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1 PROCESS FOR REGENERATI NG CATALYST FOR PREPARI NG
UNSATURATED ALDEHYDE AND/ OR UNSATURATED CARBOXYLI C

AClI D AND PROCESS FOR PREPARI NG UNSATURATED ALDEHYDE

AND/ OR UNSATURATED CARBOXYLI C Ag D 5 FIELD OF THE

| NVENTI ON [ 0001] The present invention relates to a

process for regenerating a catalyst used for

prepari ng an unsaturated al dehyde and/ or an
UNSROHERC R RERNNIERA TaRE] CRYAEIL ! YbROPREVARKNE! BlSSurATED
a conmpound 10 selected from propylene, isobutylene an

t erHLDEMYDRN ANDMORN UNERITERANRD EXKEERYILACAAERES RRBSBROCESS FOR
The present invention also relates to a process for

prepanRNISGAN SN RATER ZChteh K88 / 8AUNGA TWRATED CARBOXYLIC ACID
unsaturated carboxylic acid using a catalyst which is

regenerated by such a regeneration process. 15
BACKGROUND ART [0002] Hitherto, a so-called
nmol ybdenum bi snut h- i rOTELD xR THEX hevepatady st i s used
for preparing unsaturated al dehydes and/or 20
unsat urated carboxylic acids by a gas phase catalytic
oxi dation reaction of a corresponding raw nateri al
codRpBund. THowsesentthnverdaitcad yel st et vignoads s fier regenerating
catal yst decreases when the catalyst is used for the
ORi @@%labfﬁw dad d9If prerardng anmnwrtueded 2 ldebedeesnd/or an
excessive thermal |oad. Therefore, it is highly
dBEFRERT 2 beP CRR P YAS Ca i d by sea Faky bz lory AYidhelingecompound
decieaseg %at alytic activity of such a catalyst to
e

regeRetatel PR RERRYIRRC Mt AP ERR e Bl teddd “Hutaned with
catal ytic_oxidati,on reaction. [,Jr00031 As ﬁ.proc%ss far
-BOLREV LT R YA Rk §oE RhSeq 1 o "pPERAFNhg My entionalso relates
L0528 b g 2 SR, LT ISR B E AR anor an
Oéng'gégégt@ti @a%%lo%?iieré)&le&%%ing a catalyst which is regenerated

by such a regeneration process.
BACKGRQUND ART

[0002] Hitherto, a so-called molybdenum-bismuth-iron mixed
oxide catalyst is used for preparing unsaturated aldehydes and/or
unsaturated carboxylic acids by a gas phase catalytic oxidation
reaction of a corresponding raw material compound. However, the
catalytic activity of the catalyst decreases when the catalyst
isused fortheoxidationreaction for a longtime orwhen it receives
excessive thermal load. Therefore, itishighlydesiredtoprovide
a process for restoring the once decreased catalytic activity of
such a catalyst to regenerate the catalyst which can be well used
in the catalytic oxidation reaction.

[0003] As aprocess for regeneratingacatalyst used for preparing
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conprising thermally treating deteriorated catal ysts
in an atnosphere of a gas containing nol ecul ar
oxygen, and US Patent 5 No. 4,425, 255 discloses a
process conprising thermally trgating a deteriorated
catal yst in an atnosphere of a feducing gas at a
tenperature of 200 to 700 C and then thermally
treating the catalyst in an atnosphere of a gas

C%‘s@*tﬁk@geﬁ%?&é‘k‘l_@cﬁe@W&@hn@atﬁ%ﬁ@%ﬁa&éﬂfﬁo;@{rl:5éoac1ds, EP 0
to 700C. 10 [0004]" However, the catalysts which are

regengfatied by bh?S@tiq\BeAlp&l@&@ﬁsgg—ﬁ.gqgﬂltj%hﬁ\éﬁzl@%e processes
exceSS|ver hi gh oxidizing ability on raw nateri al

CedrouidsngahtetRalladyerodeing seteciovaté®@Scatdlysts in an
addition, the duration of the catalytic activities of
su¢hoephakysts ai§asheshenad g dnd hedairalosigenshaukddUs Patent
be regenerated at short 15 intervals. Therefore, the
pHOCes§s&35pf55 hibi irlicye st paveenstcahpmlysing thermally treating
satisfactory. SUMVARY OF THE | NVENTI ON 20 [ 0005] An
obj éetenfothakepresent yshvientanoatinespbepeovi de meducing gas at a
process for regeneratlng a catalyst for catalytically
oxenbeziraguaecdi 0 b S0AIC uhbbendhesmpl éydrreading the catalyst
unsat urated al dehyde and/or an unsaturated carboxyllc
aédndansatmpgphehe pégensgrat eanbaini ygimelraulapioxygen at a
i nduce an excessive oxidation reaction, and has a good
§e@EPééFPV?t9faﬁaoatPoﬁ%%rcdurat|on of a catal ytic

" XbBe) on fﬁv&%o o é%%ﬁ%ri‘é&%éé%qér‘;‘émg{eeébfthe above
t al
CBiBFEaPRgnbT %V%%&?ﬁ?ﬁeaﬁwfgml%.omlszwsgeablhw on

e ?grgéwﬁgé LRLES RS IRA Pt ivicies. 1o
OéBQ&E&BH QﬁuJ&ﬁ?g pro yﬂ@%ﬁ%glgg cﬁQVEEQ%EQn?suchcatalysts

up con&isting o ene enée an

mﬁ nBytanel %ahthgvbsﬁﬁi%tgxmm bd S5easi®d at short
process conprises t st eps
1ntervals . Therefore, theprocesses of theprior art arenot always

satisfactory.
SUMMARY OF THE INVENTION

[0005] An object of the present invention is to provide a process
for regenerating a catalyst for catalytically oxidizing a raw
material compound to prepare an unsaturated aldehyde and/or an
unsaturated carboxylic acid, so that the regenerated catalyst does
not induce an excessive oxidation reaction, and has a good

selectivity and a longer duration of a catalytic activity.

