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PRODUCTI ON METHOD OF ( METH) ACROLEI N AND/ OR ( METH) ACRYLI C

_.ACI D TECHNI CAL FIELD The present invention relates to a met hod of pr ot hg
met hacr ol ei n and/ or .net hacrylic acid, which conp ting 42/6 -
i sobutyl ene and/or tertiary 5 butanol to a vaporlmmﬁ@ ﬂm Immytlc oxi dati on

wi th nol ecul ar oxygen in the presence. of a solid oxi
enpl oying a tubul ar type of fixed bed

I on catalyst by

1 eactor. The present i nvention also

‘relates to a 10 nethod of producppg. ﬁ%@?&ﬁhﬂ and/or acrylic acid, which

conprises subjecting propylene to vapor-p

ase catalytic OX|dat|on W th

mol ecul ar oxygen pftbﬁtttefmemﬁwfo@ B&tﬂ M@'ﬁétt@W@éyﬂ by enpl oyi ng

a tubular type of fixed bed reactor.

GROUND Al th respect to a

catal yst which is used when |@gpmtwk§n§Lp@qm§TDtertiary but anol are
subj ected to a vapor-phase catalytic oxi dation so as to produce

met hacr ol ei n and/ or _ _ _
propyl ene is subjected to a vaporphase catal ytic oxidation so as to produce

met hacrylic acid, and a catalyst 20 which is used when

acrol ei n an@EcHNacRyl FCEaD d, a nunber of proposals have been nade. These
proposals relate primarily to elenments

10

15

20

The present invention relates to a method of
producing methacrolein and/or methacrylic acid, which
comprises subjecting isobutylene and/or tertiary
butanol to a vapor-phase catalytic oxidation with
molecular oxygen in the presence of a solid oxidation
catalyst by employing a tubular type of fixed bed
reactor.

The present invention also relates to a
method of producing acrolein and/or acrylic acid, which
comprises subjecting propylene to vapor-phase catalytic
oxidation with molecular oxygen in the presence of a
solid oxidation catalyst by employing a tubular type of

fixed bed reactor.

BACKGROUND ART

With respect to a catalyst which is used when
isobutylene and/or tertiary butanol are subjected to a
vapor-phase catalytic oxidation so as to produce
methacrolein and/or methacrylic acid, and a catalyst
which is used when propylene is subjected to a vapor-
phase catalytic oxidation so as to produce acrolein
and/or acrylic acid, a number of proposals have been

made. These proposals relate primarily to elements

T
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2 constituting the catalyst and to the ratios thereof. The above
.-vapor - phase catal ytic oxidation is an exotherm c reaction, which causes
thermal storage in a catalyst layer. A high tenperature |ocal zone which 5
results fromthe thermal storage is referred to as a "hot-spot”. An
excessive high tenperature of this zone causes excessive oxidation, whereby
the yield of an object product is decfeased. Therefore, in the industrial

"operation of the.above oxidation, the 10 inhibition of the tenperature of a
hot - spot isC8n§§9%8§§n8r5 Cen® P&yﬁ§r@P€uF§rF%ﬁhéﬁteéﬁtéﬁF¥§¥1 ns of
i sobutyl ene and/or tegtiar ut anol _(which may he . .referred . to as
"i sobutyl ene and the ﬁleea%ogﬁ %Fgﬁfﬁg% %%1%§ﬁ%£¥%%i§ﬁl ATHRS dre
i ncreased sqg.a iL.ncrea .t he cti vity, t ture .of a
hot - spot te%&s%fgqgggelgvzggﬁilgﬁd %ﬁg%e 5%&?e%éé%?ﬁgﬁﬁggﬁ%ﬁFﬁ%%§g%herefor
are actual l | ditQarg t nal r ef , Jnorder . to
industriall% %5??3?3%(%§?ﬁfgcr§ig?%%aﬁ%?g%ﬁfﬁ%?ﬁ3§éf%§a<?4§§(9¥%ﬁﬂ1 a high
20 yiel d5 i trelsS1¥er ¥ riofP@hleaith clrghalORitla dlehg o e atdd & Pfaa Jot - spot
zone. Furthernore, in particular, when a solid oxidation catalyst including
nmol ybdenum taottsedotit. | aini Rpekisantyet 0 1RpheRitoed AR Jff ahigf Ade hot - spot
because the nol ybdenum conponent is apt to easily 25 sublinmate.
Addi ti onal | yauske eacmssivet bxdckaalienn” wearsy' relchadrealeiot and/ or
acrolein", and the term"(nmeth)acrylic acid" neans "nethacrylic acid and/or
3 acrylic aekdectHeretuictr 65 skeveralsemet hde reff caent riol Idheg t he t enperat ure
of a hot-spot zone have been proposed. For exanple, JP-A-3-176440 discl oses
a net hod whilBAuStEdapr opesaftilion o &heeadboore witiklad iphur 4lheki nds of
catal ysts, which are different fromeach other on activities and have been
pr epar ed by 1RREPL G OPh&iTr tEENPEEPErGHEres @ Tt RatrathePadt idd 3 es are
increasingléeenhanced romthe inlet side of a raw material gas 10 toward

|

the outlet SFEEOPRePEGPLeEnd pas R I U AR miben SONGEY tradiigdisng Toxygen,

i sobut yl ene .an he |ike through the catalysts |ayer. JP-A-55-113730

di scl oses al%SEH%H%ﬁHFCRDSQ r&?églﬁfwi%Hﬁ%ﬁcﬁeéégﬂfﬂwquYa?ﬁﬂ ural kinds of
catal ysts, i re . di f.f.ekr I h .ot her..on, activities and have
been preparggfggr%gr§gngsthg%%b%g Ségﬁgﬁﬁkfgﬁhﬁfﬁﬁi)tﬁg~§gﬂ3ﬁiq%% are

i ncreasi ngl y neahanged kel ng asnlelk %E@%éyééﬁ'§3Nd§ﬂﬁ§i€ycﬂ¥§%é(WW”d the
outl et side thereof, and passing a raw material gas 1 ncluding oxygen and 20

propyl eng t kheughothie teatiahystd akabe riRiAe8 o321 1 H-3gAseS Ry et hod

whi ch conprises controlling a flow of a heating nediumso that a
t enper at ur etof ba keatiangdyedndmtbhatte the £l evated by 2adia ik bet ween t he

inlet port of a nulti-tubular type of fixed bed reactor 25 having the
heat i ng neditbrrkedolr ame wlodualtllyetsubdetic telie teofl,a nafee coprsamd iersss i s
subj ected to a vapor-phase oxidation into acrolein by using the reactor.
Therefore, in order to industrially produce
(meth)acrolein and/or (meth)acrylic acid with a high
20 yield, it is very important to control the temperature
of a hot-spot zone. Furthermore, in particular, when a
solid oxidation catalyst including molybdenum is used,
it is important to prevent a generation of the hot-spot
because the molybdenum component is apt to easily
25 sublimate.
Additionally, the term “ (meth)acrolein” means

“methacrolein and/or acrolein”, and the term

“(meth)acrylic acid” means “methacrylic acid and/or



Each of these methods is the one in which the 4 rate of reaction per unit
.volume at an inlet side for a raw material gas in a catalyst layer within a
reactor is lowered so as to control a calorific value of reaction per unit
vol une, so that the tenperature of a 5 hot-spot zone can be | owered.

Furt hernore, JP-A-2001-55355 discloses a nethod of producing an unsaturated
nitrile and/ or an unsaturated carboxyﬁic acid, which conprises subjecting a
hydr ocarbon _to @.vapon-ghase catal ytic oxidation in 10 the presence of a
¢onpound mef&rYdxiFdéC¢8Y al yst including, as an essential ingredient(s),

nol ybdenum vanadi um _and. at. | east _one el enent selected  fr the group
consi sting of teIIuriE%Fg%g%gﬁFVNESYFr epgﬁﬁmﬁ ecﬁg @Féfﬁgéjﬁk el evat ed
in an at nos re .l i 1 y _and/ or, C?gR%S i bl e re
substantialE@gi%ghgﬁg%%%gﬁt?Foéhg%?e%%éFafﬁgg_o t %m%%_5%%§¥%r§§er reaches
a temerat uggabhlioh aspeactiansaan be dNddAl edy Besides,; Jn comparative
exanpl e of the specification thereof, a nethog 0 g\evatlng the 20

t enper at ur e coRp@A sakMespheng @f rdiatto: #Hi%e & $ahesad .k iHSCLESURE OF
| NVENTI ON However, there has been a problemthat the tenperature of a

hot - spot zoreteawsmel, beisuf birel entrre reont meldedn Rly dhese net hods
and the yield of 25 each of (neth)acrolein and (neth)acrylic acid is |ow

It is an objettivifiklke apdedeant breeanpirematredpigyivéde vd netdhed f or produci ng
(et h) acrol ein and/ or 5 (nmeth)acrylic acid by subjecting isobutylene and
the |ike or comppylidientse sovdpert- thas e ctatvaltyiteasc aoma datdrea svirtdl ymol ecul ar
oxygen in the presence of a solid
enhanced from the inlet side of a raw material gas
10 toward the outlet side thereof, and passing a raw
material gas including oxygen, isobutylene and the like
through the catalysts layer. JP-A-55-113730 discloses
a method which comprises filling a reactcr with a
plural kinds of catalysts, which are different from
15 each other on activities and have been prepared by
varying their compositions, so that the activities are
increasingly enhanced from the inlet side of a raw
material gas toward the outlet side thereof, and
passing a raw material gas including oxygen and
20 propylene through the catalysts layer. JP-A-8-92147
discloses a method which comprises controlling a flow
cf a heating medium so that a temperature of a heating
medium bath be elevated by 2°C to 10°C between the inlet
port of a multi-tubular type of fixed bed reactor
25 having the heating medium bath and the outlet port
thereof, when propylene is subjected to a vapor-phase

oxidation into acrolein by using the reactor.

Each of these methods is the one in which the



oxidation catalyst in a tubular type of fixed bed 5 reactor, whereby a

tenperature of a hot-spot zone is sufficiently controlled and
(meth)acrolein and (neth)acrylic acid are produced with a high yield. The

present invention provides a nethod for producing (neth)acrol ein and/or

(met h)acryl

type of fix
whi ch conpr
propyl ene i

oxygen throtgf $argtaraP§st *fafer?

to passing
parti cul ar,
(et h) acrol

tubul ar type o

ic acid by 10 passing a raw nmaterial gas conprising isobutylene
and the like or propylene and oxygen #hrough a catalyst layer in a tubul ar
ed, bed reactgr which is filled with a solid oxidation catalyst,

Febs phsPAgta | |
n_a concentration,| ower %3395%22%V§3 §$%gﬁram1nater|al

o Bl R EF 8L S0 R Beraet XoheEnde jor |
fgggemeﬁogegggabkaesxhhg aﬁbdth&@!gneceg§§b§3%ﬁrggp§;gg

fixe reactor with a soli oxi I'on ca

2°HaBCEoHPrFsVAGUMS 0BGt §PehBl8hdSLRE [PKedor 15

gas,

a

and

B RotF236F°kore prior

for producing

el evating ahéﬁﬂBﬁéﬁtHéﬁeOEthﬁerEéHEEQBE 25 catal yst layer to a range of
250C to 400C while passing a gas including oxygen, nitrogen, water vapor

and 0 to 0.50 by vol umereheks6bu} ybeng-a0d1tBeskikgigr1B5aRYLENE through
said catal yst |ayer; and

10

15

20

25

method of producing an unsaturated nitrile and/or an
unsaturated carboxylic acid, which comprises subjecting
a hydrocarbon to a vapor-phase catalytic oxidation in
the presence of a compound metal-oxide catalyst
including, as an essential ingredient(s), molybdenum,
vanadium, and at least one element selected from the
group consisting of tellurium and antimony, wherein the
temperature is elevated in an atmosphere in which
oxygen and/or a combustible gas are substantially
included, until the temperature of the catalyst layer
reaches a temperature at which a reaction can be
initiated. Besides, in comparative example of the
specification thereof, a method of elevating the

temperature in an atmosphere of air is also disclosed.

