&u r%:y can be dried

concen Yol ecurar oxygen int
I f to. 30% | f
ossh 2ol feihe b a1 e et G008
et s e S R ENT o0 e o e

di oxi de, water, helium argon, and the Ilke .. The thus
obt Zheedhusa obitainedycasalys thBresyrger is calcined under
oxygen-contai ning gas. A calcining tenperature is

a gas lingspivere ¢opdadn ipgdnel aePanKIgr508 carceptration
calcining tinme is usually 5 mnutes to 40 hours,

of hhef evdlgloplalr loyrgero 120 thdsr gas| A st neupiéyeﬁrom 1 to 30%
i nvention, the cal cined catal yst precursor obtained

by wolue ,apreferabiliyoficomclkl dondsRonyisohwee - t Asatbe $purce
the presence of a reduci ng substance (hereinaf ter

of mbileculeat sRPYeROls usHELY e d afier o2hure axygen, and if

reduction treatnment). Such a
necessary, is used with being diluted with nitrogen, carbon
dioxide, water, helium, argon, and the 1ike . The thus obtained
gas is used as the molecular oxygen-containinggas. Acalcining
temperature is usually 300 to 600°C, preferably 400 to 550°C.
A calcining time is usually 5 minutes to 40 hours, preferably
1 hour to 20 hours.

In the present invention, the calcined catalyst precursor
obtained in the above-mentioned calcination is heat-treated in
the presence of a reducing substance (hereinafter this treatment
is sometimes referred to as reduction treatment). Such a
reduction treatment can effectively improve the catalyst
activity.

Examples of the reducing substancemay include, forexample,

hydrogen, ammonia, carbon monoxide, hydrocarbons, alcohols,

aldehydes, amines, andthe like. Thesemaybeusedincombination
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reduction treatnment can effectively inprove the

catal yst activity. Exanples of the reducing substance
may i nclude, for exanple, hydrogen, amoni a, carbon
monoxi de, hydrocarbons, al cohols, 25" al dehydes,

am nes, and the |ike. These maybe used in conbi nation
6 therewth if necessary. Preferably, the

hydr ocar bons, al cohols, al dehydes and ani nes have

the83e t3Pthedeb8adP? UtPﬁea?éf&S’Iy 2tREhyaroaI s ,(lddols,

hydr ocarbon may include saturated aliphatic

alds d%%aéﬁﬁﬁn%% (@%&Bﬁ%oﬂ hagg, a@f@?@%arbon atoms.

utane a unsaturated aliphatic
car t
ted aliphatic
ag*ﬁ%u%y ?oefﬁgc Sfﬁfd[‘-" RasB I anPhiy Hiurated altph
the |ike. Ies of .t he al cqhal may incl| ude
hydsAGATRORE SHAThHRA ."Lefa}%oétqmeh TR Ay Rwiae and
et hyl al cohol rq alc | al coh
Lsghugang %m%%wat%@aﬁ%ﬁltie BiARAED AL S B Sethyiene,
al cohol and t-butyl al cohol; unsaturated allphatlc
Propiydene .sasth&snaL Bybusidehelandisebutylennsbensene, and
netal | yl al cohol; phenol, and the |ike. Exanples of
thet Hd kel .deF¥amplesy ofnthedalsahglamey ArciNge saturated
al dehydes such as fornmal dehyde, acetoal dehyde,
aliphegiionaldeihals sudiutad methatly deleohpl sopthyl albeohol,
al dehyde; unsaturated aliphatic al dehydes such as
n-paepyleabcoholotizomiaietly ddcehdlnet Hartyl elcohadd isebutyl
i ke. Exanples of the am ne may include saturated
alcthalhatder -BUHES Slsdhals damd yHbutayil el cahoef hydsaturated
am ne, trinethyl am ne, ethyl am ne, diethyl
aliphatic alcohols such as allyl alcoheol, crotyl alcohol and
metallyl alcohol; phenol, andthe 1like. Examples of the aldehyde
may include saturated aliphatic aldehydes such as formaldehyde,
acetoaldehyde, propionaldehyde, n-butyl aldehyde and isobutyl
aldehyde; unsaturated aliphatic aldehydes such as acrolein,
croton aldehyde and methacrolein, and the like. Examples of
the amine may include saturated aliphatic amines such as methyl
amine, dimethyl amine, trimethyl amine, ethyl amine, diethyl
amine and triethyl amine; unsaturated aliphatic amines such as
allyl amine and diallyl amine; aniline, and the like.
The reduction treatment is usually performed by
heat-treating the calcined catalyst precursor under a gas
atmosphere containing the above-mentioned reducing substance.