[0006] According to one aspect, the present invention provides
a process for regenerating a catalyst consisting of a mixed oxide

comprisingmolybdenum, bismuthandiron, whichisused forpreparing
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5 of: thermally treating the deteriorated catal yst
havi ng a decreased catalytic activity in an

at nosphere of a gas containing nol ecular oxygen at a
tenperature of 200 to 500C, and._then thermally
treating the catalyst in the présence of a reducing
10 conpound at a tenperature of 200 to 500C. [0007]
According to anot her aspect, the present invention

festfr \;Q&easlst:k—.lc %Sa%ﬁa‘;"?kg&%gﬂg%@%ﬁta%%@t S%rboxyllc acid by

al dehyde an ura I'C acl

cmrawtag;am é&?&w{ng £ty Sﬁh' ¥oxﬂ§é1§lﬁ&'§@l@éted from the

| east One conpound selected fromthe 15 grou

CQﬁ%‘uiaté&%ﬁtﬁ[@@ﬂgﬁﬂﬁwl‘é@ui%ﬁﬁﬁy?&% ta%ttepyt%@&anol with

with “nolecul ar oxygen'i'n a gas phase in the presence

Ofnod ceatlalryst vy GR a iga s @geNer aheehPrddess comprises the steps
regenerati on process according to the present

I ;fention. [0008] According to the present invention,

a catalyst for 20 preparing an unsaturated al dehyde

antheamaan yunsas tii g ethe akcltexyibira tedctdtais € hdxsind a decreased
good selectivity and a long duration of a catalytic
acgiteilyy 1 ccart bel e genen attexsphrd eanf ungat wrattedining molecular
al dehyde and/or an unsaturated carboxylic acid can be
preEyaeadagt ahtghpgratdee usf ng00 suz h5@0 Tegerret dthexh

catal yst. 25 DETAI LED DESCRI PTI ON OF THE PREFERRED
EVBEDMRENYStrEa0D9Y Rheatatybyst oibetheguragenes] &y a reducing
the process of the present 4 invention may be a

c 6RTRRYPENEF éaF@’F‘Q%’EaF‘é?e P Epa?? nep a?P 0 lfhsat ur at ed

al e and/ or an unsaturated carboxyljic acid by . .
Agﬁw i cdt9SPsking ﬂ%@n&tqeéaéﬁpéﬁé' cGHﬁoEﬁ&%E%e&PEEntlon

;hgényg B QIR onSlst Laool B OBy ene, [ SaUl YHBIR de ana/or
pgﬁsﬁnsgggrg&ggrggéﬁo)?)?flsclzSetacsl comprxeldng the step of:

catalytically oxidizing at least one compound selected from the
group consisting of propylene, isobutylene and tert.-butanol with
molecular oxygen in a gas phase in the presence of a catalyst which
is regeneratedby the regeneration process according to the present
invention.

[0008] According to the present invention, a catalyst for
preparing anunsaturatedaldehyde and/or anunsaturated carboxylic
acid, whichhas a good selectivity and a longdurationof acatalytic
activity, can be regenerated, and an unsaturated aldehyde and/or
an unsaturated carboxylic acid can be prepared at high yields using

such a regenerated catalyst.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0008] Acatalyst to be regenerated by the process of the present
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oxi de conprising nol ybdenum bisnuth and iron. Such a
catal yst nmay be prepared by a conventional nethod,
which is disclosed by EP 0 102 641 A2, JP 60-163830
A, JP 2000-288396 A, etc. [0010], , The catalytic
activity of the catalyst may decrease, when 10 the
catalyst is used for a long tinme in the gas-phase
catal ytic oxidation reaction or when it receives

EXCRIHMON &R gh%%ag cgh%enEEBﬁ %QE Pgtpf§§3£}epar1n an

i nvention regénerates the Cata creas
C frRlaiirG tae! LYk yA¥ Eﬁ@?b?gahtuﬂEa@u?Q@&ﬁf&grboxyllc acid by

tenperature 1 n an at m)sp ere of a gas cont ai ni

Mageuhan ce119ehx 1462 ang éE“ﬂéé@ﬁ?bh@gcbﬁpbﬁn&TE%lected from the
presence of a reducing conpound to restore

Cafrayt t€narLdt Mid ¥ i rddhel G, ak ¥shut leRs %@ft@ﬂt Ahutanol with
unsat urated al dehyde and/ or an unsaturated carboxylic

agiod ecun apad y§ath dh, a dehephegeneintt heAe P4 PLLTHRfi sftReof a mixed
present invention is preferably enployed to
r egener abmptheidetesl psddmen catianysth bha cadAl yidueh2@ catalyst
activity of which is decreased by the prolonged use in
t mayokedatépared dacta aonvie@@®ibhal méhkeod egeniertatiisodisclosed by
process of the present invention, the concentration
oEPnBl é€dl &floR¥gedPi AOthe38BfudphdP i 202 683%9aIAalde.
from1l to 30% by volune, preferably from 10 to 25% by
25 OfdLune. T%Cﬂﬁélﬁ’éﬂ@@ﬂtarvwwygérthemiaﬂym mpyrdecrease, when
gen ma used. The nol ecul ar oxygen may
%?OEQFP Y%E W 14AesH SR B langrbhes, 111:5&@09&1@@%&1@@ catalytic
helium argon, etc. Anmong them an air

86&9?5@88%?%%% Ot GHEPRL" ESOMEshE* GF 8apEF eats Load. The
LofPLFab AP o Bkor S Clind o EEREPSEEE et nevs
S BRI OBt IS n L Y ) St i
e BA ek TP A B £SO KB ERERETRI e oxygen,
and thenheating it in the presence of a reducing compound to restore
thecatalyticactivityofthecatalystforpreparinganunéaturated
aldehyde and/or an unsaturated carboxylic acid. 1In particular,
the regeneration process of the present invention is preferably
employved to regenerate the deteriorated catalyst the catalytic
activityofwhich is decreasedby the prolonged use in the oxidation
reaction.

