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DESCRI PTI ON METHOD FOR PRODUCI NG METHACRYLI C ACI D
TECHNI CAL FI ELD The present invention relates to a
nmet hod for producing nmethacrylic acid. The present
application clains the priority of Japanese Patent
Application No. 2003-307770 filed on August 29, 2003,
the contents of which are incorporated herein by

ref erence. BACKGROUND ART As it is well-known, there
have been many proposal DESORETION a net hod for
produci ng nmet hacrylic acid through the gas-phase
catal ytic oxidation of nethacrolein by wusing a

catal yst so far. Heat accumul ation takes place in the
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tenperature zone resulting fromthe heat accumnul ation
is called a hot spot, and when the tenperature of this

zone becones higher than it needs, an excessive
oxi dation reaction takdsCIINHeALJBELRat the yield of
the target product is |owered. Consequently, in the

i ndusthe presanineotorerdatef to & thethad dorgredidimneadthacrylic acid.

oxi dation reaction, the tenperature control of the hot
spot Tie pRsent apslichaon chithi getpriofintoRBpawsaPhinyigplidatién No.
concentration of nethacrolein in the rawgas is
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of the hot spot tends to becone high so that a |arge

refGSidel Ction is forced upon the reaction conditions in
the present situation. 1 Accordingly, there have been
several proposals concerning a method for suppressing
the tenperature of the hot spot so far. For exanple, a

met hod of packing a BACKGROUND ART

As it is well-known, there have been many proposals concerning a method for
producing methacrylic acid through the gas-phase catalytic oxidation of methacrolein by
using a catalyst so far.

Heat accumulation takes place in the catalyst layer because the gas-phase
catalytic oxidation is an exothermic reaction. A locally high temperature zone resulting
from the heat accumulation is called a hot spot, and when the temperature of this zone
becomes higher than it needs, an excessive oxidation reaction takes place so that the
yield of the target product is lowered. Consequently, in the industrial enforcement of
the aforementioned oxidation reaction, the temperature control of the hot spot is an
important subject, and especially when the concentration of methacrolein in the raw gas
is raised to increase the productivity, the temperature of the hot spot tends to become
high so that a large restriction is forced upon the reaction conditions in the present

situation,



plurality of catalysts having different activity in a
plurality of reaction zones to order of raise the
activity fromthe inlet part to the outlet part for
the raw gas (Patent docunent 1), a method of packing
a catal yst which has a higher conpositional ratio of
phosphorous and a | ower conpositional ratio of arsenic
nearer to the outlet side for the raw gas (Patent

docunp@tordinglya tHeed KA’ WREn Baekdl Ego;ﬁ)sﬁ@tcaﬁdé%in%?@%od for

contains a ['ésser anpunt of t characteris

T MBI 38 S el i
PR TP S S o BAap e orer o

actjvity of the first reaction zone. of the inlet sjde
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that of the second reaction zone, and the activity of
1}, menathod of paskingi agatat v avhaghdhastachiglmeomphsitiondl ratio efr e
adjusted to be higher in ascending order (Patent
plisphorens a a lceweat cohmpositibieal aate efamgiic iidapet.to fat @nlet side for the
Docunent 1. Japanese Patent Application, First

ekl Bds| (PafehOdbd¥thent ), a AP hacKiaiz@niatdDast wiitdh codtains a lesser
Japanese Patent Application, First Publication No.

arAB0R of YLchardPalrRAE e[dRAMRRN 23 podRHaRERErPa BRloutlet side for the
plication, First Publication No. 2003-171339 Patent
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volunme at the inlet side for the raw gas .in e .
thednlsf §d¢ borfjreagiion s it adieed ta b FigSen tpan way va&g? pergnd reaction
the tenperature of the hot spot. Therefore, these are
zqstes and the activity efghe thirtreadtiongonr andihesipppy bistepfier arpadjusted to
consecutive oxidation reaction and in |engthening the
be hightyistas¢antlgoy derd@atenndpcuvent A andithel [d@dire exoneplidred.
these nethods only paid attention to suppressing the
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oxi dation per unit mass of the catalyst in each 2
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controlled at all and consequently the
Patent Document 3: Japanese Patent Application, First Publication No. 2003-171339
Patent Document 4: Japanese Patent Application, First Publication No. 2003-261501
These are the methods of suppressing the heat value of the reaction per unit
volume by lowering the rate of reaction per unit volume at the inlet side for the raw gas
in the catalyst layer of the reactor to result in lowering the temperature of the hot spot.
Therefore, these are effective in improving the yield by suppressing the consecutive
oxidation reaction and in lengthening the catalyst life by reducing the thermal load.

However, these methods only paid attention to suppressing the temperature of

the hot spot so that the quantity of oxidation per unit mass of the catalyst in each



di stribution of the |oad of the oxidation reaction in
the catal yst |ayer has not beconme wuniformand it has
been feared that a portion where the | oad of the

oxi dation reaction is high may occur, At this
portion, the probability of the occurrence of failure
in the reoxidation of the catal yst becane high, so
that deterioration of the catalyst was accel erated
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catal yst layer as a whole may be drastically
. iy . .
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,cgt al ytic oxidation, of nethacrolein with nolecular,
high ymasrpceur. ¢ WY this @elinge therprabability @f the essvirenre ol dailupe in the
by the use of a fixed-bed tubular reactor, wherein the
repyiclationief be icatalyst becaoke high se that ststioatios apiheestabist wasl

the catalyst is used stably for a long tinme by not

apleyataligpliehsd egntalventanplen diedife ofthetdaealymlayes pod whole may be
al so making the | oad of the oxidation reaction in the

driagdcally shorketi¢@r uniform and to provide catalyst
| ayers and a fixed-bed nultitubul ar reactor.
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Bl urality of reaction tubes each having a catal yst
tupulaereactop avherein thehloedi deteriocativpf sheceatalysp 3 supayessed; and the

divided in the direction of the tube axis of the
catadpst tis wwedistably fontadongvome bymot enlly ayeprassirtgathe heemppyture of the hot

provide a plurality of reaction 3 zones, and the
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| oad ratio per unit nass

to provide catalyst layers and a fixed-bed multitubular reactor,

DISCLOSURE OF INVENTION
A method for producing methacrylic acid concerning a first embodiment of the
present invention is characterized by a method for producing methacrylic acid through
the gas-phase catalytic oxidation of methacrolein or a methacrolein-containing gas with
molecular oxygen or a gas containing molecular oxygen by fhe use of a fixed- bed
multitubular reactor comprising a plurality of reaction tubes each having a catalyst layer
therein, wherein the above catalyst layer is divided in the direction of the tube axis of

the reaction tube into two or more layers, to thereby provide a plurality of reaction



of the catalyst for each reaction zone falls within a
fi xed range. The nethod for producing nethacrylic acid
concerning a second enbodi mrent of the present
invention is a method in which the packing condition
controlling the substantial catalyst-conponent nass
per volunme of each reaction zone is determ ned by the
nmet hod used in the first enbodi nent by using the
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reactlon tube in which the tenperature distribution in