DISCLOSURE OF INVENTION
However, there has been a problem that the
temperature of a hot-spot zone can not be sufficiently
controlled by merely these methods and the yield of
each of (meth)acrolein and (meth)acrylic acid is low.
It is an object of the present invention to

provide a method for producing (meth)acrolein and/or



6 passing a gas including 1 to 3.80 by volunme of isobutylene and the Iike
. or propylene, 7 to 160 by volune of oxygen and 5 to 500 by vol une of water
vapor through said catalyst |layer at a tenperature of 250C to 5 400C for a
period of one hour or nore; and thereafter passing a raw material gas
including 4 to 9% by vol unme of isobutylene and the like or propylene, 7 to
16% by vol unme of oxygen and 5 to 50% By vol une of water vapor through said

| | : f. 250C 400C. -ln th t
vent s on, ATFSBLEEEH 16, Byt Aot HElG LASEN) SEPBLE SndPer Fot hy acry1 i ¢
id i L [ bul f fi d .. 1h
ubul & type of PxBACBYRTRabPor A0S FRASE: FrPry A Rrarna y. but

not in parth@ﬂhaﬁohkgkﬁﬁg Eggg@nnﬁht ubylarnbupe sof, fiigd bed reactor

Eh%
which is provided wth several thousands“to several tens thousand of

reaction tubgsdhaybRgcaranfRer idi ametgn 18k 9pko 040 ke dFyelsher more, the
tubul ar type 20 of fixed bed reactor is preférably the one as provided with

a heating nedaufokat kheThByheatichgeradte bF BOhotR spaft izemlearisl i mted, and
includes salt nelts such as potassiumnitrate and sodiumnitrite. In the
present invenfifdnieatigl cdnoxicdaedoandb (hatdl) wstrolleibe amgied is not in
particular limted, provided that the catalyst is a solid catalyst for this
(meth)acrylic acid are produced with a high yield.
The present invention provides a method for
producing (meth)acrolein and/or (meth)acrylic acid by
10 passing a raw material gas comprising isobutylene and
the like or propylene and oxygen through a catalyst
layer in a tubular type of fixed bed reactor which is
filled with a solid oxidation catalyst, which comprises
passing a gas comprising isobutylene and the like or
15 propylene in a concentration lower than that of said
raw material gas, and oxygen through said catalyst
layer for a period of one hour or more prior to passing
sald raw material gas through said catalyst layer.
In particular, the present invention also
20 provides a method for producing (meth)acrolein and/or
{(meth)acrylic acid, which comprises:
filling a tubular type of fixed bed reéctor
with a solid oxidation catalyst:;
elevating a temperature of the resultant
25 catalyst layer to a range of 250°C to 400°C while
passing a gas including oxygen, nitrogen, water vapor
and 0 to 0.5% by volume of isobutylene and the like or

propylene through said catalyst layer; and



oxi dation reaction, and a conpound oxi de including nol ybdenum whi ch has

. been conventionally known and the 7 like can be used therefor. For a
reaction wherein isobutylene and the like are used as raw materials, a
conmpound oxide as represented by the followng formula (1) 5

MOaBi bFecAdXeYf ZgCh (1 ) wherein My, Bi, Fe and O represent nol ybdenum
bi smuth, iron and oxygen, respectively; A represents nickel and/or cobalt;

X represents at | east gggighfge gss§h%§hggphrggggrgé§%o o) %%Q%%%ting of

magnesi um zinc, 10 chrdmiu nganese, represents at

| east one elemeubygeleatedabhonthe goup coasisking of ehagaharus, boron,

sul fur, tellurium silicon, ger nani um cer niobrum titaniu

zi reoni um  tUAgaLeR raBd @Rh GRAY5 £of BRRESENLS 18 83008 Lagelement
selected fromthe group”consisting of potassium sodium rubidium cesium

and_tha||iUﬁhr@ﬂ@heéﬁﬁdOEa%a;QStCiagereatfa Qe%@@rﬁth%@r%ie@E@°@nt@t0”1C
rati o of each el énment, wherein O <b<5, O<c<5, 1<d <12, Oxe<1l0, Of<l O

and O 0 sg<3doehentarlz, pandol 20 dRansoan atombeel abh@ Gheoxygearnecessary
to satisfy the atom c val ence of each of said elenents, is preferred as a

catal yst. A particul aplaysphef er rad akhawrirdalatgae dhodacinel dmemnt 9% 0.2< b
<3, 0.5<c<4, 2< d< 10 and 0.1 < g < 2 when a=12 . 25 Besides, for a
reacti on wheyeivie lpmepplfeneocbsitydeteasna v detker icad prapgdmpeund oxi de as
represented by the followng formula (2): Moa,Bi ~, Fe~, A" ~ X e, Y f,Z
9,Si,,,0 (Zzo) leghwhaodiumemel BXydra, asid #ndc0 I0&physaintluns ywidenum

bi smuth, iron, silicon and oxygen, respectively; A represents nickel

and/ or cobaMgtex VeppreddFCsdat spdssCadid Yoilted@ies@te@ ed from the group

consisting of 5 magnesium _zinc, chromum nmanganese, tin, strontium
bari um CoppEFPedatyge Qﬁdzé@aﬁ;t?'4886?esents at | east one el enent

U num  gal |1 um ger Rarir P Hesd i AR SR 88 um 20
tantalum ti I . _Zi rconi t t.en t L repre ts at
| east one elsé%g;#@s%ezﬁégt ggﬁe#rmgr%#%gse&r%o&% C?%gi%[l né ac%%y&o%%gsascﬁ?r]n sodi um

ot S 58 B b st P e, o g e % Dot
C' <5, 1<d<1Ze@%®r.<1@hd tubular type of fixed bed reactor is
15 industrially and preferably, but not in particular
limited to, a multi—tubular type of fixed bed reactor
which is provided with several thousands to several
tens thousand of reaction tubes having an inner
diameter of 10 to 40 mm. Furthermore, the tubular type
20 of fixed bed reactor is preferably the one as provided
with a heating medium bath. The heating medium is nct
in particular limited, and includes salt melts such as
potassium nitrate and sodium nitrite.
In the present invention, a solid oxidation
25 catalyst to be used is not in particular limited,
provided that the catalyst is a solid catalyst for this

oxidation reaction, and a compound oxide including

molybdenum which has been conventionally known and the



<f' <10, 0.001<g' <3 and O<h' <20 when a'=12, and i neans an atomc ratio

. of oxygen necessary to satisfy the atom c val ence of each of said el enents,
is preferred as a catalyst. A particularly preferred 20 atomc ratio of
each elenent is 0.1<b' <3, 0.1<c' <4, 2 <d' <10 and 0.005<g' <2 when a' =12.
A nethod of preparing the catalyst to_be used in the present invention is
not in particular limted, and vari oué nethods as conventionally well known

be 25 i ded t ts. do_not kabl
i <t 11 but L6, CRAPHaLSPHarESa8E0%aa P67 Br SBAFLNG t HECERC Al yat are ot

in particul [,m itrate carb t .acetate, an
annnniun1sa?%?bggyggﬁSegggdﬁgghé ? eagﬁd%F%g ?Fkgggf%gggﬁlgﬁgﬁeﬁt can be
used i n conpj ' .each .o X b r.aw
T eri al AR i parhaal JBdarer 8Os e e Antar: o T st
chloride or (the like can be used. The catalyst used in the present

i nvention can be used with no carrier, while the catalyst can be used in

t he formpof a supportgﬂagggaiy§gymgt@h is 10 supported on an inactive
carrier such as silica, alumna, a silica-alumna, or silicon-carhbide, or
in the fornwatraiaaMal y8t,drkuted o thpsechnanmongdeviemGabiisaiithl,n t he
present invention, the term"a 15 catalyst |ayer" neans a space zone in a
reaction tubeoof aadt uByban,t ypepettivedd;bad reeaeent swhiicheilncl udes at

| east a catalyst; that is to say, not only a space which is filled with
merely a cagabyet babaaksoXarspaesenfiswhitcheastavakystlemendi | uted with an
inactive carrier 20 or the like are referred to as "a catal yst |ayer".
However, a Spaeetaf &aeR &ERE aFobp| ceaswisthngorhi Agonesiangpgéacas filled
wth ner%Iy gn inactive carrier or the like are not referred to as "a

~ cat al ystVl af8roMipBe afigBIRGCEEY alty &t 3PS 46B8Y arft FAPFFSEREPU@Ed therein. 25

A reaction Eor ynt hesi. zi n (negh) crolein d/ or &ﬂeth acryliic acid, which

conprises s Sﬁéitpﬁﬁ FdEBGENT &R egﬁﬁdtﬁ§opiﬁ CodPMEp P ﬁés¥&n@aﬁ r- phase
tal yti ' [ it I I in.th .10 f lid

oxi dat i on cRrarFEBYEY" cRSEBYT ng A P lbul el (Y pder SHAEA Bed T eact or whi ch

(s simply retentadube 83,130, OX:ARLLAR LARELAAN - i3 BRI Al y carr | ed out

at a reaction tenperature in’thé rangé o wever, when a

raw mat eri akgastkAckyd ag+ ikehHexamp 4 @ O%by oualune of i sobutyl ene
and the Iikeuo? propyl ene, % toy?6o bfggglgneso oxfgen, aﬁd 5 to 500 by

vol ume ob waleme¥i@pee. ewhieah firsnsSitkpl ?rb@belbb@@itsQi@ﬁ_; oF raw material 10
gas", is passed fromthe initiation of reaction through
potassium, sodium, rubidium, cesium and thallium; and
each of a, b, ¢, d, e, £, g and h represents an atomic
ratio of each element, wherein 0.1=b=5, 0.1=c=5, 1=d
=12, 0=e=10, 0=f=10 and 0.01=g=3 when a=12, and h
20 means an atomic ratio of oxygen necessary to satisfy
the atomic valence of each of said elements, is
preferred as a catalyst. A particularly preferred
atomic ratio of each element is 0.2=b=3, 0.5=c=4, 2=
d=10 and 0.1=g=2 when a=12.
25 Besides, for a reaction wherein propylene is
used as a raw material, a compound oxide as represented

by the following formula (2):

Mo, Bi, Fe,A’ X', Y' 2" 81,0 (2)



a catal yst |l ayer whose tenperature is nmaintained at a reaction tenperature
. of about 250C to about 400C, a hot-spot having a high maxi nrum tenperature
tends to be forned near a raw naterial gas inlet port of the 15 catal yst

| ayer. The present inventor has made extensive studies to solve this
problem As a result, it has been found that according to a nethod for
produci ng (nmeth)acrolein and/or (nmethyacrylic acid by passing a 20 raw
materi al ga i §i.ngni:sobut yl.en n | i (o] r ne, and oxygen
t hrough a chggggﬁ gyePaneg’tggu 5@-?&%%%6F5?§%e O§é§%¥%§%vor which is
filled wth i.d i-dati : alyst i.ch rl si,ng a gas
conpri si ng Fgggg#yregéogﬁdS?Eé%?%kg%§rbg&%ﬁ%Ve%%ggﬁcgg%ge dngéntration

ower than tB8kedkn?dl AiLANIMALANCA! B8% (3N OLXGRRLARQUGR Sad.cat al yst

| ayer for a per one hour or nore prior to passing said raw nateri al

gas throughosal dieakakyskilayrel rMaan tdk qrblpodcdatisenfeastion is carried
out under usual reaction conditions, a tenperature of a hot-spot zone can

be suffi Gi enblgyiecant,olzied, angoasud,’ esulganesrEt RiaGr @lteich tang/,or
(meth)acrylic acid can be 5 produced with a high yield. In particular,
accordi ng t baaimet, hadppkirch sidwver ses dleadat iYMg represpertat wte lefastthe

catal yst layer to a tenperature of 250C to 400C whil e passing a gas
conpri si ng oxggencmeintr sgerc twalt drowapdre ardu® tcondis%ibdy mf vol une of

i sobutylene and the |ike or propylene through said catal yst |ayer; and
passi ng a gRYOEERPEIUS) norone SUYBy \felldme v, sdbiiyiuene and the |ike or
propylene, 7 to 16% by vol une of oxygen and 5 to 50% by vol unme of water
vapor at a Cérpéiayudersrninm5iadigngodenithesygh sard @at Aipdivumayer for a
peri od %f one hoyr or nnrehu§Lior to passing the above raw material gas

t hr ough Pheté&tt&ﬁy&r [Cdyér L Uihe F 1S ORdUdat iR ISELEt iPee B td&Yeéd out under
usual reacti,on_conditions, .that is, at reaction tenperature_of 250C 20 to
400C usi ng ?her§§6€§epgﬁ et ereat ng,e?ﬁ@Qﬁ;niglﬁéigg Ophghﬁbt-spot zone
can be in p i.cul ff.i ci rolled. ..Ate r.af.ure of t.he catal yst
| ayer befor ?rtgllu vé:t%?lr?gtéttﬁg%]t %?p r é:t%%’%téuo ! %%gl'?ﬁ'a@%tﬁ[lglyér eosjﬁ%e 25

range of 25ggdtqh%gqguﬂﬁh%%c%sogtgeltgppeQ@tUQﬁ akymhi p the n»

tenmperature-elevation is started is'not 'in parti‘culdr Ti'mtéd, but is

preferably iand he fephee ol s1Q6 58 AAQC Ul her @, Aement, | _
t enper at ur e- el evati on 12 rate also is not in particular limted, but is

preferahlsy wheltreenr ange Bb’ ¥s t o0 SO0LNaEp, padi sularly<20 s po 400C hour. A
passi hg gas which is passed for elevating 5 the tenperature of the catal yst
| ayer to thefapge),0f0.001=g’ =3 and 0=h’ =20 when a’=12, and i
means an atomic ratio of oxygen necessary to satisfy
the atomic valence of each of said elements, is
preferred as a catalyst. A particularly preferred
20 atomic ratio of each element is 0.1=b’'=3, 0.1=c’'=4, 2
=d’=10 and 0.005=g’ =2 when a’=12.
A method of preparing the catalyst to be used
in the present invention is not in particular limited,
and various methods as conventionally well known can be
25 used, provided that components do not cause remarkable
maldistribution.