A concentration of the reducing substance in the gas is usually

0.1to50%byvolume, preferablyl to50%byvolume, morepreferably
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amne and triethyl am ne; unsaturated aliphatic am nes
such as 20 allyl amne and diallyl am ne; aniline,
and the like. The reduction treatment is usually
performed by heat-treating the calcined catalyst
precursor under a gas atnosphere containing the
above- nenti oned reduci ng substance. A concentration
of the reducing substance in the gas is usually 25 0.

3 td 3% B4 OYURL UMBrh P refaRicakl sﬁbb@aﬁ@%’rﬁ%ﬁ\“@_eu&ﬁluﬁ@ﬂeﬂith
preferdbly 7 3 to 30% by vol unme. The reduci ng

" an i but (£ h Lkt.rog ar
na HAREE CEREBY Pfpflad Sty T neT bR 0 gl B the ike so
ave_the .aboye-nentiqne [ The I

as 5R/ARYE P BECYreRient ioph SCBeEnE pLang | STAR iGHE Alar
which the 5 effect of e reduction treatnent,is .npt

OXY985aMETd Pep BECFERLI A thE HSoRLERDR AoraRuPath b the
is preferable. A reduction treatnent ,tenpergtuye.is

effpgtapfytheradradom trgasmentpls nRjp ipagdes . Rut usually
reduction treatnent tine is usually 5 mnutes to 20

an fphwencepodt acdisiqulzy mR¥Nges ¥ eiraakle t 10 is
preferable that the reduction treatnent is perforned
by 2méducrtiohed realtaienddt enpetysurelecseatly 308 to 600°C,
vessel such as tube-type vessel or box-type vessel,

prefivradly sbocto 5o@°gas A eeduaitiongtréatmentciime is usually
substance is passed. In such a case, exhaust gas from

5 niih@tesssel 208yotes | epyefedably 3kaessares tleod0lBours. It
exanpl e, the calcined catal yst precursor is filled in

is dreRaidile tHale 1y MRRROLSOT s aimentoXislapénfiormed by
t hrough which the gas
putting the calcined catalyst precursor in a vessel such as
tube-type vessel or box-type vessel, through which the gas
containing the reducing substance is passed. In such a case,
exhaust gas from the vessel may be recycled, if necessary. For
example, the calcined catalyst precursor is filled in a reaction
tube for gaseous catalytic oxidation, through which the gas
containing the reducing substance is passed to perform the
reduction treatment, after which the gas-phase catalytic
oxidation can be subsequently performed.

In usual, the mass of a catalyst is decreased after
reduction treatment, which is caused probably by loss of lattice
oxygen from the calcined catalyst precursor. A loss of the mass
is preferably 0.05 to 6%, more preferably 0.1 to 5%. When

excessive reduction occurs and the loss of the mass is too high,

the catalytic activity may lessen. In such a case, it is



contai ning the reduci ng substance is passed to perform
the reduction treatnent, after which the gas-phase
catal ytic oxidation can be subsequently perforned. 20
In usual, the mass of a catalyst is decreased after
reduction treatnment, which is caused probably by |oss
of lattice oxygen fromthe calcined catal yst
precursor. Aloss of the mass is preferably 0.05 to

prefbrdPe tHAT b daibihd 0L V01 SR £ SMFES Siver a gas

reduction occurs and the |loss of the mass is too high,

g . , L y ’
B e e i R R R
nder a g t. mos re_caontaj ni Lar .oxyge
or $i8fasBo e doPR oY FaEnadR Y cAfda Rt S5 KB R Ei T ouing
mass is calculated fromthe followng equation: 5
eqYaidOTyf the mass (9% =(mass of cal ci ned catal yst
precursor before reduction treatnent - nmass of
catal yst after reduction treatnent) / mass of
cal ci ned catal yst precursor before reduction treatnent
losg afdheomape d tivd mas@uef iced cinesd: pabalyst precyrsed before
the reducing substance itself and deconposition
reduaddigst sredioment - vassrafhwabaly st afisesateduciticf teeatment)
treatnent, depending on the kind of reducing
/ masibh stfamcissiicandlybe greatutgeabetore gadiicttiion tieatment

x 100

When the reduction treatment is performed, the reducing
substance itself and decomposition products thereof can remain
in the catalyst after the treatment, depending on the kind of
reducing substance used and the heat treatment condition. 1In
such a case, the mass of the remaining products in the catalyst
is separately measured, and a value which is obtained by
subtracting it from the mass of the catalyst which contains the
remaining products after the reduction treatment is used as the
mass of catalyst after treatment. Since the remaining products
are typicallycarbon, themass thereof maybe foundby, for example,
a total carbon (TC) measurement, and the like.