oittlﬂg Ion ?Eachl X&fon%ﬂe%@l '?ﬁﬁﬁﬁ'ﬁﬂ ?1% by using the

_con eterm ne e catar I's packed
;gzztm G b %&{yﬁﬁagl‘ﬁ?f?’h?%mﬁﬁé#??%ﬂtenabodlmem
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¢ RERSERA e enmgleﬁwed%%&mﬁ? g spndifion controlling 31he
catalytlc oxi dation of methacrolein or a
substantidrcatabystrcooporant Mags prasolimeoiesich section aags detgpmiped by
gas contai ning nol ecul ar oxygen. In the nethod for
the mesthiax] wgd e tHedforstydmisodiroent byfusinpethe fized-bed immltenbularyeactor
the reaction tenperature of the gas-phase catalytic
proxiddatwitinthBwachien &R il WhithQke tehifRrabrrdarbitaniadhe catalyst
nmet hacr ol ei n-contai ning gas may contain 3 to 9% by
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and 5 to 50% by vol'ume of water vapor and the space
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tube axis of t he afor errentl oned reaction tube rray be
orzpmehrctotein-comthiaing gasavitnmplsrelar e¥yeen-opa@as eiiaing molecular
reactor may be a multitubular reactor 4
oXygen.

In the method for producing methacrylic acid of the present invention, the
reaction temperature of the gas-phase catalytic oxidation may be 250 to 350°C.

The aforementioned methacrolein-containing gas may contain 3 to 9% by
volume of methacrolein, 5 to 15% by volume of oxygen and 5 to 50% by volume of
water vapor and the space velocity of the aforementioned methacrolein-containing gas
may be 300 to 3000 hr,

The maximum value among the distribution of the values obtained by
subtracting the aforementioned temperature of the heat transfer medium from the
aforementioned temperature in the catalyst layer (AT) in the direction of the tube axis of
the aforementioned reaction tube may be 35°C or less.

The aforementioned fixed-bed tubular reactor may be a multitubular reactor



i provided with a plurality of reaction tubes having
an internal dianmeter of 10 to 40 nrn and a heat
transfer medium bath. According to the present

i nvention, in the nethod for producing nmethacrylic
acid through the gas-phase catal ytic oxidation of

net hacrol ein with nol ecul ar oxygen in the presence of
a solid oxidation catalyst by the use of a fixed-bed

ploiidEdatith 2Rk Aty of RRctidPeBEs E’eﬁﬁﬁé@fr@érhﬂ"dizﬁﬁetém 10 to 40 mm

catal yst can be suppressed and e catal yst can be
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e tenperature e hot spot but also naking the
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the present invention. Fig. 2 is a schematic diagram
thefpresenesmefi a sediidriidation chielysbby theaise eha fixedrbedibulss reagtor, the

af orenenti oned reactor. BEST MODE FOR CARRYf NG QUT THE
local\deneriotMidmofithe cqgalystaran bersugprtssod and e caedest cambe used stably

synt hesi zing nmethacrylic acid is performed using a

fdriaXesk; 18 by baly suppetsig tht ienpdrafue®Nthe BHEHHot but also making
fi xed-bed tubular reactor is provided with a
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cylinders, a catalyst to be Set 1n each reaction tube

to fill at least a part of the cross section of the
reaction tube, a catalyst layer fornmed in the reaction

t ube i ncl udi ng t f nti oned
catal yst is poéé?ﬁgaﬁﬁgfgﬁg?gﬁﬁégsgggﬁﬁgﬁﬁg devi ce
whi ch suppli.es. nethacrolein qor a )
Figed i FgrRiHE Sieem shavging adongitpdingl sectipa pf X Gepsmple Pt a
gas. contai ning nol ecul ar oxygen to the aforenenti oned
fixedybed myltitalpyday reactor usable in the present invention.

Fig. 2 is a schematic diagram of a longitudinal section of the reaction tube of the

aforementioned reactor.

BEST MODE FOR CARRYING OUT THE INVENTION

In the present invention, the reaction synthesizing methacrylic acid is
performed using a fixed-bed tubular reactor. The aforementioned fixed-bed tubular
reactor is provided with a plurality of reaction tubes which are composed of cylinders, a
catalyst to be set in each reaction tube to fill at least a part of the cross section of the
reaction tube, a catalyst layer formed in the reaction tube including the range where the
aforementioned catalyst is positioned, and a gas supplying device which supplies
methacrolein or a methacrolein-containing gas and molecular oxygen or a gas

containing molecular oxygen to the aforementioned reaction tubes.



Fig. 1 is a schematic diagram showi ng a | ongi t udi nal
section of an exanple of a fixed-bed nultitubular

reactor usable in the present invention. The fixed-bed

mul titubul ar reactor has a cylindrical main body 7, a

hem spherical introduction part 8 and a hem spheri cal
derivation part 9 each being fixed at opposite ends of

the main body 7 through circular tubesheets 10, 11. A

raw geig. 1 iy £échémiafic i %f@dslﬁimh@@longilﬁaﬂﬁmlﬁcn@ﬂoﬂ@f éxanple of a
and a raw gas outl et is formed at the derivation
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infrediasionipartet argl 4 svdgas hitletgets fomoed athke deratativn pag Der Between

medi um outl et 4 passing through the many reaction
the ildeshezts Mhd 1y may feactidntnbessre faxed paciliel iorthéagis of thermain

| ayers of reaction zones divided in the direction of
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n) being set to each reaction zone in the sequenti al
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the raw gas. In each reacti n zone, 1 n tenperature

t
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ﬁ@ﬁ%ﬁﬁ?ﬁ& BT o "ol Ak 1R Jlbranapes facan stpplied

stream s é[a% t he dovvnstream si de of the raw

frong thes bt raes Iaﬁdlmel%éulm@wl@&eésfmé@ et sty medpa outlet
tenperature of the j th and th neasuring points of

4 paeing thguele thettheny Izmt@na*lﬂbeséepr esented as Ti(j) and
Ti(j+l), respectively. The | oadi ng weight of the

cat al Mﬁremftion&abd‘uhasem:ﬂiown in Gine 2| 8 layeps efyendton zages divided in
W (i) and the tenperature of the heat transfer nedium

th?_ girsdtidng:f andfPe bRE, the aginberi (i WBSintegef BEMESOM) @-lindSet to each
reaction zone in the sequential order from the upstream side to the downstream side of
the raw gas. In each reaction zone, m temperature measuring points are set at intervals
in the direction of the axis, the distance between a j th temperature measuring point and
a j+1 th temperature measuring point in the sequential order from the upstream side to
the downstream side of the raw gas in each reaction zone being represented by Li(j).
The temperature of the j th and j+1 th measuring points of the i th reaction zone are
represented as Ti(j) and Ti(j+1), respectively. The loading weight of the catalyst of

each reaction zone is represented as We(i) and the temperature of the heat transfer

medium existing among the reaction tubes is represented as TB.



