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REPLAC, CREMNT SHEET Date :.., OCDT i99.... PROCESS FOR PRODUCTI ON OF
UNSATURATED ALDEHYDE AND UNSATURATED CARBOXYLI C ACI D Thi s
to.a process for . produ0|ng an unsaturated al dehyde and ad
car boxyl i c attis catal ytic oxidation of propyl i SHT3 'E§he
or tertiary b rticularly, -‘this invention relates to a nethod
of .inhipiting e deterioration or degeneration 10 of the
catalyst for use In said process, to a nethod for reuse of the deteriorated
catalyst, and to a nethod of regenerating td4le- deteriorated catal yst. The
production of acrolein and.acrylic acid 15 from propyl ene and

t he- producti on oPRﬁﬁﬂﬁﬁcF@RePROBH@TﬁQNh@BrVNSéTﬁBB@EDréﬁpﬁﬁﬁﬂﬁt@N@ne or
tertiary butanol by the gas- phase catal yti c oxi dation reaction using the
so- call ed nol ybdenum bi snut ¥ Qﬁﬂﬁﬁ&ﬁ9¥%%%@y%§19and t he production
of acrylonitrile or nethacrylonltrlle by 20 the gas-phase catalytic
~ammoxi dation using the same catalyst are well known. However, when the
‘reaction is continued in a |long production run,.this catalyst suffers
;deterioration or degeneration,so that the conversion and selectivity of the

;reaCtlon are |overed WItthtus 1nventgon relates to. a process for

5 producing an unsaturated aldehyde and an unsaturated
carboxylic acid by gas-phase cataiytic oxidation of
pfopylene} isobutylene or tertiary butanel. More
particularly, this invention relates to a methed of
inhibiting the performance deterioration or degeneration

10 of the catalyst for use in said process, to a method for
reuse'of the deferibrated catalyst, and eo a method of

" regenerating the deteriorated catalyst.

The preduction of acrolein and acrylic acid

15l from propylene and the production of methacrolein and
methacrylic aeid'from ieobutylene'or:tertiary butancl by
the qes-phase catalytic oxidation reaction using the so-
called molybdenum-bismuth composite oxide catalyst, and
the production of ecrylonitrile er methacrylonitrile by

20 the gas-pﬁase catalytic ammoxidation using the same
catalyst are well known. However, when the reaction is
continued‘in a long production run, this catalyst suffers

deterioration or degeneration SOjthat the conversion and
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several technol ogies are known for controlling the deterioratign of the

conposi te oxi de cat al banese Unexami ned Patent Publicdf iteis §K0kRLAS BEEN
No. 59- 1 |nst n proposes a nethod which conpriiges 5;",_‘;119‘@2@ a '
nmol ybdenum gglsgmt stance prepared by supporting ek

on an. |nert |norgan| c substance, and Japanese Exani ned

Patent, PubI| No. 63-38331 proposes a nethod in which a

prural Ity of enum b| srrut h nul'ti-conponerit 10 catal ysts prepared

with a gradi ent of_ activity by varying theXkinds and/ or anounts of al kali
metal and thalliumgroup elements in the nol ybdenum bi snuth mul ti-conponent
catal yst are arranged i BeFeralCteahnddogidsr ade &unown fyxf comticod liegct ant
gas inlet side to the outlet side of a 15 react or. Japanese Exam ned

Pat ent Publ i calheorieféaiiaraltidn of3theseonposidee oxddescada liystwhi ch the
catalyst is diluted with an inert substance and packed in such a manner
that the catalJaytanseste UnexamioedaPaseaitt Pabligatiomt(kekadsl Woor 5§t‘epvm se

to 100%in the direction of flow of the reactant z. fromthe inlet
to the outlet 1&31BGecdarinsi@nSsar Prmﬁssé Bl?etgm b, (COMPHIARS cat i on

(Kokai) No. 59-193136 has .the di sadvan e that the 2 cat al yst .nust be
support ed n 363N BRiHRISIUL ’ﬁ&a ring substance Prepalyé

supportlng molybdenum oxide on an lnert heat-reSLStlng
inorganic substance, and Japanese Examlned Patent
Publication (Kokoku) ﬁo. 63-38331 proposes a method in
which a piuraiity_of molybdenum-bismuth multi-component
10 catalysts prepared with a gradient of_activity by varying
the kinds and/or amounts of alkali metal and thallium
group elements in the molybdenum-bismuth multi-component
catalyst are arranged in an increasing order of activity
from the reactant gas inlet side to the outlet side of a
15 reactor.
Japanese Examined Patent fublication (Kokoku) °
No. 53-30688 pioposes a method in which the catalyst is
diluted with an inert substance and packed in such a |
manner that the catalyst activitj increases either
20 continuously or stepwise to 106% in the direction of flow
of the reactant gas, viz. from the inlet to the outlet of
a reactor.
| Howevef, Japanese Unexamined Patent Publication
(Kokai) No. 59-193136 has the disadvantage that the

25 catalyst must be supported on an inert heat-resisting
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-3- inorganic carrier and, noreover, the selectivity of the de5|red

conpound according to the process dlsclosed therein is not

UII 3 ‘-we:m L-y
hi gh for conmercial use. The technol ogi es. di scl osed in Japa; 4 |l
. : . ; ﬁ.

Pat'ent Publications (Kokoku) Nos. 63-38331 and 53-30688, wh
the catal yst activity by varying the conposition of the catalyst
or_diluting the catalyst to avoid |ocal tenperature rise, are capable of

suppre55|ng to sone extent the |oss of nolybdenum from 10
which is a cause of catal yst deteriorationzbut do not provide for
i nhi bition of catal yst deterioration. Thus, these prior art technol ogi es

to control

ar "”' T

%EEN

are not sufflcnaorgynsatcataxenrqndiwmqnenxéxmrghenseﬂennﬁn&tyanf Sdad €.
Several nethods have al so been proposed for enabling the reuse or

regeneration oﬂesheedonpmgmledow@@r%mgal%ttfﬁét@WQﬁ%ﬁ et sqlasest ol onged

t he catal yst
| ong-term

15

course of reaction. By way of exanE Japanese_Unexam ned, Pat ent

Publ i cati on (KGRSF?lNolsSBOWSng %@?%&%M%&Wﬂflﬁ USRmpri ses
subj ecting a deteriorated co ite oxide, cat heat treatnent

an inert atnosphere at ar‘Pg Fﬁ?ﬁféS{ﬁﬁvﬁiﬁF%égéé Qﬁq éﬁﬁ”@%ﬁﬁhese

Unexam ned Patgg%lﬁgbkugggcgge§ng kg@u£§&o§6 ég 9é§§1QE%fg?§gﬁf whi ch

conpri ses éum

treat nent

10

15

20

25

eri onposi ox1 de
which are intended to control the qatalyst activity by

varying the composition of the catalyst or diluting the
catalyst to avoid local temperature rise, are capable of
suppressing to somelextent the loss of molybdenum from
the catalyst which is a cause of catalyst deterioratioh
but do not provide for long-term inhibition of catalyst
deterioration. Thus, these prior art technologies are
not sufficiently satisfacto:y for practicing on a
commercial scale.

Several methods have also been proposed for
enabling the reuse or.regeheration of tﬁe composite oxide
catalyst deteriorated in a prolonged course of réaction.

By way of example, Japanese Unexamined Patent
Publication (Kokai) No. 55-67335 describes a method which
comprises subjecting a deteriorated composite oxide
catalyst to a.heat'treatment in an inert atmosphere at é
temperature between 500° and 800°C, and qabanese
Une#amined-Patent Publication (Kokéi) No. 57-56044
discloses a method which comprises subjecting a

deteriorated composite oxide catalyst to a heat treatment

//
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-4- in a reducing atnosphere at a tenperature between [err]. anfl [RPrg-5Td:43 3Eg;
then calcining the catalyst in a nolecul ar oxygen-contai ni ng afnospheéé.Astsn
a tenperature between [err] and Jerr]. 5 However, €Se

are primarily intended for the treatnent of the catal ysts used in

amoxi dati on and, therefore, when the high-tenperature cal cination
procedure disclosed is applied to a catalyst for the partial oxidation of
propyl ene, isobutylene or tertiary 10 but anol , the catalyst tends to be
sirntered with the resultant- decrease in acyivity. Referring to the catal yst
for use in the partial oxidation of propylene or isobutylene, Japanese

Unexam ned Pat gt aPeBliuedhgoathk8kRbre ot SHleSRpsfatire PeORESARS200heat
treatment at [err] - [err] in an atnosphere substantially conposed of air,
and Japanese Uagdamooed BRademheRubhledhing tKekeataNpst63nld7nMdbedutatroses
a heat treatnent at [err] - [err] in the presence of an oxidizing gas
cont ai ni ng bot kexygeaegbataidingoaygeaphadesaébam teRperatuner betvapanese
Unexami ned Patent Publication (Kokai) No. 5-184945 discloses a nethod in
which 2 - 10 weiS§tt ando700R€ -det eri orated catal yst is w thdrawn fromthe
reactant gas inlet region and the renmainder of the deteriorated cataéyst IS

heat- 25 reated at 30HOWeVEFy] thRs ﬂﬁFﬁegﬁa?fﬁx?ﬁéﬂgﬁbﬁVaFﬁFﬁBde

for the treatment of the-catalysts ﬁéed in ammoxidation
and, therefore, when the high-~temperature calcination
. ‘ prbcedufe-diSclosed is applied to a catalyst for the
| partial oxidation of propylene, isobutylene or tertiary
10 butanol, the catalyst tends to be éintered with the
resultant decrease in activity.

Referring to the catalyst for use in ﬁhe
partial oxidation of propylene or isobutylene, Japanese
Unexamined Patent Publication (Kokai) No. 61-33234

15 proposes a heat treatment at 380° - 540°C in an
atmosphere substantially composed of air, and Japanese
‘Unexamined Patent Publicétion (Kokai) No. 63—137755
diécloses a heat treatment at 300° - 500°C in the
presence of an oxidizing gas containing both molecular

20 oxygen and steam. Furthermore, Japanese Unexamined
Patent Publication (Kokai) No. 5-184945 discloses a
method in which 2 - 10 weight % of the deteriorated
catalyst is withdrawn from the reactant gas inlet regioﬁ
and the remainder of the deteriorated catalyst is ﬁeat—

25 treated at 300 - S00°C in a molecular oxygen-containing
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-5- gaseous atnosphere for regeneration. However, these net Oﬁ%SEQEcTHaor~F ;
catal yst regeneration by heat treatnent is not sufficiently]e eé&ggg%,j%pﬁE:N
bl\ LI A

as disclosed in Japanese Unexam ned Patent 5 Publication (Kekab)
5-184945, the severely deteriorated portion of the catalyst in the vicinity

.of the reactant gas inlet can hardly be regenerated. Moreover, repeated

regeneration is inpossible. It is known that the dissipation of nolybdenum
10 is a cause of catalyst deterioration and, therefore, it has been

. proposed to conpensate for the |oss of nolyddenum by certain neans for the
- purpose of regenerating the catal yst. Japanese Unexam ned Patent -
' Publ i cati on (Kdjesigoup. aB@ugEye do3c ageneratdganerati on 15 nethod in
“which the catalyst is contacted with fluidized particles of a

nol ybdenum cont ai ni ng subi¥eHeH Ithaseemettwds £or FAFa4esE Unexani ned

Pat ent Publication (Kokaj . .52-131989 descr.i bes a nethod for. catal yst
regeneration i rF%ﬁﬁrbef‘thHegrhggérrﬁﬁtattﬁ%%tyf ingtéﬁq‘%fé'gllﬁf‘z‘fr]éfd with a

SSLELO SO 21k b Blyd o35l TP MEINDATS DA B b R
Lo v o, SOPREL e 6K Nl P NPenUB Ao ool e o 2o
reduci ng at mMSpiCESrfdkhted portion of -the ‘catalyst in the vicinity of -
the reactant gas inlet can hardly be regenerated.
Moreover, repeated regeneration is impossible.
It is known that the dissipation of molybdenum
10 is a cause of catalyét deterioration and, therefore, it
has been proposed to compensate for the loss of |
molybdenum by certain means for the purpose of
regenerating the catalyst. Japanese Unexamined Patent
Publication (Kokai) No. 50-49201 describes a regeneration
15 | method in which the catalyst is contacted with fluidized
particles of a molybdenum-containing substantially inert
carrier. Japanese Unexamined Pétent Publication (Kokai)
No. 52-131989 describes a method for catalyst.
regenératign in which the deteriorated catalyst is
20 saturated with 'a solution containiﬁg at least molybdenum
and bismuth and then célcined, and Japanese Unexamined
Patent Publication (Kokai) No. 57-56044 discloses a
method which comﬁrises adding a molybdenum compound to
the deteriorated composite oxide catalyst, heat-treating

25 the mixture at 200-700°C in a reducing atmosphere and’

. This Sheet Has Been Replaced




-6- further calcining the heat-treated catal yst at 550 - i o
nol ecul ar oxygen- cont ai ni ng at nosphere. However, all of thf§@“%§bhéﬂ§ﬂmﬁ§EN
mai nly concerned with the regeneration of the catalyst forl{t he HEPLACED

anmoxi dation .of propylene, which is used at high tenperat ures TAUS, Tn T he
processes described in Japanese Unexam ned Patent Publication (Kokai) Nos.
50- 49201 and 52-131989, the selectivity-of the fixed-bed partial oxidation
reaction of propyl ene, isobutylene or 10 terticary butanol with the
regenerated catalyst is not as high as satésfactory. In the process

di scl osed i n Japanese Unexam ned Patent Publication (Kokai) No. 57- 56044,

t he regener at eﬁ“E‘éf‘ﬁFy%lFbﬁH%gt'bhebél%qq‘rt"eﬁ‘%})"—%% g laestt fdtormxSatal yt | c

activit 15 ct of this invention is er ef ore,
pr ovi deya met hd89F 6r P nfi 'B?{'?‘ﬁééf BTV 4 e %‘f’%??pgtet’ﬁrl ty cat al yst

used in the production OI{OQQ ypsag a:?Pdtl?ésdeewd@t?} X O%Q%rop"]al

carboxylic acid by the gas-p hase ta ytic oxi

| sobutyl ene OrcbﬁEEEﬁﬁﬁoPEEﬂnEﬁe Ped®i é@%i&{ chUé‘?e ot 1y SO fi‘ﬁﬁeétié”at ed

catal yst, and regeneratin e cata
5. ammoxidation of propylene, which is used at high

temperature. Thus, in the processés described in
Japanese Unexaminéd éatent Publication (Kokai) Nos. 50-
49201 and 52-131989, the selectivity of the fixed-bed
partial oxidation reaction of propylene, isobutylene or
10 teftiary butanoi_with thé'regenerated catalyst is not as
high as satisfactory. In the process disclosed in
Japanese Unexamined Patent Publiéation (Kokai) No. 57-
56044, the regenerated catalyst tends to be sintered to
detract from catalytic'activity.
15 An object of this invention is, therefore, to
provide a methqd'forlinhibiting deterioration.of the
'high—activity catalyst used in the production of an
unsaturated aldehyde and unsaturated carboxylic acid by
the gas-phase catalytic oxidation of propylene,
20 isobutylene or tertiary butanol, 'a method for reuse of
the so-deteriorated catalyst, and a method of

regenerating the catalyst.
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-7- This object could be achieved on the basis of the finding
deterioration of the catalyst used in the gas-phase catalytic:
propyl ene, 5 i sobutyl ene or tertiary butanol for the product w2 _
correspondi ng unsaturated al dehyde and unsaturated carboxylic acid, on“?ﬁ@“***