The catalystsareusually formed intodesiredshapes, which
areused. Preferably, theyare formedintorings, pellets, balls,
and the like by tablet compression or extrusion molding. The

formation may be performed in the state of a catalyst precursor
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15 such a case, the mass of the remaining products in
the catalyst 1is separately neasured, and a val ue
which is obtained by subtracting it fromthe mass of
the catal yst which contains the remaining products
after the reduction treatnent is used as the nmass of
catal yst after treatnent. Since the remaining products
20 are typically carbon, the nmass thereof maybe found

bef{f‘%g ﬁ?ﬁ ﬁiﬁ:ﬁ.ﬂ{aﬁtimﬁu}lﬁhﬁl a Wl%%l%%x?@@ﬁ%:@ﬁ@ﬁiniﬁ@dgas

The catal ysts are usually forimed into
LI S ' f Y ol
2t gEhedt, R Ry U bedroThBa ibter ThE P dar Y pf it cer
t abl_et conpressi.on qr extrusion,nolding, .The
ther SBARRtIR Ity TR -or FEGIPH ChE SORPRtaP; 3 grger to
. precursor 9 before the c Ic'ﬂétion ﬁndﬁg a nole u'be
impgeygheBReArRl Agl §irengt $ Eata Sy pFganictibers
perfornmed after the calcination, or after the
and &@gcilidie thhah e Subetant ke ¥ Rkt dip the Fetidatipn
i nprove the nechanical strength of the catalyst,
rezictdogamay ftep@ddedl amf tdesanibed hn WA ehtially
inert to the oxidation reaction nmay be added, as
des Fhiebdthuisn aR-2ATRG2EERLYHIS thors use dimaraducingtap
for use in producing an wunsaturated al dehyde and an
unsatsdtates el dedyidex anidc aacudshtueatedcearbokyticadgid chave
activity. By using the catalyst, propylene 10 can be

excaallaint ¢atalyt ouiatitaed twi.t hByulsdmy the @atgdysitn propylene
gaseous phase to produce acrolein and acrylic acid in

cargBeat £1 ¥61 cafy (digfai 284 wiktAdnéecebanlosSigen in gaseous
i sobutyl ene or t-butyl al coho

phase to produce acrolein and acrylic acid in good yields.

Further, by using the catalyst, iscobutylene or t-butyl alcohol

can be catalytically oxidized with molecular oxygen in gaseous

phase to produce methacrolein and methacrylic acid in good

yvields.

According to the catalytic oxidation in gaseous phase,
the catalyst is usually filled in a fixed-bed multi-tubular
reaction vessel, to which a starting gas containing molecular
oxygen and a starting compound selected from propylene,
isobutylene and t-butyl alcohol are supplied. Fluid-bed and
moving-bed reaction vessels can also be used. The molecular
oxygen source is usually air, and the starting gas may contain
nitrogen, carbon dioxide, carbon monoxide, steam and the like,

in addition to the starting compound and molecular oxygen.

A reaction temperature is usually 250 to 400°C, and a

10
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can be catalytically oxidized with nol ecul ar oxygen in
gaseous phase to produce nethacrolein and nethacrylic
acid in good 15 yields. According to the catalytic
oxi dation in gaseous phase, the catalyst is usually
filled in a fixed-bed nulti-tubular reaction vessel,
to which a starting gas containing nolecular oxygen
and a starting conmpound sel ected from propyl ene, 20

reéﬁ%&% %%g@&f&‘istﬁ%’éi’ y gbﬁwgoé‘ﬁc%as h8do the reaction

and “novi ng-bed reaction véssels can also be

car’§8 berBAEnLN SEHLAY e AUOIR SOULEE. | Sl'SHBLRY G¥ fio18801ar

ng gas nay rogen, car
di oxi de, carbon nogoxide, steam an he like,. in
o L oir iR R ARG TR BERIOUHA OF s sitat fiag Sompound.
oxygen. 25 A reaction tenperature is usually 250 to
A spise VAP tA N FELAE i rlnhing 938 (A | PSUBBLY 900 to
500 kPa, but also the reaction can be perforned under
5-QQQﬂR&RFBF%@@GﬁbthﬁﬁﬂﬂﬁﬁFQFQ§rQﬁﬁ@EﬁFﬁguré%Vﬁbﬁr?§Sure)-
usually 1 to 3 noles per nole of the starting
compound. A space velocity (SV) of the starting gas
is usually 500 to 5 5,000/ hour based on the
STP(st andard t enper at ur EXaAMBLBSessure). EXAMPLES
Exanpl es of the present invention will be shown bel ow,
but Exdanplreas @ft thev pmeisenti $nwenthion wedlt ber shownl below,
Exanples, 10 m/mn showng a gas flow rate is based
butobh& Presuleinvenitdon £€ notol eflited thereto. In Examples,
ml/min showing a gas flow rate is based on STP, unless otherwise

noted.