6 The configurations of these fixed-bed tubul ar

reactors are not particularly limted, but fromthe

i ndustrial point of view, a multitubular reactor

provided with thousands to tens of thousands of

reaction tubes having an internal dianeter of 10 to 40

mnis preferable and a nultitubul ar reactor provided

with a heat transfer nediumbath is preferable. The
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a fused-salt” containing potassiumnitrate, sodi um
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represented by the follow ng conpositional formulais
isprefeebleb| dheMent travisfebmrediin Xenot fpadiyulavigdineitad, ] a fysed-salt

Cu, V and O represent nolybdenum phosphorous, copper,
congainitip yiotassinsh ik ygesodiurg siteict dandahy likedsreapimpified. s at

| east one el enment selected fromthe group consisting

of i rQReli¢ePidhfion HtAk&lis udddS thd BEHIES] 41 the BdtSly TS not
stronti um barlun1 titani um Cthﬁ]Uﬁ] tungsten,
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ant 1 nony, I smuth, niobium tantalum zirconium
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represe a eas

fromthe group consist.i,ng of assi t ubi di um.
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represent an atomc ratio of each el enment,
ﬁm@§Bé§PFW@ﬂ%P-when ais 12, bis in the range of from

0.1to 3, cisintherange of from0.01 to 3, dis

in the range of ¥oph Ouo¥aXeY30:e is in the range of

fromO to 10, f is in the range of from0.0 1 to 3 and
(WhererMe g (a1, Vhandad eepresenatniotybdénumpyphgephordust cdppef, ivah®lium

the requirenent of the val ence of each el ement above.)
and oxygen, respectively; X represents at least one element selected from the group
consisting of iron, cobalt, nickel, zinc, magnesium, calcium, strontium, barium, titanium,
chromium, tungsten, manganese, silver, boron, silicon, tin, lead, arsenic, antimony,
bismuth, niobium, tantalum, zirconium, indium, sulfur, selenium, tellurium, lanthanum
and cerium; Y represents at least one element selected from the group consisting of
potassium, rubidium, cesium and thallium; subscripts a, b, ¢, d, e, f and g represent an
atomic ratio of each element, respectively; when a is 12, b is in the range of from 0.1 to
3, ¢ is in the range of from 0.01 to 3, d is in the range of from 0.01 to 3, ¢ is in the range
of from 0 to 10, fis in the range of from 0.01 to 3 and g represents the atomic ratio of

oxygen that fulfills the requirement of the valence of each clement above.)

Further, the preparation method of the catalyst to be used is not particularly



Further, the preparation nethod of the catal yst to be
used is not particularly 7 limted, and conventionally
vari ous wel |l -known net hods can be used provided that
they don't cause undesireble maldistribution of the
conponents. The raw materials to be wused in the
preparation of the catalyst are not particularly
limted either, and nitrates, carbonates, acetates,

li e ®, nd Pof Mdritidnal o)XV dRms wWRAlkndem matodd\@nlbekBed®provafed that they
el enment can be used in conbination. As a raw nmateri a
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S rted, catal yst supported on.an inactive carrier
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carhbide and the Iike or a catalyst diluted with these
b Wigdtin gembmator sAravhmaesiabior mrlykdenumy far exampple, ammonium
refers to a space portion where at |least a catalyst is
paremplybdatd, mplybdemuatridxide, mebydbdixf acidyendliykdeduimeshl¢nide dndrthe
reactor. Nanely, it refers to not only the space
lilsheanebeanskd. t he catal yst is packed but al so the space
where the catalyst is diluted wth the inactive

car r i Fie éitdlydthiebé hied miJONENRH withoSPRAEATIBO hbiveverad sifipphted
end part of the reaction tube where nothing is packed
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packed is not included in the cata ayer ecauseé
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gas- ppase. .catal ytic oxidation of t hacrolein with .
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. cat al yst &)r/ ﬂt he ua(f of a fixed-bed tubular reactor is
indgagtiop b ¢f toe fixed-bedh ibplag reactonc t Nameletprdeisite pat eniy the

the range of from250 to 350C. At this time, the
spaeqwhersonhbathe catatyst isglacked hvoalspsret spacs wherg the eritalpst indiluted

long as it contains nethacrol ein and oxygen,
with the inactive carrier and the like. However, a space portion at each end part of the
reaction tube where nothing is packed or a space portion where only the inactive carrier
is packed is not included in the catalyst layer because the catalyst is not substantially
contained.

Now, the reaction for producing methacrylic acid through the gas-phase
catalytic oxidation of methacrolein with molecular oxygen in the presence of a solid
oxidation catalyst by the use of a fixed-bed tubular reactor is usually carried out under a
reaction temperature in the range of from 250 to 350°C. At this time, the reaction raw
material is not particularly limited as long as it contains methacrolein and oxygen,

however, generally a gas containing 3 to 9% by volume of methacrolein, 5 to 15% by

volume of oxygen and 5 to 50% by volume of water vapor (hereinafter merely referred



however, generally a gas containing 3 to 9% by vol une
of nmethacrolein, 5 to 15% by volune of oxygen and 5
to 50% by vol unme of water vapor (hereinafter nerely
referred 8 to as a raw gas) is used. The raw gas to be
used here may contain a small anount of inpurities
which don't exert any substantial influence on the
present reaction such as |ower saturated al dehydes,
tdtamafsgaene vk | i ke, or may be diluted by adding an
inert gas such as carbon dioxide and the Iike. The
fl ow t j : j Lim ted o 1-
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however, | ow rate e space velocit
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reaction pressure can be taken froma normal pressure
dipyidg apd the lile: nddsHom rate ¢frthe sayy gas ispat particyariy limdtgfl, however,
enforcenent of the present invention, use of the air
a Howante wheygje thesspace eelofityt dfithe saw gasbacomes 30t 3000Ihy ™,
advant ageous. \Wen the raw gas is flowed through the
espatially SO0 1023080 Heepis padfetable. I The kéaation tedmfredtatelofeheof 2
50to350Cinthe reaction tube by the use of the

afRfRIDABAL] S84t FARactRURP IS0 GE 3 568T, @¥iedRlly 280 to 330°C.
reaction is carried out In the catalyst layer and
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a su nt anount of e catalyst conponent p

jt volunme of the inlet side of the fixed-bed
p%g%u%?stubul ar reactor is reduced to suppress the
t

enperature of the hot s in the inlet side of .the
cat al Ydfe prgical es@r?%nﬁgf’%@r?ssw XN gse qi dne air as an
substanti al amount of the catal yst conponent per unit
oXpgen seurce of thgrawy gp@tslers@wnu@nl@mpa\tae@ﬁﬂ%gy has been

used and, for exanple, 1)
When the raw gas is flowed through the catalyst layer kept at the reaction

temperature of 250 to 350°C in the reaction tube by the use of the aforementioned gas
supplying device, an oxidation reaction is carried out in the catalyst layer and
methacrylic acid is mainly produced. On this occasion, a substantial amount of the
catalyst component per unit volume of the inlet side of the fixed-bed multitubular
reactor is reduced to suppress the temperature of the hot spot in the inlet side of the
catalyst layer.