‘method for using the catalyst and on the nethod for regenerating the

deterioyated catal yst, 10 : can be avoi ded by
conducting the reaction in the presence of said conposite oxide catalyst
and a nol ybdenum oxi de which.in itself is sUbstantially inert to the
reaction, or by reusing the deteriorated catalyst after blending it with
nnlybdenunloxide which in 15 itself.is substantially I nert to the

tion. Thus, this i d f )
nsat urat ed ai dehyde and AN nRRIH bue Ob DS ETTSYAE CRTE Bif e oF
gas- phase catalytjg gﬁgg{lhoghgfc propyl ene, gbtaRibyhedenObst eht! ésxak?gégno'

wi th nol ecul ar oxygen'in résence of a catal yst conprising conpos

oxi de represent agkdyy J‘Irh&:l'fé)rdﬂd;l-@)h[a%fér kazalytwhebgidalklonBof Beogweﬁe,
represent nol ybdenum bi snuth, i ron and oxygen, respectively; A

represents rB(H«ﬂsdﬂuﬂymennﬂuﬁtteﬂala&grbaeahslafokeahb @medabemeﬁtosetﬁéted
from . .
corresponding unsaturated aldehyde and unsaturated
carboxylic acid, on the method for using the catalyst and

on the method for regenerating the deteriorated catalyst,

10 can be avoided by conducting the
.reaction in the presence of said composite oxide catalyst
and a molybdenum oxide which in itself is substantiaily
inert to the reaction, or by reusing the deteriorated
catalyst after blending it with molybdenum oxide which in

15 itself is substantially inert to the reaction.

Thus,'this invention provides a process fbr
producing an uﬁsaturated aldehyde and an unsaturated
20 carboxylic acid by the gas-phase catalytic oxidation of
propylene, isobutylene or tertiary butanol Qith molecular
oxygen in the presenée of a catalyst comprising composite
okide represented by the formula
MoaBi

bFecAqBeC POk (1)

25 wherein Mo, Bi, Fe and O represent molybdenum, bismuth,

—

TthhanH

I M Illl I !ill



nanganese, zinc, calcium magnesium tin and |ead; C represe

one. 5 elenent selected from pho 5”ﬂ§§*ﬁ§THASBEEN

boron, arsenic, tellurium tungsten, antinony and silicon; DOirepr &etitsaR

| east one el enent.sel ected from potassium rubidium cesiumand thalTiun
in case of a being 12, [err] 10 [err] and [err] and x has a val ue
dependent on the oxidation state of the respective elenents, characterized
in that the gas-phase catalytic oxidation reaction is conducted in the
presence of said catal yst and a nol ybdenusBexi de which in itself is
substantially 15 Inert to the gas-phase catal ytic oxidation reaction.

Thi s i nventi oniabsoapdovixygena pespestively pridcepresemtsinsithglatantd/ox

al dehyde and an unsaturated carboxylic_acid by the gas-phase catal ytic

oxi dation of pcoppléneB repsesgrEfeabr leastieny dleneRt seiectri dbtemr 20
oxygen in the presence of a catalyst conprising conposite oxide represented
by the fornmula (1), characterized in tﬂggg?ﬂ%s as?gﬁﬁseci£fﬁ$9tic oxi dati on

Beconaucted ! Rl AR RLREI0R Bhut s e Rbr L £R AL Lo gE Sfg o 0 b
itself is substatiald L1 ed 25/l d gas-phase -9- cataJyﬁég_oxidation
| ~ phorus, boron, arsenic, tellurium,itungsten, antimony and
silicon; D represents at least one element sélected from
| . potassium, rubidium, cesium and
thallium; in case of a being 12, 0<bs<10, 0<c<10, 1=d<10,
10 0<e<10, 0<££<20 and 0<g$2,iand x has a value dependent on
the oxidation state of the respective elements,
characterized in that the gas-phase catalytic oxidation
reactioh is conducted in the presence of said catalyst
and a molybdenum oxide which in itself is substantially
15 inert to the gas-phase catalytic oxidation reaction.

This invention also provides a process for
producihq an unsaturated aldehyde and an unsaturated
carboxylic acid- by the éas-phase catalytic oxidation of
propylene, isobutylene or tertiary butanol with molecular

20 oxygen'in the presence of a catalyst comprising composite
oxide repfesented by the formula (1), characterized in
that the gas-phase catalytic oxidation is conducted in
the presence of a mixtufe qf the catalyst deteriorated by

the gas phase catalytic oxidation and a molybdenum oxide

25 which in itself is substantially inert to said gas-phase-

\'
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unsaturated al dehyde and an unsaturated carboxylic acid, conpfji Singgt ‘ﬁﬁtm
o 5 r-.u.,Fin

In other words, the present invention provides a process for rﬂgggggﬁgﬁ
' i £he
steps of 5 (i) subjecting propylene, isobutylene or terti &y but-angl -

rHhs BeEN

gas- phase catal ytic oxidation with nolecul ar oxygen in the presence of a
~catal yst conprising conposite oxide represented by the formula (1) until
the catal yst is deteriorated, and 10 (i1) further conducting the

- gas-phase catal ytic oxidation with nolecul ar oxygen in the presence of a
“mxture of the thus deteriorated catalyst ahd a nol ybedenum oxi de which in
itself is substantially inert to said gas-phase catalytic oxidation. 15

" The present inveht3bRE¥FUrPHARH BV des a process for regenerating a

cat al yst conprising conpasite .,oxide represented by the fornula (1) .which
has been used in, and detdtiTrired od:udg:'p't g",%lea[ﬁf?- adBVEREALH P%°%5%H§§tion

of propyl ene, ié°§’£’6é’é§§‘%o°£ é‘%&‘%&%%‘t @{P\% Qarel LA &ﬁ%“kﬁggsgéyge”’

the process conprising the step o i ng eteriorated-cata wth a

mol ybdenum oxi dg, - ha ddl | dldxy 1S S WeSiBNdordt §in@ tehieO stapd @@s- phase
catal ytic oxidation. 25 This invention finds applicati-on in
processes 5 -10-({prsibfedtnty @iopyleneacridiobut ylrhea oy ltetaag by gas
butanol to gas-phase catalytic oxi@ation with molecular
oxygen in the presence of a éatalyst comérising composite
oxide represented by the formula (1) until the catalyst
is deteriorated, and

10 (ii)" further conducting’the gas—phase-catalytic
oxidation with molecular oxygen in the presence of a
mixture of the thus deteriorated catalyst and a
molybedehum oxide which in itself is substantially inert
to said gas-phase catalytic oxidation.

15 The pfesént invention further provides a
process for regenerating a catalyst comprising composite
oxiae represenﬁed by the formula (1) which has been used
in, and deteriorated due to, a gas—phﬁse catélytic
oxidation oﬁ propylene, isobutylene or tertiary butanoi

20 with molecular oxygen, the process'comﬁrising the step of
mixing the deteriorated catalyst with a molybdenum oxide
which in itself is substantially inert to said gas-phase

catalytic oxidation.

25 ' This invention finds application in processes

T
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phase catal ytic oxidation of propylene wth nol ecul ar oxygén Ot e
production of nethacrolein and nethacrylic acid by gas phaseT%@&%ﬁ??ﬂkﬁﬁiBEEN

oxi dation of 5 i sobutyl ene or tertiary butanol with nol eqular B% h%ﬁEDThe.

catal yst used in these processes conprises conposite oxide represented by
.the following formula: [err] wherein [err] represent nol ybdenum bisnuth,
-10, iron and oxygen, respectively; A represents nickel and/or cobalt; B
represents at |east one el enent selected from nmanganese, zinc, calcium
magnesium tin and | ead; C represents at |east one elenent selected from
phosphorus, 15 boron, arsenic,.tellurium tungsten, antinmony and silicon;
D represents at foeatsheopeoduentpnh o€l ecredleinoangotasgliim acidi dyugascesi um
and thallium a, b, c, d, e, f, g and x represent, respectively, the nunber
of atons of [erphaze capadyd4i®, oxadawihen afi propyleneryifthrmplaadlarhas a
val ue dependent on the oxidation state of the respective_el enents.

Her ei naft er t he OGN eRE £8Falthst PEBAPFTIPRgOEORBERREECSRLBe2R T esent ed

by the formula (1)" may _ 25 tinmes be referred to sinpl s "said
Cgtalyst". _ ;hacf&fic acign%y gas pﬁase cata?ytgc oQEdthon of
'S5 isobutylene or tertiary butanol with molecular oxygen.
The catalyst used in thése processes comprises
composite oxide represented by the following'formula:
Mo, Bi, Fe A4B CeD O, (1)

wherein Mo,; Bi, Fe and O represent molybdenum, bismuth,
10 iron and oxygen, respectively; A represents nickel and/or
cobalt; B represents at leasf one element selected from
. manganese, zinc; calcium,
magnesium, tin and léad; C represents at ieaét one
element selected from | phosphorus,
15 boron, arsenic, tellurium, tungsten, antimony and
silicon; D represents at least one element selected from
potassium, rubidium, cesium and
thallium; a, b, ¢, d, e, £, g and x represent,
respectively, the number of atoms of Mo, Bi, Fe, A, B, C,
‘20 D and O, and when a is 12, 0<b<10, 0<c<10, 1ds10,
0<e<10, 0sf<20 (or 0<£f<10) and 0<gs<2, and x has a value
dependeﬁt on the oxidation state of the respéctive-elements.
Hereinafter the term “the catalyst comprising
composite oxidé represented by the formula (1)" may

25 sometimes be referred to simply as "said catalyst".

-_—
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Conmposi te oxi des of the above fornula (1) are described in U/STHRAS®BET vag

3,642,685, U .S Patent 3,799,978, U S Patent 3,778,386 and Y S. Pakenhcep

3,970,702, anong others. The preferred conposite oxide 5 [ ==

EEN

exanple, the following. [err] I'n the above exanples, the number of oxygen
atons is decided depending on the oxidation states of the other el enents,
.and therefore the oxygen (0) is not shown in the fornulas.: 15

- For use as said catalyst, the conposite oxide of the formula (1) nmay be
~used as it is or as carried on a support Sdch as a-alunmina or as mixed with
1norganic fibers such as_glass.fibers ram c fibers | skers. 20

s, ce r i

The reaction is generallggﬁa??+5% e %P?i%ﬁ&ﬂ?mﬁ?ﬁ%g;ﬁ(ﬁlk(ﬂre
comer ci al pur es.and suc i xed- bed,r t e.g rally
mul ti-tubul ar $§§g 6?39 JI'f‘lne{si'eéfelgég %r}%d:?m@?%’e‘%ibse'%b%agtn%r}tonal ly used in
the art. In thg pggcgsg fgr pl‘pgﬁ&ﬁ'{l Nsed 5 paddehyde and
unsaturated.ca?boggr?cgéc?dsby.t e gg%?gﬁgke. %Lﬁﬁgg'%angyfﬁg oxi dation of
propyl ene, isoBubybene20r améhgi stebdlt anphe Vihidi SBFEE W SHipSBINGL b ifid he
presence of said catalyst, the deterioration of thé catalyst usually occurs
when the catal yatludeysedrf exkampper i tite of ol isw@in®r '

Co Si . e e

Mo, ,Blg 3 57€0.5.5°5_10C%0.01-15%0.1-20

Mo, Wy 1_2BLg 1 5F€ 5595 10C50 . 01-15%0.1-20
M012%0.1-2%%0.1-5F%0.5-5%°5_10%0. 01-15%0.1-20
M) pBlg.1-570.5-50°5_107"

1

0.01-1%0.01-25%0.1-20  and

10 Mo Si0.1—20.

128%0.1-520.5-5"5-10T10.01-1%0.01-2
In the above examples, the number of'oxygen
atoms is decided depending on the oxidation states of the
other elements, and therefore the oxygen (0) is ndt shown
in the formulas.

15 Fof use as said catalyst, the composite oxide
of the formula (1) may be used as it is or as carried on
a.support such as c-alumina or as mixed with inorganic
fibers such as glasé fibers, ceramic fibers or whiskers. .

20 The reacéién is generally carried out using a
fixed-bed reactor for commercial purposes aﬁd such fixed-
bed reactors are geﬁerally multi-tubular reactors. These
reactors may be those conventionally used in the art.