Comparative Example 1
{a) Production of a catalyst
Ammonium molybdate [ (NH;)¢M0o,02,.4H,0] of 13,241 g was

dissolved in warm water of 15,000 g, which was named as the liquid
A. Ontheotherhand, iron(III) nitrate [Fe(NO3)3;.9H;0] 0f 6,060
g, cobalt nitrate [Co(NO:);.6H,0] of 13,096 g and cesium nitrate
[CsNO;] of 585g were dissclved in warm water of 6,000g, next,
inwhichbismuthnitrate [Bi(NO3)3;.5H20] 0of 2,910 gwasdissolved,
which was named as the liquid B. The liquid A was stirred, to
which the liquid B was added to give a slurry, and then the slurry
was dried using a £lash dryer to give a catalyst precursor. To
the catalyst precursor of 100 parts bymass, silica alumina fiber

(made by ITM Co., Ltd., RFC400-SL) of 6 parts by mass was added,
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Conparative Exanple 1 (a) Production of a catalyst 15
Amoni um nol ybdate [ (NH4) 6Mo7Q24. 4H2Q] of 13,241 g was
di ssolved in warm wat er of 15, 000 g, which was naned
as the liquid A On the other hand, iron(lll) nitrate
[ Fe(NO3) 3. 9H20] of 6,060 g, cobalt nitrate

[ Co(NO3) 2. 6H20] of 13,096 g and cesiumnitrate

[ CsNOB3] of 585g were dissolved in warm wat er of

STl SR 9 g
5] d

mm\r/]\lﬁ dnf%r dil%m&t UI vvas a@‘?éaér?éjo gllé\%e%\gﬁrs] EHH;E/"? ar?g'% rings

Werge 5%%%+§§$ lérr%‘%:/‘iﬁ EB?am?&eSHL%' £ox gmﬁssp?%%ﬁ?fr&é 3%?alyst
arts by rms S|I|ca alumnaflber 25 (nade

Thq *Fmte&Yst R88.0. IRPAATILY PLER. 62 phrHEon P LRRSy J,ag Yeobalt

added, 11 and then was forned into rings having an
atomis ANcHiGuil creHiuns akonnpenn 7 elYRAeRE AtMS 2. 5

mm and a length of 6 mm The rings were calcined in
{blaidxigiataizaon atedM6©f or 6 hours to give a catal yst.

The catal yst has 0.96 bismuth atom 2.4 iron atons,

7.2 Ioobaplass neéantiandtibdhaetngamtiomepedigheter of 18

nmol ybdenum at ons. (b) Oxidation reaction In a glass
mm, ¢het cabalybe dbvaigednin e sdiepmeadrobdfl3iLil ,myast fiklled

catal yst obtained in the step (a) of 13 m, was filled

an@Rhil |£ mistakashgase of 10

i sobut yl ene/ oxygen/ nitrogen/steanrl/2.2/6.7/2.1 (nol ar
isobutylene/oxygen/nitrogen/steam=1/2.2/6.7/2.1 (molar
ratio) was supplied to the tube at a £low rate of 162.5 ml/min,
the oxidation reaction was performed at a reaction temperature

of 360°C. The conversion of isobutylene and the total yield

of methacrolein and methacrylic acid are shown in Table 1.

Example 1

The catalyst obtained in Comparative Example 1 (a) of 50
g, was filled in a glass tube, and while a mixed gas of
hydrogen/nitrogen = 10/90 (volume ratio) was supplied to the
tube at a flow rate of 200 ml/min, reduction treatment was
performed at 350°C for 5 hours. Then, the supply of hydrogen
was stopped, which was then cooled to room temperature under
nitrogen stream to give a reduction-treated catalyst. The loss
of the mass of the catalyst by the reduction treatment was 0.84%.