As the method for reducing the substantial amount of the catalyst component
per unit volume, so far a publicly known technology has been used and, for example, 1)
a method in which the catalyst layer is divided into a plurality of reaction zones and the
catalyst layer of the gas inlet side is diluted with an inert material, 2) a method in which

the catalyst layer is divided into a plurality of reaction zones and a supported rate of the



a method in which the catalyst layer is divided into a
plurality of reaction zones and the catalyst |ayer of
the gas inlet side is diluted with an inert material,
2) a nethod in which the catalyst layer is divided
into a plurality of reaction zones and a supported
rate of the 9 catalyst active material (a nass
proportion of the active material per one catalyst) is

cdEde defilOiaterial RSASRProtbrasIes tht beie MgteSASper ah@&atﬁlly@@ is
to the gas outlet side and 3) a nethod in which

madd By tin Llﬁ\éﬁcimg or \ﬁlo&? ;ﬁg Fﬂ& sﬂfiet{f) ?l;é dééé okl s‘f@féﬂﬂ} a

zones and a si z " S]E no artlc Ie
t
mgﬁi 8 11? % hteth% Ic%g@%tclg?fég gw hzé‘t{o frpggr(?ﬁ?luﬁ; e%é(a{olﬁgsmes and a size
0@3 Xt?@/gﬁ gl atiescapgperin §ein aseendigprdessiogm ‘uplet side,

scope of the definition that the tenperature of the
'mﬁb@g@b@ﬂbt§d§aﬁﬁﬂ@§§@§ﬂ though it differs depending on

the reaction system in accordance wth the

i nvesBy garyiog oof suchengthalsetht témpezathor of the hbtaapot inside lke

case of producing nethacrylic acid through a

cayelgst pias & pbaiddon Asshegeope 96tHedetiattnythit theltdmpRBature of the
those in the present invention, the following is

hdlisp6iis sipiREREd) tﬁ&%hﬂﬂ&i‘ﬂ&@’ﬁé{)@ﬁdiﬁg B Grehtn system, in accordance
di stribution of the values after subtracting the

wItﬁ REhLH smﬁf ofttg € phsait Mé’ﬁ £ & fagqgﬁf@}asg gg}(}dnang

tenperatu e Int cat al yst ayer
hrect. Xi S. rea tube
wEEhEsh ki S%fo“'é@ FeprafcRifilioh Bing REGE pEfsborgn b those in
reason, t hod.al.one |t I.S .apprehended t hat
thE PSRGPTSRI B TOTOVRE i BT Yheraia U P g En Y Slus dnpas the
in_the catal yst |ayer nay becone i nhonbgeneous and a
disfrightipn atthp apluesaltgrsubliecting thejigmpsiatire 8 thedipahtignsfer medium
occur. Consequently, by using the follow ng nethod,
frérortheteapetatyrean thebstadydt laier (EE)sn thf ditdetion af theytsbe axis of the
conmponent per unit volune in the catalyst |ayer can be
reagiionubend: 3530 o hs. cHbakyat bdcayserofitise fbirsgofi@ireasing ba this
plurality of reaction zones and a substantial mass of
méthBd alone it is apprehended that the distribution of the load of the oxidation reaction
in the catalyst layer may become inhomogeneous and a high load portion of the
oxidation reaction may occur.

Consequently, by using the following method, for example, a substantial mass
of the catalyst component per unit volume in the catalyst layer can be optimized: 1) the
catalyst layer is divided into a plurality of reaction zones and a substantial mass of the
catalyst component per unit volume is controlled in each reaction zone by an optional
method such as those mentioned above; 2) the reaction is started using the catalyst layer

thus obtained; 3) after the start of the reaction, the temperature of the center of the

catalyst layer in each reaction zone is measured and from this result the reaction load
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cat al yst conmponent per unit volune is controlled in
each reaction zone by an optional nethod such as

t hose nentioned above; 2) the reaction is started
using the catal yst |layer thus obtained; 3) after the
start of the reaction, the tenperature of the center
of the catalyst layer in each reaction zone is
measured and fromthis result the reaction |oad 10

rdtRt CRc(DRE Ehoh felctRACIDNE SAEAERANE.0NA 4) ShCeefat oAb ¢§lihraidh 3) are
4) the operations 1) through 3) are” repeated so tha

dpRgeFRE a} ﬂ?r om eh@mfe?% té@pegl%el Iffﬁfoﬁp(ﬁr? Q 8.0t grrc]agesrgbly from 0.9

preferab reaction z
208 1) t hrough 4), the reaction | oad
u)P§§§a@§% § ffi8ach reaction zone is calculated in
the f OMAn mann usi ng . the follow ng equations (1)
(o (3 h ey 5atmn ix iy s5ackion Kok Fagy § Rach 1 cath peaction
VKX =l 2.d7i (.j)=1i (i)-TB (2) (3)

Z‘IIWHé P@pwatrzé(m )hel telleyimgrmaamer vsing geedodpwingeequations|(&)/ter(3).
(C m/ kg), L|U) is the distance (m) fromthe j th
ne p t he h catal yst layer to the j +

éﬁkf&;iaﬂ Qéﬂ%ﬂ the direction of the tube
axis, W(i) is the packing amunt (fkg) of the catalyst
in the i th layer, Ti(j) is the catalyst-layer

terrperat e()of th, measuring nt in the i
P DA U R R S

nis the nu r of the reacion zones, mis the
nurrber of the tenperature neasuring p0| nts in the i @)
j;a(( yst a er. i islton i and | are counted
JI1=
(3)

(wherein Re(i) is the reaction load of the i th layer (°C - m / kg), Li(j) is the distance (m)
from the j th measuring point in the i th catalyst layer to the j + 1 th measuring point in
the direction of the tube axis, We(i) is the packing amount (kg) of the catalyst in the i th
layer, Ti(j) is the catalyst-layer temperature (°C) of the j th measuring point in the i th
catalyst layer, TB is the heat transfer medium temperature (°C), RcMAX is the
maximum value of Re(i), n is the number of the reaction zones, and m is the number of
the temperature measuring points in the i th catalyst layer. i is 1 to n. i and j are counted
in turn from the inlet side of the reaction gas.)