In the process for producing an unsaturated

25 aldehyde and unsaturated carboxylic acid by the gas phase
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5 t he gas phase catal ytic oxidation reaction, with the r F
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conversion and the sel‘ectivity of the desired product decred@ﬁ§5&§5ﬂﬂ£SBEEN
reaction time increases. Wien the reaction is conducted in|{t he prelidderd of

said catal yst and a nol ybdenum oxide which in itself is 10~ substantially
inert to the gas phase catalytic oxidation reaction (hereinafter this term
may sopfretimes be referred to sinply as “said nol ybdenum oxi de"), the
deterioration of said catalyst is inhibited for remarkably |onger period of
time than when the reaction is conducted j$_the 15 absence of said

nol ybdenum oxi de. Sai d nol ybdenum oxi de for use in accordance with this

invention is EB%BQ?%Q'CV JRlkkgenuBEt P&:@ﬁyﬂéne HoyeyBhity L 8RE €ot St&tiary
particular restricfion on the type of said ybdenun1OX|de i nsofar as it

I s substanti altad®l wWildy molRecullael bxyygehheéngeheppaesenatabftsaidxi dati on
reaction, and generally the one having a specific surface area of not nore
than about 2° [carall ysa s whed destelffbraetibadofir thhecatelizati nguahlyver age
particle size of not smaller than about ‘1 [err] neasured by |ight
scattering pamcdamiz 3hen dilee catallyssr isansped iff@ﬁt ropegiod| afokipe for

eval uate the -13- inertness of a partlcular bdenun1ox de and to
deci de whé herthe oo B se aptalvtie Peddat 6ﬁ“oFeFﬁ tdonny¥hthofPei ¢ may be

a good way to carry oyt thg SPNVERINOMGS the selectivity of the

desired product decreases as the reactlon time 1ncreases.
When the reaction is conducted in the presence of said
catalyst and a molybdenum oxide which in'itself.ié 3
10 substantially inert to the gas phase catalytic oxidation
reaction (hereinafter this term may sometimes be referred
to simply as *“said molybdenum oxide"), the deterioration
of said catalyst is inhibited for remarkably longex |
period of time than when the reaction is conducted in the
15 absence of said molybdenum oxide. -

Said molybdenum oxide for use in accordance
with this invention is preferably molybdenum trioxide.
However, there is co particular restriction on the type
of said molybdenﬁm oxide insofar as it is substantially

20 inert inlitself to the gas phase catalytic oxidation
reaction, and generally the one: having a.specific surface
area of not more than acout 2 mz/g measured by BET method
or the one having an average particle size of not smaller
than aboutll pum measured by light scattering particle

25 size analyzer can be mentioned. In order to evaluate the

—_—
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reaction using the nol ybdenum oxi de in question in place 5 v =

catal yst. Wen the nol ybdenum oxide in question is substantiarHySEmEEF%#Q;BEEN
t he gas phase catalytic oxidation reaction, it can be used injthe PRERATED

i nvention. The nol ybdenum oxi de which can be substantially 10 ettt o-
the reacton can be prepared, for exanple, by calcining a coomercially
avai | abl e nol ybdenum conpound such as amoni um nol ybdat e, nol ybdenum
trioxide or the like in air using a box furnace, rotary kiln or other
furnace at a tenperature of about 550 - [err] for 1 - 10 15 hours. The
nol ybdenum oxi de -cal ci ned at a tenperatur§1I6Mer than [err] in the usual

Jod | n combi ndAEA e “2ar SARAGAAE PRI BH LR WHIAT S T BReLe 'S
ificed. O " I ' ' . -
ubstant i ai 1y PRERRGE g Sembel YRR oo ik e &t B PilYensiony o

not nore .t han ?QO ; bhe%r%%&?m q@%@%@h@ﬁﬁﬁvé%%%&i ng an

~average particle SiZe of n er than about nmeasur ed l'ight-

scattering parbiegle s34 & c0R) WAL mdlRashdiftn ke i asboetbnth ﬁ&'géh@

nol ybdenum oxi de may _ cted from  -14- anong the comercia
~avail abl e mpl ygeRTd0Xa483.vste MHUTE ST O o ByiadnhglesaoXi fleqhdst16¢! f

o is substantially inert to the gasiphase catalytic
oxidation reaction, it can be used in the present
invention.

.The molybdenum oxide which can be substantially

10 inert to the reacton can be prepared, for exampie,-by
calcining a commercially available molybdenum'compound
such as ammonium molybdate, molybdenum trioxide or the
like in air using a box furnacé, rotary kiln or other
furnace at a temperature of about 550 -~ 700°C for 1 - 10

15 hours. The molybdenum oxide calcined at a temperature
lower than 550°C in the usuwal manner has an ability to
oxidize olefins énﬁ when such molybdenum oxide is used in
combination with said catalyst, the selectivity tends to
be sacrificed. Of course, any molybdenum. oxide that is

20 already substantially'inert, for example the one having a
specific surface area of not more than about 2 m2/g
measured by BET method or the one. having an average
particle size of not smaller than about 1 um measured by-
light scattering particle size analyzer, need not be

25 calcined and such a molybdenum oxide may be selected from

___——'———_—‘-—‘————/
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substantially inert to the gas phase catal ytic oxidation" nea 'é ar, WeTe =
t he gas phase oxidation reaction in the 5 presence of a fre ET Eﬁ%&'“A?B“EN
conprising conposite oxide represented by the formula (1) achijleves ‘_““G&D
conversion of 95 - 100% the conversion obtainable by conducting the gas
phase oxidation reaction using said nol ybdenum oxi de in question alone in
t he sane amount as said catal yst 10 under ot herw se the sane reaction
conditions is generally not nore than 10% preferably not nore than 5% and
still more preferably not nore than 2% Thgpe is no particular limitation
on the manner how sai d nol ybdenum oxi de is present together with said 15
catalyst. - For Gplihe e Ba108 BRALNIMAG GdTBIHERAWM I fRTPr i Ses
nol di ng t he nol ybdenum oxi de singly or in conbinatron wth an inert carrier
such as silica by conpresgixpPdddivm M 0 ind IPPRINM iHLddiDH NEJNGE iy ded
nol ybdenum oxide with said catal yst which is also nolded, 20- and filling
. a.reactor wth ddlsstaastildlant imedturt thén gad epheaid wa tEijtod coniptatsem
- bl ending a powder of said nol ybdenum oxide with a powder of said catalyst,
ol di ng the reswanmtthdtendihisre de @as ehage edtidatiion greagtisuppor tihey it
on a carrier and then using the resulting 25 mol ding in the reaction.
-15- The siZe d®resrRNemdIW, My e i IfgmaeRrrising composite oxide

represented by the formula (1) achieves a conversion-of

95 - 100%, the conversion obtainable by conducting the
gas phase oxidaﬁion reaction using said molybdenum oxide
in question alone in the same amount as said catalyst
10 under otherwise the same reaction conditions is generally
| not more than 10%, preferably not more than 5% and still
more preferably not more than 2%.
There is no particular limitation on the manner
how said ﬁolybdenum oxide is present together with said
15 catalyst. For example, there may be mentioned a method
which;comprises molding the molybdenum oxide sihgly or in
combination with an inert carrier such as silica by
compression, extrusion or impregnation, mixing the molded
-molybdehum oxide with said catalyst which is also molded,
20 and filling a reactor with the resultant mixture. An
alternative method comprises blending a powder of said
molybdenum oxide with a powder of said catalysf, molding
the resultant blénd by compression or extrusion or by
supporting it on a carrier and then using the resulting

25 molding in the reaction.
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npl ybdenum oxi de al one, froma m xture of said nol ybdenum oxi de
carrier, or froma mxture of said nol ybdenum oxi de and sai d ca.apﬂsﬁfﬁﬁ;iégBEE
generally about 3 - 10 nm and 5 the nol ding may take a varle-v—ﬁﬁ—ieh%szz——*
such as spheres, cylinders, rings, spoked rings and cl overl eaf shapes,

~anmong others. O course, said nol ybdenum oxi de and said catal yst nmay be

used in a powder f or m wi t hout bei ng nol ded. 10 The anount of
. sai d nol ybdenum oxi de in the reaction systen1as a whole is generally about
1 - 50 weight % preferably about 3 - tht % based on the conbi ned
anount of said nol ybdenum oxi de and sald ca alyst The anount of the inert

~carrier with which 15 y u OXhee qﬁ§£g %gg ¢ above
is'generally 10 - 0@6by%§%|§%%a hg coggﬁﬁgg anount of t no denum

oxide and the ﬁai&baénumhsmaaeaqahal Y 0%l qa.BdtQi}er FCI L0 'nﬁ:l%ﬂ:fcféxﬁgn out
in-a fixed-bed reactor, the anount of said 20 nol ybdenum oxi de "present in

the reactant 96§1&€|ﬁhdragbﬁﬁrhérgeﬂﬁrikbm.%b%u&ﬂirefﬁi\@ﬂﬁﬂﬂmo@ybdenum
preferably about 10 - 30 weight % based on the total anpunt of Said

nol ybdenum oxi ggigaadagdi dasat ahyallyst tlse gedrdlalay azdtmt Hereirn mnle 4y m
"reactant gas inlet region" as used with 25 reference to a fixed-bed
reactor means the megdangf mag Bake a- ¥@riety of forms such as spheres,
| cylinders, rings, spoked rings and cloverleaf shapes,
among others. Of course, said molybdenum oxide and said
catalyst may be used in a powder form without being"
molded.
10 The amount of said molybdenum oxide in the
- reaction system as a whole is generally about 1 - 50
weight %, preferably about 3 - 20 weight %, based on the
combined amount of said molybdenum o%ide and said
catalyst. The amount of the inert carrier with which
15 molybdenum oxide may be molded as described above is
generally 10 - 90% by weight of the combined amount of
the molybdenum oxide and the carrier.
When the catalytic oxidation reactioﬁ is -
carried out in a fixed-bed reactor, the amount of said
20 moiybdenum oxide present in the readtént gas inlet region
is generally about 5 - 50 weight %, preferably abouﬁllo -
30 weight %, based on the total amount of said molybdenum
oxide and said cdtalet in the reaction zone. Herein,
the term "reactant gas inlet region" as used with

25 reference to a fixed-bed reactor means the region from 0-

S
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20 %to 0-50 %of the length of the reaction zone and adjacenf s &R€rr riac noen.
reactor inlet from which propylene, isobutylene or tertiary bt anolga§ aces

: ! : | : REFLACED
suppl i ed, wherein the reaction zone ranges fromthe reactor iiBet—toa-the-b

feactor outlet fromwhich the reaction product and waste gas are w thdrawn.
In the fixed-bed reactor which is conventionally enployed for the
commer ci al gas-phase catal ytic oxidation of olefins, when the catalyst is
used 10 for a long period of tinme, the nol ybdenum content in the surface
of said catalyst present in the reactant ggg inlet region reduces with
time, and the decreases in the selectivity~and in the catalytic activity of

sai d catal yst t he inl ' t end R 5 d
W th those obstl vbcte OTRY Fehti Fher LBMSER SPe il dp Tt ARBReiE, ahen
h a fixed-bed, [ f ' | .yRd | '
senen' | v carf ot e ok Bt S0t PR WRRBMBAE L%, 111
, ; I
m)lgybdenum oxi ¢ eog‘g%ygéﬂ%héknéfﬁggéﬁgwbgglggggo%%bS%l% 'd'te“}rlfgs}:é&lnacscgi in

the fixed bed [EaCtobn -JBHS: rAREdsTPLURIEAUTRL AR MBNIRE Jitildut ed
e én talyst De

t hroughout t he I're cata or may be present only 25 I'n the
reactant gas ipletbe0b@P1etTReoheqRiCh TRE BRaction -product and waste

gas are withdrawn.

In the fixed-bed reactor which is
conventionally employed for the commercial gas—phasé
catalytic oxidation of olefins, when the catalyst is used

10 for a long period of time, the molybdenum content in the
surface of said catélyst present in the reactant gas
inlet region réduces'with time, and the decreases in the
selectivity and in the catalytic activity of said
catalyst present in the inlet région tend to be greater,

15 compared with those observed in the remainder of the
reactioh zone. Therefore, when such a fixed-bed reactor
is used, so far as said molybdenum'oxide is present in
conjuction with said catalyst at least in the reactant
gas inlet region, there is nb particular restriction on

20 the position of said mblybdenum oxide and on the method
how said molybdenum oxide is placed in the-fixed-beﬁ
reactor.

- Thds, said molybdenum oxide may be distributed
throughout the entire catalyst bed or may be present only

25 in the reactant gas inlet region. The reactor may be

—_—
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-17- packed with a mxture of said catalyst and said nol ybd ae Tt |
such a manner that the concentration of said nol ybdenum oxi é”ﬂ%sﬁﬁéiﬁﬂSB:tN
m xture varies continuously or stepwise, and in this case, it is Ref7 e\ D
effective to increase the concentration of said catalyst (i.€., to decrease
the concentration of said nol ybdenum oxi de) continuously or stepw se from
the gassinlet to the gas outlet. By using said nol ybdenum oxide in
conbination 10 with said catalyst, the deterioration of said catalyst
present in the reactant gas inlet region, g@gre the deterioration occurs
nmost severely in the absence of said nol ybdénum oxi de, can be successfully
inhibited for a_lon eriod, di tel |4l ol _ytj . heat in 15
t he react ant gggcgﬁﬁegl%éggoﬁiggug%pBregggg %g%gﬁggﬁiﬁgx%gﬁﬁggite oxide is
dituted with sghdyBREXBACBYTHAX 1ACcuRRT of BERGEO! @Al AHALRASATLAG G such
as inhibition 0o gXcessive oxidation an I nprovenent in selectivity are
achi eved, Wt Nokhgat asybl vbAghuil o23ARNGS0 HePHIGHIitld YA dier uni b anount
nposi te oxide 1s realized. The gas phase catal ytic oxi dation of

propylene, i Sogah?tﬁliﬁ%ugb.yt Bl sakYwidedNandMit tIRILCH A, oY gen ik be
carried out under the conventional reaction conditions. By way of exanple,

Ehe ]reactTihgn t eFPRERE WEE 135 incir@akeUahly cd@ent@itiilon RifeffiiabldadD6,s360
err]. ‘he ' ’ '

(i.e., to decrease the concentration of. said moiybdenum - - ~ - ——

oxide) .continuously or stepwise from the gas inlet to the
gas outlet.
By using said molybdenum oxide in combination
10 with said catalyst, the deteriofation of said catalet
present in the reactant gas inlet regibn, where the
deterioration occurs most seﬁerely in the absence of said
molybdenum oxide, can be successfully inhibited for a
long period, and additionally the evolution of heat in
15 the reactant gas inlet region is suppressed because the
composite oxide is diluted with said molybdenum oxide,
and therefore advantageous effects such as inhibition of
excessive oxidation and improvement in Sélectivity are
achigved,ﬁwith the result that an enhanced productivity
20 per unit amount of the composite oxidé is realized. |
The gas phase catalytic oxidation of propylene,
 isobutylene or tertiary butanol with ﬁolecular oxygen can
be carried out under ﬁhe con&entional reaction
_ conditions. By way of example, the reaction temperature
25 = is usually 280 - 400°C, preferably 300-360 °C. The

[
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-18- reaction may be carried out under reduced pressure, but
pressure preferably ranges from at nospheric pressure to 5 at

eSS SaEt T 198 BEEN
Thergolacsn

ratio of oxygen to propylene, isobutylene or tertiary butanoF“r§“u§Ha¥tyn e
-5 3, preferably 1.5-2.5. The space velocity i,s usually in the range of

SV = 500 - 5000/ H. For safety's sake, the reactant is preferably diluted

Wi th nitrogen, a rare gas such as argon, carbon dioxide, a |ower al kane

such as net hane or propane or 10 steam The concentration of propylene,

i sobutyl ene or tertiary butanol for use in {fe reaction is usually about 3

- 15 volume % based on the total anount of the fed gases inclusive of the

diluent gas. 1%eaction may oRIGSUUEE Ol BhACH! AbaR¥¥CPrEOEuLBE baRCLI ON

may be pure oxygen

conmerci al purposes, air or oxygen-enfiched air

is preferred. %&Pﬂg dﬂ% GVt d G P £SLAb 1 N¥EALEEN £ 8bR0a PhOYpHBs i@
nmet hod of reuse of the catalyst conprising 20 conposi te oxi de represented

by formula (1) ﬂgmﬂ@&&@mﬁﬁl ertis atetadueat Dot BE gaggphase cal al ytic
oxi dation (hereinafter this termmy sometimes be referred to sinply as

"sai d deteri or g@shyaiml ystsobuthtenetdwdetoft Lapgebatanai didetsnboigt @d-

catalyst will be described 25 bel ow.