Raw materials as used for preparing the

catalyst are not in particular limited, and a nitrate,



|

250C to 400C is a gas conprising isobutylene and the Iike or propylene, and
. oxygen, preferably conprising O to 0.5% by vol une of isobutylene and the

| i ke or propyl ene, oxygen, nitrogen and water vapor. The 10 concentrations
of oxygen, nitrogen and water vapor in this gas are not in particular
limted, but preferably, oxygen is in the range of 1 to 210 by vol une,
nitrogen is in the range of 29 to 98.8% by vol ume, and water vapor is in

the range of 0.5 to 50% by vol . 15 Besi des, isohutylene and the Iike or
b opy one | & PAZPREATEnghoP B Ree0. 38 B GOL e Soptet PaBPI 08 £OT0. 306 by

vol unme, and_i articular. preferablly 0 to Q.10 by vol une. en_a gas
conpri si ng 95@8399Fe38daﬁagtﬁé%Fng 8FCbr88§P§H Fﬁnaﬁeaﬁﬁﬁ 18xceedi ng
0.5% by vol u I, assed with,the tenperature.of the _catalyst |ayer

| ower t han E%ﬁ}géggﬁgu%&s SRS ﬁ&hgrrm ?f%irvgf‘?mﬁ’il&h B5i Fi ng poi nt which is
produced on y ;S9N i i f tal yst.

| nci dent al | ?T"E?ﬁgg&g#“d?%Hnﬁt)éﬁggé%gée%ﬁ“gﬁgﬁ‘ %&i@é’%&@?ﬁgﬁé and the Iike"
25 means st hg,3YrRhukne rG8RG8RL 1 %Ilgzﬁd%uﬁaemgfr 1lg@ORYt é%%_nqi%d tertiary
but anol . This passing gas can include other gases I1n addition to oxygen,
nitrogen, wakar p¥apeked.and isobutylene and the |ike or propyl ene. 13 As
such other gases, for exanple, an inert gas such as carbon di oxide, |ower
saturated al dehyde, amtiekebeneyahduske linkeheaprleectiuieianhedonHovever,
when an organi ¢ conpound such as | ower saturated al dehyde is 5 included,

t he sum of the benceetr atiithnnof ceacheaf, whdlet theneaand yvishe caink ®eor

propyl ene and ot her organi c conpounds is preferably 0.50 by volune or |ess.
When the tenpedatior hef fola odt al psppleayed ics tellewsdt edichhésf| ow rate of
the passing gas is not particularly 10 |limted;, however, such a flow rate
to provilfe &uppacéederdcieny ispciovet ¢a200@hGWchl aiss spldfc@nred. In this
case, the internal pressure of the reactor is usually from atnospheric
pressure toldBPerar &t fospréritd UBiegsuld. sis Iree - é@dﬁasOWhP@h is passed
through the catal yst |ayer after elevating the tenperatyre of the catal yst
| ayer is ¢ h&D6naoF R Pha nga%aﬁgsg 81&\18} e SEG %Ma&%évgnd the |ike
or propylen ar%i%% 160 by vol unme of oxygen and 5 to 50% by vol une of water
vapor. 20 The conCentration of isobutylene and the like or propylene is

preferably in the ran?ﬁeggelg&%s%%%bxn%%k%q%n ang J . particul ar preferably

1 to 2.5% by vol une; concentration of oxyden is preferably in the range

of 7.5 1@ 14%hY el UBe raNddaR PAr WgiWeal, 2 Hrnefae][r%l%l&f:li%rf ke by

vol une; and the concenfration of water vapor is preferably 1n the range of

2 to 40% by orolburebuand itpRal Gukeld Beef efealkithrd th 130201 dsme. Wien
this gas is passed, the tenperature of 14 the gas is in the range of 250

to 400C. Furtthéemsite a aaperliyed ;ofthiaitmd sdwd g whingdt tdhd ygas sigadeassed i s
one hour or nore, preferably 1.5 to 100 hours, and in particular preferably
2 to 50 houmdichhiis ddd legnwith merely a catalyst but also a space
in which a catalyst is diluted with an inactive carrier
20 or the like are referred to as “a catalyst layer”.
However, a space at each end as filled with nothing, or
a space as filled with merely an inactive carrier or
the like are not referred to as “a catalyst layer”,
because no catalyst is substantially included therein.
25 A reaction for synthesizing (meth)acrolein
and/or (meth)acrylic acid, which comprises subjecting

isobutylene and the like or propylene to vapor-phase

catalytic oxidation with molecular oxygen in the



5 include other gases in addition to oxygen, water vapor, and isobutyl ene
.and the |ike or propylene. As such other gases, for exanple, nitrogen,
carbon di oxi de, | ower saturated al dehyde, and ketone and the |ike can be
enunerated. The flow rate of the gas which is 10 passed after elevating the
tenperature of the catalyst layer is not particularly Iimted; however,
such a flowrate to provide a space ﬂélocity of 100 to 3000 hour-1 is
preferred. In this case, nter press he re ctor is usually

Pr om at oS pREPPENEFegube 5001 65 08¢ éﬁépnafﬁﬁeﬁwéﬁ Yo FBBLGHENRen t he gas
i s passed, spot _zon aving,a | ow_nmaxi mu erature i s formed over
a |large aregug$E8Fe§VP8r?%wgéﬁe§ b89.6§€?§ﬁrre£ n*s &Epﬂyed out under
”‘e above r%@%&%%@dc%gfg%! ggﬁ’ otxl%%tr%%a' %’ea l%nr"ea(itsl gﬁl tf%%g gture of 250

to 400C using a raw ma to 9% by volume |sobutylene

and the "k‘éaQEll%EloBié'teg% t?%a@?:’i'oﬁ”%‘ehg%?%%&‘ér E_‘LnOftgah?caB%te Bpot zone is

in particular restraine a resu quentt al oxi tion-on the 25

hot - spot szoRgobs +§ Pesid CuliwdRstr ailad.a Wiar ey el ih)sagd ol ei n and
(meth)acrylic acid can be produced With a high yield. The flow rate of the

raw mat eri ak ngasdisghotfoRakikiagiphar |l ¥ komokedy kewewer ofsuch a fl ow 15
rate to provide a space velocity of 300 to 3000 hour-1, particularly 500 to

2000 hour - 1isbbupiekerr attd the neaet ioen premprakyr  ftor 1tele bgxi dati on
reaction is preferably in the range of 250C to 400C, and in 5 particul ar
preferably wnluhe pdngeyoken28@8d & 380C0%Beyi deduniche fr @@dteiron pressure i s
usual |y from at nospheric pressure to several atnospheric pressure. Wen the
present inveappon Whichr disedioptly irefieg recotomasal lay radv anttagéeds to use
air as an oxygen 10 source for the raw material gas, the gas which is
passed 3R eNéviri i§ PREseenparat he dnijicddismy ot W§@§¢10@n&hﬁm§g@as whi ch
is passed after eIevatl the catalyst |ayer tenperature. BEST MODE FOR
CARRYI NG OUR fREaf N@Emagﬁrwhg?meg@%amurﬁe ienMRendeed e Adi Rafter to

nor e partlcular | ai n the |nv n id N the unit

"part(s)" i 5 “ARE* g HBa § %? by mass". The

cgnpogi%ion c%t I%%; was cah §; §%Ln1th&%. aEpQQf;§of%charged raw
i %a nﬁbne%ﬁ ﬁb eatﬁnge e 5i

materi al s o cat Iys n m for reactor, a salt
Tel t COMP | $ifgB0%RY BRSSPk RASS! WRAltnake 500 . mss of sodium

ﬁ’e
n|tr|te was useq hot - spot  was etected fron1( rr of a catalyst |ayer

(i.e., yhe %%t%q@g%rq i@g.of the catalyst layer minus the tenperature of a
heati ng medi um bat h) tenperature within the catal yst |ayer was 16

measured by using a th@kﬂ@ﬁﬁgﬁ@ﬁtiﬂﬁ#ﬁﬂﬁa}iﬂhgimydgégﬂﬂéﬁ%jkube whi ch was
| ocated at a center of a cross-section perpendicular to a tube axi al
di recti on ofstadiescttocorsdlutee. thAddigricdriadn .y, Ashe inemwde ofitt hems
been found that according to a method for producing
(meth)acrolein and/or (meth)acrylic acid by passing a
20 raw material gas comprising isobutylene and the like or
propylene, and oxygen through a catalyst layer in a
tubular type of fixed bed reactor which is filled with
a solid oxidation catalyst, which comprises passing a
gas comprising isobutylene and the like or propylene in
25 a concentration lower than that of said raw material
gas, and oxygen through said catalyst layer for a

periocd of one hour or more prior to passing said raw

material gas through said catalyst layer, when an



5 protective tube was separated froma systemof reaction, while the

. position of tenperature neasurenent could be shifted by adjusting the

| ength of the thernobcouple as inserted thereinto. The anal yses of a raw
material gas and a 10 product gas of reaction were carried out by neans of
gas chromatography. In addition, the rate of reaction of isobutylene and
the li ke or propylene, the select|V|Hf'factors of produced (neth)acrolein

and (meth) agtylic,1f agideiandstheayield ofc(mRumkaciabei BaRdion .

(meth)acrylrc acid are d as respectlvel

of isobutylep dﬁ@@ EQ?ZE %%gﬁ%r&%gBﬁ'g%ea(ﬁEt =6 o%)&%ﬁg ?%'%%tiVity factor

of (nmeth)acrol el el ectivity factor (meth)acrylic

acid (% =( %@k&é@@m@@dc}éh%&@l% gn%ha) acr @l eleand (meth)acrylic acid (
o) { (C+D /A }x100 wherei n represents the nunber of noles of fed

i sobutyl ene (a@ni a@rbll@noemar/@@yl fReh)Bcrenresantis the menber of noles of
react ed |sobutylene and the |ike or propylene C represents the nunber of
nol es of 5prpgdeeded with a high yield.

In particular, according to a method which
comprises elevating a temperature of the catalyst layer
to a temperature of 250°C to 400°C while passing a gas
comprising oxygen, nitrogen, water vapor and 0 to 0.5%

10 by volume of isobutylene and the like or propylene
through said catalyst layer; and passing a gas
comprising 1 to 3.8% by volume of isobutylene and the
like or propylene, 7 to 16% by volume of oxygen and 5
to 50% by volume of water vapor at a temperature of

15 250°C to 400°C through said catalyst layer for a period
of one hour or more, prior to passing the above raw
material gas through the catalyst layer, when an
oxidation reaction is carried out under usual reaction
conditions, that is, at a reaction temperature of 250°C

20 to 400°C using the above raw material gas, the
temperature of the hot-spot zone can be in particular
sufficiently controlled.

A temperature of the catalyst layer before
elevating the temperature of the catalyst layer to the

25 range of 250°C to 400°C, that is, the temperature at
which the temperature-elevation is started is not in
particular limited, but is preferably in the range of

10°C to 240°C. Furthermore, a temperature-elevation



17 (nmeth)acrolein; and D represents the nunber of noles of produced

. (meth)acrylic acid. Exanple 1 To 1000 parts of water, 500 parts of ammoni um

5 paranol ybdate, 18.5 parts of anmoni um paratungstate, 18.4 parts of cesium

nitrate and 354.5 parts of silicasol of 200 by nmass were added, heated and

agitated (Liquid A). Aside fromthis, to 850 parts of water, 250 parts of

nitric acid of 60% by mass were added%and 10 honogeni zed, and then 57.2
.added,thereto.and, di.ss ed. To the m xture,

f bi h_ni I

D38, 4 par s ST BIFPC R PPAt 6 Ko7t pAPRe of SERFSRY Rl 1T nitrate. Al T 8
£ oni - B ; . .

parts o n|égggggé%lghgkigggﬁggngg g*Fﬁbt%OO5§??@Eﬁéhyp]nltrate wer e

sequenti al | ssol've iquid iqurd B was added to

Liquid A inbﬁr@i%h§5&¥y Q@dtBhaﬂoaé/ﬁ parts of antinony trioxide were added
thereto and heated and agitated, so t%at nost of water was evaporated. The

resul tant caked mattep ﬂ@%thgega%twﬁih%”ﬁ%?%%%%%d@&o%ZQQeV%Qanhen 20
calcined at a tenperature of 500C for a period of six hours. To 100 parts

of the resuthanteggkebnadepb@dutl, cAtRakks akyeraphi teeweregadded, which
were then forned into rings having an outer dianeter of 5 mm an inner

di amet er of 230°mn amds @0iEnigt ha afasd domdryi sisidgi sodab) eine mridrtherg machi ne,
whereby Catal yst 1 was obtai ned. The el enentary conposition of Catalyst 1
conpri sed MDLiRBi 0r5pe2p5lictylEnd. 053 eldsh bSicSESady e@cogpti saxyggén. The
tenperature of a heating nmediumbath of a 18 tubul ar type of fixed bed
steel react 8P RaviRng§yawoilhner odi dwebait ydengs apdmihg tii kehe@heat i ng medi um
bath was set to a tenperature of 180C, and an inlet side for raw materi al
gas was fil PEEPYiLERCa RXYOGFe SAtéogem a9 FatRTaMpPCTE adde130 M of a
spherical al um na_having an outer dianmeter of 5 while an outlet side

was fill8d GPPREP5E24OPF €4t SFYIEDT, Mt rdsh: "@t§tth YGPOF &t al yst

| ayer was 3005 mm_ The heating nedium hath tenperature was 10 el.evated to a
{onper at ur o WOE S3A6E. AECaTPh dToPAGAATRT MATED JHE ERRFARAEY 0% by

vol ume of o %: by I f er. vapqr by v of
ni trogen Wa)é¥< gsggeégt Oﬁtr?lo&é%‘ t%ﬁg%ca?t a}lys ° Iazgy"erb%gsmgﬁgnfdcéu\?ée# C|nty of 240

hour-1. 15 Thenn Wnih Lhgehedt g R HUBDYHN volume, and water

vapor 1s in the range of 0.5 to 50% by volume.