In the calculation of the CRc(i) by the above-mentioned method, the reaction
load is made uniform on the following assumptions: 1) the heat value of the catalyst
layer is proportional to the quantity of the oxidation reaction in which the catalyst has
taken part; 2) the temperature distribution in the radial direction of the catalyst layer

does not exist; 3) the overall heat transfer coefficient between the heat transfer medium
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in turn fromthe inlet side of the reaction gas.) In
the cal culation of the CRc(i) by the above-nenti oned
net hod, the reaction |oad is made uniformon the
foll owi ng assunptions: 1) the heat value of the
catalyst layer is proportional to the quantity of the
oxi dation reaction in which the catalyst has taken
part; 2) the tenperature distribution in the radi al
aridl the ehtaBRr Bl erd 5 GotRkdldIbR%E khe @22DnYBhe £4) f eacR keaction
the overall "heat transfer coefficient between the heat
f ' : ' ;
oAl A hPa T b e RS o Jod ATk Be BRI zone o
one he .heat, bro in the gas flowng in from
oSt fralf Wrmiebpa feineathetivn ro%R BobiEke WREP B0
the outlet part of the reaction zone is not taken into
consi BBASUTRRE Inginsgaamer. Ake Yaiug phtaingd Ry swbirachag the)teraperature
obt ai ned by subtracting the tenperature of the heat
ofithe\ hedt dransheriingdiuinr fromtthe tempepatviztin the datalysh dayen(Al et the
| ayer (OT) and the quantity of the oxidation reaction
quantityhefcthe bhidatia eehytidn inashitlathe vadyrst hasrtekepiress edpressed in a
a linear relationship. Consequently, by integrating

lineaBreAdtidns B t TdnkddulihtlyD 8Y intb@atilethe A1t fr6h tRAet Phrtee el

reaction zone along the direction of the tube axis and

el Dt teackiBR Ahond e frcblon HP R Bl ThYiRing the

re% feqt Lale b? tt%ﬂ?agkéf&gélk&'}nfsg e qQE%ClPlSn SIS Wb sy of 59&

Ni's occasi on, depending on a position rn’the catalyst
l.ayer, because there.is a sljgh ifference in a

oy fnreRaagR cestosrisheendrt bt enot s on whi ch
produces , nethacrylic acid and the reaction which .
pr od e ghigescagions depending pn agepibing M the caiadyst layes Beqagse there is
nmore or less a tenperature distribution in the radial

a glighg diffesencefin & peoposticn glgrccutrenge of thermdaihueackien whidhepreduces
is a change in the overall heat transfer coefficient

mithaggh¢ rcillland ghe madionsylzch palduoad300br the®tleacainpstents, and
component in each reaction zone, and there is a take

theretis Alor@o1SIeEY 4 tepipetdt@e ddstribliRnde fiey RRHdiedibn of tiRaahlyst
reacti on zone by the reaction gas to

layer, and further, there is a change in the overall heat transfer coefficient by controlling

—

a substantial mass of the catalyst component in each reaction zone, and there is a take
out of a small portion of the generated heat in each reacﬁon zone by the reaction gas to
the outside of the reaction zone, the above assumptions 1) through 4) do not hold true in
the strict sense of the word. However, in the method for producing methacrylic acid
using the catalyst and the fixed-bed multitubular reactor of the present invention, it is
essentially sufficient to optimize the substantial mass of the catalyst component using
the result calculated with the above method.

In the case of using the above method in the calculation of Re(i), the number of

divisions of the reaction zone can be optionally selected as long as it is two or more and
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t he outside of the reaction zone, the above
assunptions 1) through 4) do not hold true in the
strict sense of the word. However, in the nmethod for
produci ng nmethacrylic acid wusing the catalyst and the
fi xed-bed mul titubular reactor of the present
invention, it is essentially sufficient to optim ze
the substantial mass of the catal yst conponent using
whe idcesadin t@hambeat Sdivikibhs, tesudban@al TB4s 06 the!cAtal y3€ component
case of using the above nethod in the cal cul ati on of
. h o _ L _
Bty REnGIRE) OB i, A o oy

can ptionally se
i ncrea t he nunber, of d

d 12 i.Ng. i Si, .
HAR et Bl S A E PP Biondio N ERSE Rme J! Ept akes
HE S E T e

.nunmber of divisions is increased to nore than it
indugigigllyit takes a long tine to pack the catalyst so

that the division of around 2 to 4 is sel ected

i ndusThe¢ whipgraturghie thearapdyshlayeecimbe theasneedt yyiasertimy and fixing
can be nmeasured by inserting and fixing many

niahg kiomociiphs ih thd Rectioatbd &l dlstoeantittnédsGRddyh thermocouple
nmeasured by a thernocouple inserted in a protecting

irlsbhai i%@t?pr%ciiﬁ% b8 e thdentdd @ HeAS 558G driferpendicular to the
perpendicul ar to the ‘tube axis direction of the

tdﬁ)@ %ﬁfs'd?r@cﬁ&p&; thQPeaEﬁ . B’ aéh%.‘is o&:éaéieo%bﬁrifﬁnge%ﬂlg td Rave a

ave a structure, erein the insi
cting tube i arated from.the r i on_system
SIS P il T TR Bl [T il DR svstem
changed .by adjusting the length o Insertion of the
a'%fﬂ@F 38883% Pgﬂewgh% CRERE S8 Py ﬁlgansﬁéﬁy afhyeting tgP dength of
.distribution of the catalyst |ayer of each reaction
msesHen opthecdhamasowrlecal cul ating the reaction load is
i nproved by taking a snaller value of the distance
bet welyrthehevhaanpessating therterapemiungdisoitmtien bf (he)catalyst layer of
However, a |arger value of the distance may be taken
edch rédveiopaote, pheistord bfcalcilp@dgahelfeaction load is improved by taking a
smaller value of the distance between the temperature measuring points Li(j).
However, a larger value of the distance may be taken in the part where the temperature
change in the tube axis direction of the catalyst layer is small. When determining the
temperature measuring point, both ends of the reaction zone have to be the temperature
measuring points and the difference between Ti(j) and Ti(j+1) has to be 5°C or less.
When occasion demands, there is a case that a substantial mass of the catalyst
component per unit mass of a catalyst molded article is different by using properly a
supported catalyst or a tableted catalyst in each reaction zone. In this case, the value of

not the mass of the packed catalyst molded article but a calculated substantial mass of

the catalyst component in each reaction zone may be taken for We(i).
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change in the tube axis direction of the catalyst
layer is small. When determ ning the tenperature
nmeasuri ng point, both ends of the reaction zone have
to be the tenperature nmneasuring points and the

di fference between Ti(j) and Tio+l) has to be PC or

| ess. When occasi on demands, there is a case that a
substantial nass of the catal yst conponent per unit

mass NbwaincBé pre¥ért ifin€led, Adubbiahtal ingasl bf fiec@flysb¥Yomponent in
using properly a supported catalyst or a tableted

edeBirddoivh zbRe fs%&'ﬁnﬁmj %thtztﬁg %gla%%tgwccg%tgﬁgg?n frlr{}ﬁ% gac}alyst

val ue of not the nas <!

o T B e ST e

f i). .13 Now, i h [ i on,
I A p—

reaction zone is optimzed by using the tenperature '
digiributipm of theataly st lazercepnaetyhermeasyredrin gl thg reactigntubes. In this

performng the reaction, however, in the case of an
caspfos exdmaple, anioptishipsthnmflatsubstimtlah maseeitthe cathlystemyseent in

practically, there is a case that the tenperature

eatth seactibi zowais @hrriedeuc By akiyg b rémyduced aduetibn htbermB ashodd of the
inall the reaction tubes. In this case, for exanple,

red@ticiubatFApésHy B fRed o haiMituBhlaFRastoR and B uSRbahd/&ndition
conmponent in each reaction zone is carried out by

tht$ bhinkd  he E&gfé)gﬁrga§ B@Béd}%g ir% il:f})%g%&glgg tﬁi}%dc%!mp%%i&ggge industrial

reaction tube osi n mul t1 tu
I NGt conditio hus_..obt ai ned

o Rl B AR Db R B ot e R oA Sathou

C ing the industrial . fixed-b mul titubul ar
paERile LR Catalitin dpe ackusl sSagtion bibeche ?ﬂ&)"aﬂs o gy be used,