5 3, preferably 1.5-2.5. The space velocity is usually in

the range of SV = 500 - 5000/H.

For safety’s sake, the reactant is préferably

diluted with nitrogen, a rare gas such as argon, carbon

dioxide, a lower alkane such as methane or propane or

10 steam.

The concentration of propylene, isobutylene or

tertiary butanol for use in the reaction is usually about

3 - 15 volume % based on the total amount of

gases inclusive of the diluent gas.

the fed

15 The source of molecular oxygen for the reaction

may be pure oxygen but, for commercial purposes, air or

oxygen-enriched air is preferred.

As mentioned above, the present invention also

provides a method of reuse of the calalyst comprising

20 composite oxide represented by formula (1) which has.been

deteriorated due to the gas phase calalytic oxidation

(hereinafter this term may sometimes be referred to

simply as "said deteriorated catalyst"). The method of

reuse of said deteriorated catalyst will be described

25 below.
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Date -19- Thus, in the gas phase catal ytic oxidation of propylienais sHEET HAS BEEN
| sobutyl ene or tertiary butanol w th nol ecular oxygen in the esengephcen
said catalyst to give the correspondi ng unsaturated al dehyde awd '
unsaturated 5 carboxylic acid, the activity of the catal yst, which has
been deteriorated due to said oxidation reaction, can-be regenerated to
restore. and preserve the initial performance of said catalyst for a |ong
period of time by mxing said deteriorated catalyst with said nol ybdenum 10
oxi de and using the m xture for the reaction. As mentioned, the catalyst
suffers decrease in catalytic activity andL@éIectivity with tine as the
reaction is continued for_a pro) onged periqd of . .Theref.ore, accarding
© & o

ti )
to the present invention, P 3% -Qﬁﬁiqﬁﬁ YR PXHCaEen & for
[ t , d .t t al t i.ch t,er. ted .ot
ol < gt L ISP S SRR SIS S0V T 0
id | ybd ' id
sald nmoly en“an?pgf%%? 3?12 SIpred 4o qu?iﬁf“gﬁai[ Seo WISEBRSA

deteriorated c regenerated and the reaction can be further
continued with &ﬂ%@%&%ﬁéw&ﬁyatéa&&m &nd dmahtivdueean be used
for this purpose may be any of those described hereinbefore which in itself
are substangi al tyrbéeylid adi®, Ofte piSErity of the catalyst, which has

been dgteriorated due to said oxidation reaction, can be
regenerated to restore and preserve the initial
performance of said catalyst for a long period of time by
mixing said deteriorated catalyst with said molybdenum

10 oxide aﬁd using the mixture for the-reactioﬁ.

As mentioned, the catalyst suffers decrease in

catalytic activity and -selectivity with time as the .
reaction is continued for a prolonged period of time.-
Therefore, according to the present invention, when a

15 fixed—bed multi-tubular réactor, for instance, is used,:
the catalyst which has been deteriorated due to the gas
phase-catalytic oxidation is withdrawn from the réactor
tubes, mixed with said molybdenum oxide and returned to
the reactor tubes, whereby said deteriorated catalyst is

- 20 regenerated and the reactioﬁ can be further continued
with high productivity.

| Said molybdenum oxide;wﬁich can be used for
this purpose may be any of those described hereinbefore
which in itself are substantially inert to the gas phase
.- 25 catalytic oxidation reaction.

R —
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25 catalytic oxi dation reacti on. -20- The deteriorated cafﬁﬂ?ﬁﬁ%%%%ﬂ%ﬁEEN
in the present invention may, for exanple, be one derived frosaid'= -

catal yst conprising the conposite oxide of the formula (1), one derived
froma m xture of said catal yst and said 5 nol ybdenum.oxi de, one
regenerated in accordance with the present invention, reused and
det.eriorated again and therefore said deteriorated catal yst can be reused
repeatedly. The nethod how said deteriorated catalyst is 10 reused i s not
particularly limted. Thus, said deteriore2@®d catal yst which has undergone
deterioration due to the gas phase catal ytic oxidation reaction is m xed

wi th said nol ybdenum oxi dehe nleteriovsatrethneasalpst theblehénntkeupeessniised
again as catalyst. 15 ' For exanpl e, said deteriorated catal yst

i s withdrawn frigwerttdaumder feacxanpiril veeiord dadinkdedramt Baddpowder
of said nol ybdenum oxi de, and the m xture i.s nol ded by conpression-nol di ng,
ext r usi on- nDImqﬁ}aﬁYSE/Qﬂﬂpﬁ}%&ﬂﬁxﬁh%&FQﬂP%Séﬁ?rPé#deaﬁé thenferaudsl di ngs
are 20 pl aced in the reactor tubes.. The nol dings need not be cal ci ned,
but when water @) arPns g%ﬁﬁ%v%%b%lf%cfé PxEeEd af §aFf§I grkglyski prgr ?ald

during the mol di ng ooperation, the noldings are greferabl¥ calcined in air
or in an irert molyb enum oxide, one reg erate” in accordance with the

present invention, reused and deteriorated-again
and therefore said deteriorated catalyst can be reused
repeatedly.

The method ho? said deteriorated catalyst is

10 reused is not particularly limited. Thus, said
deteriorated cétalyst which has undergone deterioration
due to the gas phase catalytic oxidation reaction is
‘mixed with said molybdenum oxide in various manners, and
then the mixture is used again as catalyst.

15 For example, said deteriorated catalyst is
withdrawn from the tubular reactor, pulverized and mixed-
with a powder of said molybdenum oxidé, and the mixture
is molded by compression-molding, extfusion—molding or by
being supported on a -carrier, and then the moldings are

.20 placed in the .reactor tubes. The moldings need ndt be
calcined, but when water or an organic substance is uged
as a molding auxiliary during the molding operation, the
moldings are preferably calcined in air or in an inert
gas atmosphere within a temperature range of 400 - 530°C,

25 which is a conventionally employed calcining temperature

i



gas atnosphere within a tenperature range of 400 - [err], 25

conventionally enpl oyed cal cining tenperature -21- range us SBEEP

=’:.i‘;:‘.uL D
D

preparing fresh catal yst conprising conposite oxide of the for

alternative nethod of reuse conprises nolding said nol ybdenum oxi de S|ngly
or together with an 5 inert carrier such as silica by conpression,
extrusion or inpregnation, mxing the resultant nolded product-with--- said

~deteriorated catal yst noldings w thdrawn fron1the react or tubes, and
‘re-packing the reactor tube with the nixtug The amount of
sai d nol ybdenum oxi de to be m xed wi th sai deterlorated cat al yst by said

gas phase oxi dg&hga Lgagt gn Eégﬁ%&n%of%bbh' Calta 1R Wb A Jaguder of said

nol ybdenum oxi m xed W ald pulverized deferiorated catal yst and

the mxture 'Scaabseﬁt@bxiée beusse bemamRUNt jof sai d nmol ybdenum oxi de
may be generally about 3 - 20 weight % preferably about 5-15 weight %

based on said deterioratgd sataernstivéheethod B3 diditefcanpd g ybdenum
~oxide alone or the nolding of a m xture of said nol ybdenum oxi de and an

inert carrier R81dihg bheadeelybienan dxdeeesionAle b alaiettieMtidiman
deteriorated by gas phase catal ytic-oxidation,- said nolybdenum oxide is
general |y gsedihéréncagptier shichbast silica by compression, extrusion or
impregnation, mixing the resultant molded product—with---- -
said deteﬁiorated catalyst moldings withdrawn from the
reactor tubes, and re-packing the réactor tube with the
mixture. | |
10 - " The amount of said molybdenum oxide to be mixed
.with said deteriorated catalyst by said gas phase
oxidation reaction is not so critical, but wheh a powder
of said molybdenum oxide is mixed with said pulveriied
deteriorated catalyst and the mixture is molded for
15 reuse, the amount of said molybdenum oxide may be
generally about 3 - 20 weight %, preferably about 5-15
welght %, based on said deterlorated catalyst When the
moldlng of said molybdenum oxide alone or the moldlng of
" a mixture of said molybdenum oxide and an inert: carrier
20 . is blended with said deteriorated catalyst molding
.deferiorated by gas phase catalytic oxidation, said
molybaenum oxide is generally used in an amount of about
5 - 40 volume %, preferably about 10-30 volume %,
relative to_ said deteriorated'catalyst, élthough the

25 amount may vary depending on the shape of the moldings.
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5.- 40 volume % preferably about 10-30 volume % relative to =
deteriorated catal yst, although the 25 anount nmay vary depen ﬁgmbahrﬁEHAOBEEN
shape of the nol di ngs. -22- The size of the nolding as forred fr &&PSACED

nol ybdenum oxi de al one, froma nmixture of said nol ybdenum oxi de—and & .
carrier, or froma mxture of said nol ybdenum oxi de and said deteriorated
caLaIyst is generally about 3 5 - 10 mm and the nolding may take a

varirety of forms such as spheres, cylinders, rings, spoked rings and

cl ever-| eaf shapes, anong others. \Were a_bhxed-bed nultitubular reactor is
used, the deterioration of the catal yst conprising conposite 10 oxi de
represented by the fornuirge( $)zeueft @hehaoddd nghase forinald/ tifor@xdadiat i on is

nore marked in the reactant gas inlet region and | ess marked or al nbst ni

i n the remai ndgel9bdéhanr egtieoalsnes, fadvmprewicitsine pdi niati awlybdenum
Therefore, it is also a valid procedure to wthdraw 15 said deteriorated

cat al yst from bhedeeantiaat cgasiemnl, ebrr Egiomn aomlixktante erghid meXybdeaiun

nol ybdenum oxi de for reuse. O course, said nol ybdenum oxi de nay .

addi tional |y bexbiendsd waill detelréosatedeciadedyesdt por tgerexally idbout 3
perfectly active portion of .said catalyst. 20 By using said

nmol ybdenunboxi de10nmanﬁndaﬁh@nmlﬂhngamméta@ﬂel & Maiety 0§ stormyesuch

deterioration of the
as spheres, cylinders, rings, spoked rlngs and cleverleaf

shapes, among others.
Where a fixed-bed multitubular reactor is used,
the deterioration of the c¢atalyst comprising composite

10 oxide represented by the formﬁla (1) due'to the gas phase

| catalytié oxidation is more marked in the reactant gas
inlet region and less marked or almost nil in the
remainder of the reaction éone, as previously pointed
out. The;efore, it is also a valid procedure to withdraw

15 said deteriorated catalyst from the reactant gas inlet
region only and blend it with said molybdenum oxide for
reuse. Of course, said molybdénum oxide may additionally
be blended with_the.less'deteriorated portion or still
perfeétly active portion of said catalyst.

20 - By using said molybdenum oxide in combination
with said deteriorated catalyst, the deterioration of the
catalyst present in the reactanﬁ gas inlet regibn, where
the deterioration occurs most severely in the absence of
said molybdenum oxide, can be successfully inhibited, and

25 additionaliy the evolution of heat in the reactant gas
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catal yst present in the reactant gas inl-et region, where the
occurs nost severely in the absence of said nol ybdenum oxi de, !
successfully inhibited, and 25 additionally the evolution o _
react ant gas -23- inlet region is suppressed because the conp03|te OXIde -
is diluted with said nol ybdenum oxi de, and therefore advantageous effects
such as i'nhi bition of excessive oxidation and inprovenent in selectivity

are achieved, 5 with the result that .an enhanced productivity per unit

anount of the conposite oxide is realized. For the purpose of said reuse,

the reaction conditions for the gas phase c?galytlc oxi dation of propyl ene,

i sobutyl ene or tertiary butanol wth nolecu oxygen in the presence

of a mxture of ;53¢ %%b%hoagt qugéeggéat paBdugal éhavlcasmg 0&51'&

al so be the sane as the“reaction ndi tions described her ore ?he gas
phase catal yticq@ihdall @2 twheaeinma1gbubHuR ekigal, dadat Qhé@éé&ﬁé cat al yst
and sai d nol ybdenum.15 oxide is used for reuse in accordance with this

i nvention achi ewavanitageousl eFfebtehsach asnpahablieiba blioercasbiewed by

t he gas phase catal ytic oxidation wherein fresh catal yst conprising
conposi te oxi de oxdgliatdent eddbimplroveaemyl dn( plestivédy 20e achleved,

Typlcal advant ages of the present invention can
5 with the result that an enhanced product1v1ty per unit

o

amount of the composite oxide is realized.

For the purpose of said reuse, the reaction
conditions for the gas phase catalytic oxidation of
propylene, isobutylene or tertiary butanol with molecular

10 oxygen in the presence of a.mixture of said deteriorated
catalyst and said molybdenum oxide-may also be the same
as the reaction conditions described hereinbefore.