The same oxidation reaction as in Comparative Example 1
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ratio) was supplied to the tube at a flow rate of

162.5 M /mn, the oxidation reaction was perforned
at a reaction tenperature of 360C. The conversion of
i sobutyl ene and the total yield of nethacrolein and
methacrylic acid are shown in Table 1. 15 Exanple 1
The catal yst obtained in Conparative Exanple 1 (a) of
50 g, was filled in a glass tube, and while a m xed

LT .10 r.at i
(0 f3f ey B Ls bl BREF nd KPa iyt UFRARS pIRR was
r cnﬁﬁi n treatent was erforned at, 350C for 5 .
usqd g She FeagEian FAmPeRatiEe dtan CHERISE GHpeiR0°C. The
mhich was then cool ed to roomtenperature under
resiity AL sThewn 18 TRt al reduction-treated catal yst.
The loss of the nass of the catal yst by the reduction
treatment was 0. 84% 25 The same oxidation reaction
as in Conparative Exanple 1 12 (b) was perforned
Exammlpt2 t hat the catal yst obtained above was used and
the reaction tenperature was changed to 320C. The
r esUllies saume phouvedine Tadlin ExampEeahwas pefiforsede except
procedure as in Exanple 1 was perforned, except that

thathehgagass egdeidnihhthe arkmic ion riesdamdn tvag < chagedd ¢o a
a mxed gas of hydrogen/nitrogen = 20/80 (vol une

mixeéd idhs dhehydLsyEh J Nt F6Qh N2 Nko f SOPEVELWME Y8S10), the
changed to 400C, and the

reduction treatment temperature was changed to 400°C, and the
reduction treatment time was changed to 3 hours to give a
reduction-treatedcatalyst. The lossof themassof thecatalyst
by the reduction treatment was 3.52%.

The same oxidation reaction as in Comparative Example 1
(b) was performed except that the catalyst obtained above was
used and the reaction temperature was changed to 320°C. The

results are shown in Table 1.

Example 3

The same procédure as in Example 1 was performed, except
that the gas used in the reduction treatment was changed to a
mixed gas of hydrogen/nitrogen = 20/80 (volume ratio) and the
reduction treatment temperature was changed to 400°C to give
a reduction-treated catalyst. The loss of the mass of the
catalyst by the reduction treatment isl6.42%.

Then, the temperature was elevated to 200°C under nitrogen
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10 reduction treatnent tinme was changed to 3 hours to
give a reduction-treated catalyst. The | oss of the
mass of the catalyst by the reduction treatnent was
3.52% The same oxidation reaction as in Conparative
Exanple 1 (b) was perfornmed except that the catal yst
obt ai ned above was 15 used and the reaction
tenperature was changed to 320C. The results are

str%%gnvw%f QPB\?E['Ie/m]I E)é%@) kv%.ss f-l";%?h%%g%tl%g’t%%t%%g [tg %0:(2 dover

e s/ Berrofied,” Exce as u

in_the reduction_tr a a ]
8 ngo) GPadent prSg e tet B rbanr Sl BiEE L Bass e 20 EARLn.
reduction treatnment tenperature was changed to, 400C to
TheyiSPPPLY Ofd Bdtragen ¥ase § tORPRO &t 4PReCy obRe oFefpgrature
mass of the catalyst by the reduction treatnent is

wasskgpd, aRSAOHENUNERE 2 ERRGRAAN £0%ad RQWS atbd GhoWagorooled
under nitrogen 13 streamof 200 m/mn, and was

to rgpmheenpersbere 1o cAoBCaBRIT-crlRiRed Gatad vat afier the
intermttently supplied at 200 M/ mn. The supply of

redidtricge treasmendppeThat Lds9Of the masapofittheecafadyst was
kept at 400C under air streamfor 1 hour, which was

0. 36doliad thet dotadmotferher dbsseafbeyi theaneductianctneatment
catal yst after the reduction treatnent. The | oss of

and Rthdrdsss Dfafther ctial ot -o@bciabshi n the total of

the loss after the reduction treatnment and the |oss
af t ghd Bamal bxgahehbAl +@action as in Comparative Example 1
(b) was performed except that the catalyst obtained above was

used and the reaction temperature was changed to 320°C. The

results are shown in Table 1.

Example 4

The catalyst obtained in Comparative Example 1 (a) of 25
g was filled in a glass tube, and while a mixed gas of
isobutylene/nitrogen/steam = 6.8/80.6/12.6 (volume ratio) was
supplied to the tube at a flow rate of 600 m1/min, the reduction
treatment was performed at 366°C for 5 hours. Then the supply
of isobutylene and steam was stopped, which was then cooled to
room temperature under nitrogen stream to give a
reduction~-treatedcatalyst. Thelossof themassof thecatalyst
by the reduction treatment was 1.18%.