15 Besides, isobutylene and the like or propylene is in
the range of 0 to 0.5% by volume, preferably 0 to 0.3%
by volume, and in particular preferably 0 to 0.1% by
volume. When a gas comprising isobutylene and the like
or propylene in an amount exceeding 0.5% by volume is

20 passed with the temperature of the catalyst layer lower
than 250°C, compounds having a relatively high boiling
point which is produced on the catalyst may poison
active sites of the catalyst. Incidentally, the
wording “the concentration of isobutylene and the like”

25 means the sum of the concentration of each of
isobutylene and tertiary butanol. This passing gas can
include other gases in addition to oxygen, nitrogen,

water vapor, and isobutylene and the like or propylene.



tenperature maintained at a tenperature of 340C, a gas (i. e., a passing

. gas after elevating the tenperature) conprising 2% by vol une of

i sobutyl ene, 8% by vol unme of oxygen, 150 by volume of water vapor and 75%
by vol une 20 of nitrogen was passed through the catal yst |ayer at a space
velocity of 1000 hour-1 for a period of three hours. Subsequently, with the
heating medi um bath tenperature nmaintal ned at a tenperature of 340C, a raw
25 material ,ga Lsin by I i sQhut.yl ene 2 | unme of
Syaen.  ooP By SuETuRehst "RaBsr 550, YRRl su: By VEEERRTaE R ERoben was

passed throegybggfﬁ%k%&?t M)é;r S?ttgg&‘g%@c%il%@h QEperaluie toh a 19

e.,
heating nmedi um tenperature at a space velocity OF 1000

hour-i. \WepphhenkeTpREakEheBO0bnhiieradkal ysthohayer Wahenmgasured at this
time, a hot spot having a nmaxi numtenperature was observed at a site 5

| ocat ed 500opghapar tohpeihtiheuendaef 1bheri Bhetirsitde hauehieler aw materi al
gas, wherein O at the maxi numtenperature was 33C. In addition, the rate

of reactboniatliusebyt yheneuwas rO%hs0cohkenselagdonViotty ehatt o of

met hacrol ein was 85.70, the selectivity factor of 10 nethacrylic acid was
3.6% and theoputldeak metihateolléike amdpreplydeny acdacittherasr§ani@ Exanpl e
2 An oxidation reaction was carried out in a simlar manner to that in
Exanpl e 1, exuwpptngdsatist beefsrebdpyodi-titokyofred upassirnd egss afihen el evati ng
the tenperature was changed to the one conprising 2.60 by volunme of

i sobut yl enethgotBprespine coP fokpgesatady sy Layeund sofe lgadtadredvapdre and 74. 4%
by volune of nitrogen. As a result, a hot spot having a maxi num tenperature
20 was obsefveY &ft& &ift EPLoPafed 73 migp&At PEGHIONE 38Ry of the raw

mat eri al gai,i nl_et sithie of a cat%l yst__ | ayer, wherein DT at the maxi num

t enper at-dr e THBd t88¢. RPWeX&dit i ehe 1Pkt &3 AT 5 & SBRFY | ene was
95.60, th tivity fact f hacrol.ei 25 85. t. h l ectivit
fact or ofen§§g§%3§&:8%a&§§ %&é%gpggﬁogﬁgofﬁéQv%%%HHEFﬁneﬁﬂ é?ﬁﬁ%?ﬁ ZﬁdIVI Y
met hacrylic i.d I i_dat i r i wa
carri edyolut Clg%Ieé \g?l% ?gF%%ﬁlﬁ%e%Qtegéﬁhq%t %ifﬁ %a%pglagacf{rogfcg%ﬁa]tlﬁ‘glt t?le tinme

for passingrihg BRESRAIAS flls8levRl iRgdhe 3 th@yRelatiw e was changed
to 1.5 hours. As a reSult, a hot spot having a maxi nmum tenperature was

observed at paeglghgel,ocat ed 470 mm apart fromthe end of the raw materi al
gas inlet side of a catalyst layer, wherein O at the maxi numtenperature
was 35C15l n addition, Thie abdveatga sofwhrieactiisopaafsdds aitgdgnehwas 95. 70, the

catalyst layer after elevating the temperature of the
catalyst layer is the one including 1 to 3.8% by volume
of isobutylene and the like or propylene, 7 to 16% by
volume of oxygen and 5 to 50% by volume of water wvapor.

20 The concentration of isobutylene and the like or
propylene is preferably in the range of 1 to 3% by
volume, and in particular preferably 1 to 2.5% by
volume; the concentration of oxygen is preferably in
the range of 7.5 to 14% by volume, and in particular

25 preferably 8 to 12% by volume; and the concentration of
water vapor is preferably in the range of 2 to 40% by
volume, and in particular preferably 4 to 30% by

volume. When this gas 1s passed, the temperature of



selectivity factor of nethacrolein was 85.30, the selectivity factor of
~methacrylic acid was 3.60, and the yield of nethacrolein and nethacrylic
acid was 85.1% 15 Conparative Exanple 1 An oxidation reaction was carried
out in a simlar manner to that in Exanple 1, except that the tenperature
of a heating nmedium bath was el evated to 340C w t hout passing the passing
gas after elevating 20 the tenperature, and except that thereafter a raw

[ i al di d h | | As
Tasul - a hbPoRBr haviRotAtnRaT RenPLe %pgggtu?goﬁgtsao Erodifireaalie
| ocat ed 400, gp1 agag L5801 K0 £, AL LS Loy mter b gas {ED§E 25 1 de of

t he catalys? yer erein € nBXI m't enper fire was 45C

addi ti on, a ea sebdt yl.e 3 t selectlvit
fact or of n§§H£c§glg?ﬁémagggggrgglk 209K @%Owﬂ%u?é gnd ?% Y

he selectivity faétor o

nEthacryl'Cpﬁ?t@cﬁ@§r3pZé%e§Bgl§h§ ¥hekd ﬁﬁugﬁtha@h@Eesta@gn”Ethacry|'C
acid was 81.90. Conparative Exanple 2 An oxidation reaction was carried out

in a5 spmiar1gBBNEEhte Hhaksi AnExaApkech, texesRychhatvatthe kiaperf,or
passi ng the passing gas after elevating the tenperature was changed to ten

m nut es. Asaadr ¢suoblutyaehet aagothbalikeg arnmpxopylehenperat yguiehwas observed
at a site located 400 mm apart fromthe end of the raw 10 naterial gas
inl et side oththegeatal ysbrl axempleheneitmobEnat calrdomaxdiimxihdeenper at ure was
44C. In addition, the rate of reaction of isobutylene was 94. 4%t he

sel ectivit ylpaeropadirasedageddeblyAewasng3 keizpnehangeltaet ilvdikey cact or  of

nmet hacrylic acid was 3.7% and 15 the yield of nethacrolein and nethacrylic
aci d was 82beseneBrparadi-veThrakpPy JaAs &fi daE 0asr #hdGhodSwas carried out
inasimlar manner to that in Exa Ie 1, exc&gt that the 20 conposition of

t he pas%pngp§§§e§f?§Fe§l§3ﬁyﬁﬁénﬂh$ Feﬁﬁ@P&F@ Lfad Ic %y ¥fe one
I Si 4.5%Db | f | % | f 100 b
Vol bire: of wAPEF v kB0 RokngaFs 1658 ol &ﬁl&t&% e ADCE FRddtH o hot
t havi t 2 | ocat ed 400
spot havi ngF%e énggtotlgggera #a%e Sdas. ;qhser V‘?L%Qaf}ea SdE Hogat e mm

apart from raw-rmateri al gas i nlet” si of a catalyst | ayer,

wherein OT gt ggbﬁse BRI L RRSLALULE VAR AT I A0Yidhd e Tate of

reaction of uty ene was 22 9 the selectivity factor of
net hacr ol ei 'ﬂh\é’a%‘fe%%tla% ikhessaheat ifvohy aftaels®hafi dTRiraGid aaci d was

3.7% and the yield of nmethacroléin and nethacrylic acid was 81.90. 5
Conpar aflbve sexamplle a4mospheric pressure. When the gas is passed,
a hot-spot zone having a low maximum temperature is
formed over a large area.
Thereafter, when an oxidation reaction is
carried out under the above reaction conditions, that
20 1is, at a reaction temperature of 250 to 400°C using a
raw material gas including 4 to 9% by volume of
isobutylene and the like or propylene, the maximum
temperature of the hot-spot zone is in particular
restrained. As a result, sequential oxidation on the
25 hot-spot zone is in particular restrained, whereby
(meth)acrolein and (meth)acrylic acid can be produced

with a high yield. The flow rate of the raw material

gas 1is not particularly limited; however, such a flow



An oxidation reaction was carried out in a simlar manner to that in

. Exanpl e 1, except that the conposition of the passing gas after elevating

t he tenperature was. changed to the one conprising 0.60 by 10 vol une of

i sobutyl ene, 8o by vol unme of oxygen, 150 by volunme of water vapor and 76. 40
by volunme of nitrogen. As a result, a hot spot having a maxi num tenperature
was observed at a site | ocated 400 nﬁﬁhpart fromthe end of the raw

[ i al Lnl ide.qf th I 15 1 wh in ~0 -t hi
Taxi mum t enBRF At (PeDRAYLAACE FROGBAVELGR. heYr P8 &P Pels PoR ol
'SOb”ty'e”ep$§§§%ﬁlg?lﬁgﬁﬁﬁekgc5bﬁbtﬁah?gtOﬁégég%ﬁﬁg%%ﬁple' Jvas 83.20, the

selectivity acryl i'c "aci'd was the yield of

et hacr ol ei poand IRt DAREYLLEL2 2610 (RS §2:00: ogBALRLLYe 1Bxampl e 5 An

oxi dation reaction was carrie ina simlar manner to that in Exanple

|, except tB@Efg?Qbﬁgg?ﬁSitEieo@aﬁtget he gagoasipagsee: whaiy the tenperature 25

of a heating nedi um was el evated to 340C was changed to the one

conpri si Bg B%-bY cuokvnprefeirseiyt Yherte 8Unly wal pmmoof texggers. 15a by
vol une of water vapor and 750 by volune of nitrogen. As a 23 result, a

hot spot hagkBgdaspaxhBUFcheRpenabted stas abksersved 13t facw te | ocated 550 mm
apart fromthe end of the raw material gas inlet side of a catalyst |ayer,
wherei n (ereakhoadbhthis paxisBumet empekcateund wanodbBerin praddittriecon, the rate
of reaction of isobutylene was 92.2% the selectivity factor of

met hacrol ei n was 85. 8Bhenhéhselpaetsienitt yi rfvasttgrorofi sretaraded iagitaciid was

3.40, and the yield of nethacrolein and nethacrylic acid was 82.2% From

t he resul tslsiecogordnsilder adVaD HalgOUSh& O atsel AT \fs JFoiSHEEd when t he
tenperature thereof was_el evated, because (err)T at the hot, spot was

decr easéd aso¥&FBared tde KeWoRe et iBdaif%e T£1hidas e Gtat’e of reaction of

i sobutyl ene al so was decreased. anple 4 15 To 400 parts of water, 42
parts of GOPASSEA Olabi &V\ﬁgrl@gagggdr&%‘ﬁe& %%&Fﬁ@er@&?@yﬁq ution, to
which 68.7 parts of bhisnuth nitrate was _then added an i.ssqlved. 102.9
parts of ni @I?éflerr‘ii £y 3%&%@1@ s &asﬁn%(flr?odfﬁtyeﬁ reldloe%a}el vﬁa?%e
sequenti al | 2 t ,;n;s m xed |iquid, |65 parts of 280
aqueous ann%ﬁ?%q g g&é%%rgﬁﬁgggg% obtain a white precipitate and a bl ue
supernatant. These were heated and agitated so as to evaporate nost of
water. The resultant slurry was dried at a tenperature of 120C for 25 a

period of l@myaumpranthr hemeric tgeated atnvaeENEmgRer at ure of 750C for a
period of two hours, and pul verized so as to obtain fine powder of a
bi smut hnisckel - ant i nonExcoqd@mndvill e enumerated hereinafter to
more particularly explain the present invention.
Incidentally, the unit “part(s)” in Examples and
Comparative Examples means “part(s) by mass”. The
composition of a catalyst was calculated from the
20 amounts of charged raw materials of catalyst
components. As a heating medium for a reactor, a salt
melt comprising 50% by mass of potassium nitrate and
50% by mass of sodium nitrite was used. A hot-spot was
detected from AT of a catalyst layer (i.e., the
25 temperature of the catalyst layer minus the temperature

of a heating medium bath).