The gas phase catalytic oxidation wherein a
mixture of said deteriorated catalyst and said molybdenum

15 5xide is used for reuse in accordance with this invention
achieves the results which are cdﬁparable to those
achieved bf the 'gas phase catalytic oxidation wherein
fresh catalyst comprising composite oxide represented by
the formula (1) is used.

20 Typical advantages of the present invention can
be summarized as follows.

In the inﬁention, deterioration of said
catalyst is well inhibited as compared with the case of
using said catalyst alone, so long as said molybdenum

25 oxide added remains in the. reaction system, with the
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be summarized as follows. In the i nvention, deterioration of .auu Tat

aryst
is well inhibited as conpared with the case of using said catfal *@%uﬁggﬁﬂgs
so long as said nol ybdenum 25  oxi de added rermains in the re CthHKSVSTEfH
with the -24- result that the catalytic activity is sustained over a

‘long period of time. In accordance with the method of this invention in
which the gas phase catal ytic oxidation reaction is 5 conducted in the
presence of said catal yst and said nol ybdenum oxide which in itself is
‘substantially inert to the gas phase oxi data@on reaction, the deterioration
of said catalyst associated with the gas phase catalytlc oxi dati on. of

‘propyl ene, i soludadianeinit tird i @ ta byt fnchctdvitgasbsusnhihbtiedvber aa
| onger period of time, conpared with the known processes. Furthernore, in

the reuse nethQémyj geriod nventime. whi ch conprises using a mixture of said
deteriorated catal yst deteriorated by said gas phase 15 catal ytic
oxi dation reaction and saind axtgixiencen ektbethvii nethadi pfekthissinvention
substantially inert to said oxidation reaction, an activity equivalent to
that of fresh dat athisth cihrprdas mehaepostabybiktdexddathenf seagtaofl)iscan be
obtained with use of said deteriorated catalyst,
5 conducted in the presence of sald catalyst and said
molybdenum oxide which-in itself--is-substantially—inert
- to the gas phase'oxidatiqn reaction, the deterioration of
said catalyst associated with the gas phase catalytic
oxidation of propylene, isobutylene or tertiary butanol

10 can be inhibited for a longéer period 6f'time, compared-

with the known progesges.
Furthermore, in the reuse method of this
" invention which compriées using a mixture of said
deteriorated catalyst deteriorated by said gas phase.

15 catalytic oxidation reactiéﬁ and said molybdenum oxide
which in itsélf is substantially inert to said oxidation
reaction, an activity equivalent to that of fresh
catalyst comprising cbmposite oxide of the formula (1)
can be obtained with use of said deteriorated catalyst,

20 and additionélly'the rate of the progress of catalyst
deterioration is inhibited as compared with the rate
observed when said catalyst alone is used, so that the
cétalyst can be-used for a prolonged period of time.

| Therefore, the industrial significance of these

25 advantages is tremendous.

__._—————/.
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20 and additionally the rate of the progress of catal yst de A '

i nhibited as conpared with the rate observed when said catal }ﬂﬁﬁﬁﬁﬁﬁHASBEEN
used, so that the catalyst can be-used for a prol onged perio tﬁﬁé&ﬁ?ﬁﬂ
Therefore, the industrial significance of these 25 advant ages 1s =

‘trenmendous. -25- EXAMPLES The foll owi ng exanpl es are intended to
sillustrate this invention in further detail and should by no neans be
rconstrued as limting the scope of the 5 i nvention. It should be

funderstood that, in this specification, the conversion (% and yield (@@
.are defined as follows. 10 ~<2=  (Nunmber of noles of reacted
“Conversion (% = ol efin equival ent) 1gs X 100 (Nunber of nol es of
-feed olefin equivalent) Selectivity (9 (Nunber of nol es of

product s/ nunber of nol es @E?rgg§%§Q% L§%%HB$Q 9&eg%{? ég Y|e|d (9 =

(Nunber of noles of produ es [0} ef I n

;eqU|vaIent) 20 illustrate thgstgﬁvéﬂeygn inefﬁf£ﬂé f88€a9ie£h@ §H&ﬁﬂ@1§9t

no means be construed as limiting the scope of the
5 invention. _
It should be understood ‘that, in this .
specificafion, the conversion (%) and'yield (%) are

defined as follows.

(Number of moles of reacted
olefin equivalent)

(Number of moles of feed
olefin equivalent)

10

Conversion (%) = x 100

Selectivity (%) ‘
15 = (Nuﬁber of moles of products/number of moles

of reactant olefin équivalent) x 100

vield (%j - (Number of moles of prqductl;x 100
' - (Number of moles of feed olefin equivalent)

20 In the above, the term “"feed olefin equivalent"
' means propylene, isobutylene or tertiary butanol.

Example 1

Preparation of catalyst

In 470 ml of warm water was dissolved 144 g of
25 ammonium molybdate [ (NH, ) Mo,0,, 4H,0] followed by
addition of 20.4 g of 20% silica sol (5102) to give
Solution A. On the other hand, 2 g of nickel nitrate
_
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neans propyl ene, isobutylene or tertiary butanol. Exarrpl e 1 Pry R
catalyst In 470 mM of warmwater was di ssolved 144 g of 25 Eﬁ%ﬁ&""-f“=' :

give Solution A. On the other hand, 2 g of nickel nitrate. .
SHEET -26- [err] 138.5 g of cobalt nitrate [err], 55 g of ferric nitrate
[esr] and 3.3 g of thalliumnitrate (TING3) were dissolved in 250 m of
warm water to give Solution B. After 9.4 g of 5 60% nitric acid was added
to 40 m of purified water, 33 g of bisnuth nitrate [err] was dissolved to
"give Solution C. Then, Solution B was m xet?&i th Sol ution C. The nixture of
Sol utions B and added to 10 Sol ution A which was stirred, and then
0.8 g of phosphw*@ﬁgx 12 $250] , Whd8 aide Pt heela bt twitgakea slurry. The
slurry was concentrated to dr ness and subjected to nitrate salt

" deconposi tion |E\C<a(%@§)39n$fé§0£t rSatg 200 fereke|nitEase p%%ﬂ%@ﬂ\@sm 0]

pul veri zed and 15 conpressed | nto rings neas Lng. 5 mMm gut3|de di anet er)

X 2 nm (inside #Andtary RLsCRAMHERgMYTaNRI € ﬂ@sb YokEf dissolved in

250 ml of warm water to give Solution B. After 9.4 g of
5 60% nitric acid was added to 40 ml of purified water, 33
g of bismuth nitrate [Bi{NO3yg‘5HéOj]'was dissolved to T
give Solution C. Then, Solution B was mixed with. |
Solution C.
The mixture of Solutions B and C was added to
10 Solution A which was stirred, and then 0.8 g of
phosphoric acid (H3P04) was added thereto to give a
slurry. The slurry was concentrated to dryness and
subjected to nitrate salt decomp051tlon in a stream of
air at 200 - 250°C. This product was pulverized and
15 compressed into rings measuring 5 mm (outside diameter) x
2 mm (inside diameter) x 5 mm (height),:which were then
calcined in air at 480°C to provide a catalyst comprising
‘composite oxide.
| The composition of the composite oxide was
Bi, Fe,Ni

127717 7277°0.1

same mode of representation applies hereinafter).

20 Mo Co Tl0 18 0. 1Sil_(exclusive of oxygen; the

" Separately, 100 g of ammonium molybdate

7724

hours to prepare M003, which was substantially inert to

[ (NH, ) MO,0,,4H,0] was calcined ‘in air at 650°C for 6

25 the gas phase catalytic oxidation..
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calcined in air at [err] to provide a catal yst conprising co' E@FaxhgﬁgggLN
The conposition of the conposite oxide was 20 [err] (excluslve o
the sane node of representation applies hereinafter). Separ attely 1““ =

ammoni um nol ybdate [err] was calcined in air at [err] for 6 hours to
prepare [err], which was substantially inert to 25 the gas phase

catal ytic oxidation. -27- Reaction A glass reaction tube having an
ipside diameter of 18 mmwas packed with 3 m of the above catalyst and 1 g
of said [err] prepared above (6 - 10 nesh) %n packi ng 5 the tube, 20 g
of 14-mesh silicon carbide was used for diT2Ton in such a manner that
there woul d be substantially no tenperature gradient and that the catal yst
and said [err] = aInDst'hoanenoust distributed. 10

Thenz an accelera;ed test EEEOPe%ﬁé ?ﬁrﬁhﬁg RMG 5 €?§§r§g§l&glé

conditions: reaction tenper ure = propyl en st eam nol ar ratlo
= 1/7.5/3, and g¥ 7g34R0{Hs babﬁ&dmgﬁﬁuaemf d£0tREMbdHE L4 St adfd shown

in Table 1. 15 Conpari son Exanple 1

g of said MoO3 prepared above (6 - 10 mesh). In packing

5 the tube, 20 g of l4-mesh silicon carbide was used for
dilution in such a manner that there would be
'éubstantially no temperature gradient and that the
catalyst and said MoO, would be almost homogenously
distributed.

10 Then, an accelerated test reaction was carried

out under the following conditions: reaction temperature

= 410°C, a propylene/air/steam molar ratio = 1/7.5/3, and

I

SV = 3400/H. inlet pressure = 1.0 atm.
The results are éhown in Table 1.

.15 Comparison Example 1

The procedure of Example 1 was repeated except
that said MoO3 was nof used. .The results are shown in
Table 1. COmparison of the results of Exémple 1 with
those of Comparison Example 1 indicates that the presenﬁe

20 of said MoO3 has an lnhlbltory effect on the
deterioration of catalyst activity.

Comparison Example 2

The procedure of Example 1 was repeated except
that MoO3 prepared by calcining ammonium molybdate in air

25 at 500°C for 6 hours was used in place of the said MoO,
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The proocedure of Exanple 1 was repeated ekcept that said [err TF@?
used. The results are shown in Table 1. Conparison of the regul "EAb”E“N
Exanple 1 with those of Conparison Exanple 1 indicates that tlhe_pr ETHAE F‘?O

of said [err] has an inhibitory effect on the deterioration of catalyst

ractivity. Conparison Exanple 2 The procedure of Exanple 1 was repeated
‘except that MbO3 prepared by cal ci ni ng amoni um nol ybdate in air 25 at

5000C for 6 hours was used in place of the said M3 -28- prepared by
cal ci ni ng ammoni um nol ybdate in air at [errdg_The results are shown in
Tabl e 1. Wen [err] prepared by cal ci ni ng ammoni um nol ybdate at [err] was

enpl oyed, the ? ?Qféﬂ‘ﬁz;%ﬁiéinl 5ﬁﬁméﬁfﬁﬁQﬁéiybéQMéGYEnaiﬁ tbegkpktia

period of the tion ble 1 Conver- Selectivity 10

Reaction  si ORhef results &¥e HHAE ih tTdBle 1. propylene and
acrylic acid (days) (% (%9 Exanple 1 5 78.0
94.2 15 _ Wien M0037 Pr¥epared by 9810iR0fg ammohud

97.1 '

molybdate at 500°C was employed, the selectivity was
5 unsatisfactorily low even in the initial period of the

reactien--

Table 1
Conver- Selectivity
10 Reaction sion of . of acrolein
time propylene and acrylic acid
(days) (%) (%)
Example 1 5 78.0 94.2
15 - 50 75.5 96.5
200 69.2 97.1
Comparison 5 78.2 94.0 -
Example 1 50 72.2 94.8
100 59.8 95.8
20 Comparison 5 80.5 90.2
Example 2 50 76.6 - 91.2

Reference Example 1

Ammonium molybdate [(NH4)6MO7O '4H20] was

24

25 - calcined in air at 350°C for 3 hours to give'MoO3. A
small amount of water and 1.5% of stearic acid was added
thereto, and the mixture was compressed into rings
measuring 5 mm (outside diameter) x 2 mm (inside

diameter) x 5 mm (height). The rings were then calcined

30 at 630°C in air for 6 hours.

T"ﬁli?i‘ﬂ‘ﬁiilﬁﬂl i



94.8 100 59. 8. 95.8 20 Conpari son 5 (THSL*$F‘HAOBEEN

Conpari son 5 78.2 ' 94.0 Exanple 1 50 S Ly ]
90. 2 Exanple 2 50 76.6 - 91. 2 Reference Exa%%le 1 FAAATRIM

nol ybdate [err] was 25 calcined in air at [err] for 3 hours=Fo—grve

[err]. A small anount of water and 1.5% of stearic acid was added thereto,
and the. m xture was conpressed into rings neasuring 5 mm (out si de di aneter)
x 2 mm (inside dianeter) x 5 nm. (height). The rings were then cal cined 30"
at [err] in air for 6 hours. -29- A reachpan tube having an inside

di aneter of 18 mm was packed with 10 ml of the above rings, and the
reaction was carried out undeacithienf eubewhagiagnant iaBsder 826hb08r of 18
tenperature = 360 - [err], a propylene/air/steam5 nolar ratio = 1/7.5/3 -
and a space veIaaiMasﬂdekea WARH HO ﬁheo&omheraboneotlpgepyhﬁﬂetuas
invariably |l ess than 0.5% indicating that the starting propyl ene had
under gone subst aeactiilon nas e@gthied ol@ under the following cReflétious:
Exanple 2 [err] was prepared in the sane manner as

reaction temperature = 360 - 420°C, a propylene/air/steam
5 molar ratio = 1/7.5/3 and a spacg'velocity of SV =
1100/H.
The conversion of propylene was invariably less
than 0.5%, indicating that the starting propylene had

undergone substantially no reaction.