[0011] In the regeneration process of the present invention,
the concentration of molecular oxygen in the atmospheric gas is
usually from 1 to 30% by volume, preferably from 10 to 25% by
volume. As the molecular oxygen, an air or pure oxygen may be
used. The molecular oxygen may optionally be diluted with

nitrogen, carbondioxide, water, helium, argon, etc. Amongthem,

an air is advantageously used from the economical viewpoint.
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tends to be sintered. In general, the heat treatnent
is carried out for 1 to 40 hours. [0013] After the
heat treatnment of the catalyst with nolecular oxygen,
the catalyst is further heated %p t he presence of a
reducing 10 conpound. Hereinafter, this heating of
the catalyst in the presence of a reduci ng conpound

may be sinply referred to as "reduction treatnment”.

[ TheTlEQ'HEa’@EE@QtﬁEnEhler] Q%@ta&ﬁc??%]{i@f'%%f at%ast containing

descrl ove canh regenerate the ca

| tnAtd Al 6xl§'g%?a?§l1f§$a{1\’l§ Y:ar:ﬁeﬁog Eaasc q { ratf:ure of from

duration of a“Catalytic activit

t ey o edued qrg:, d&?@ﬁ PQbRQQ%HﬂFZ%deQ °C arﬁﬂﬁﬁgﬂmatemperature

car bon nonoxi’ droc ons alcoh

amsn 8Sweht Cthal'h% ey QR eaglhy e ﬂé%,e%hoaé ;?et MM S ently

of two or nore of them Preferably, eac

hydieeahonsy. avgeholse g@mﬁéggﬁﬁggseﬁ@ge@§19@@%ﬁa§h% catalyst

to about 6 carbon atons. Specific exanples of such
hyédimaizatbans siimtletdel satturgéwseral | pihat heathytk 908601 carried
such as net hane, ethane, propane, n-butane,

i soltutfame,l dtec.40 dmsat=ur at ed al i phati c hydrocar bons

such as ethylene, propyl ene, a-butylene, (3-butyl ene,

i 46831 el ter dhe R5abetwenoremhdtththe ksatSpest fiich molecular
exanpl es of such al cohols include saturated aliphatic
alPEdRehs Birnabhalustianolrthenhasked im thepaasence of areducing
i sopropanol , n-butanol, isobutanol, sec.-butano
térafnpoweﬂanoﬁeréf-aaftaﬁsai:bﬁ-at Bgaiinghaii ¢hsl @@ﬁ@llé’St in the
such asal |yl al cohol, crotyl al cohql, nethal

aPE&ﬁ&InceePCf 2 FREUSHET0ICOMRSIRT My ers@arﬁﬂn&élsbfrwed to as
al,de s in Iud% satuxated al i phatic al dehydes such

asrP P&@h d&a aldehyde pr opi onal dehyde,

jridine glgb%%%lmbd%‘&%%af%lggﬁﬁ%qéé%‘hetécﬁeé‘%“b?&rt& geficribed above
CEQhOPRL LY HEe the catalyst so that it attains a high selectivity
and has a long duration of a catalytic activity.

[0015] Examples of the reducing compound include hydrogen,
ammonia, carbon monoxide, hydrocarbons, alcchols, aldehydes,
amines, etc. They may optionally be used as a mixture of two
ormore of them. Preferably, eachof the hydrocarbons, alcohols,
aldehydes and amines has 1 to about 6 carbon atoms. Specific
examples of such hydrocarbons include saturated aliphatic
hydrocarbons such as methane, ethane, propane, n-butane,
isobutane, etc.; unsaturated aliphatic hydrocarbons such as
ethylene,propylene,a—butylene,B—butylene,isobutylene,etc.;
benzene; and the like. Specificexamplesof suchalcohols include
saturated aliphatic alcohols such as methanol, ethanol,
n-propancl, isopropancl, n-butancl, isobutanol, sec.-butanol,

tert.-butanol, etc.; unsaturatedaliphaticalcoholssuchasallyl
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met hacrol ein, etc. Specific exanples of such am nes

i nclude saturated aliphatic am nes such as

nmet hyl am ne, di nethlam ne, trinethylam ne,

et hyl am ne, diethylam ne, triethylamne, etc.;

unsaturated aliphatic am nes suéh as al 'yl am ne,

diallylamne, 10 etc.; and aniline. [0016] The

reduction treatnment is carried out by heating the

Caatl%&f%t& , %hrgatqﬁs a(‘i%h%' n ﬂ%tg-{.]ﬁt O gro%%lim %(‘%c.éuﬁgd phenol.

conpound. concentrat’i on e reducing conp

[ i I 509 . .
SERR S St 0 Bel B Nad R aspharic
CAMRRYARI S sdihul €& Wintdy Uiy RgeR -ctankRMAvde, pro ionaldehyde,
di oxi de,water, helium argon, etc. to atghln ucﬁ a
COPERMYIAIRhyddle MUIRGU B 1 QERYEEN dBY, Pe i 6580 tiPated

such an amount” that the e€ffect of the reduction of

t he igi=alivstaligeHiRled MK ek I RLBD) Yard#¥haldehyde,

nol ecul ar oxygen is not present. 20 [0017] A

t evperaaindle iin) tdie: r egelli@n ct egapRRls oF WSkl laymiffe®Minclude
200 to 500C, preferably 250 to 450C, nore preferably

366 turat4QDGEl ivhen ithemieddckueh henpetAylaRihs, | @weethlamine,

than 200C, the catalyst may not be sufficiently

r egémertatdcimiWeenethglariper ad i teh ekaeiauts, F@0€thtylamine, etc.;
catalytic activity or the duration 25 of the

canglayuira tact adilppash ct awices adwsh asend lydabéne, diallylamine,
decreased. The reduction treatnment tine is usually

f eSM-I AsuB@itldnE0 hours, preferably from 10 minutes

to 10 hours. [0018] The heat treatmnment of the catalyst

i N COR& at M HERICL i trepddnaintld Gafg iss! esll by heating the
oxygen and.the reduction treatment of the catal yst

T bE 1At ABAS oS UG WP LUAVAIR 16 CAOUEARE GAmPoUnd.  The

(arfirin f.urnace, for exanple,a nultistage .