A temperature within the catalyst layer was



To 1000 parts of water, 500 parts of ammoni um paranol ybdate, 12.3 parts of
. ammoni um par atungstate and 23.0 parts of cesiumnitrate were added, heated
and agitated (Liquid C). Aside fromthis, to 700 parts of 5 water, 230.8
parts of ferric nitrate, 418.9 parts of cobalt nitrate and 60.5 parts of
mmagnesiumnitrate were sequentially added and di ssolved (Liquid D). Liquid
D was added to Liquid Cto forma sl uf y, to which 425.5 parts of 20%
silica-sol and the above-nenti onﬁ% 10 bi sgut h- ni cl%el -anti_nony conpound fi ne

bowder wer e"ERENTEGAEY, VKA 4 TAQPHELE, S FHES M5€ of water was
evapor at ed. Fg%erg%ﬁklflet %ﬂ&)ec%%%hnﬂftatserl?g%%eq{ ia‘?:d aa.tceq‘l e aat ure of 130C,

and t hen capm ned "at "a tenperature of i'nan air atmnmosphere for a

period of o ur., n A . 0 t.s.:0f t W, 1 ant
pul veri zed %?8 %cts,ec iﬁ’glr?s&?fe\ﬁgléé% tre-E\%eEaeoca ec?%(al(r?gd1 n%l%eé. 'Llaﬁ;e m xture
vere fornedgiento HelaRGS ARG an i FH-AMR) erc i ihdMhe &k ivmer di ameter
of 2 mmand a length of 3 nmby using a tabl'et form ng nachine. This 20
formed tabl gropeRauele WabeCalad nRGAHated eTmel at Wisstafm %0C for a period of
three hours while air was passed, whereby Catal yst 2 was obtained. The
el enentary cerpasicn,owhdfl Cathal yaisiZ iconrfi sethperature measurement
Mo12WD. 2Bi 0. 6Fe2. 4Sb0. 7Ni 1. 5Co6. 1Mgl. 0Cso0.5Si 6.0 by an atomc ratio 25
except oxygewnulthéd edidtatidihy afdjadigatg nthareldingutbatth dfe a t ubul ar type
of fixed bed steel reactor having an inner dianeter of 25.4 mm as provided
with the heatiergoredinie a25nsattadhswateinta t enperature of 180C, and the
inlet side for raw material gas was filled with a m xture of 620 m of
Catal yst 2 and 130 nl Tfe & cdAf @ wAhdHSRL Yy FrolrRG @i aneter of 5
mm while the outlet side 5 was filled with 750 m of Catalyst % wher ei n
the | endth &FCIUSH A3Ft0T HAACHERD 3605 AT THRE HIbt iNg TRt Uk bat h
tenperature was el evated to.a tenperature of 340C at a rate of 50C hour,
while a gas %ﬁ?\rﬁnﬁgt%aﬁerol ume of 10 oxygen, 10% by vol ume of water
vapor and 813 by volu %%icﬂiittiro ertll,\é@srﬂ%ss?e]fi 1{1&( this catalyst layer
! th the

at a space velocity of our-1. en, W eati ng medi um bat h

tenperature i@a?}?@hg&?e AUnct EIPenAl WL Hofiline @ 85 dorcomprisyng 20 by

vol une of tertiar ut ano o by vol u of ‘oxygen, 15% by vol une of water

vapor and 75%du6 MOl Qfadtdd oge RS- Ressed 4k ousdich heceat akyst | ayer

at a space velocity of 1000 hour-1 for a period of three hours. 20
Subsequers | yaciwd t lartdectheagidnd redi tine et dc t €1ees adnd e (@t it acretliat a
tenperature of 340C, a raw material gas conprising 50 by volune of tertiary
but anol , 12%diyd vedtairge fifneak ygenfo 1Dovdy wvedpexet bOfelvat er vapor and 73% by
vol une of nitrogen was passed 25 through the catal yst layer at a reaction
tenperature (i. e., aBRebeioh neatuivbaeh izeperniene)and BA9Clidkea space
velocity of 1000 hour-'. Wen the terg)eratures of the catalyst |ayer were
measured at QiRFARYVESNQ ot =(B/R)x100;

Selectivity factor of (meth)acrolein (%)
20 =(C/B)x100;
Selectivity factor of (meth)acrylic acid (%)
=(D/B)x100; and
Yield of (meth)acrolein and (meth)acrylic
acid (%) ={ (C+D)/A)}x100,
25 wherein A represents the number of moles of fed
isobutylene and the like or propylene; B represents the
number of moles of reacted iscbutylene and the like or

propylene; C represents the number of moles of produced



26 spot having a maxi num tenperature was observed at a site |ocated 550 nmm
~apart fromthe end of the inlet side for the raw material gas, wherein
(err)T at the maxi numtenperature was 32C. In addition, the rate of 5
reaction of tertiary butanol was 100.0% the selectivity factor of

met hacrol ein was 84.0% the selectivity factor of nethacrylic acid was
3.2% and the yield of nethacrolein anld nmet hacrylic acid was 87.2% 10

Compar ati ve FXRIIPLE: 01 A0,0XLAR LOU-LEACLLAR WS GRLELSI Qb ia A s | ar

manner to t 4,7 exce at” t'he Tenperature o eati ng

medi um bat h %Euggquﬁgghg gcg}@gg wit.hqut passing the passing gas after
el evating 18 the tenperature, "and except that thereafter a raw material gas

was i medi aggby-passed through the catalyst layer. As a result, a hot spot
havi ng a maxi num t enperature was observed at a site | ocated 450 nm apart

fromthe end of the raw maber balktgas i Ma@ler?0 s3I0t & RE Gabmlnisin | ayer,
wherein O at the nmaxi mumtenperature was 44C. In addition, the rate of

react i onsof pkeshbakpdatieanals .\sapat@e. @% aterseme@ldratundsactes, of

met hacrolein was 81.7% the selectivity factor of methacrylic acid was
3.3% and theé.¢i ebdtal oZ5 cestiluac madltelar eamthdvstSHacy yard sacifd swds &5 0%
Exanple 5 To 1000 parts of water, 500 parts of anmoni um paranvol ybdate, 6.2
parts of ansoidi ol paRabynystsst erk. 4dde?l; parttsdfargbtaasigiaiaci trate and
212.7 parts of silicasol of 20% by mass were added, heated and agitated
(Liquid A). (Adiagédf Pom t Riss-det ¢ r®80 tharst s tof 84t arts0 qfamatadt, nitric acid
of 600 by mass were added and 5 honpgeni zed, and then 103.0 parts_ of

bi snut h ni t PalePRélre 2dded tRer @&d dard d%s AN &R ssTyatfe addadrdd 114. 4

parts of ferric nitrate, 274.7 parts . of cqbalt_nitrate, 34.3 parts of

P kel (1) RPEPEERL 7% g3 ShER Ame MATaR & farkth 30 5 i Wagnesi um
nitrate were 10 sequenti all ded .and, di ssol,ved (.Li.qui d jquid B was
added to Li &&%gdA%?‘grfetnga )és?{j}rsrsﬁlvfr?d tﬁzon % é‘glﬁ%lt?‘}rse ’01@3a8n‘lt_4 nony
trioxide we d to at ed j t st of water
was evapor a?gé.%gTﬁg ?f%gtrfﬁtcar?tqr%%ar%d er?:attfI r I\?\ngs r %Jogrﬁ%{‘qfél 1Psgrrper ature of
120C, and ther Gl nad & A M&TRE §li¥I&1 (IT1) nitrate and 60.5

parts of magnesium nitrate were sequentially added, and

15 dissolved (Liquid B). Liquid B was added to Liquid A
into a slurry, and then 34.4 parts of antimony trioxide
were added thereto and heated and agitated, so that
most of water was evaporated. The resultant caked
matter was dried at a temperature of 120°C, and then

20 calcined at a temperature of 500°C for a period of six
hours. To 100 parts of the resultant calcined product,
2 parts of graphite were added, which were then formed
into rings having an cuter diameter of 5 mm, an inner
diameter of 2 mm and a length of 5 mm by using a tablet

25 forming machine, whereby Catalyst 1 was obtained. The
elementary composition of Catalyst 1 comprised
Mo,,Bi, Fe, {NiMg,Cr, ,sW, ;Sb,51:.Cs, ,, except oxygen.

The temperature of a heating medium bath of a



of 500C for a period of four hours. To 100 parts of the resultant calcined
_ product, 2 parts of graphite were added, which were then fornmed into rings
havi ng an outer diameter of 4 mm an inner dianeter of 2 nmand a 20 |length
of 4 mmby using a tablet form ng machine, whereby Catalyst 1 was obtained.
The el enentary conposition of Catalyst 1 conprised

Mbl 2W6. | Bi 0. 9Fel. 2Co4Ni 0. 5Zn0. 1Myo. 5S60. 3K 0. 06Si 3, except oxygen. The
Lerperat ur e 0by 35 ReBLpa0 Fedt YaLPALR St 123 b analyRe of, hixed Ded

steel reactor havin A rnér mn as vvlth t he

heat d f h | et d
for L23,2§t2??%F€é§s$€Zs§?F 1, TR, 180S R e Catal yst 1

and 130 nm QEtatéerEbﬁ?leréltH%néfhé‘é'oﬂ@ apnQULRT i Hi apeLehe0kop PRy While
the outlet side was ed wth 750 of Catalyst 1, wherein the length of

a catal yst hayeriwasg3dg0hagmrid1thewheat ung.i Fediremdzate of enpefrat ure was
el evated to a tenperature of 310C at a rate of 50C/ hour, while a gas

conpri si g 9%thyy¥al unandf 160y aéno £1@0 shyevrdlcate adfumidizehawdmer aand 810 by
vol une of nitrogen was passed through this catalyst |ayer at a 10 space

vel ocity of oid8rhdaaméteTher, Swint) whe llkeeati ogtiedi wihdeatta st eipdreat ur e

mai ntai ned at a tenperature of 310C, a gas (i. e., a passing gas after

el evati ng tWétheﬁﬁéraﬂupé)Ce@ﬂﬁ&ﬁ&iﬁg el ivoltivee lehgihopyfl ene, 80 by

vol une of 15 oxygen, 15% by vol une of water vapor and 750 by vol une of

ni trogen wa§aﬁa§§é@ tlﬁhféﬁgwatshéoéét @yst | ayer at a space vel ocity of 1000
hour-1 for a period of three hours. Subsequently, with the heating nedi um
bath 20 terrperature narft &easd gt médtlélﬁ‘péaéthurt@n@fer?lt@@e ¥3Saw material gas

Sgrﬁﬁésé?g orsita E"ERSE?g@PﬁékﬁgﬁuﬁézéfQMFt? gBn* aéﬁoé ssed 353%352 the
cat al yst ;gﬁs(%/a% reggtign,t {: #{:?S hg bﬁ g810gat irg medi um bat
0 1660° %ol

t enperat ure a Spac en t he

t ermper at ur e, 9 he e %@y%lhmé%wa% JPeased Ay YsS y MR1 g d1ot spot

havi ng a nmaxi Aum { erper atur e 'was observed at ‘a site 500 mMm
apart from bhenerdoghnt bRl @Jla%tse%! d.'%rfo%rght %lrsa‘ﬁar@atl%fé@lla@%% aherein Or

at the maxi mum tenperature was C. In addition, the rate of reaction of

propyl ene vv@?agg 5%1b&qt§,elo¢ctzl4\a twraetor of 5 acrolein was 88.30, the
selectivity factor of acrylic acid was 5.8% and the yield of acrolein and

acryliclacid was 92. 7%hebyamiltd Ghan hedtdatg aredieactiaih was carried out in
a 10 simlar manner to that in Exanple 1, except that the conposition of
the passi ngtgapeaktar cehevattiaigeache t enpemgansd wes cha#fed, t e ghe one
conprising 2.6% by vol une of propyl ene, 8% by vol ume of oxygen, 150 by

vol une of wdtler evapdr PaRe 1749 A%y MGitue &3 Hing ddn temperature)

comprising 2% by volume of isobutylene, 8% by volume of
oxygen, 15% by volume of water vapor and 75% by volume
20 of nitrogen was passed through the catalyst layer at a
space velocity of 1000 hour™ for a period of three
hours.
Subsequently, with the heating medium bath
temperature maintained at a temperature of 340°C, a raw
25 material gas comprising 5% by volume of isobutylene,
12% by volume of oxygen, 10% by volume of water wvapor
and 73% by volume of nitrogen was passed through the

catalyst layer at a reaction temperature (i. e., a



15 As a result, a rot spot having a maximum tenperature was observed at a
_Site located 470 nmapart fromthe end of the raw nmaterial gas inlet side
of a catalyst |ayer, wherein O at the maxi numtenperature was 31C. In
addition, the rate of reaction of propylene was 20 98.60, the selectivity
factor of acrolein was 88.10, the selectivity factor of acrylic acid was
5.8% and the yield of acrolein and dctylic acid was 92.6. Exanple 7 An
oxi dation regaction was.carfi ut _in 25 simlar panper to that in
el o1, Ba8bbed: HaRt fRebathe ShbPegalufRy” blle 0028 A Ba8DaFPor el evati ng
the tenperature was cha 0.1..55 hours. _As resul t., a hot ot having a
i o Lemsr Py Gae 100era ar dhenast ARG T bar t  r o
t he end of i.a s_i.nl i : | yst |l ayer, .wherein OT
at the naxi%%ﬁ??gﬁ%g?éﬁékeuﬁgg ?f%?ﬁ%ﬁaaggigkég,%g%%’ra go§f%Fg§Ction of
propyl ene wag,98:6% nthendinSebapbikihy of aekorrak Reiole n wasH8. 1% the
selectivity Xctgr OP acpyﬁic a@ig waseS%%@boang t he fieldﬂggx%crolein and
acrylic gcidowase8256% nfoapakat itv@nEXamPled’ AN tid daliiean Jierctin was
carried out in a 10 simlar manner to that in Exanple 1, except that the
tenperat uretpt asheabicegigediged), bahkreas ATewat ethed eaXi®@mM t hout passing
t he passing gas through a catal yst |ayer after elevating the tenperature,
and except thapetrheneaf was 33faw Imt eddatigas whe ranmedbdt ekycpassed 15
through the catalyst layer. As a result, a hot spot having a nmaxi num
t enper at ur eoias sobseyNedeatvag $iSt.© 2, ochiee s AGC timidpyarfadtaamdthe end of the
raw material gas inlet side of the catalyst |ayer, wherein O at the
maxi mum t enpettaegire lwds HaEC. 8on 7&ddithieorse lteled ividttey ffacd®w et i on of
propyl ene was 98.9% the selectivity factor of acrolein was 86.5% the
sel ect i ¥0t yIPE&EREE Yo Ca@lyld #agcidd Oas a8.oRheand alite Afi el d of acrol ein and

. . 0 . . . .
cartied out TEABACEPLAr SRANABE RS ST [ I GOk Sewcept that the tims
for passingEthe Qaszing gas after elevating the tenperature was changed to
ten minutes*A¥a% ésult, a 31 - hot spot having a naxi num tenperat ure
was observed at a Sit%m!%%ﬂ%%%i% Ofggégﬁgﬁ Jgé) &JPEéH“%&H ﬁy%iraw

e n

material gas inlet side of 't cat al'yst Tayer, erei

similar manner to that in Example 1, except that the

15 composition of a passing gas after elevating the
temperature was changed to the one comprising 2.6% by
volume of iscobutylene, 8% by volume of oxygen, 15% by
volume of water vapor and 74.4% by volume of nitrogen.
As a result, a hot spot having a maximum temperature

20 was observed at a site located 470 mm apart from the
end of the raw material gas inlet side of a catalyst
layer, wherein AT at the maximum temperature was 35°C.
In addition, the rate of reaction of isobutylene was
95.6%, the selectivity factor of methacrolein was

25 85.4%, the selectivity factor of methacrylic acid was
3.6%, and the yield of methacrolein and methacrylic

acid was 85.1%.