10 Reference Example 2

MoO3 was prepared in the same ranner as
described in Reference Example 1 except that the
calcipation of the rings was carried out at 500° for 6
hours, and then using this MOQB, an experiment was

15 performed in the same manner as in Reference E#ample 1.
The results are shown in Table 2.
It is clear that the calcining temperature of

500°C is insufficient to prepare an inert MoO3.
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described in Reference Exanple 1 except that the cal cination g 2GS
was carried out at [err] for 6 hours, ‘and then using this [er%_THéthLErHASBr:N

experinment was 15 performed in the same manner as in Refere 8EPLACED
The results are shown in Table 2. It is clear that the cal ci nimg

.tenmperature of -[err] is insufficient to prepare an inert [err]. Dat e
-30- Table 2 Conver- Sel ectivity Reaction si on of of acrolein
5 No. t enperature propyl ene and acrylic acid [err] (9
(% 1 360 14 2302 380 -

-21-- 18 10 3 400 35 17 4

420 55 12 Exanple 2 Preparation of catal yst 15

The procedure of Exanple 1 was repeaiggghi@own to the stage of nitrate salt
deconposition and-pulverization except-that the use of nickel nitrate and

phosphoric acid was omtted, that cesiumdividttle [ergdiariwisgd in place of

thalliumnitrate, and thatrddetizmal e of sion of of acrolein
5 No. temperature propylene and acrylic acid
(°C) (%) (%)
1 360 14 . 21
2 - - =380 - e 21- : 18
‘10 3 400 35 17
4 420 55 12
Example 2

Preparation of catalyst

15 The procedure of Example 1 was repeated d6wn to
the stage of nitrate salt decomposition and pulverization
except that the use of nickel nitrate and phosphoric acid
was omitted, that cesium nitrate (CsN03) was used in
place of thallium nitfate;'and that the scale of

20 preparation was increased SO—fold, whereby a catalyst
precursor was théined. Separately, a commercially
available MoO3 was calcined at 630°C for 6 hours.

Fifty-five (55) parts of the above catalyst
precursor was mixed with 45 parts of said MoO3 and the

25 mixture was extrusion-molded in the conventional manner
and calcined at 480°C in air for 6 hours to provide
Catalyst A. On the opher hand, the same catalyst

\
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20 preparation was increased 80-fold, whereby a catal yst preecttEsos: L
obt ai ned. Separately, a commercially available [err] was cal d} AeiB aE=ferrE BEEN
for 6 hours. Fifty-five (55) parts of the above catalyst pregursor RE#$ACED

m xed with 45 parts of said Mo@B and the 25 m xture was ext = :

in the conventional manner and calcined at [err] in air for 6 hours to -
iprovide. Catal yst A.  On the other hand, the sanme catal yst -31- precursor
rused al one without addition of [err] was simlarly extrusion-nolded and
calcined at [err] in air to provide Catalys{; B. Conposition of Catalyst A
‘[err] Conposition of Catalyst B: [err] Reaction A reaction tube having an

“inside dianeter %%c%?s&:p us & ¥BSnd Kbt tdudi dod Id£nbodf it al yst A as

t he catal yst tc? aced in the reactant gas inlet regionand, then, the

remai ning portigmmpfatig éxeudESn ARCKESE VaAd daBeinderse ofgotal alny i B.
Wth the tenperature of the heating nmedi umaround the reaction tube being

15. control | ededtptevide ChealpsetBoOn was carried out at a
propyl ene/ air/ nitrogen/steamnolar ratio of 1/8/3/1.5, a
Composition of Catalyst A: :
5 , 55 (Mo,,Bi Fe,Co,Csy gg5i,) + 45MoC,
Composition of Catalyst B:
Bi

Mo Fe

Co7Csg . 0551y

2

12771

Reaction
A reaction tube having an inside diameter of 30
10 mm was packed with 1.15 liters of Catalyst A as the
catalyst to be placed in the reactant gas inlet region
and, then, the remaihing portién of the tube was packed
with 2.3 liters of Catalyst B. With the temperature of
the heating medium around fhe feactiqn tube being
15 .controlled at 325°C, the reaction was carried out at a
propylene/air/nitrogen/steam molar ratio of 1/8/3/1.5, a
space velocity of SV = 1300/H, and an inlet pressure of
2.8 atm. The results are shown in Table 3.
After about one year of use, the catalyst was
20 withdrawn, and using 10 ml-portion of the catalyst which
had been present in the inlet region or using 10 ml
portion of the catalyst which had been present in the
outlet region, the reaction was carried out under the

same conditions as above. The results are shown in Table

25 4.
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space velocity of SV = 1300/H, and an inlet pressure of 2. 8 } ﬁhs&h . SB.EN
results are shown in Table 3.. After about one year of use, CHe yéé%b =
was 20 withdrawn, and u5|ng 10 mM portion of the catal yst i :
“present in the inlet regi'on or using 10 m portion of the -catalyst which

had been present in the outlet region, the reaction was carried out under
the same conditions as above. The results are shown in Table 25 4.

-32- Conparison Exanple 3 The reactant gas inlet region of a tubular

reactor was packed with 1.15 liters of a Eézture of 45% porcel ain Raschig -
rings and 55% Cat al yst B obtained in 5 nple 2 and, then, 2.3 liters of

said Catal yst B was packed in the ggg g ég f the tubular reactor.
The reaction was conduct ed under %ér ngQ Efambid. 9as in Exanple 2 except
that the reaction !enperahur gouBeage! % hgek: rIBeonesy! kScapgiabown in 10

Table 3. In the same manier as In m portion each of the

catal yst sanpl ?c%atc%%nwfaéoghkﬂedl m_eh Qn(iSOlIUt%trsr 8¢l anmiwesravakuased. The
results are shown in Table 4. When the catal yst according to

the invention porcelain Raschlg rings and 55% Catalyst B obtained in

5 Example 2 and, then, 2.3 liters of said Catalyst B was
packed in the remaining portion-of- the tubular -reaecter
The reaction was conducted under the same
conditions as in Example 2 except that the reactién
temper&ture was set at 327°C. The results are shown in
i 10 Table 3.
~ In the same ménner as in Example 2, a 10 ml
portion each of the catalyst samples taken from the inlet
and outlet regions was evéluated. The results .are shown
'in Table 4. |
15 - When the catalyst according to the invention
(catalyst comprising composite oxide + M004) is used for
about 1 year in the process of this invention, no
decrease in selectivity is observed with respect to the
catalyst in the inlet and outlet regions cf the reactor.

20 .Onlthe other hand, when MoO, was not employed,

3

the selectivity decreases with respect to the catalyst in

the inlet region.
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(catal yst conprising conposite oxide + [err]) is used for abdt L yedal
the process of this invention, no decrease in selectivity is 09?§Pg§
respect to the catalyst in the inlet and outlet regions of the reacr

g -
T HAS, BEEN
: X%"r..

On the other hand, when [err] was not enployed, the selectivity decr eases

with respect to the-catalyst in the inlet region.  -33- Table 3 Conver-
SelLectivity Reaction si on of of acrolein 5 tinme
propyl ene and acrylic acid (days) (9 - (%9 Exanple 2
21 97.8 93.9 330 97 %& 94.0 10
Conparison 21 97.7 94. 0 txanple 3 330 97. 4
92.9 Table 4 15 Conver - Selectivity Sanpling
si on of of acrol ein point propyl ene and acrylic acid (%
(% 20 Exanpl e 2 I nl et regian 97.5 93.8 Qutlet region 97.7
94.1 Conparison Inlet region 97.7 Tab18130
' Conver- *  Selectivity
Reaction sion of of acrolein
5 time propylene and acrylic acid
(days) (%) (%)
Example 2 21 97.8 : 93.9
- . 330 97.7 84.0
10 Comparison 21 97.7 . 94.0
Example 3 330 97.4 92.9
Table 4
15 . , Coﬁver- Selectivity
Sampling sion of of acrolein
point propylene and acrylic acid
| | (%) (%)
20 Example 2 Inlet region 97.5 93.8
: Outlet region 97.7 94.1
Comparison Inlet region 97.7 91.0
Example 3 Outlet region 97.6 93.9
25 | : Example 3

Preparation of catalyst

Following the procédure described. in Example 1,
a composite oxide precursor was prepared. |
?he precursor was supporteq on a—A1203 (balls,
30 5 mm in diameter) (supporting ratio 30 wt. %) and
calcined at 550°C in air for 6 hours to cbtain a catalyst

comprising composite oxide represented by the formula
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Exanpl e 3 Qutlet region 97.6 93.9 25 - P
Exanpl e 3 Preparation of catal yst Follow ng the procedure deJtﬂFﬁ%@ﬁfﬁTHﬁbBtEN

Exanpl e 1, a conposite oxide precursor was prepared. The pred_rsorﬁﬁﬁ?ﬁsED

Supported on [err] (balls, 30 5 min dianeter) (supporting ratio 30 W .
9% and calcined at [err] in air for 6 hours to obtain a catal yst conprising
‘copposite oxide represented by the fornula -34- [err] Separately, a
commercial [err] was calcined at [err] in air for 6 hours. Reaction 5

A gl ass reaction tube having an inside diangter of 18 nmwas packed with 12
m of the above catalyst and 1 g of said prepared above (6 - 10 nesh).
Said Mo@B was packed in s#ch g.nan er_.t hat %i moHId ge di stributed al nost
uni form y throughout the ©812Pyst4b82N*30°4T40.550. 4% 5Life test was
performed with an isobutylene/air/steamnolar ratio of 1/20/8 at a reaction
tenperature of [err] and &eppzatelelozi cgmpersvat ¥50Q/ WasThaleésedistare
shown in Table 5. Conparison Exanple 4 15 .The procedure of
Exanpl e 3 was r ég@&€ednegéspfor 6 hours. C _

Reaction
5 A glass reaction tube having an inside diameter
of 18 mm was packed with 12 ml of the above catalyst and
1 g of said MoO3 prepéred above (6 -~ 10 mesh). Said MoO3
was packed in such a manner that it would be distributed
almost uhiformly throughout the catalyst bed.
10 A life test was perforﬁed.with én
isobutylene/air/steam molar ratio of 1/20/8 at a reaction
temperature of 420°C and a space velocity of SV = 1500/H.

The results are shown in Table 5.

Comparison Example 4

15 The proceaure of Example 3 was repeated except

that said MoO3 was not employed.. The results are shown

in Table 5.
Table 5
20 Conver- Selectivity of
Reaction sion of . methacrolein and
Example time isobutylene methacrylic acid
(days) (%) (%)
25 5 93.2 78.7
Example 3 50 94.1 79.8
200 . 93.9 79.5
Comparison 5 93.2 79.3
30 Example 4 50 94.6 75.5
- 200 ' 94.0 70.2

I
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t.hat said Mo was not enployed. The results are shown in Ta

20 Conver - Sel ectivity of iﬁkiﬁﬁrETSAg@EEN
of met hacr.ol ein and Exanpl e tinme i sobut yl ene ﬁﬁULAQED

met hacrylic acid (days) (9% ' (% 25

93.2 78.7 Exanple 3 - 50 94.-1 ' 79.8

200 -, 93.9 79.5 Conparison 5 93.2

79.3 30 Exanpl e 4 50 94. 6 75.5 200 94.0

70. 2 -35- Exanple 4 In 470 liters of warggwater was dissolved 144 kg of

amoni um nol ybdate [err] followed by addition of 20.4 kg of 20% silica so
[err] to prepare 5 Solution A. On thegghhsiehand, 138.5 kg of .cobalt

nitrate [er], 55 kg of ferric nitrate [err] and 0.66 kg of cesiumnitrate
[err] were dissolved in 250 470 exStéifs VBff fevafrh edatier prapadtsslvdd amaB. 10

- After 9.4 kg of 60%nnitric acid was added to 40 liters of purified water,
33 kg of bisnutkgnof raémonium molybdate [(NH, ) MO0, ,°4H,0] followed by
addition of 20.4 kg of 20% silica sol (SiO,) to prepare
5 Solution A.
On the other hand, 138.5 kg of cobalt nitrate
[Cb(NOB)z'GHZO], 55 kg of ferric nitrate [Fe(NO3)3 9H O]
and 0.66 kg of cesium nitrate (CsNOg) were dissolved in
250 liters of warm water to prepare Solution B.

10 | After 9.4 kg of 60% nitric acid was added to 40
liters of puriéied water, 33 kg of bismuth nitrate
[Bi(NO,),5H,0] was dissolved to prepare Solution C.

Solution B was mixed with Solution C. With
Solution A being stirred, the mixture of Solutions' B and

15 C was added to give a slurry. This slurrj was
concentrated to dryness and éubject to nitrate salt
decomposition at 200 - 250°C in.a stream of air. The
product was then pulverized and compressed into rings
measuring 5 mm in outside diameter, 2 mm in inside

20 diameter and 5 mm high, which were then calcined in air

- at 470°C for 6 hours to provide a catalyst comprising
composite oxidé. The composition of this catalyst
Bi Fe Co Cs

12 2 0.05°%

A glass reaction tube having an inside diameter

exclusive of oxygen was Mo

25 of 18 mm was packed with 10 ml of the above fresh
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[err] was dissolved to prepare Solution C. Solution B was m xpag=with

Solution C. Wt

15 C was added to give a slurry. This slurry was Concentr%ted t GERLPGEDS

and subject to

A Eaas &/ mas

h Solution A being stirred, the m xture of So”uﬂH&hSéE?&HﬁSBEEN‘

.

nitrate salt deconposition at 200 - [err] in aStreanTtof

air. The product was then pul verized and conpressed into rings.neasuring 5
nmin Qutside dianmeter, 2 mmin inside 20 di aneter and 5 mm hi gh, which

were then cal ci

ned in air at [err] for 6 hours to provide a catal yst

conprising conposite oxide. The conposition4@f this catalyst exclusive of
]. A glass reaction tube having an inside dianmeter 25  of

18 nm was packedcd%%%i;;ﬁg dHa Afnd Ko ffshondudld ggi altslodid ddh &

oxygen was [err

reacti on was con

and st eam havin
rate of SV = 11
atm The result

acrolein and acryfisvaei thoeH 9(stfdafd condition). A Tleaatemctiipran acrylic

aci d production
5

.10

15

20

y Introducing a feed gas conpos of propyl ene,

i ' td 0 Qndl/sh and |
gfo%ﬂﬁ% SRS dd S PPIPY Bnd Ald 0 Andl/shm rlvitd 0w

ndard condition).” The reaction 5 pressure vas 2.

air

0

t SpPbpTnd A0t [ sifeaat o ARGt 1Ol (NP BISHE f o efIdw shaed
that the conversion of propylene was 97.5% and that the conbi ned yield of

pl ant
pressure was 2.0 atm.

The results of the reaction at a reaction
temperature of 320°C showed that the conversion of
propylene was 97.5% and that the combined yield of
acrolein and acrylic acid was 90.4%.