Wi thogt packi ng the catalyst in the actual reactian
wherpw the peakysh nashing gonditina éf feupd prthas €Rc() rall ti feacHien zones

catal yst packing condition is found so that CRc(i) in
cogids in Hie abese spesHicdonrg: usingre siniulatohehizh prealigp gei tbinperature

range using a sinulator which predicts the tenperature
distribtitiorbint the natalyst lagerdasimulstion prygran( @sisg Aubraputer). In any case,

program using a conputer). In any case, in the
inphepRRdnt ineafidn, 3is neéeshAry MRR BRSRENonN8dd 1ah6 [CRIGS] fRPunit

load ratio [CRc(i)] per unit

mass of the catalyst in each reaction zone in the catalyst layer at the time of the reaction
becomes 0.8 to 1.0, and the process of the optimization of the substantial mass of the
catalyst component per unit volume in the catalyst layer is not particularly limited. As
mentioned above, by optimizing the substantial mass of the catalyst component per unit
volume in the catalyst layer, the effect of the life extension of the present invention is
sufficiently obtained even in the industrial fixed-bed multitubular reactor.

Hereinafter, the method for producing methacrylic acid in the present invention

will be entered into details with reference to the following examples.

The term “part” in the examples and in the comparative examples means part
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mass of the catalyst in each reaction zone in the
catal yst layer at the tinme of the reaction becones
0.8 to 1.0, and the process of the optim zation of the
substantial nass of the catalyst conponent per unit
volume in the catalyst layer is not particularly
limted. As nentioned above, by optim zing the
substantial nass of the catal yst conponent per unit

by Blasire THe dabi@yst abmbdisdnt IsiytRdined Emathé ekdrgial abfd@nd o tBe raw
extension of the present invention is sufficiently

maRkialsnehseMeRt hgl?s?é}%éd?%g%%}‘tuﬁﬁxJd—%n@ﬁﬂa%%&c%% flsed-salt

reactor. Herelnafter, t od for producing

rykLi cid.i pre i tion wdl ..bhe .
JRARE LY 0% A biaiol DU RREIFRL ah ¥60H Resspeifpice was
exa es. The term"part" in the exanples and in {he \
“Sﬁﬁnp%aﬁ%f@wﬁ%% aplystdaysa i mi%ﬂ%ﬁ%@ewwﬁe mserted in

catal yst conponent is obtained fromthe chargi ng
a pEARAH0E Sberssbup Byihe semter ofthe crosg sestine @t:rppn@nglﬂéio the tube axis
medi um of the fixed-bed nmultitubular reactor, a
difegtien of etreactionpulsed ¥t thid ¥nixy thedssido df thetpastedting tube is
nitrate and 50% by mass of sodiumnitrite was used.
sephmtcdelivga tlad raetidnsysiem anrltthe poditibRyLihehshring Asletfedyura can be
t hernocouple inserted in a protecting tube set up in

cHaRgeCBNh@hsiifg thd RnEiASSnseGdd SNhe MRS, ar to the

tube axis direction of the reaction tube. At this
ti e, TG AN {8 Ofavd i i ALag
fromthe ra actclﬁglﬁ saysgée%rfﬂ?h gg%@%?ed} %%‘Iscilé?i%grgﬁcolféﬁep(g%g%%glg d out
I by .adj Ust i the. .
by 88 EBRO LY, BB F o RRARHE R Ret e stk g g e
of the raw gas and e roduced. by. the reaction is
prfdpeed et sty g ud 6 o B eReg eati are el befon
reaction of nmethacrolein, the selectivity to the
re3pesHYRl¥d nethacrylic acid and the yield of nethacrylic
acid are defined below, respectively. The rate of
Theeratet dfopacsion o nkeslacodleinr(®() % (B AB</18) x 100 The
selectivity to nmethacrylic acid (%9 = (C/ B) x 100
The selectivity to methacrylic acid (%) = (C/ B) x 100
The yield of methacrylic acid (%) = (C / A) x 100
Wherein A is a number of moles of supplied methacrolein, B is a number of

moles of reacted methacrolein and C is a number of moles of produced methacrylic

acid.

Example 1

In 300 parts of pure water, 100 parts of ammonium paramolybdate, 2.8 parts of
ammonium methavanadate and 9.2 parts of cesium nitrate are dissolved. To the
resultant solution, a solution obtained by dissolving 8.2 parts of 85 mass% phosphoric

acid in 10 parts of pure water and a solution obtained by dissolving 1.1 parts of telluric
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The yield of nethacrylic acid (%9 = (C/ A x 100
Wherein A is a nunber of noles of supplied

nmet hacrolein, Bis a nunber of noles of reacted

nmet hacrolein and C is a nunber of noles of produced
met hacrylic acid. Exanple I In 3 00 parts of pure
wat er, 100 parts of anmmoni um paranvol ybdate, 2.8 parts
of anmoni um et havanadate and 9.2 parts of cesium

ni-1rat [ issolved. .. To the ..resultant | id0onN, .. a .. .
acfl i rin® G pdt RO uicld ollE sy APned B Y Rt Saimine.
hosphoric, acid in 10 parts of pure water gnd a .
R A kA @f;sog\‘lg% S1ARF oL SOPpep BitEdS, 38 R e

.15 acid in 10 parts of pure water are added while
niteate, ed prgtspf@ineanitralg and 1 $gmrigef magaesiym nggpte imi{epartspf pure
sol uti on obtained by dissolving 3.4 parts of copper
watrirtis added. 7F6rtipay the niked sodution is sfitredhatd 00C forpdrmmutk and a

zinc nitrate and 1.8 parts of magnesiumnitrate in 80

stupgTthes sHtaiped B drisditgrusing sapegddryéur t her, the m xed
solution is stirred at 100C for 15 m nutes and a

sl ur my 100 P&t o5t @l ingd Bfiberhalt¥ialld 5
o 100 pop a0 Bp Slaing Sk e Qi3 ik B papite Rl and

_ . . . moxe I
iy SIS o3 A, AT TS  g
has, an xt ernal di.aneter 5 nd I h.of .5
extiil el of 5 piim e BRI o5 mipc; resfinor BOleF i Sulgipeg under
. 380C P ours and a catal yst .is obtained. The
alrﬁeweég@ Cofer 3%@?@3&6&? Xt fﬁ)t%i{l%ﬁﬂ cTt hegompogitien gf theg,
oxygen i s, Mol2 P1.5 Cuo.3 Vo.s Feo.4 Teo., Mo.is
catalyst ip ataagig ratio exoepidfopexygenbsMen: PedetoVosdgus Pve dguiis Bno.
a heat transfer nedium bath, having an interna
Csdi anet er of 25.4 nm nade of SUS 304 is used for the
reaction. The catalyst layer is divided into two
r eac i fined2edasbulimeidier, @atppead veith 8 held tiafsfet inediuAotieh, having
an internal diameter of 25.4 mm made of SUS 304 is used for the reaction. The
catalyst layer is divided into two reaction zones. In the gas inlet side reaction zone
located at the supplying side of the raw gas, a mixture of 0.62 kg (520 mL) of the
catalyst and 240 mL of aluminum spheres having an external diameter of 5 mm is
packed. The length of the catalyst layer of the raw gas inlet side reaction zone is 1502
mm.