The same oxidation reaction as in Comparative Example 1

(b) was performed except that the catalyst obtained above was
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The sane oxidation reaction as in Conparative Exanple
1 10 (b) was perfornmed except that the catal yst
obt ai ned above was used and the reaction tenperature
was changed to 320C. The results are shown in Table
1. Exanple 4 15 The catal yst obtained in Conparative
Exanple 1 (a) of 25 g was filled in a glass tube, and
while a m xed gas of isobutylene/nitrogen/steam =

use%' %’n%? +Wel 28 4Bl FerRlaturthsass ¢BRNRA e B9 tuberhe

owrateo 600 M/ mn, the reduction treatnent

&% P 5 hours Then the supply 20
res\‘.‘@ﬁ; uty engat&ndqgt eam was st opped, which was then

cooled to roomtenperature under nitrogen streamto
give a reduction-treated catalyst. The | oss of the
P%@:%f the catalyst by the reduction treatnment was
Exaf‘ %> The same oxidation reaction as in Conparative
le 1 25 (b) _was erformad pt that the
cat £apst BF @adass XpPRisad ¥Ag ?ﬁ#?’e"aﬁ?'%’ﬁcept
nper ature was changed to 3200 The results

thash GHRANS T 2% VECA ARG OF RO S e @£V%§. "
Exanpl e 4 was perfornmed except that ethanol was use
reduedticat tafed tesher atyet t o Thalkoss of dhedrasm of the %ltalet
catal yst. The loss of the mass of the catalyst by the
by riduhuotedut ttircga thmes tmerst was103.11%.

The same oxidation reaction as in Comparative Example 1
(b) was performed except that the catalyst obtained above was
used and the reaction temperature was changed to 300°C. The

results are shown in Table 1.

Example 6

The catalyst obtained in Comparative Example 1 ta) of 25
g was filled in a glass tube, and while a mixed gas of
methacrolein/nitrogen/steam=4.3/78.2/17.5 (volume ratio) was
supplied to the tube at a flow rate of 100 m1/min, the reduction
treatment wasg performed at 366°C for 2.5hours. Then, the supply
of methacrolein and steam was stopped, which was then cooled
to room temperature under nitrogen stream to give a
reduction-treatedcatalyst. The lossof themassof thecatalyst
by the reduction treatment was 0.58%.

The same oxidation reaction as in Comparative Example 1

(b) was performed except that the catalyst obtained above was

15
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The sane oxidation reaction as in Conparative Exanple
1 10 (b) was perfornmed except that the catal yst
obt ai ned above was used and the reaction tenperature
was changed to 300C. The results are shown in Table
1. Exanple 6 15 The catal yst obtained in Conparative
Exanple 1 (a) of 25 g was filled in a glass tube, and
while a m xed gas of nethacrol ein/nitrogen/steam
=4.3/:78,2/ 1.L. u i [ Bhegetuberne
used, ag’df lfég\% %étag(t\é% El1 55 mﬁ;l%}:%Q}]xF & has lg tgi%gln tt%t ; E o Ir:rent
resﬁ@ﬁ:sp%rzfeors%q\v at; 368%1f0r 2. 5 hours. Then, the supply
of “met hacrol ein and steam was st opped, which was
then cooled to roomtenperature under nitrogen stream
to give a reduction-treated catalyst. The | oss of the
mass of the catalyst by the reduction treatnment was
Tabdesdo, The same oxidation reaction as in Conparative

Exanpl e I 25 ( RiadMRSorperdathéd excepl [ hat d{ieation reaction
cataty$t R ELIE Y T3HRpEE 2 aSTimd O | U@ o (irdnperd-¢ abavepBion | Yield
t enper at WuBstirse Chapgetct O] tHhmass pawe t(Scyare (%) (%)
shown iin Table 1. |Tabl e 1| Reducti ori¥} r eat nent
comp@Xdtdaé iion reaction Reduc| ng_Tenpera- T|ne,d,0sg ofgq 4 76.6
ExampBaTper @- Conversidn Yield substance tufe ? ) ((hour)
Exampl& 1N0S$S hfH8qdd") [(Uszkd) (8)s 0.84 320 99.4 79.0
Example 2 Hydrogen 400 3. 3.52 320 96.3 77.6
Example 3 Hydrogen* 400* 14 0.36% 320 99.1 78.1
Example 4 Isobutylene 366 5 1.18 320 99.5 77.4
Example 5 Ethanol 366 5 3.11 300 98.0 77.9
Example 6 Methacrolein 366 2.5 0.58 320 99.3 78.0

*After the reduction treatment, the air-calcination was

performed again.

According to the present invention, the following
inventions are provided.

[1] Aprocessforproducingacatalyst foruseinproducing
an unsaturated aldehyde and an unsaturated carboxylic acid by
catalytically oxidizing a compound which is selected from
propylene,isobutyleneandt-butylalcoholingaseousphasewith
molecular oxygen, and comprising a mixed oxide which contains
molybdenum, bismuth and iron, wherein a catalyst precursor is
calcined under a gas atmosphere containing molecular oxygen;
and then is heat-treated in the presence of a reducing substance.