A reactor in an acrylic acid production plant
was packed with the above fresh catalyst.énd the
operation was continued foi 3 years. Then, the catalet
in some reaction tubes was withdrawn and divided into 3
portions corresponding to the ﬁop, intermediate and
bottom regions of each tube. When the catalyst in the
‘gas inlet region was evaluated in the.same manner as
above, the conversion and yield were found to be 96.8%
and 87.3%, respectively, indicating a significant
decrease in yield. The results of-evaluation of the

catalyst withdrawn from the intermediate and outlet

.~ regions were almost comparable to the results obtained

25

with use of the fresh catalyst.
In the following description, the deteriorated
catalyst withdrawn from the reactant gas inlet region is

referred to as "Deteriorated Catalyst A".

T].mis' Shé_et Has Been Rei
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was packed with the above fresh catal yst and the operation contrnued—— :
for 3 years. Then, the catalyst in sone reaction tubes was ﬂi?ﬁggg%ﬁﬂéﬁﬂSBEEN .
divided into 3 portions corresponding to the top, internedi gt.e anH=THACED
bottom regi ons of each tube. Wen the catalyst in the gas inlet region Wwas

eval uated in the sanme manner as above, t-he conversion and -yield were found

ta be 26.8% and 87.3% respectively, indicating a significant decrease in
yield. The results of evaluation of the 20 catalyst withdrawn fromthe

i ntermedi ate and outl et regions were aInDst.fonparabIe to the results

obtained with use of the fresh catal yst. I the fol | owi ng description, the

oforred to as *Detori or Av0e Ll (i) BEESTORE alhufl SRHHIS 1Y
of a powder Obt%gsgrﬂ%gg'ﬁg{éﬁ %%%ﬁé{%@é £2h2L ViRt xdt Webe Y @d Wi th

10 parts of nol enum oxIl de obt al ned | ci ni ng anmoni um nol ybdat e

[err] in air at 8300C;p 'moi?bdénmuiﬁioﬁi@eté@;ﬁﬂé&'rgyV@él@ﬂmfssed into
e

rings neasuring 5 nmin outsSide-dianeter,2 mmin insi di aneter” and 5 mm
in height, whichmitBheuhhRB1¢B4EtEEd( M igm,}oiy%pjuﬁﬂ@m&ei@%c
s

activity of this catal yst was eval uat €8
5 for 6 hours, and the mixture was compressad into rings
- measuring 5 mm in outside-diameter,-2 mm in inside -—--
diameter and 5 mm in height, which were then calcined at
460°C in air for 3 hours.
The activity of this catalyst was evaluated as
10 above. The conversion was 97.0% and the yield was 90.3%,
and, these results were comparable to the results obtained
with use of the fresh catalyst. .
Example 5
One-hundred (100) parts of a powder prepared by
15 pulverizing Deteriorated Cat&lyst A was mixed with 6
parts of a pbwder of commercial molybdenum trioxide
(which had been confirmed to be inert in a trial
oxidation of propylene) and ‘4 parﬁs of ceramic fiber,
followed.by addiﬁion of water and methyl cellulose. The
20 mixture was extruded into rings measuring 5 mm~in outside
diameter, 2 mm in inside diameter and a length of 6 mm;, |
which were then calcined in air at 460°C for 3 hours.
The activity of th;s catalyst was evaluatea as
in Example 4. The conversion was 97‘2% and the yield was

25 90.4%, and these results_were comparable to the results

il



10 above. The conversion was 97.0% and the yield was 90.:

results were conparable to the results obtained with use of |{ Aél!3 BESAT HAS BEEN

catal yst. Exanple 5 One-hundred (100) parts of a powder prepared WEFPLBCED

*pul veri zing Deteriorated Catalyst A was mxed with 6 parts of a powder—of
commer ci al nol ybdenum tii oxi de (which had been confirmed to be inert in a
~trial oxidation of propylene) and 4 parts of ceramc fiber, followed by
addi tion of water and nmethyl cellulose. The 20 m xture was extruded into
~rings neasuring 5 nmin outside diameter, 2 mmin inside dianeter and a
| ength of 6 mm which were then calcined iT%&ir at 460' C for 3 -hours. The

~activity of this catal yst was evaluated as in ExagEIe:4. The conversi on was
4

- 97.2% and the yPBraingd vith yge,9f the fresh FREAL¥Stwere conparable to
"the results . REPLAI CO- E. NT 3HE§T '

$ . :
e Dated OC | s CeeanpsonBxample . i yse of the fresh
catal yst. Conpari son Exanple i e | ur . ,or at ed
bl BapBRsP S Fhacky BagersbeAeE

- Catalyst A as such was calcineéd n-arr he activity
of this catalysg,pas,8¥ahugkedutfl was calcined in air at 460°C for 6

5 hours.

The activiﬁy of this catalyst was evaluated in
the same manner as in Example 4. The conversion and
yield were 96.5% and 88.7%, respectively. Thus, the
catalyst was not sufficiently regenerated.

10 Example 6

A single-tube test was performed using thé
fresh catélyst prepared in Example 4. Thus, a carbon
steel reaction tube having an inside diameter of 30 mm
and having a length of 4 m was packed with the éatalyst

15 alone over the léngth of 2.8 m in the gas oﬁtlet region.
Then, over a length of 1.2 m in the inlet region, a
mixture of 70 volume % of the catalyst and 30 volume $ of
porcelain Raschig rings having an outside diameter of 6.2
mm was packed. |

20 Then, the reaction was.carried out by
iﬁtroducing a feed gas composed of propylene; air and
steam hdving a propylene/air/steam molai ratio of 1/7.5/3
at a space velocity of SV = 1000/H (standard condition).
The gas inlet pressure was 1.1 kg/csz and the heating

25 medium temperatﬁre was adjusted to 310°C.

\\\\\\\\\\\;\\\\\\\
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e e e

the same manner as in Exanple 4. The conversion and yield werjg 19fs B¥aneias BEEN |
88. 7% respectively. Thus, the catalyst was not sufficiently egenac{atiga;sn

10 Exanple 6 A S|ngle t ube test was—perFeorrEd——
usi ng- the fresh catal yst prepared in Exanpl e 4. Thus, a carbon steel

reaction tube having an inside dianeter of 30 nm and having a length of 4 m
was packed with the catal yst 15 al one over the length of 2.8 min the gas
outlet region. Then, over a length of 1.2 min the inlet region, a mxture

of 70 volunme % of the catal yst and 30 vol ungg% of porcel ain Raschig rings

havi ng an outsi de dianeter of 6.2 mmwas packed. 20 Then, the
reaction was carried out bphe defbisidited dritysjas cnasd ff HaroIy HeRe,

air and steam having a propylene/air/steamnolar ratio of 1/7.5/3 at a

space vel ocity obf Sseactif0/dhdwddirad grmbpydradie icmverEieomas i97.61% ,paassur e

was 1.1 kg/cm 2G and the heating 25 nmedi umtenperature was adjusted to

3101C. -39- Taerpkeinrykeld chdysis mmwandﬁt%ra@-djaysld afeacti on
showed a propyl ene conversion of. 97.7% an acrolein yield of 83.5% and an
acrylic acid yieBd3®df 8.3% 5 The operation was further

conti nued using ) _ ) . :
5 The operation was further continued using

substantially the same reactant gas composition and-SV as
above but controlling the heating medium temperature so
as to insure a conversion of 97.5 ~ 98.0%. After 650
days of operation, the performance analysis coﬁducted at
10 .the heating médium temperature of 322°C showed a
.propyleﬁe conversion of 97.6%, an acrolein yield of 80.2%
and an acrylic acid yield of 8.8%.
The reaction was terminated at this stage and
the diluted catalyst packed in the 1.2 m-long region on
15 the gas iﬁlet side was withdrawn. The Raschig rings were .
| separated off from the catalyst by thé use of a sieve.
On the other hand, a commercial molybdenum trioxide was
compression-molded into rings each measuring 6 mm in
'putside diameter, 2.5 mm in inside diameter and 6 mm high
20 and calcined in air at 600°C for 6 hours. The above
catalyst (I) and this molded molybdenum trioxide (II)
were mixed in a ratio of I:II = 65:35 (vol. %) and the
mixture was re-packed into said 1.2 m-long region.
The reaction was then re-started and the -

25 productivity was evaluated 2 days later. At the heating
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substantially the sane reactant gas conposition and-SV as aboVf %g e e o
controlling the heating nediumtenperature so as to insure a gpnv %yﬁﬁt‘ﬁOBEEN
97.5 - 98.0% After 650 days of operation, the perfornmance an gi g NEFLACE
conducted at 10 t he heating nmediumtenperature of [err] showed a

“propyl ene conversion of 97.6% an acrolein yield of 80.2% and an acrylic

acid yield of 8.8% The reaction was termnated at this stage and the

di luted catal yst packed in the 1.2 mlong region on 15 the gas inlet side

was W thdrawn. The Raschig rings were separged off fromthe catal yst by

the use of a sieve. On the other hand, a commercial nolybdenumtrioxi de was
conpr essi on- nol dged i ¥k Ot éhpgBatacd aEa313¢0gy themcomvearnd sonleofli prepylene. 5
mmin inside dianmeter and 6 nmm hi gh 20 and calcined in air at [err] for 6
hours. The aboveasagal §%; the wield vf actobeimobyHd@2ud® i randi the (yigld

were mxed in aratio of I:11 = 65:35 (vol. % and the m xture was
re- packed into safdadrplicl anidreys obh:6¥he reaction was then re-started and
t he 25 productivity was evaluated 2 days later. At the heating - 40-

nedi um t enper ature of [errThetreachiRRreednivrthespGrrhitnyed ardethet he

yield of acrolein was 82.2% and tge %ield of acrxlic gcid Mash8;§96 The
reaction was5f ur PREECEBARFRUREESRg4 H@ays was evaluated. At the heating

medium temperature of 316°C, the conversion of propylene
was 97.8%, the yield of acrolein was 83.8%, and the yield
of acrylic acid was 8.1%.  Thus, the yields were
comparablé to those obtained with the fresh catalyst.
10 " The reaction was further continued. The
results at the heating medium temperature of 323°C on day
260 after fepacking were as follows : the conversion of
propylene = 97.6%, yield of acrolein = 83.6%, yield of
acrylic acid = 8.2%. Thus, there was substantially no
15 decrease in yield.
Example 7
A catélyst cdmprising composite oxide of the
composiﬁion (exclusive of oxygen)
MolzBil_4Fe2Ni,'5Co4Tlo.5P0.4Si15 was prepargd following
20 the’ procedure described in Example 4. .However, nickel
nitrate [Ni(NO3)2'6H20] and thallium nitrate (TlNO3) and
. phosphoric acid-(H3PO4) were used as sources of Ni, Tl
and P, respectively, and after nitrate salt decomposition
and pulverization, the.powder of the catalyst was

25 supported on a—A1203 ({balls, 5 mm in diameter)

—_—
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5 perfornance-aftek 21 days was eval uated. At the heating nefrom— : =
tenperature of [err], the conversion of propyl ene was 97.8@6&£ﬁ@5ﬁﬁﬂﬁTHﬁSBEaiJ

acrolein was 83.8% and the yield-of acrylic acid was 8. 1% us. BRBLACED
yields were conparable to those obtained with the fresh catal yst. 10

: The reaction was further continued. The results at the heating nmedi um
itenperature of [err] on day 260 after repacking were as foll ows t he

- conversion of propylene = 97.6% vyield of acrolein 83.6% vyield of
~acrylic acid = 8.2% Thus, there was substapitially no 15 decrease in

i yield. Exanple 7 A catal yst conprising conposite oxide of the conposition

- (exclusive of oxyggportendgl rieso PIEPA £k f AADWA:Zed idea i eeBIEC
described in Exanple 4. However, nickel nitrate [err] and thalliumnitrate
- [err] and phospbori 6 Rouflsferr] were used as sources of N, [err] and P,
“respectively, and after nitrate salt deconposition and pul verization, the

" powder of the catal yst wad @bass sxgpotien oeb¢ ehatifdpadn sinsidandimmeter

. di anmeter) -41- isupporting ratio 30 wt. % and calcined in air at 5500C
for 6 hours. A gfad8 mBavasoPRCkRR Whth ntharabese dereshirgatglyst (12

5 ml). Then, at a reaction temperature of 420°C, an

accelerated life test WaSmcarried~but~wi£h~an-»—nu--ﬁ-
isobutylene/air/steam molar ratio of 1/20/8 at SV =
1500/H.
After 5 days of testing, the conversion of
10 isobutylene was 93.2% and the selectivity of methacrolein
and methacrylic acid was 79.3%. After 200 days, however,
the conversion was 94.0% and the selectivity was 70.2%.
The deteriorated catalyst was withdrawn from
"the reaction tube and mixed with 3 ml of a 10 - 16 mesh.
15 powder obtaiﬁed by pulverizing said inert molded
| molybdenum trioxide used in Example 3. The reaction tube
was repacked with the resulting mixture and the rééction
was re-started under the same conditions as above.
The converison and selectivity after 2 days
- 20 were 93.5% and 75.6%, respectively. However, after 10
days,~the converison and selectivity became 93.0% and
79.1%, respectively. Thus, a performance comparable to

that of the fresh catalyst was achieved.

Comparison Example 6

25 - _ In 200 ml of deionized water at 50°C was

\
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of 18 nm was packed with the above fresh catalyst (12 5 m ) . =—Fhemr—at—ag—=—c—x
reaction tenperature of [err], an accelerated life test was car THEISHERT HAS BEEN
with an isobutylene/air/stean1nDIar ratio of 1/20/8 at SV 1500/ H. Aﬁt@LﬁS‘D
days -of testing, the conversion of 10 i sobutyl ene was 93. 2%and tie

-sel ectivity of nethacrolein and nmethacrylic acid was 79.3% After 200 days,
however,, the conversion was 94. 0% and the selectivity was 70.2% The
deteriorated catal yst was withdrawmn fromthe reaction tube and m xed with 3

m of a 10 - 16 nesh 15 powder obtai ned By 2pul veri zing said inert nol ded

nol ybdenum tri oxi de used in Exanple 3. The reaction tube was repacked with

the resulting mdisselwd 122 g el tanrondasn me kyladdteel under t he sane

conditions as above. The converison and selectivity after 2 days 20 were

93. 5% and - 75. 6% [ (NEpeMey@) i by éand AR} aelBetexirratnt 4 tedystnd
selectivity becane 93.0% and 79. 1% _ respectively. Thus, a perfornmance .
conparabl e to th%ltwiﬁ %W?g%%‘?ﬁ‘ééf’a“rl}/sﬁhwm%v%?ﬂlu%arq@tﬁg Bothpl e 6

123 g of. amroni UFRHOSBYER 1571 T° TR GLOGEF b HSBET or | e WPk 15 005

5 based on the deteriorated catalyst was 10 weight' %.