AP BER R B P nhane PRATEREB RO iy gasris faally from

SHC 4l 5 rt ' dru ype

cgrgiﬁéﬁ%%%%?tﬁééggg'e?%ékég%%§¥ﬁgxgéggﬁyg? %%%FﬁbVOlume‘ The
reducingcompoundisdilutedwithnitrogen, carbondioxide, water,

helium, argon, etc. toattainsuchaconcentration. Themolecular
oxygen may be present in such an amount that the effect of the
reduction of the catalyst is not impaired. Preferably, the
molecular oxygen is not present.

[0017] A temperature in the reduction treatment is usually from
200 to 500°C, preferably 250 to 450°C, more preferably 300 to
400°C. When the reduction temperature is lower than 200°C, the
catalyst may not be sufficiently regenerated. When the
temperature exceeds 500°C, the catalyticactivityor the duration
of the catalytic activity of the catalyst tend to be decreased.
The reduction treatment time is usually from 1 minute to 20 hours,
preferably from 10 minutes to 10 hours.

[0018] The heat treatment of the catalyst in the atmosphere
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the decreased catalytic activity after being used for
the gas-phase catalytic oxidation is subjected to the
heat treatnment in the atnosphere of a gas contai ning
nol ecul ar oxygen and the reducglon treatnment, it is
renmoved froma reactor for the catalytic 10 OX|dat|on
and transferred to the separate cal cination furnace
and then the heat treatnent in the atnosphere of a gas

CON i JH HgontRli 86 1Ak Pééfgfgr%g{gi -t e df:'l‘fé 'Y¥Yuction treatment

treatnent of the cata yst are out .

A'dﬂlﬁ‘@bb‘t‘.ﬁ'l?s sy s8talstedayvt N9ihh% ﬁcgrg\{@r?éf&al calcination

catalytic acfivity is subjected tot t r eat ment

I norhei dfn@f FRSALReES Rfr é&&@l@oﬁﬁt@'l@ﬂ&:a’&@ &SU Aation furnace,
oxygen and the reduction treatnment in the reactor for

t keceatahybue eXldghheflonTherhaté efuch aAdVaBlageCUSarth kiln,
fromthe econom cal viewpoint. [0019] The gas

cantauni hypeal Aot ey Feirneicd,hetgas wosh aild @ tallk@t having
reduci ng conpound may be intermttently or
cuhei mieousiased @asadpitiied dat itwies f urfeae. bdind hesamr&sr the
t hese gases may be passed through the furnace, and the
edhsophagascitahyt he drdetiomay slie) ecoyd tedthe hidda: treatment
furnace, if necessar [0020] The catal yst which is
r dgehiBradBEOERBEFEI A 2 WaheoniresEMmy mleetilar baygen and the
good catal ytic properties, such as a good 25
sé‘le@élﬁt\}wlyt%ﬁ'ﬁ)tf%?rp?o%ﬁ@eﬁemY%@ fopmef reackealyrithe catalytic
act i V|t§_ Wien ro ylene is catalytically oxidized in

Qﬁcénéf fa Sfﬁégéﬁlertat eBecaeBpyste aetefephion furnace
and/or acrylic acid c an be prepared in hlgh i el ds

b e Baatyy apyth :

”s’BBE / nbernt( %lﬁ%pl’}esreﬁo a gas containing
?@é‘%‘nébé%? 4 B B s o
SEpro A SECP PAEERAN O, ML L A2Hy Aol PRy cecrease

aEQ%QY?@l@”QC&Q%1%95§%U %k%%c%%@bQ%y@h% 384 tSeatment in the

obt ai ned
atmosphere of a gas containingmolecular oxygen and the reduction

treatment in the reactor for the catalytic oxidation. The latter
is advantageous from the economical viewpoint.

[0019] The gas containingmolecular oxygen or the gas containing
the reducing cempound may be intermittently or continuously
supplied to the furnace. Furthermore, these gases may be passed
through the furnace, and the exhaust gas from the furnace may
be recycled to the furnace, if necessary.

[0020] The catalyst which is regenerated according to the
present invention has good catalytic properties, such as a good
selectivity and a prolonged duration of a catalytic activity.
When propylene is catalytically oxidized in the presence of the
regeneratedcatalyst, acroleinand/oracrylicacidcanbeprepared

in high yields, while when isobutylene or tert.-butanol is
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the oxidation reaction is carried out while keeping a
conversion of a raw material conpound | ow, the

unsat urated al dehyde can selectively be prepared.
[0022] In general, the gas-phas% catal ytic oxidation
is carried 10 out by supplying at |east one conpound
sel ected fromthe group consisting of propyl ene,

i sobutyl ene and tert.-butanol together wth nolecul ar

OXHeN 1A & If1 Mi@fgeﬂ‘ih_tﬂﬂé@f‘é%n&?@gt@% %%?éﬁ?grated catalyst,

with the catal'yst, while it nmay be carrie using a

f lmdit@iaze@ 1 ed ArRBCI 1O MO h £ PV O th PEd é@ﬁ%@rpr@?afé‘& in high

nol ecul ar oxygen, 15 an air i's usually used. Apar

f namltdze raw material conpound and the nol ecul ar

oxygen, the raw material gas may optionally contain

ot[lér2 1das etmus hiebt &t & 2l t S0 iaks idr 088l x tafdhef the unsaturated
di oxi de, carbon nonoxi de, steam etc. [0023] The

r edcieihgrlet enpetla¢ ures d tamstiead lop rboayl2o0at 0d4Ghtaddhed. When
The reaction pressure is usually froman atnospheric

prtéssox édat bos 0tk & oralishoaighi ed reduwhd 1 priesspi ey magonversion
be used. A nolar ratio of the nolecular oxygen to the