Or at the maxi numtenperature was 40C. In addition, 5 the rate of reaction
. of propylene was 98.7% the selectivity factor of acrolein was 86. 70, the
selectivity factor of acrylic acid was 5.10, and the yield of acrolein and
acrylic acid was 90.6% Conparative Exanple 9 10 An oxi dation reacti on was
carried out in a simlar manner to that in Exanple |, except that the
conposition of the passing gas after evating the tenperature was changed
to the one Eggﬁé&gigg 4.50 by volune of propylene, 12% by vol unme of oxygen,
10% by 15 volu of "wat er vapor and 73.50 by volune of nitrogen. As a

result, a hot spot ha 'ngqugﬁgioguorpfeta%rm%gla%rse c\ga_tfq_,é%las%ru\ﬁe QA a site

| ocated 400 nm apart fromthe en the raw nmateri gas Inlet side of the

catal yst | akep; 1WhehghReOT 3l thls 1AREkEMDIENDe AR Was td ke 20 In
addition, the rate of reaction of propylene was 98.9% the selectivity

factor of agrpkeirBrass88n9, thiepatlsasly Walsy SffaEor 1tfvaamnyY itheaci d was
5.0% and the yield of acrolein and acrylic acid was 90.50." Conparative

Exanpl e (0 Zamferaxidat war ceaeigen teAs .Gadwas .OURY i aedulid,ara manner to
that in Exanple 1, except that the conposition of the passing gas after

el evati ng t hett epper atwriegwas malxd myped tHemptdre tone ca@prasiaxy < 6 by 32
vol unme of propylene, 8o by volune of oxygen, 150 by volune of water vapor
and 76. 40 bgitvel deeatskdnidt/ifogen apas ta firegulthe @ritbtoSpgdte haaw ng a maxi mum
tenperature was observed at a site |ocated 400 nmmapart fromthe 5 end of
the raw nat 8eitgrigas Jiesl énlsitdsiste e acaadiaists dyparer mrdratiniy %) T at
this maximumIn addition, the rate of reactiqgn 98. 7% the selectivity
factor of tRE $BLeBERHMP fERPST aF L ™AS SO16 -t hélyPErd téPRact8ei n” and

acrylic nparative Exanple 11 tenperature was 40C._ of propyl ene was
acrol ei rJr%.\iva§a§€. Py TRECE TWES oé' 1P IS Whss 0. 6. %‘F oxi dati on

(pact] on VRSSATLSH Mo U JBINEL Gl Ly e 1 excent

selectivity factor of methacrylic acid was 3.6%, and
the yield of methacrolein and methacrylic acid was
85.1%.

15 Comparative Example 1

An oxidation reaction was carried out in a

similar manner to that in Example 1, except that the
temperature of a heating medium bath was elevated to
340°C without passing the passing gas after elevating

20 the temperature, and except that thereafter a raw
material gas was immediately passed through the
catalyst layer. As a result, a hot spot having a
maximum temperature was observed at a site located 400
mm apart from the end of the raw material gas inlet

25 side of the catalyst layer, wherein AT at the maximum
temperature was 45°C. In addition, the rate of reaction
of iscbutylene was 94.3%, the selectivity factor of

methacrolein was 83.1%, the selectivity factor of



15 of a heating nedium bath was el evated to 310C was changed to the one

. conprising 20 by volune of propylene, 8o by volune of oxygen, 150 by vol une
of water vapor and 75% by volunme of nitrogen. As a result, a hot spot

havi ng a maxi num t enperature was 20 observed at a site | ocated 550 nmm apart
fromthe end of the raw material gas %1”' et side of a catal yst |ayer,
wherein O at this maxi num tenperature was 20C. In addition, the rate of
reaction of n .94, 7% the sel_ectivity .factor. of acrol ein was
88.0% the ﬁlgrcglg%gef?tl?t\ﬁvt%%l ac‘:”t?aoé; tad?] °écra$’l%| éc\ﬁaeci)g/&e\ai\%fs Og 6% and the yield of
acrol ei n and agrylig a6 4,05, 88,0% Fromthe resylts, it is considered
that the catalyst was poisoneg en-the tenperature thereof was el evated,
33 because terphladti vehexhali1gpot was decreased as conpared to the one in
Exanple 1 while the rate of reaction of propyl ene also was decreased.
Exanple 8 5 To 1000 pamnt $x@lhawalber real® iRa b OfcaPmn yngaranp! ybdat e,
12. 3 parts of anmoni um paratungstate and 1.4 parts of potassiumnitrate
were added, shedted aadnag tat ethatand Exenedfd ar, axs@dd itad endich 4.1
parts of 850 by nmass phosphoric acid is dissolved in 100 10 parts of water
was added t liemet dporapd sistimnighéhehgatsed nandyaagiatfatead glavgtiithgC)theAsi de from
this, to 850 parts of water, 50 parts of nitric acid of 60% by mass were
added and hérbpemezade ard themgbM t® gamt suisfutsnutts m treate tweree added
thereto and _dissolved. To the 15 m xture, 143.0 parts of ferric nitrate,
309. 0 partsheft oAl hayifdate Maxigupartesner aqure mMas shseryed pdr tas of
silver nitrate and 6.1 parts of nmagnesiumnitrate were sequentially added
and di ssol védteLitggrden) 400 §m @ tad radudda ¢nd @f dhe Y orm a sl urry,
and then heated 20.and agitated, so that nost of water was evaporated. The
osul tand CBREGTRA: BRnas ey G of ¢ s torl 2o, iRt Hifen
cal ci ned at t rat ur. f 300C in.an atnosp e of air, for a period of
one hour, a% BﬁrgﬁFiE%&Sm%§-1 %%ﬁ%%yﬁﬁ %ﬁﬁa4ﬁgéult HtaﬁﬁﬂgéPerd 25
product, 2 pagt$.0f %@%@ﬁ%%@%%%ﬁ%éﬂé%s Wy ofy warg then formed
into rings having an outer dianeter of an 1 nner ‘didmeter of 2 nmm and

a length of 54 1@l s G & dralehnterding JBCRIe g3This, 134 formed tabl et
product was cal cined at a tenperature of 500C in an atnosphere of air for a

period of sigklkewns.i tyheey rCatfaitihaz as oklaidemks He gl erntary
conposition of Catalyst 2 conprised 5

Mol 2W. 2Bi | Eele. YRe 1185Ad0 nedGed radrd.r Myl Inécreards andidmss rati o except
oxygen.
82.0%.
Comparative Example 3
An oxidation reaction was carried out in a
similar manner to that in Example 1, except that the
20 composition of the passing gas after elevating the
temperature was changed to the one comprising 4.5% by
volume of isobutylene, 12% by volume of oxygen, 10% by
volume of water vapor and 73.5% by volume of nitrogen.
As a result, a hot spot having a maximum temperature
25 was observed at a site located 400 mm apart from the
end of the raw material gas inlet side of a catalyst

layer, wherein AT at this maximum temperature was 45°C.

In addition, the rate of reaction of isobutylene was



The tenperature of a heating nmedium bath of a tubular type of fixed bed

_ steel reactor having an inner dianeter of 25.4 mmas provided with the
heati ng medi um 10 bath was set to a tenperature of 180C, and the inlet side
for raw material gas was filled with a m xture of 620 m of Catalyst 2 and
130 m of a spherical alum na having _gn outer dianeter of 5 mm while the
outlet side was filled with 750 m OQZCatalyst 2, wherein the 15 I ength of

a catalyst bayer wes 3005 mn, The beatlng FeglumLbabh Lemperatur e vas

el evated to~a fiperat tre fate o ur, while a gas

conpri si ng ggh@é V%E”Ee%c@ﬂ’rggﬁ}i E%@‘Eoﬁytoﬁ.o g%aggy\ggtc%c\i@pwasand 81% by

volume 20 o itfogen was passe roug i s cat | ayer at a space
vel ocity of 3249 hoyy- %heTpﬁa’lfi"‘%’fh Lheaheaticng upd &h@tgx%*iyﬁraoerature
mai ntai ned at a tenperatufe o 10%, a gas conprising 20 by vol unme of
propyl ene, 8egiRyw¥Ql gpeqqf 25 oxygen, 15% by vol une of water vapor and 750
by volune of nitrogen was passed through the catal yst | ayer at a space
vel oci tysof céfglrhetelrkarpaepari od of three hours. 35 Subsequently,
wi th the heating nedium bath tenperature maintained at a tenperature of
310C, a raw material gasogadptisnngea%hynyalayneacf ipdopylterie, al20 by

vol unme of oxygen, 10% by vol une of water vapor and 5 73% by vol une of

ni trogen wasipagsedmbhneughot ibatatal Fsempdyerl , atexaepdadhiagn thenper at ur e
(i. e., a heating nediumbath tenperature) of 310C at a space velocity of
1000 hour - 1comperithent efpehat presiol vhe editary stlavardmdvdhe measured at
this time, a hot spot 10 having a maxi nrum tenperature was observed at a
site | ocat eG°BBE M aBalESf CHRTORE &R TSR ORE ICMPT 15l fore% KY raw

mat eri al gas, wherein Ol at the maxi rrumten'%erature was 32C._In addition,

the rat éOof VPEHBE 8 SFCPMEHYRERe Ras PY VOUTEN O s QXS i thP ¥ &t or of 15
| ei 9.0% .th | ectivity factaqr, of i id 6. 20, d
the yi el d of ABIS! Bin Bk adAPTc 286 d Sude 87, S5 ARE d5kmpl e 12 An
i ! ¥ e . A .
0 ot 13381 09,188,C3 80 AU 1D.A,00 LA R R 1

el evated to,3L0CHWethQUL 2RASSING ! NE PRI NG Wah alde't &eyatimg the
tenperature, and except that thereafter a raw material gas was | medi ately

passed througl biretd2 eat@hytlerdidVelyasASm desilde o hale sRAtalRaM Ng a
maxi mum t enper ature was observed at a site |ocated 450 nmapart fromthe

end of fike nawewrpt hiedle igaAT RltetthSisd@n=0fintiie i netudaayels adrerein 0T at
t he maxi mum
In addition, the rate of reaction of isobutylene was
94.4%, the selectivity factor of methacroleln was
83.2%, the selectivity factor of methacrylic acid was
3.7%, and the yield of methacrolein and methacrylic
20 acid was 82.0%.
Comparative Example 5
An oxidation reaction was carried out in a
similar manner to that in Example 1, except that the
composition of the gas as passed when the temperature
25 of a heating medium bath was elevated to 340°C was
changed to the one comprising 2% by volume of

isobutylene, 8% by volume of oxygen, 15% by volume of

water vapor and 75% by volume of nitrogen. As a



36 tenperature was 44C. In addition, the rate of reaction of propyl ene was
. 99.4%the selectivity factor of acrolein was 86.50, the selectivity factor
of acrylic acid was-5.90, and the yield of acrolein and acrylic 5 acid was
91.80. | NDUSTRI AL APPLI CABI LI TY According to the nmethod for producing

et hacrol ein and/or methacrylic acid subj ecting isobutyl ene and/ or
tertiary butanol to a vapor-phase 10 “catal ytic oxidation wth nolecul ar

oxygen 1 ¢ heshiesenchopl sBosobbd: 0y daLlaniea! BLust Lp ot udl ar type of

fi xed bed reac resent I'on, a tenperature a hot - spot

zone can beoﬁHEEb@HeQE|¥ EQEEr?EEQQedwﬁgbeH% EFEQ%C%QBﬁ!Qh%”%n%?%&acry"c

acid 15 can be produced wth a high yield hernore, the use of the

conpound oxtde Egﬂrﬁﬁ%@&@glb}éaEh@n@QQV%tL@f%n'b'fo%e@aft%rl’{/‘:’s'tal(ajylexas the solid
oxi dation catal yst further enhances the yield of nethacrolein and

met hacryl i cwpekdin2@TAgeorHi BOmbRike Hehbedaharcpiaduaiing. actal ei n and/ or
acrylic acid by subjecting propylene to a vapor-phase catal ytic oxidation

w t h nol ecubadiexygenthe theepbEserneetdbnaocsoliisdbaxiydahicomagat al yst in a
tubul ar type of fixed bed reactor, of the present 25 invention, a
t enper at ur e29f 2&, hohespeflezaneitgn fhetsuf bifc menhlay rodrtinokiasd, wher eby
acrolein and acrylic acid can be produced with a high yield.
85.8%, the selectivity factor of methacrylic acid was
3.4%, and the yield of methacrolein and methacrylic
acid was 82.2%. From the results, it is considered
10 that the catalyst was poisoned when the temperature
thereof was elevated, because AT at the hot spot was
decreased as compared toc the one in Example 1 while the
rate of reaction of isobutylene also was decreased.
Example 4
15 To 400 parts of water, 42 parts of 60% nitric
aclid were added to form a homogeneous solution, to
which 68.7 parts of bismuth nitrate was then added and
dissolved. 102.9 parts of nickel nitrate and 24.1
parts of antimony trioxide were sequentially added
20 thereto. To this mixed liquid, 165 parts of 28%
aqueous ammonia was added so as to obtain a white
precipitate and a blue supernatant. These were heated
and agitated so as to evaporate most of water. The
resultant slurry was dried at a temperature of 120°C for
25 a period of 16 hours, and then heat-treated at a
temperature of 750°C for a period of two hours, and

pulverized so as to obtain fine powder of a bismuth-

nickel-antimony compound.