[2] The process accordingto [1], wherein the mixed oxide
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Conparative - - - - 360 99.0 76.6 Exanple 1 Exanple 1
Hydrogen 350 5 0.84 320 99.4 79.0 Exanple 2 Hydrogen
400 3. 3.52 320 99.3 77.6 Exanple 3 Hydrogen* 400* 5*
0.36* 320 99.1 78.1 Exanple 4 |Isobutylene 366 5 1.18
320 99.5 77.4 Exanple 5 Ethanol 366 5 3.11 300 98.0
77.9 Exanple 6 Methacrolein 366 2.5 0.58 320 99.3
78.0 5 *After the reduction treatnent, the

is @rowrdly ald %1"1%%1:%@&{&% %rﬁhla%ppf ding to the

present “i nvention, the followng 10 inventions are
provi ded. [1] Aprocess for producing a catalyst for
use i n producing an unsat ur at ed al dehyde and an

r arbo |c acid by catalytically
Mof*g?(?fg?c% ﬁ &g) 6n’po d which is selected from

propylene i sobutyl ene and t-butyl alcohol in gaseous
phase with 15 nol ecul ar oxygen, and conprising a m xed
oxi de which contains nolybdenum bisnmuth and jron,
whegedneiMe .a BEdatand, fte fee mbq%nu%-aﬂawaﬂam %rfgfas
at nosphere contai ni ng nol ecul ar and then is

respest iviedast dd si mickel pndd @ﬁc:eohﬁlfa géeﬁjéil - edemd: apkected
[2] The process according to[ 1 ] , wherein the m xed

fropxindagab@ses sHom lpplcianf,omagwesdugensddal andr hepd; C is
an é]i)alﬁent selected from phosphorus, boron, arsenic, tellurium,
tungsten, antimony, silicon, aluminum, titanium, zirconium and
cerium; Dis an element selected frompotassium, rubidium, cesium
and thallium; when a=12, 0<b<10, 0<c=<10, 1=d=<10, 0<se<10, 0=£f<10,
and 0<gs=2; and x is a value depending on the oxidation state
of each element.

[3] The process according to [1] or [2], wherein the
calcinations 1s performed at 300 to 600°C.

[4] Theprocess accordingtoanyoneof{1l]to[3], wherein
the heat-treatment is performed at 200 to 600°C.

[5] The process accordingtoanyoneof [1] to[4], wherelin
a loss of the mass caused by the heat-treatment is 0.05 to 6%
by mass.

[6]1 The process accordingtoanyoneof [1] to[5], wherein
the reducing substance is a compound selected from hydrogen,
ammonia, carbon monoxide, a hydrocarbon having 1 to é carbon

atoms, an alcohol having 1 to 6 carbon atoms, an aldehyde having

1 to 6 carbon atoms, and an amine having 1 to 6 carbon atoms.

17




MoaBi bFecAaBeCf DgOx (1) 5 wherein My, Bi and Fe are
nol ybdenum bismuth and iron, respectively; Ais

ni ckel and/or cobalt; Bis an elenent selected from
manganese, zinc, calcium magnesium tin and lead; C
is an elenment selected from phosphorus, boron,
arsenic, tellurium tungsten, antinony, silicon,
alum num titanium zirconiumand 10 cerium D is an

el ement aghRstEds ffdmgeehae&hgnan i Ll ¢ E @il dehydedand
thallium ‘when a=12 <bs10, O<cs10, | sdsl O,

an gﬁgﬁ:l:grgife arbagglgégég d angh #ch %ﬁd@&%oﬁ?ﬁ&%@bnﬂteps

on the oxi atlon at e each el enent

ot BFERREPRCRAERI Y byl L8340 15 o o
TR SR IRl 8*&@??8%&@%"1&{“3%’61‘%
e R095 S e, TSRS ESE 460300 B el dudohase

heat-treatnment is 0.05 to 6% 20 by nass. %

Wity eedac e e YEen olran's,h%ner%*erfcq ‘]’ftBh? gat 1Yst
wherein the reduci ng substance is a conpound selected
from hydrogen, anmoni a, carbon nonoxi de, a
hydr ocarbon having 1 to 6 carbon atons, an al coho
having 1 to 6 carbon atons, an al dehyde having 25 1 to
6 carbon atonms, and an amne having 1 to 6 carbon
atons. 17 [7] A process for produci ng an unsat urated
al dehyde and
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an unsaturated carboxylic acid, which process
conprises steps of producing a catalyst by the
process according to any one of [1] to [6] and then
catal ytically oxidizing a conmpound selected 5 from
propyl ene, i sobutyl ene and t-butyl alcohol in gaseous
phase w th nol ecul ar oxygen in the presence of the
catalyst. 18 What is clained is: 1. A process for