r &b satén Fa tegripdumprippung daiv,y tfhreomrisatitated laldehyde can
The space velocity of the raw material gas is usually

f B8AESHA ved Y5 bgoprerarest- a standard tenperature 25

and pressure (STP). [0024] The present invention wll

bé “PEPdst rt BBNBY2Lne-he gRPoRNAGe St siC WKl gRtden is carried
not Iimt the scope of the present invention in any
wéy |%§81°@¥hamee1$w% eECTRRNFoEEheS ted fFom the group
OERE RO AR 0 HoBLuh 05 £ ST, bRek®1 rosether
FEAFAIAY 008 P08 BB P 2 cnctor paces
isgggbitaq%ine t(%%o‘f'gglhéfl%sbgém%% egryﬂéﬁa&ﬁ@%sing a fluidized
bed reactor or a moving bed reactor. As the molecular oxygen,
an air is usually used. Apart from the raw material compound
and the molecular oxygen, the raw material gas may optionally
contain other gaseous material such as nitrogen, carbon dioxide,
carbon monoxide, steam, etc.
[0023] The reaction temperature is usually from 250 to 400°C.
The reaction pressure is usually from an atmospheric pressure
to 500 kPa, although a reduced pressure may be used. A molar
ratio of the molecular oxygen to the raw material compound is
usually from 1:1 to 3:1. The space velocity of the raw material
gas is usually from 500 to 5,000 hr™! at a standard temperature
and pressure (STP).
[0024] The present invention will be illustrated by the

following Examples, which do not limit the scope of the present

invention in any way. Unless otherwise indicated, the volumes
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i sobutyl ene) [0026] Total selectivity(% =100x [ Total
nol es of nethacrolein and nethacrylic acid]/[(Mles
of supplied isobutylene) - (Mles of unreacted

i sobutyl ene)] 10 [0027] Total vyigeld (%9 = 100 x [Total
nol es of nethacrolein and nethacryllc aci d]/ Mol es of
supplied isobutylene) REFERENCE EXAMPLE 1 [0028] (a)
Preparation of Fresh Catalyst A 15 [0029] Ammoni um

MYy L3t s [a(rM"&)s@\ﬁQ:7e(¥éléHZ% a(r]e?’t?aé)gsegat Wa®, 1In the following

di ssol ved in warm water (15, . This solution is

r gheiads,t  cthvedd il QBA; .a S%ﬁéllaé@ié(ctiﬁﬁﬂy @rld 3 total yield
nitrate [Fe (NGB) 3. 9H2Q (6,060 g), cobalt nitrate

[ Ga(NGR)3 . BRded B3 G Igwxnd cesium nitrate [ CsNOB]

(565 g) were dissolved in warmwater (6, 000 g), 20

andoesen bismudhs hot r@te=[ B0 NOBYo Bes DR Euppd.icdlds@hutylene)

was di ssolved. This solutlon is referred to as

" Sol{Moiless BY. uSolestcteni B swisitydaned 4 MBa st HDrsdpoplied

while stirring to obtain a slurry. Then, the slurry

vvé§0§>pl|taf§.1<a@lei ed to obtain a dried material. To 100

parts by weight of the dried material, 2.54 parts by

vvéuUQRtG]of W@hﬁah@ﬁylwmx&%de 49@2083‘0561@m@lparq%meyhacrolem
ht of silica- al.um na fiber (RFC 400-SL

rréﬁ* Betrery byc smin-/das e sTR SepPeldeddbobwidlenr) - (Moles
ture was nol ded in _the formof rings each having an

eMNdraftes: isebstyiemeldn i nner di amet er of 2 0 mMm
Len 0 a alcined jn an ai
q@&?w'h lat %r‘?é f%’re]é? LN t]oog obt bf ALE ég?]l‘i%t%f- yrg%thacrolem
Sapinhefataitt RIANAIY S MR st ine)

Mb12Bi 0. 96Sbo. 48Fe2. 4Co7. 2Cso0. 43Si 1. 43Al 1. 55. [0030]
(b) Oxidation reaction using Fresh Catalyst A 5 [0031]

e T W APPSR By, ol Step
theogxidat N preparation of Fresh Catalyst A

{0029] Ammonium molybdate [ (NH;)eMo7024-4H,0] (13,241 g) was
dissolved in warm water (15,000 g}. This solution is referred
tocas“SolutionA”. Separately, iron{III)nitrate {Fe (NQs)3+*9H,0]
(6,060 g), cobalt nitrate [Co(NOQi)36H,0] (13,096 g) and cesium
nitrate [CsNOi] (585 g) were dissolved in warm water (6,000 qg),
and then bismuth nitrate [Bi (NO3)3+5H,0] (2,910 g) was dissolved,
This solution is referred to as “Solution B”. Solution B was
poured in Solution A while stirring to obtain a slurry. Then,
the slurry was spray dried to obtain a dried material. To 100
parts by weight of the dried material, 2.54 parts by weight of
antimony trioxide (Sb,0s3) and 6 parts by weight of silica-alumina
fiber (RFC 400-SL manufactured by SAINT-GOBAIN TM) were added,

and the mixture was molded in the form of rings each having an

outer diameter of 6.0 mm, an inner diameter of 2.0 mm and a length
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reacti on and packed in a glass reactor tube having an

i nner dianeter of 18 nm Then, a m xed gas of

i sobutyl ene, oxygen, nitrogen and steamin a nolar
ratio of 1.0:2.2:6.2:2.0 was s &Iied in 10 the
reactor tube at a space velocity of 5,250 hr-1, which -
is slightly higher than a usually space velocity, to
catal ytically oxidize isobutylene at a reaction

t eper ahur enQf - 4106, Af I?raﬁ%ldas)‘créa[npo'%tt ke 35tca%;c/>|r0f6ehours to

the oxidation reaction, the conversion i sobutylen

WaHthinidhe SN althe vis@lR] S81CELVAT ¥ PRI RACH i@ Bomposition
15 and nethacrylic acid was 83. 7% After 42 days from

t Nexskat! oxgigee oEXMALE ONJBRCLFaD,,cbheceonyel si, o, ...
of isobutylene was 36.4% and the total selectivity

off owsbhacr (b lei I Bl 1k hosayt 16n agd thg Wese 8. 4% a20st A
COVPARATI VE EXAMPLE 1 [0032] (a) Regeneration (1)