37 Furthernore, the use of the conmpound oxide represented by the

. above-nentioned formula (2) as the solid oxidation catalyst further
enhances the yield of acrolein and acrylic acid. 38 CLAIMS 1. A nethod
for producing methacrolein and/or nethacrylic acid by passing a raw

mat erial gas conprising isobutyl ene aQ?/or tertiary butanol and oxygen

t hrough a catalyst layer in a t ubul ar ype of fixed bed reactor which is

filled with lid i dat. | yst, ich i i .

ompr i sing | obut y| enkahdr Br PEEFEi 4Ty BhE Ahor T nEA Sgneent TAERSA™ oner

;han that.O%a?%hglgﬁﬁéggyeibgb g§§tsagg 0N IE D hEQYY uﬁgkga%@tﬁhXSt | ayer
or a period of oné hour’or “bre priof to passing sald raw naterial gas

through saigscalglysl baVeLsign fiEPLRAYLLRE BuAdUC AYaFRLhAgKO! el n and/or

met hacrylic acid conpri ses: ing a tubular type of fixed bed

reactor withyargebid pxbdaki en, canakyat rreheyatkngtd teopgratur erof the
resul t ant ca?alyst | ayer to a range of 250C to 400C whi | e passi ng a gas

i ncludi ng oxygen, DBbLLegpArt¥aber r¥apet andr@te) Q15%obpavekuwe of

i sobutyl ene and/or tertiary butanol through said catalyst |ayer; passing a
gas incl udi sghdltondtBatbyaual soes50bairsebufyhenaecandmonitesticawgrieut anol , 7
to 16% by vol une of oxygen and 5 to 500 by vol une of water vapor through
sai d cat al yseqghayetaal yaatideperatiudeseb1280C (1.0 qd@ACDH or aiperidod® of one
hour or nore; and thereafter passing a raw material gas including 4 to 9%
by vol unme oWapgsaBdedl enelaadior Ct &pt far busansiy,7teowhigd 289 .By vol une
of oxygen and S to 500 by volunme of water vagor t hrough said catal yst | ayer
at a tenperbgtiEe of 286Csidigeoecl and the above-mentloned

10 bismuth-nickel-antimony compound fine powder were then
added, heated and agitated, so that most of water was
evaporated. The resultant caked matter was dried at a
temperature of 130°C, and then calcined at a temperature
of 300°C in an air atmosphere for a period of one hour,

15 and pulverized. To 100 parts of the resultant
pulverized product, 2 parts of graphite were added and
mixed. The mixture were formed into rings having an
outer diameter of 5 mm, an inner diameter of 2 mm and a
length of 3 mm by using a tablet forming machine. This

20 formed tablet product was calcined at a temperature of
520°C for a period of three hours while air was passed,
whereby Catalyst 2 was obtained. The elementary
composition of Catalyst 2 comprised
Mo,,W, ,Bi, ¢Fe, ,Sby ,Ni, ;Coq Mg, Cs,.5Sis, by an atomic ratio

25 except oxygen.

The temperature of a heating medium bath of a
tubular type of fixed bed steel reactor having an inner

diameter of 25.4 mm as provided with the heating medium



3. The method for producing nethacrol ein and/ or nethacrylic acid according
.toclaiml or 2, wherein said solid oxidation catalyst is a conpound oxi de
represented by the following formula (1): MoaBi bFecAdXeYfZgOh ( 1 ) wherein
Mo, Bi, Fe and O represent nol ybdenum bisnuth, iron and oxygen,
Tespectively; A represents nickel an%éfr cobalt; X represents at |east one
el ement selected fromthe group consi“sting of magnesi um zinc, chrom um

, i d | LY t | ted f
e BB FRgSEF hoBoRERREPkEsPh DEaSkpREs FhETERL selgeied from
ger mani um g@&;e% ni.opi h{;&e&ag%ngg@ wégrg%w@ wi YROSE §A x20d cantd mony; Z
repr esents a eas one elenent s ecte romthe gr oup consi st | ng of

pot assi um i upL di Cesi allei ;eagh s9f,manab, ¢, d,
e, f, g andgggrggggeg%géggggtgmbga]rg?igohgf bgaggkglﬁg?ré%t%, \‘;:\llhflel;neinrzi1 O. | <b<5,

O 1<c<5, |<fagidg DresliPerOishOrando@. 8lnas3wnhien ark2ouandthsagans an
atomc ratio of O0xygen necessary to satisfy the atom c val ence of each of
sai d el egenyyss 4il1AcAElhed 760 pnod@ctagaagiel einwaedkah atkylic acid by
passing a raw material gas conprising propylene and oxygen through a

catal yst | ayength aftdbubaeligpelakefi xad BOdSr eact or which is filled with
40 a solid oxidation catalyst, which conprises passing a gas conpri sing
propyl ene in a concenfTheat heatiogemetham bthah ¢empairdtugw ma@seri al gas, and
oxygen through said catal yst |ayer for a period of one hour or nore prior
to passing §gi6da|t§d/ et er tarrgas tumeoadh 3¢4°d ehtal yatel afer. 5. A nethod
for producin%OacroIein and/or acrylic acid, which conprises: filling a
tubul ar typ8UoE/howed Wobleeactads APERTASEDPI d%oRYdYPLBRecatal yst ;

elevating a tenperature of the resultant catalyst |ayer to a range of 250C
to 400Cl&hi PEYA&Ssi h{ alyad OlNEruAtn oLy gdRP i éﬁr,ﬁ té’ro]\}’é‘%or and 0

to 0.5% by valu of propyl ene thr h sai d.catal yst. | ayer; passing a gas
i ncl udi ng 1030ng.%§%98 V%%‘uﬁés&e%p%g%ﬂugﬁ‘e%h%st 5%@%%% \eltc?IyL?DrFe %f “xygen
and 5 to 50% vl . ter, \v r - hrough said catal yst |ayer at a
terrperatures%%%%%&litg%l%fo\é%f %r4oa%%glr1:i od of one hour or nore; and

thereafter passing a @@l\gnqamrtihalth%a%eiar%qln:?din{égiiéhﬁ 3% %Iﬁﬁgﬂme of
propylene, 7 to 16% by volune of oxygen and 5 to 50% by vol une of water

vapor throughusal thaGatraliveld ladyer taimp2 remper yfurs wt,280gako 400C. 6. The
met hod for producing acrolein and/or acrylic acid according to claim4 or

5, whereisn san@ricling @ dat iver uit alfy e rits aar ¢ Gaind 0ddey epresent ed by
the following fornula (2): 41 MOa, Bi b, Fec,A" d, X e, Y f,Z ¢g,Sih G (2)
wher ei n Mo, vBilumee o fSioxymkng rledr ésento nnley ndfemaherhivandrh,arid 6hb% si | i con
and oxygen, respectively; A represents nickel and/or cobalt; X represents
at | east ondyelverdeme of edttad daromash@agsah dormiah ithe Ffatmlgifdsi um  zi nc,
chrom um manganese, tin, strontium barium copper, _silver and lead; Y
represents devedadt énsracenemlosditactadd FAUmhKE grivp 2 RRTRF nyt of
phosphor us, Ltg]’c_)rr on, sulfur, tellurium alumnum gallium germanium indium
| ant hanum S EMEESi um tantal um titanium  zi rconi um t ungst en and

antinony; Z' represents.at |east. one .el.enent .sel.ect 3“% t gr oup
consi stiyzr%)g of pot assi L?"rsﬁbsseo%lleﬁl lyr’uﬁ'?lgzlhu ecehseiaut;l%ai #‘lﬁﬁl%ﬁ% each of a',
b*, ¢, d, e f .4 ﬁag%({ atom e rafd@ ofy gagh
ol eront . wherERs 5 s, R i Y B VRS AT 00 T
0.001<g' <3 and.Qfy %ﬁﬁa@mﬂeﬁf SR IvdBaNs @ adomLryatio of oxygen
necessary to satis yg{ e atom c val ence 'of each of said el enents.

butanol, 12% by volume of oxygen, 10% by volume of

water vapor and 73% by volume of nitrogen was passed

25 through the catalyst layer at a reaction temperature
(i. e., a heating medium bath temperature) of 340°C at a

space velocity of 1000 hour™. When the temperatures of

the catalyst layer were measured at this time, a hot
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of tertiary butanocl was 100.0%, the selectivity factor
of methacrolein was 81.7%, the selectivity factor of
methacrylic acid was 3.3%, and the yield of
25 methacrolein and methacrylic acid was 85.0%.
Example 5
To 1000 parts of water, 500 parts of ammonium

paramolybdate, 6.2 parts of ammonium paratungstate, 1.4
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(Liquid A). Aside from this, to 850 parts of water, 50

parts of nitric acid of 60% by mass were added and
5 homogenized, and then 103.0 parts of bismuth nitrate
were added thereto and dissolved. To the mixture,
114.4 parts of ferric nitrate, 274.7 parts of cobalt
nitrate, 34.3 parts of nickel(II) nitrate, 7.0 parts of
zinc nitrate and 30.3 parts of magnesium nitrate were
10 sequentially added and dissolved (Liquid B). Liquid B
was added to Liquid A to form a slurry, and then 10.3
parts of antimony trioxide were added thereto and
heated and agitated, so that most of water was
evaporated. The resultant caked matter was dried at a
15 temperature of 120°C, and then calcined at a temperature
of 500°C for a period of four hours. To 100 parts of
the resultant calcined product, 2 parts of graphite
were added, which were then formed into rings having an
outer diameter of 4 mm, an inner diameter of 2 mm and a
20 length of 4 mm by using a tablet forming machine,
whereby Catalyst 1 was obtained. The elementary
composition of Catalyst 1 comprised
Mo,,W, ,Bi, (Fe, ,Co,Ni, sZn, Mg, :Sb, ;K; 06515, except oxygen.
The temperature of a heating medium bath of a
25 tubular type of fixed bed steel reactor having an inner
diameter of 25.4 mm as provided with the heating medium
bath was set to a temperature of 180°C, and the inlet

side for raw material gas was filled with a mixture of
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620 ml of Catalyst 1 and 130 ml of a spherical alumina
having an outer diameter of 5 mm, while the outlet side
was filled with 750 ml of Catalyst 1, wherein the
length of a catalyst layer was 3005 mm.