What' QUG i e atsa) yst for use in producing an
unsat urat ed al'dehyde and an unsaturated carboxylic

acid by 5 catalytically oxidizing a conpound which is
sel ected from propyl ene, isobutylene and t-butyl

al cqhol i n gaseous_phase w.th |_ecul oxygen, _an
o s PRFIERRS BT BROE AL A BRI et o B SubRERucing
bi stuth and iron, wherein a catal yst precursor is

an ugsatysatecyeldghyde %\Pﬁtﬁ‘bﬁ’é%sétd-ﬁ?ﬁ%é)%i%%y&&ﬂ gFid by
oxygen;, 10 and then is heat-treated in the presence of

cataliddia tky QKNG 2 COMRRNRA GHELEN L8 (POl AGLe® From
claim1, wherein the mxed oxide is shown by the

propyleng nisgbutyiene andut abytyl algokiedBimgasaoBs@miErwith
(1) wherein Mo, Bi and Fe are nol ybdenum bisnmuth and

moligmrlar oxygen, aelycompirisingkeimixell oxidebwhtichBcogtains
an el enent selected from manganese, zinc, calcium

mo Inpbgieaninu,Mb ifsmu tAndndedron C wisePéinmra cdarmyistsplrecuedor is
from phosphorus, boron, arsenic, tellurium tungsten,

caldliid®ihded la gas, admbEpRLe tbhéAiHhAngZnblesularasygen;
cerium D is an elenent selected from potassi um

and tRéAiighesE€StHEated in the presence of a reducing substance.

2. The process according to claim 1, wherein the mixed

oxide is shown by the following general formula (1):

wherein Mo, Bl and Fe are molybdenum, bismuth and iron,

respectively: Ais nickel and/or cobalt; B is an element selected
from manganese, zinc, calcium, magnesium, tin and lead; C is
an element selected from phosphorus, boron, arsenic, tellurium,
tungsten, antimony, silicon, aluminum, titanium, zirconium and
cerium; Dis anelement selected frompotassium, rubldium, cesium
and thallium; when a=12, 0<bsl0, 0<{c=<10, 1=d=<10, 0se<10, 0xf<l0,

and 0<g=2; and x is a value depending on the oxidation state

of each element.
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and thallium when a=12, O<bsl 0, 0<cs10,
| sdsl 0, Gsesl 0, Osfsl O and 0<gs2; and x is a val ue
dependi ng on the oxidation state 25 of each el enent.
19 3. The process according to claim1l, wherein the
calcinations is perfornmed at 300 to 600C. 5 4. The
process according to claim1l, wherein the
heat-treatnment is perfornmed at 200 to 600C. 5. The
process according to claiml1l, wherein a |loss of the
mass caused by the heat-treatnent is 0.05 to 6% by
mas 6 r.dj { | ai ] [ n
the FediBny tetsh SRETANP I Midth 3 Muldrp il SR
hydr ogen, apmoni a, car bon, noxi ..2 hydrocarbon
ca s oLb Rertorned s 388 B8 cBRBIC havi ng 1 ro 6
carbon atons, an al dehyde having 1 to 6 carbon 15
atons, and an amine having 1 to 6 carbon atons. 7. A
process for producing an unsaturated al dehyde and an
unsur Fhed PrRasesy Bceording Wa admbdes 1 e
. Steps of producing a catal yst by the process
heaccorehtnend Heypentoxie@Oat| 2005td 600W .and t hen
catal ytically oxidizing a conmpound sel ected from
propyl ene, isobutylene and t-butyl alcohol in gaseous
phase w th nol ecul ar oxygen in the presence of the
cat & ysThe?@rocess according to claim 1, wherein a loss of

the mass caused by the heat-treatment is 0.05 to 6% by mass.

6. The process according te claiml, wherein the reduciﬁg
substance is a compound selected from hydrogen, ammonia, carbon
monoxide, a hydrocarbon having 1 to 6 carbon atoms, an alcohol
having 1 to 6 carbon atoms, an aldehyde having 1 to 6 carbon

atoms, and an amine having 1 to 6 carbon atoms.

7. A process for producing an unsaturated aldehyde and
an unsaturated carboxylic acid, which process comprises steps
of producing a catalyst by the process according to any one of
claims 1 to 6 and thencatalyticallyoxidizingacompoundselected
from propylene, isobutylene and t-butyl alcohol in gaseous phase

with molecular oxygen in the presence of the catalyst.
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