(heaslfr eatmesti Cuitdil vt ronliyl)[ p@3ghrébeiaxtHatppevious step
reaction in the step (b) of Reference Exanple 1 was

t éamweat @l whed wd 2 hdaiylsi dapsadb i deowhtibd ist tié roto Htheoxidation
oxi dation reaction. Then, an air was supplied in the

r ggcodiopmndpec hed Anspatas v ekacitby tobedidvimg dndinner diameter
370C for 20 hours to heat treat the catal yst. [0034]

(Bf &Ri BAti oFheRack ilbhned t@as referrobu i vhend, cetydgmst nitrogen
[0035] After regenerating the catalyst in the previous

sBBf Bteapain gNBObRE dBRTHA PEakt? oh- G- 263t Ar¥ae. supplied in
Tge perfornmances of the reaction were evaluated after

1tRgy et ost g 8 tea She Ry elesiayiof of 2PABIr eavkigh is slightly

Tge éfsu%ts are sh Wp in Tabl e 1.,? EXAMPLE 1 §0036 .
(BTORER R o (e FBAC VEAPRERY - Whe (331 Yol oy oxidize
bi rgdgciion t eatnentgwg9037 After carrying out_ the
oxFOREFSheREARE G LY erature of 410°C. After one day
from the start of the oxidation reaction, the conversion of
isobutylene was 47.5%, and the total selectivity of methacrolein
and methacrylic acid was 83.7%. After 42 days from the start
of theoxidationreaction, the conversionof isobutylene was 36.4%,

and the total selectivity of methacrolein and methacrylic acid

was 87.4%.
CCOMPARATIVE EXAMPLE 1
[0032] (a) Regeneration (1} (heat treatment with air only)
| [0033] The oxidation reaction in the step (b) of Reference

Example 1 was terminated when 42 days lapsed from the start of
the oxidation reaction. Then, an air was supplied in the reactor
tube at a space velocity of 915 hr™ at 370°C for 20 hours to heat
treat the catalyst.

[0034] (b) Oxidation reaction after regeneration of catalyst

[0035] After regenerating the catalyst in the previous step
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in the step (b) of Conparative Exanple 1, an air was
supplied 10 in the reactor tube at a space velocity
of 915 hr-1 at 370C for 20 hours to heat treat the
catal yst. Then, the m xed gas o{ 5% by vol une of

i sobutyl ene and 99. 5% by vol une %f nitrogen was
supplied in the reactor tube at a space velocity of
600 hr-1 at 350C for 5 hours to reduce the catal yst.

154,0038L (f}pldz%(igx?tfé)é'btrfcﬁ'?h'a%nrégﬁgﬁtéﬁge & e%ockfmances of

cat aI yst 0039] After regenerating the catalys
t R, PFEYEPUSH SeCR e&@uaﬁé@a@%bgqt&%‘ ah8add BQQSVﬁ%m the restart

restarted. The per or mances of the Teaction were

ev udLd afdtalonl d@hea&@s%ﬁt@alé%ef PP e o aslard 1 .of

the reaction. The results are shown in Table 1. 20

REFERENCE EXAMPLE 2 [0040] (a) Preparation of Fresh

Catal yst B Fresh Catal yst B was prepared in the sane

manner as in the step (a) ekaReflerence Exanple 1

except that no antinony trioxide 25 was used during

t HOOB® 1di n¢a DFRAdenaxattal orst(2 ))andetbet cadtheat ivvith air followed
tenperature was changed to 519C. This catal yst had an

atconire ducanpos ittieatmeaxdept oxygen) of

Mb12Bi 0. 96Fe2. 4Co7. 2Cso0. 48Si 1. 43AI 1. 55 [0041] (b)

Hi%dak7ilon A@a@ruqmrusim@ FregheCardidpdtiop readtgeapjfor 15 days
Fresh Catal yst A (692 m) was packed in an inlet .
rdgi dhe 6tep dbai pfeSempasativeaErsrrlgbd  hai agranas supplied
inner diameter of 25.4 mm while Fresh Catal yst
(egizthﬁ)rmgtpacmfaewt @S@@pleeve'lpégtwm’éf%% at 370°C for

e B e B B P s s o 0.5

| b
bgpgeew\v‘& o ﬁfogwtfﬁf%??”p i %dlt &t da i g i Blogen was
SRS P R S BB ARSEE g 0 o o

ratur e converS| on
350°C for 5 hours to reduce the catalyst.

[0038] {b) Oxidation reaction after regeneration of catalyst
[0039] After regenerating the catalyst in the previous step
(a), the oxidation reaction was restarted. The performances of
the reactionwere evaluatedafter1ldayand1l6days fromthe restart

of the reaction. The results are shown in Table 1.