5 The heating medium bath temperature was
elevated to a temperature of 310°C at a rate of
50°C/hour, while a gas comprising 9% by volume of
oxygen, 10% by volume of water vapor and 81% by volume
of nitrogen was passed through this catalyst layer at a

10 space velocity of 240 hour™.
Then, with the heating medium bath
temperature maintained at a temperature of 310°C, a gas
(i. e., a passing gas after elevating the temperature)
comprising 2% by volume of propylene, 8% by volume of
15 oxygen, 15% by volume of water vapor and 75% by volume
of nitrogen was passed through the catalyst layer at a
space velocity of 1000 hour™ for a period of three
hours.
Subsequently, with the heating medium bath
20 temperature maintained at a temperature of 310°C, a raw
material gas comprising 5% by volume of propylene, 12%
by volume of oxygen, 10% by volume of water vapor and
73% by volume of nitrogen was passed through the
catalyst layer at a reaction temperature (i. e., a
25 heating medium bath temperature) of 340°C at a space
velocity of 1000 hour™. When the temperatures of the
catalyst layer were measured at this time, a hot spot

having a maximum temperature was observed at a site
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acid was 5.8%, and the yield of acrolein and acrylic
acid was 92.7%.
Example 6
An oxidation reaction was carried out in a
10 similar manner to that in Example 1, except that the
composition of the passing gas after elevating the
temperature was changed to the one comprising 2.6% by
volume of propylene, 8% by volume of oxygen, 15% by
volume of water vapor and 74.4% by volume of nitrogen.
15 As a result, a hot spot having a maximum temperature
was observed at a site located 470 mm apart from the
end of the raw material gas inlet side of a catalyst
layer, wherein AT at the maximum temperature was 31°C.
In addition, the rate of reaction of propylene was
20 98.6%, the selectivity factor of acrolein was 88.1%,
the selectivity factor of acrylic acid was 5.8%, and
the yield of acrolein and acrylic acid was 92.65%.
Example 7
An oxidation reaction was carried out in a
25 similar manner to that in Example 1, except that the
time for passing the passing gas after elevating the
temperature was changed to 1.5 hours. As a result, a

hot spot having a maximum temperature was observed at a
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selectivity factor of acrylic acid was 5.8%, and the
yield of acrolein and acrylic acid was 92.65%.
Comparative Example 7
An oxidation reaction was carried out in a

10 similar manner to that in Example 1, except that the
temperature of a heating medium bath was elevated to
310°C without passing the passing gas through a catalyst
layer after elevating the temperature, and except that
thereafter a raw material gas was immediately passed

15 through the catalyst layer. As a result, a hot spot
having a maximum temperature was observed at a site
located 400 mm apart from the end of the raw material
gas inlet side of the catalyst layer, wherein AT at the
maximum temperature was 41°C. In addition, the rate of

20 reaction of propylene was 98.9%, the selectivity factor
of acrolein was 86.5%, the selectivity factor of
acrylic acid was 5.0%, and the yield of acrolein and
acrylic acid was 90.5%.
Comparative Example 8

25 An oxidation reaction was carried out in a
similar manner to that in Example 1, except that the
time for passing the passing gas after elevating the

temperature was changed to ten minutes. As a result, a
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selectivity factor of acrolein was 86.7%, the
selectivity factor of acrylic acid was 5.1%, and the
yield of acrolein and acrylic acid was 90.6%.
Comparative Example 9

10 An oxidation reaction was carried out in a
similar manner to that in Example 1, except that the
composition of the passing gas after elevating the
temperature was changed to the one comprising 4.5% by
volume of propylene, 12% by volume of oxygen, 10% by

15 volume of water vapor and 73.5% by volume of nitrogen.
As a result, a hot spot having a maximum temperature
was observed at a site located 400 mm apart from the
end of the raw material gas inlet side of the catalyst
layer, wherein AT at this maximum temperature was 41°C.

20 In addition, the rate of reaction of propylene was
98.9%, the selectivity factor of acrolein was 86.5%,
the selectivity factor of acrylic acid was 5.0%, and
the yield of acrolein and acrylic acid was 90.5%.
Comparative Example 10

25 An oxidation reaction was carried out in a
similar manner to that in Example 1, except that the
composition of the passing gas after elevating the

temperature was changed to the one comprising 0.6% by
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was observed at a site located 400 mm apart from the
end of the raw material gas inlet side of the catalyst
layer, wherein AT at this maximum temperature was 40°C
In addition, the rate of reaction of propylene was
98.7%, the selectivity factor of acrolein was 86.7%,
the selectivity factor of acrylic acid was 5.1%, and
the yield of acrolein and acrylic acid was 90.6%.
Comparative Example 11

An oxidation reaction was carried out in a
similar manner to that in Example 1, except that the
composition of the gas as passed when the temperature
of a heating medium bath was elevated to 310°C was
changed to the one comprising 2% by volume of
propylene, 8% by volume of oxygen, 15% by volume of
water vapor and 75% by volume of nitrogen. As a
result, a hot spot having a maximum temperature was
observed at a site located 550 mm apart from the end of
the raw material gas inlet side of a catalyst layer,
wherein AT at this maximum temperature was 20°C. 1In
addition, the rate of reaction of propylene was 94.7%,
the selectivity factor of acrolein was 88.0%, the
selectivity factor of acrylic acid was 5.6%, and the
yield of acrolein and acrylic acid was 88.6%. From the
results, it is considered that the catalyst was

poisoned when the temperature thereof was elevated,
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Example 8

5 To 1000 parts of water, 500 parts of ammonium
paramolybdate, 12.3 parts of ammonium paratungstate and
1.4 parts of potassium nitrate were added, heated and
agitated, and thereafter a solution in which 4.1 parts
of 85% by mass phosphoric acid is dissoclved in 100

10 parts of water was added thereto, and further heated
and agitated (Liquid C). Aside from this, to 850 parts
of water, 50 parts of nitric acid of 60% by mass were
added and homogenized, and then 114.5 parts of bismuth
nitrate were added thereto and dissclved. To the

15 mixture, 143.0 parts of ferric nitrate, 309.0 parts of
cobalt nitrate, 7.0 parts of zinc nitrate, 3.2 parts of
silver nitrate and 6.1 parts of magnesium nitrate were
sequentially added and dissolved (Liquid D). Liquid D
was added to Liquid C to form a slurry, and then heated

20 and agitated, so that most of water was evaporated.
The resultant caked matter was dried at a temperature
of 130°C, and then calcined at a temperature of 300°C in
an atmosphere of air for a period of one hour, and
pulverized. To 100 parts of the resultant pulverized

25 product, 2 parts of graphite were added and mixed,
which were then formed into rings having an outer
diameter of 4 mm, an inner diameter of 2 mm and a

length of 4 mm by using a tablet forming machine. This
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109@3@3&5()comp051t10n of Catalyst 2 comprised
5 Mo,,W, ,Bi,Fe; P, 1sAd, 0eCO, 520y 1 Mg, 1Ky 6, @s an atomic ratio
except oxygen.

The temperature of a heating medium bath of a
tubular type of fixed bed steel reactor having an inner
diameter of 25.4 mm as provided with the heating medium

10 bath was set to a temperature of 180°C, and the inlet
side for raw material gas was filled with a mixture of
620 ml of Catalyst 2 and 130 ml of a spherical alumina
having an outer diameter of 5 mm, while the outlet side
was filled with 750 ml of Catalyst 2, wherein the

15 length of a catalyst layer was 3005 mm.

The heating medium bath temperature was
elevated to a temperature of 310°C at a rate of
50°C/hour, while a gas comprising 9% by volume of
oxygen, 10% by volume of water vapor and 81% by volume

20 of nitrogen was passed through this catalyst layer at a
space velocity of 240 hour™

Then, with the heating medium bath
temperature maintained at a temperature of 310°C, a gas
comprising 2% by volume of propylene, 8% by volume of

25 oxygen, 15% by volume of water vapor and 75% by volume
of nitrogen was passed through the catalyst layer at a
space velocity of 1000 hour™ for a period of three

hours.
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by volume of oxygen, 10% by volume of water vapor and
5 73% by volume of nitrogen was passed through the
catalyst layer at a reaction temperature (i. e., a
heating medium bath temperature) of 310°C at a space
velocity of 1000 hour™. When the temperatures of the
catalyst layer were measured at this time, a hot spot
10 having a maximum temperature was observed at a site
located 550 mm apart from the end of the inlet side for
the raw material gas, wherein AT at the maximum
temperature was 32°C. In addition, the rate of reaction
of propylene was 99.0%, the selectivity factor of
15 acrclein was 89.0%, the selectivity factor of acrylic
aclid was 6.2%, and the vyield of acrolein and acrylic
acid was 94.2%.
Comparative Example 12
An oxidation reaction was carried out in a
20 similar manner to that in Example 4, except that the
temperature of a heating medium bath was elevated to
310°C without passing the passing gas after elevating
the temperature, and except that thereafter a raw
material gas was immediately passed through the
25 catalyst layer. As a result, a hot spot having a
maximum temperature was observed at a site located 450
mm apart from the end of the raw material gas inlet

side of the catalyst layer, wherein AT at the maximum
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acrolein was 86.5%, the selectivity factor of acrylic

acid was 5.9%, and the yield of acrolein and acrylic

5 acid was 91.8%.

INDUSTRIAL APPLICABILITY

According to the method for producing
methacrolein and/or methacrylic acid by subjecting
isobutylene and/or tertiary butanol to a vapor-phase

10 catalytic oxidation with molecular oxygen in the
presence of a solid oxidation catalyst in a tubular
type of fixed bed reactor, of the present invention, a
temperature of a hot-spot zone can be sufficiently
controlled, whereby methacrolein and methacrylic acid

15 can be produced with a high yield.

Furthermore, the use of the compound oxide
represented by the above-mentioned formula (1) as the
solid oxidation catalyst further enhances the yield of
methacrolein and methacrylic acid.

20 According to the method for producing
acrolein and/or acrylic acid by subjecting propylene to
a vapor-phase catalytic oxidation with molecular oxygen
in the presence of a solid oxidation catalyst in a
tubular type of fixed bed reactor, of the present

25 1invention, a temperature of a hot-spot zone can be
sufficiently controlled, whereby acrolein and acrylic

acid can be produced with a high yield.
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: Furthermore, the use of the compound oxide
represented by the above-mentioned formula (2) as the

solid oxidation catalyst further enhances the yield of

acrolein and acrylic acid.
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CLAIMS

1. A method for producing methacrolein and/or
methacrylic acid by passing a raw material gas
comprising isobutylene and/or tertiary butanol and
oxygen through a catalyst layer in a tubular type of
fixed bed reactor which is filled with a solid
oxidation catalyst, which comprises passing a gas
comprising isobutylene and/or tertiary butanol in a
concentration lower than that of said raw material gas,
and oxygen through said catalyst layer for a period of
one hour or more prior to passing said raw material gas
through said catalyst layer.
2. A method for producing methacrolein and/or
methacrylic acid, which comprises:

filling a tubular type of fixed bed reactor
with a solid oxidation catalyst;

elevating a temperature of the resultant
catalyst layer to a range of 250°C to 400°C while
passing a gas including oxygen, nitrogen, water vapor
and 0 to 0.5% by volume of isobutylene and/or tertiary
butanol through said catalyst layer;

passing a gas including 1 to 3.8% by volume
of isobutylene and/or tertiary butanol, 7 to 16% by
volume of oxygen and 5 to 50% by volume of water wvapor
through said catalyst layer at a temperature of 250°C to
400°C for a period of one hour or more; and thereafter

passing a raw material gas including 4 to 9%

by volume of isobutylene and/or tertiary butanol, 7 to
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16% by volume of oxygen and 5 to 50% by volume of water
vapor through said catalyst layer at a temperature of
250°C to 400°C.
3. The method for producing methacrolein and/or
methacrylic acid according to claim 1 or 2, wherein
said solid oxidation catalyst is a compound oxide
represented by the following formula (1):

Mo, Bi,Fe AX Y:Z 0, (1)
wherein Mo, Bi, Fe and O represent molybdenum, bismuth,
iron and oxygen, respectively; A represents nickel
and/or cobalt; X represents at least one element
selected from the group consisting of magnesium, zinc,
chromium, manganese, tin and lead; Y represents at
least one element selected from the group consisting of
phosphorus, boron, sulfur, tellurium, silicon,
germanium, cerium, niobium, titanium, zirconium,
tungsten and antimony; Z represents at least one
element selected from the group consisting of
potassium, sodium, rubidium, cesium and thallium; and
each of a, b, ¢, d, e, £, g and h represents an atomic
ratio of each element, wherein 0.1=b=5, 0.1=c=5, 1=d
=12, 0=e=10, 0=f=10 and 0.01=¢g=3 when a=12, and h
means an atomic ratio of oxygen necessary to satisfy
the atomic valence of each of said elements.
4. A method for producing acrolein and/or
acrylic acid by passing a raw material gas comprising
propylene and oxygen through a catalyst layer in a

tubular type of fixed bed reactor which is filled with
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that of said raw material gas, and oxygen through said
catalyst layer for a period of one hour or more prior
to passing said raw material gas through said catalyst
layer.
5. A method for producing acrolein and/or
acrylic acid, which comprises:

filling a tubular type of fixed bed reactor
with a solid oxidation catalyst;

elevating a temperature of the resultant
catalyst layer to a range of 250°C to 400°C while
passing a gas including oxygen, nitrogen, water vapor
and 0 to 0.5% by volume of propylene through said
catalyst layer;

passing a gas including 1 to 3.8% by volume
of propylene, 7 to 16% by volume of oxygen and 5 to 50%
by volume of water vapor through said catalyst layer at
a temperature of 250°C to 400°C for a period of one hour
or more; and thereafter

passing a raw material gas including 4 to 9%
by volume of propylene, 7 to 16% by volume of oxygen
and 5 to 50% by volume of water vapor through said
catalyst layer at a temperature of 250°C to 400°C.
6. The method for producing acrolein and/or
acrylic acid according to claim 4 or 5, wherein said
solid oxidation catalyst is a compound oxide

represented by the following formula (2):
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Mo,.Bi, Fe A’ X' Y 2" ,81,,.04 (2)
wherein Mo, Bi, Fe, Si and O represent molybdenum,
bismuth, iron, silicon and oxygen, respectively; A'
represents nickel and/or cobalt; X’ represents at least
one element selected from the group consisting of
magnesium, zinc, chromium, manganese, tin, strontium,
barium, copper, silver and lead; Y’ represents at least
one element selected from the group consisting of
phosphorus, boron, sulfur, tellurium, aluminum,
gallium, germanium, indium, lanthanum, cerium, niobium,
tantalum, titanium, zirconium, tungsten and antimony;
Z' represents at least one element selected from the
group consisting of potassium, sodium, rubidium, cesium
and thallium; each of a’, b’, ¢', 4d', e, £', g’, h’
and i represents an atomic ratio of each element,
wherein 0.01=b’=5, 0.01=c’'=5, 1=d'=12, 0=Se’'=10, O
=f’'=10, 0.001=g’=3 and 0=h’=20 when a’=12, and i
means an atomic ratio of oxygen necessary to satisfy

the atomic valence of each of said elements.