Then, 0.91 kg (760 mL) of the catalyst is packed in the gas outlet side reaction
zone. At this time, the length of the catalyst layer of the gas outlet side reaction zone
is 1505 mm.

Then, the heat transfer medium temperature is 312°C and the raw gas

composed of 6.0% by volume of methacrolein, 10% by volume of oxygen, 10% by

volume of water vapor and 74.0% by volume of nitrogen is introduced at a space
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| ocated at the supplying side of the raw gas, a

m xture of 0.62 kg (520 nL) of the catalyst and 240
nmL of al um num spheres havi ng an external dianeter of
5 nun is packed. The Iength of the catal yst |ayer of
the raw gas inlet side reaction zone is 1502 nun.
Then, 0.91 kg (760 nL) of the catalyst is packed in
the gas outlet side reaction zone. At this tine, the
velecigh 6F 10fo Hife catal yst |ayer of the gas outlet side
reaction zone is 1505 mm Then, the heat transfer

medi u

T i RESR e o AP R 00 SRR e s
ovo¥9§£3txox% o?};‘%otilﬁvmg Of %V\%Edg‘éaenéé)e(grtuan &764%91t10ny400mm
vel oci t of 170 1 V\hen t he tenperature of th

frpimythe ygﬁty repm Ad qfé VLA s acHRPZORE 1P bseFysd gpd AT at the

of the reaction, a hot spot having the maximum

MERREY SRmpesatyge if ﬁ%°(bosR@(i)d1f tpewhgas inlet sde reaetierpaanedad.6°C
end of the gas outlet side reaction zone is observed

&g ATRa() 0, Re(Ri ofihe tasnpesreatlor edé madt@ zdRe (s 38.07C- m / kg
the raw gas inlet side reaction zone is 52.6C m/ kg

and CRe(§) ik 0193. 1.The rale OF yeadfiort HmethuergRén BBBLE%G, thE Odectivity to
reaction zone is 48.7C m/ kg and CRc(i) is 0.93. The

megheryat afigacsd a% 0d ARV RACEQh&hAcryBe &3d 8990.69%€  Even at 30 days
selectivity to nmethacrylic.acid is 84.4% and the

aﬁ'e'r Shest of B @@&EM? ' tﬁﬁ a4t g Ileﬁctiocﬂ & {ﬁetﬁ%{cﬁ‘@leﬁ'} 9. 5d/a¥i§th the same

after the start o e reacti on, eraeo react

el gﬁﬁﬁs;&ﬁg&ﬁgrg e SEI-E ol RO R l?ﬁréﬁg?%?a
"é% gﬁ?@a%@(‘iﬁg IeC|1e%er$2;E:|t ?gnalctsl XQH. ed out in

the same_manner as in Exanple | except that the
Comparative Example 1

The reaction is carried out in the same manner as in Example 1 except that the
packing amount of the catalyst in the gas inlet side reaction zone is increased and the
heat transfer medium temperature is set to 308°C. In the gas inlet side reaction zone, a
mixture of 0.80 kg (670 mL) of the catalyst and 90 mL of aluminum spheres having an
external diameter of 5 mm is packed. The length of the catalyst layer of the gas inlet
side reaction zone is 1498 mm.

Then, 0.91 kg (760 mL) of the catalyst is packed in the gas outlet side reaction
zone. At this time, the length of the catalyst layer of the gas outlet side reaction zone
is 1502 mm.

When the temperature of the catalyst layer is measured two days after the start
of the reaction, a hot spot having the maximum temperature at the position of 350 mm

from the upstream end of the gas inlet side reaction zone is observed and AT at the
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packi ng anount of the catalyst in the gas inlet side
reaction zone is increased and the heat transfer

medi um tenperature is set to 308C. In the gas inlet

side reaction zone, a mxture of 0.80 kg (670 nL) of

the catalyst and 90 nL of al um num spheres havi ng an
external dianmeter of 5 mmis packed. The |length of the
catal yst layer of the gas inlet side reaction zone is
mh4RfuiRmgdistre i9.399C KIRETPEK A kasOihlet Bide edicAbY Séné it§ 34.5°C m

S

packed in the gas outlet side reaction zone. At

/ %%{T?Rc(if‘ﬁ dlé(?, ?{gglg o?{heté%g oﬁﬁétggdéirg%ééi%}ﬂm%%n% AP kg and

et si tion ne en’the

CRETEREH" St GreRn P et i BT O BE el
i m ) h [.tian, 50
o HBRPIR OIS B BUnEr e 5114 ALDGRESHE atods dkS7eact | on

zone i s observed and AT at the 17 maxi num tenperature

i s 33Tk catalyst)layst packedgn shis ponstitien shewsadastiaghvisplesverigg and at

54.5C m / kg, CRc(i) is 1.0, Rc(i) of the gas
3@daysetfics ihdestareaitthe oractdiomehe mieldf Bacionrf/mdtkpcaslein at the initial

CRc(i) is 0.76. The rate of reaction of nethacrolein

sthge th8Y¥eactibrecHohR Gk mvdihitdinkd eveEivhA elid/int@askdildat Sansfer
83.8% and the yield of nethacrylic acid is 71.9% The

medfudl ¥adpelANBlof B20HEd FrOm BisSe &) Whbh B RRAYE life fs@Rtined as
activity lowering and at 30 days after the start of

thIe E;gril&? ﬁP\'}vhﬁﬁ thé A&t E%&%ﬁé&&i%qgﬁg&a%e %%EIE@E%S‘BL@ iRt

nitiral ‘stage react1 6n can no
maint ai ned, even with .the increased heat transfer. . .
of R Smpolalpivd o h B rFon ol ffhaSijein by aisie
the catalyst life is defined as the peri.od i n.which
the heat{EaRstef Fisiia forRRsantivn (b EApEF wats ibe P dg™Sr0s s by the
the operating procedure of maintaining a certain rate
cagalystalgtoriospions it petiaeusdhati the pafalysti 1 plaould hecomsthort in this
transfer nediumtenperature to conpensate the activity
cdnopreativeexenpietiobgh thosubstattial yess efehe catalysttdoomponent in the
obvi ous that the catalyst |life should beconme short in
cdtdly s layer is larger than that in Example 1.
Example 2
The reaction is carried out in the same manner as in Example 1 except that the
thermocouple protecting tube is not inserted in the reaction tube and the temperature
distribution in the catalyst layer during the reaction is not measured. The length of the
catalyst layer of the gas inlet side reaction zone is 1495 mm. The length of the catalyst
layer of the gas outlet side reaction zone is 1494 mm.
At the time two days after the start of the reaction, the rate of reaction of
methacrolein is 83.7%, the selectivity to methacrylic acid is 84.6% and the vield of
methacrylic acid is 70.8%. Even at 30 days after the start of the reaction, the rate of

reaction of methacrolein is 83.6% with the same heat transfer medium temperature of
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conparative exanple though the substantial mass of the
catal yst conponent in the catalyst layer is larger
than that in Exanple 1. Exanple 2 The reaction is
carried out in the sane manner as in Exanple |I except
that the thernocouple protecting tube is not inserted
in the reaction tube and the tenperature distribution
in the catalyst |layer during the reaction is not