REFERENCE EXAMPLE 2
[0040] (a) Preparation of Fresh Catalyst B
Fresh Catalyst B was prepared in the same manner as in
the step (a) cf ReferenceExample 1 except that no antimony trioxide
was used during the molding of the catalyst, and the calcination
temperature was changed to 519°C. This catalyst had an atomic
composition (except oxygen) Of}&hiBiOAGFeL4C6TJCSOABSilABA11£5-

[0041] {(b) Oxidation reaction using Fresh Catalyst B
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mai nt ai ned around 99% After 24 hours fromthe start
of the 10 oxidation reaction, the perfornmances of the
reaction were evaluated. At a reaction tenperature of
360C, the conversion of isobutylene was 98.8% the
total selectivity of nethacrolein andnethacrylic acid
was 84.8% and the total yield of nethacrolein and
nmet hacrylic acid was 83.8% After 6,300 hours fromthe

St[@r0t42]]5 of r 4 B¢ d Aafd 0 r(G@thp)n’watshﬁaﬁﬁéﬁoimgilet region
of the reaction were~ again evaluated. At a reaction

t epear atune1efls3686e1t E%ac@:@'%VQh%'eoﬂaﬁ}flngsQHUthSBedlameter of
was 99.1% the total selectivity of acrol ein and
methacinl i wh ACé rreash 82t4%ysand (482 b alba¥i©hdke®fin an outlet
nmet hacrol ein and nmethacrylic acid was 84.6% 20
CONMBABATLYEL EXAMPAEL 2r [ DEE] (TherRegemekatd gas(3f isobutylene,
(heat treatnent with air only) [0044] The oxidation
r eagigieon nittbgestzep Ehpanfimef vobaceatbmpyil &, 2;: Was4:75.3:7.1
term nated when 6, 300 hours |apsed fromthe start 25
ofvasheuppildati dn teactkeentoThénpeantaarspasesuppbcietdy of 1,290
in the reactor tube at a space velocity of 915 hr-1

ahr370® fertaly okl Y cokiedtze t Feehut Weeratwiike . controlling a
[0045] (b) Oxidation reaction after regeneration of
cEFACFIONI SempeOAbPrAf serthalgdidr somyersieTcatal §eburHlene was
t he previous step (é’ri%a t he oxidation reaction was

ré‘éﬂ&FPé@edTﬁé”oblélldf ncBELBE 2fihBopEscEren %@?eStart of the
eval, gat ed after /100 ho%@? 1, 000 hours aﬁigl , .
hG&t St om trﬁé‘crté&nart nERd GrERdesh o T eré%elﬂqtswn were

in Table 2. EXAMPLE 2L£0047£]r3%8)3
AEGeTuRkEron )3 (YRARC I ASRRRT A5 E Coukiae ggaversion
r Sguf§6k9ut§gi§§£ Wﬂ )98. 8%, the total selectivity ¢of methacrolein

andmethacrylicacidwas 84.8%, and the total yieldof methacrolein
and methacrylic acidwas 83.8%. After 6,300 hours from the start
of the oxidation reaction, the performances of the reaction were
again evaluated. At a reaction temperature of 368°C, the

conversion of isobutylene was 99.1%, the total selectivity of
methacrolein and methacrylic acid was 85.4%, and the total yield

of methacrolein and methacrylic acid was 84.6%.

COMPARATIVE EXAMPLE 2
[0043] (a) Regeneration (3} (heat treatment with air only)
[0044] The oxidation reaction in the step (b) of Reference
Example 2 was terminated when 6,300 hours lapsed from the start
of theoxidationreaction. Then, anairwassuppliedinthereactor
tube at a space velocity of 915 hr™' at 370°C for 20 hours to heat
treat the catalyst.

[0045] (b) Oxidation reaction after regeneration of catalyst
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10 [0048] After carrying out the oxidation reaction
for 4, 300 hours in the step (b) of Conparative
Exanple 2, an air was supplied in the reactor tube at
a space velocity of 915 hr-1 at, 370C for 20 hours to
heat treat the catalyst. Then, % e m xed gas of 0.5%
by vol une of isobutylene and 99. 5% by vol une of
nitrogen was 15 supplied in the reactor tube at a

SH@@@6WG|QQfE§rOfe€ Sfadifl +B380CEQ1 8t hoHr nkOprevious step
reduce the catalyst. [0049] "(b) Oxidation reaction

af(gr, tREESe! @t Din HeLAt @y s FOOPOLtABL €IThe performances of
regenerating the catalyst in the previous step (a),

t @ eoxd gt 1 O weeRCd v HIu MBS 283 ar 1 @t hotke , ey d®r ABAEESnd 4, 300

of 20 the reaction were evaluated after 100 hours, 1,

OtQurautscanthd, r380arhodf sthe apddiei grest ahle @kslés are shown
reaction. The results are showmn in Table 2. 14 TABLE
liRe@ebdratzi.on Reacti on Reaction Conver- Tota

Treatment tine tenperature sion selec- ("C) (Utivity

($) Ref. Ex. 1 None 1 day 410 47.5 83.7 (with fresh

catal yst) 42 days 410 36.4 87.4 Conp. Ex. 1 Heat

treatment with 1 day 410 43EBANBLE Zair 15 days 410

31.6 86.6 Exanple 1 Heat treatnent with 1 day 410

4499434, 9 Bk Reglarnekadign 14)daysatoregtnemty with air followed

reduction treatnment [0051] Conparing the results of

CBi¥p&FErd OBX &FSPETETT which the catal yst was

U Sk L heat Lreal nent LD &L 901 <084 Moo nouss

rggegggag%gp (b) of Comparative Example 2, an air was supplied
in the reactor tube at a space velocity of 915 hr™' at 370°C for
20 hours to heat treat the catalyst. Then, the mixed gas of 0.5%
by volume of isobutylene and 99.5% by volume of nitrogen was
supplied in the reactor tube at a space velocity of 74 hr™! at
360°C for 8 hours to reduce the catalyst,

[CC49] (b) Oxidation reaction after regeneration of catalyst
[005Q0] After regenerating the catalyst in the previous step
(a), the oxidation reaction was restarted. The performances of
the reaction were evaluated after 100 hours, 1,000 hours and 4, 300

hours from the restart of the reaction. The results are shown

in Table 2.
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5 by the heat treatnment with air and the subsequent

reducti on
after
reaction i

1 day fromthe

treat nent,

n both cases.