The performance of this catalyst was evaluated
in the same manner as in Example-4. The conversion was
97.3% and the yield was 88.4%. Thus, the catalyst was

only partially regenerated.-

10 Comparison Example 7
The procedufe of Comparisen Example 6 was
repeated except that .the calcination was performed at
550°C. The performance of this catalyst ﬁas evaluated
in the same manner as in Example 4. The conversion and
15 | yield were 63.5% and 59.7%, respectively. Thus, the

catalyst activityehad dropped considerably.

i i



A.was inpregnated with the aqueous solution, dried and calciped.in_alr_at

[err] for 6 hours. The amobunt of [err] 5 based on the detefligiat®t=T 43 BEEN
catal yst was 10 weight % The performance of .this catal yst was evarest [tk N
the sanme manner as in Exanple 4. The conversion was 97.3% an
88.4% Thus, the catalyst was only partially regenerated.’
Coppari son Exanple 7 The procedure of Conpari son Exanpm
except that the calcination was perforned at [err].

this catalyst was .evaluated in the same nmanagr as in Exanﬁ‘ﬂ m‘mmmﬂ ‘m
conversi on and 15 yield were 63.5% and 59. 7% respecti \

catal yst activit yCl&EMS# opped consi derably. CLAI Ms:

43 1. A process for producing an unsaturated al dehyde and a carboxylic acid
whi ch. conpri ses subj ecti ngt pr dpypmress SolupHasheing gy tinsatupattadol t o
gas phase 5 catalytic oxidation with nolecular oxygen i'n the presence of

(i) a catal yst coHrh¥deERbhRHEATRO*Fife adst éddtte FIRPRIFES Grpilegting
wherein Mo, Bi, Fe a d 0 represent. nol ybdenu bi snut h, i ron

oxygen, respecthFe?%y XSG epr Eééé"ntt}%lerﬂ & tfrﬁ?i g%:fl ]]Btt"e é’%‘f’§eat
Ieast one elgrrent éaeiyigitc?do:}cir&)anﬁlo 93 niolzelcrx].\ arcaclx%}gerp in the presence

of (i) a éatalyst comprising composite coxide represented

by'the formula

MoaBJ.bFecAdBeCf g x

wherein Mo, Bi, Fe and O represent molybdenum, bismuth,

10 iron and oxygen, respectively; A represents nickel and/or

cobalt; B represents at least one element selected from
manganese, zinc,'célcium,'

magnesium, tin and lead; C represents at least one

element selected from - phosphorus,

15 boron, arsenic, tel;urium, tungsten, antimony and

silicon; D represents at least one element selected from
pptassium, rubidium, cesium and

thailium; in case of a being 12, 0<b<10, 0<c=10, 1=d=<10,
0<e<10, 0sf<20 and 0<g<2; and x has a value dependent on

20 the oxidation staﬁe of the réspective elements and (ii) a
mo lybdenum oxide which in itself_is substantially inert

to said gas phase catalytic oxidation to provide the

Eorrespondingﬁunsatufated aldehyde and unsaturated
carboxylic acid.

25 2. The process according to claim 1, wherein

-
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magnesium tin and |ead; C represents at | east one el ement se
phosphorus, 15 boron, arsenic, tellurium tungsten, antinon '&ﬁﬁ?&&t?¢ﬂma BEEN
D.represents at | east one el ement sel ected from potassium ru |d|uﬁ$=Rkkﬂ&Dn

and thallium in case of a being 12,.[err] [err]and [err]; anu" X fias a =
val ue dependent on 20 t he oxi datlon state of the respective efenents and

(i1) a ol ybdenum oxi de which in itself is substantially

phase catal ytic oxidation to provide the correspondl ng mnﬂwtlmﬂmlmmde

and unsaturated carboxylic acid. 25 44 p¥ 0cess a®ecosd ing,

to claim1, wherein 44 sai d unsaturated al dehyde and unsaturat ed

carboxylic aci cs@i@ enédeir&tcedl eldenpdeaanyl nasatntatedrebhdbonylldio aaid

met hacrylic acid. 3. The process according to claim1l or 2, wherein 5

sai d nol ybdenunaoxi gt ciictoleisekidi acsybitartiidl oy medhacrolsdind agaks

phase catal ytic oxidation is a nol ybdenum oxi de prepared by cal cining a

nmol ybdenum conpoeemnbaatyhiteapidat ure of [err]. 4. The process according to

any one of claims 1 to 3, wherein 10 said catal yst and said nol ybdenum

oxi de which in itsel f3isTRabprantsal hgcordihgt aosaildigad phage Galkealeydhi C

5 said molybdenum oxide which in itself is substantially

inert to said gas phase catalytic. oxidation is a

molybdenum oxide prepared by calcining a molybdenuﬁ

compound at a temperature of 550-700°C.

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

10 said catalyst and said molybdenum oxide which in itself

is substantially inert to said gas phase catélYtic

oxidation is used in the férm of a molding formed from a

mixture of said catalyst and said molybdenum oxide.

5. The process according to any oﬁe of claims 1 to 4, wherein
15 said gas phase catalytic oxidation is conducted in a

fixed-bed multitubular reactor.

20 6. A process for producing an unsaturated
aldehyde and a carboxylic acid by subjecting propylene,
isobutylene or tertiary butanol to'gas phase catalytic
oxidation with molecular oxygen in the presence of a
¢atalet comprising composite oxide represented by the

25 formula |

“\x
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oxidation is used in the formof a molding formed froma m xture of said

catal yst and said nol ybdenum oxi de. 5. The process accordlngitﬂﬂg@*gyﬁ%ggBEEN |
clains 1 to 4,wherein 15 said gas phase catalytic oxidatiofj is cggﬂu&@g@ J
fn a-fixed-bed nmultitubular reactor. 20 : 6. A pr '

produci ng an unsaturated al dehyde and a carboxylic aci
propyl ene, isobutylene or tertiary butanol to gas phase datlon
wi th nol ecul ar oxygen in the presence of a catalyst conp lﬁ“ﬂ{!

oxi de represented by the 25 formul a -4B46ferr] wheresn

0 represent nol ybdenum bisnuth, iron and oxygen, respectively; A
represents n|ckebxaﬂdtmpncobabnﬂlﬁgrepresehts HOWﬁeasofOEQL@Imm&ybdQEMEcted
fromb5 manganese, zinc, calcium nagne5|un1 tin
and | ead; C represedeswaUCheastl@ﬁéléleﬁeﬁﬂbséﬁéétééereﬁ?r to said gas
phosphorus boron, arsenic, telluriu tungst en, antlnDny and silicon; D
represents at | eRYRSEnEIERINEAC SELER éﬂnfréﬁglﬂo ding the mixture.

pot assium rubidium cesiumand [err] and [err]; and x has a val ue

dependent on the oxi dat iT&e §F§F§SéfaFﬁ@rﬁé§ﬁe§9lOéaemeﬁehrs7 ok eecitre e aziald

in that the %ata%y%&n%eggrb ra%%%ddﬂ§ L?endlng the molded catalyst

deteriorated due to said gas phase cata*yelc cxidation
with a molding containing said molybdenum oxide which in
itself is substantially inert to said gas phase catalytic
oxidation. ’

10 10. The process according to claim 8, wherein said
molybdenum oxide which in itself is substantiallylinert.
to said gas phase cetalytic oxidation is used in an
amount of 3 - 20 weight percent based on the catalyst
deteriorated due to said gas phase catalytic oxidation.

15 11. The process according to claim 9, Whefeih said
melybdenuﬁ oxide which in ltself is subs;aanally inert
to seid gas phase catalytic oxidation is used in an
amount of 5 - 40 volume % based on the catalyst
deteriorated due to said gas.phase catalytic oxidation.

20 12. The process according to any one of claims 7 to 9,
wherein a portion of said catalyst which is present in a
‘reactant gas inlet region and which has been deteriorated
due po said gas phase catalytic oxidation is used in
admixture with said molybdenum oxide which in itself is

25 substantially inert to said gas phase catalytic
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15 sai d gas phase catalytic oxidation is reused after mixi =t

mol ybdenum oxi de which in itself is substantially inert to s3 JHéthﬁﬁh§éSB°EN

catal ytic oxidation. 7. The process according to any one of ai s REFLSCED

«wherein 20
mul titubul ar

|

said gas phase catal ytic oxidation is conducted T a TiXxed bed
reactor. 8. The process according to claim6 or 7, wherein

said mixing is effected by pul verizing the nolded catal yst deteriorated due
to said gas phase catalytic -46- oxidation, blending it with a powder of
sai d nol ybdenum oxi de which in itself is suQ;;antlally inert

phase catal ytic oxidation, and nDIdlng the m xture. 9. The process

according to claim®6 or % reamsgi@ o mxing is “\u gﬁ“'ng
t he nol ded cat al yst deterlf%‘?‘vgf%d Y ?of sAi ¥ gas phasejm‘““m‘ m on
with a nol di ng containing-said nol ybdenum oxi de whi ch in*itsel s
substantially inert to said gas phase catalytic oxidation. 10 .

The .process accehdragntmogc| Bi mBe avixdr@i nepreslemol ybiipbdenwx; deisvithh, i n
itself is substantially inert to said gas phase catal ytic oxidation is used
in an anmount of i8on 20dwekygen perespechbigedyonitheprasanystniekel j andl ey
due to said gas phase catalytlc oxi dat i on.

10

15

20

cobalt; B represents at least one elemenL selected from
. manganese, zinc, calcium,

magnesium, tin and lead; C represents at least one
element sélected from : phosphorus,
boron, arsenic, telluriqm, tﬁngsten, antimony and
silicon; D represents at least one element selected from

potassium, rubidium, cesium and
thallium; in case .of a being 12, 0<b<10, 0<c<10, lsdsio,
0<ex<10, 0=<£<£20 and 0<g$2{ and x has a value dspendent on
the qxidation state of the respective elements,

characterized in that the catalyst deteriorated due to

said gas phase catalytic oxidation is rewvsed after mixing

it with'a.molybdenum oxide which in itself is

substantially inert to said gas-phase catalytic

oxidation. |

7. The process according to any one of claim% 1 to 6, wherein
said gas phase catalytic oxidatioﬁ is conducted in a

fixed bed multitubuiar_reactor.

8. The process according to claim 6 or 7, wherein

said mixing is effected by pulverizing the molded

catalyst deteriorated due to said gas phase catalytic

R
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15 11. The process ‘according to claim 9, wherein sai dasbadersr——"=
oxide which in itself is substantially inert to said gas phasg THES&HEATHAS BEEN
oxidation:is used in an amount of 5 - 40 vol ume % based on thg cataﬁﬁ@hACED

.teteriorated due to said gas phase catalytic oxidation. 20. IZ—Tte
process according to any one of claims 7 to 9, mhereln a portlon of sald
catalyst which is present in a reactant gas inlet r been
deteriorated due to said gas phase catalytic oxidatio xture

“with said nol ybdenum oxi de which in itself _I4$ 25 L@@Um@i‘u m
sai d gas phase catal ytic -47- oxidation. nregeneratlng
a catal yst whi chy:Gicies mxing (i) a catalyst conpr|5|ng conposi te oxide
represented by the fornula. [err] wherein [err] and O represent nol ybdenum
bi snuth, iron and oxygen,a rgydeadd \flry refyareaadent 2 Madedlysanedheencobal t;
B represents at | east one el enent selected from nmanganese, zinc, calcium
10 magnesi um donpmEingkd emicking r{dpr es ettt lats eamipmirsei gl emapbsdekect ed

from phosphorus, boron, arsenic, tellurium

tungsten, anti nasidendeptassnted nehes dismudia | east one el enent sel ect ed

from .

5 MoaBibFe CA dBeC ngOx |
wherein Mo,-Bi, Fe-and O-represent molybdenum, bismuth,---
iron and oxygen, respectively; A represents nickel and/or
cobalt; B represents at least one element selected from
manganese, zinc, calcium,

10 magnesium, tin and lead{ C represents at least one
element selected from ' . phosphozrus,
boron, arsenic, tellurium, tungsten, antimony and .
silicon; D represents at least one element seiected from

| . potassium, rubidium, cesium and

15 thallium; in case a being_lz, 0<b<10, 0<c<£10, 1=dx10,
0<e<10, 0<f<20 aﬁd 0<g<2; and x has a value dependent on
the oxidation state of the resbective elements, which has

"been used in and deteriorated due to a gas phase
catalytic oxidation of propylene, isobutylene or tertiary

26 butanol using molecular oxygen, and (ii) a molybdenum

-~ oxide which in itself is substantially inert to said gas

phase catalytic oxidation.’
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potassium rubidium cesiumand 15 thallium in case a beir'ng;sgggfmASBEENﬁ
[err]and [err]; and x has a value dependent on the oxidation istateggp; hBgp

respective el enments, which has been used in and deteriorated

PPN

s ey

*phase catal ytic oxidation of propylene, isobutylene or tertiary 20
but anol using nol ecul ar oxygen, and (ii) a nol ybdenum oxi de which in itself
Is substantially inert to said gas phase catal ytic oxidati on.

-48-

PROCESS FOR PRODUCTION OF UNSATURATED ALDEHYDE AND

UNSATURATED CARBOXYLIC-ACID

- Abstract
---—-- Disclosed-are a process for-producing an

5 unsaturéted aldehyde and an unsaturated carboxylic acid
which comprises subjecting propylene, isobutylene or
tertiary butanol to gas phase catalytic oxidation with
molecular oxygen in the presence of (i) a catalyst
comprising composite oxide of the forﬁula

10 MoaBibFeCAdBeCngO and (ii) a molybdenun oxide which lﬁ
itself is substantially inert to the gas phase catalytic
oxidation; a process for reusing the catalyst
deterioratéd due té the gas phase catalytic oxidation
after miking it with the ﬁolybdenum oxide;_and a method

15 | of regenerating the deteriorated catalyst by mixing it

with the molybdenum oxide.
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