However

t he

conversi on achi eved by the cat§V§st whi ch was

regenerated by the heat treatnent with air

not suffic

CeRA¥eERSshon was achi eved by the

i ent.

only

t he conversion was recover ed
restart of the oxidation
durati on of the

was

10 The prol onged duration of the
cat al yst whi ch was

regenerated by the heat treatnment with air and the
subsequent | RetfnetpBrent r eat nepResrtéorn difrgetiont he | Conver— | Total
bresent | NVEFATSAE 15 r-| [P0 W [[Fefremtipe ¢oine selec-
F0-A . 4) a) 00 M~ Nd Lo Ud°En Lo >|3% 00 |tivity
%%GE; WNN—1)—00—a—H-MMor—1t6—G—pLOM Lo
- Owlo | rany,00 mQQ,c0 PACER 90 ra®) JI1 0| g5y
Veerp JBx. 2 PHeat tredbmeht Witd [ VRl ey [NV VA5 YV VTV 3% 86.9
2, NC Qi Qy 15 days 410 31.6 86.6
Example 1 Heat treatment with 1 day 410 44.1 86.9
air followed by 16 days 410 38.0 87.0
reduction treatment
[0051] Comparing the results of Comparative Example 1 in which

the catalyst was regenerated by the heat treatment with air only,
with those of Example 1 in which the catalyst was regenerated
by the heat treatment with air and the subsequent reduction

treatment,

the conversion was recovered after 1 day from the

restart of the oxidation reaction in both cases. However, the
duration of the conversion achieved by the catalyst which was
regeneratedby the heat treatmentwithaironlywasnot sufficient.
The prolonged duration of the conversion was achieved by the
catalyst which was regenerated by the heat treatment with air
and the subsequent reduction treatment according to the present

invention.
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Cl) .CrH.V+ OU+0 Q Na) 4ml-) .C4J .CFC
n5 bl a) Cri .) (01 NJ-) r-1 Va) a O3 ru a)
rila) HOa) p a: +) z -- Ux" 3 x 34-454) NNN
NWWH Wao E 4)) 0 FdUW16 [0052] In
Conparative Exanple 2 in which the catal yst was
regenerated by the heat treatnment with air only, the
reaction tenperature should have been gradually

i ncoessepd as thep@tadaticomx am@ae i20n raGeedehsS et A% 1yst was
to attain an i ntended conversion of around 5 99%

Af teferde r 308d Nowrishd nomad herdasiadd Wt} hel oXdiat,l @he reaction
reaction, a conversion of around 99% coul d not be

att enpeeds ewes shibead dilheve beaatgraaduLlpei At ueeswds s the oxidation
raised to 370C. In contrast, in Exanple 2 in which

t hee gt Bty pronesdedgenes aved: i Ae ihdéehdedeadmesitsion of around
with air and the subsequent reduction treatnent, the

i AE¥nded 1@ rcbn¥ed bponsdouidcberattarhed vhe bedtationreaction,
rai sing the reaction tenperature, as the reaction
préocEsdas s it § eround P8Jerpenatedot cae adfysained ¢ten when the
prol onged duration of the catalytic activity.

Furedwdr o sempheatorelwad sadsedsohd YfC.17In contrast, in Example

2 in which the catalyst was regenerated by the heat treatment
with air and the subsequent reduction treatment, the intended
conversion could be attained without raising the reaction

temperature, as the reactionproceeded. That is, the regenerated
catalyst had the prolonged duration of the catalytic activity.

Furthermore, the total yield was high.
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What is clainmed is: 1. A process for regenerating a
catal yst consisting of a m xed oxide conpri sing
nol ybdenum bi smuth and iron, which is used for
preparing an unsat urat ed aldehypp and/ or an
unsaturated 5 carboxylic acid by catalytically
oxi di zing at | east one conpound selected fromthe
group consi sting of propyl ene, isobutylene and

tert.-butanet Wd h-1nplgcul 84. oxygen in a gas phase,
whi ch process conprises the steps of: thermally

treating tihe zdgtreraratgd E@&éﬁdﬁtwidq%a%aq%rteééﬁgisting of
a gas

10 catalytic activity in an atnosphere o

cantiked gk g eowmpati s 10y DyBlieAuh S MRSt &rf 1209, which is
to 500C, and then thermally treating the catalyst in
t heegrizsepeepat iagr&dutisagd ure@EeodNdeAyde JreReY ahifsaturated

of 200 to 500C. 2. The process according to claim1,
whariedxy Sid daiedbgi cmta Nt deaiplopi et iidd zahgl gastea¥teone compound
conpound selected fromthe group consisting of

hydtogerd famwhhe, goeuh aonsisdinder £ ymdamgnd sobutylene and
having 1 to 6 carbon atons, alcohols having 1 to 6
chebbnlatloanol wilthehytiesu haw iogygtnt bn & gashwrase,owbich process
and anines having 1 to 6 carbon atons. 20 3. A
PFORRESS ¢ r thi e P%n unsat urat ed al dehyde and/ or

agwuns turated carboxylic acid conprising the step of:

cHrariR Hoalinpaddng $hRgdater bagtted catahysinbagéngce edecreased
fromithe group.consisting of propylene, isobutylene

okt ercic 6TTAE B o @ npreeliest Ao ar FARkagRNg molecular
p | n_the presence of talys ghich 25 i

re ?ew%ll_f a 1'I'ed”l b'%“gj s Q?fo%% eejé’ng’lo tlcngagdcﬁgﬁpyst
aﬁ?@fnqém tﬁleaétrf.‘n]g the catalyst in the presence of a reducing
compound at a temperature of 200 to 500°C.

2. The process according to claim 1, wherein said reducing
compound is at least one compound selected from the group
consisting of hydrogen, ammonia, carbon monoxide, hydrocarbons
having 1 to & carbon atoms, alcohels having 1 to 6 carbon atoms,
aldehydes having 1 to 6 carbon atoms and amines having 1 to 6
carbon atoms.

3. Aprocess for preparing an unsaturated aldehyde and/or
an unsaturated carboxylic acid comprising the step of:
catalytically oxidizing at least one compound selected from the
group consisting of propylene, isobutylene and tert.-butancl with
molecular oxygen in a gas phase in the presence of a catalyst which

is regenerated by a process for regenerating a catalyst according

claim 1.