3 P?’@Sébr (88 thd BRalyengidt 19f(eetp'ﬂ?g a ﬁﬁﬁﬁ%ﬂﬁ%a&tﬁ)ﬁ%u@l the gas

inlet side reaCtion zone 1s 1495 nm The length of the

| ayer of the gas outlet side reaction zone
Ef’z%@iﬁ mn. At the tine two days after the start of

t he r;laﬁlctlon the r te of reacti on of nr%thac glein iﬁ b
83. 794 0§ Facqn iscprripd oy Fréi‘lﬂ%m"’i}?‘?rcasé’& JanBegLxsept that the
and the yield of methacr /lic acid is 70.8% Even at
caiglyetdgyeras dizpded patodhrge reagion penes apd thedisat wansiorapediyn
reaction of nmethacrolein is 83.6%wth the sane heat
temperatfirgrand it cataly s ppelring coralitodn 4f:agh 2eaCtiom zoreadre thanged. In
catal yst layer is keeping a sufficient reaction

thagiab itlétyside fexcivpl nd aliitire af 0i40rkg (330 a1ly)iof dheotsitalyst and 180
the same manner as in Exanple | except that the

mEASfallMainuleyBErek hadthny A gtetial diahlt@Sf 5 eaGts packe@NeThe length
and the heat transfer nedium tenperature and the

E%A tl%ﬁ@ﬂ%friﬂe g ANHlet ! 18@ ré%f: é&?%he i§3661 B, Zoﬂ&’enafnethe

ange as |n e reaction zone,

mﬁ_rélt ?{a?el r%];c{%n z%n ga 1(1%(%19 g9 hﬁfk%@ ?fﬁ#)‘%f%ﬁé ca%nggjagg 9P mL of

er es nal

I t t t I f
alPWéﬂl@%éP‘f’eﬁ?S@eang&él RS 33%1“ S s e %ﬁl@ﬁer%ﬂh of the
i ntermnmedi ate reactlon zone, a mxture of 0.5
Ca(f@izﬁ lagoy o this Fractios zangds 1AMy fheps 0. 6(&#&&?%) of th catalyst

spheres having an external dianeter of 5 nmmis packed.
is paekdddnghgasfoutlneside enetiqnszone ay €he tngthrifshe eatelystdayer of the

zone is 1000 mm Then, 0.60kg (510 nL) of the catalyst
gas outlet side reaction zone is 1004 mm. The reaction is started with the heat transfer
medium temperature of 313°C,

When the temperature of the catalyst layer is measured two days after the start

of the reaction, a hot spot having the maximum temperature at the position 200 mm
from the upstream end of the gas outlet side reaction zone is observed and AT at the
maximum temperature is 30°C. Rc(i) of the gas inlet side reaction zone is 52.2°C- m
/ kg, CRe(i) is 1.0, Re(i) of the intermediate reaction zone is 52.4°C- m / kg, CRc(i) is
1.0, Re(i)of the raw gas outlet side reaction zone is 47.8°C- m / kg and CRc(i) is 0.91.
The rate of reaction of methacrolein is 83.4%, the selectivity to methacrylic acid is
85.1% and the yield of methacrylic acid 1s 70.9%. Even at 30 days after the start of the

reaction, the rate of reaction of methacrolein is 83.5% with the same heat transfer

medium temperature of 313°C so that the catalyst layer is keeping a sufficient reaction
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is packed in the gas outlet side reaction zone. The
l ength of the catalyst |ayer of the gas outlet side
reaction zone is 1004 mm The reaction is started with
the heat transfer nediumtenperature of 313" C. Wen
the tenperature of the catalyst layer is neasured two
days after the start of the reaction, a hot spot
havi ng the nmaxi num tenperature at the position 200 mm
adtivayd t he upstream end of the gas outlet side reaction
zone i s observed and AT at the maxinumtenperature is

2(2) g %?&?f:th? H‘{fg{olaefggg%d;‘a%lg &11&%&?)&%0?{%?& {gﬁﬂ tris@@& tb the present
in] di ct | is 52 4 C .m/. kg . CRY
rAT i Bt el s v
crp a0 e ALY BINaies a3onm s i oot Geviny Tiapn hg scope

methacrylic acid is 85.1% and the yield of nethacrylic
of4b¢ gresent mvepdipn.Even at 30 days afterthe start of the

reaction, the rate of reaction of nethacroleinis

83.5% with the same heat transfer nediumtenperature

of 313'C so that the catalyst layer is keeping a

sufficient reacti QNDISTRIAIVAPBLICIOBIIATY t he net hod

for producing nethacrylic acid with respect to the

Pr eseRécordiRY &iHePResRASINVERBSIHPhE nekbd ﬁpgﬁm&mg bfhacrylic

present inventionis not limted to the above

£ | . . .

acgé‘;g.ggdr%ﬁﬁc}j g@gllg?%ég?%m@%ﬁcﬁ%x omwatcﬁgmg%vl{hqgfgle@lﬂaf dxygenin

( ( he scope © rese
o PSS e oa ot B <R =Dt Rod OF Fremied HpbiSe feBior, the
oA IoFHIOBo Akt Ly HICaH e WHSCHHER DLV oA fesed stably

the presence of a solid oxidation catalyst by the use .
fopp leng time by petionly supRiessingthe symperafare ofghghot spot but also making
deterioration of the catal yst can be suppressed and

tht hededittlnd gratlatianrebationse dhes¢agddy st layer uniform.
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for a long tine by not only suppressing the
tenperature of the hot spot but also making the | oad
of the oxidation reaction in the catalyst |ayer
uniform 20 What is clainmed is 1. A nethod for
produci ng nmethacrylic acid through gas-phase catal ytic
oxi dation of nethacrolein or a

nmet hacr ol ei n-cont ai ni ng gas with nol ecul ar oxygen or a
gas containing nol ecul ar oxygen by the use of a

fi xed-bed multitubular reactor conprising a plurality

W‘K&tfs%i’aqﬁl%@ tubes each having a catal yst |ayer
erein erein the above catalyst layer is divided

Lt rect.i on of 1t ub xi s, of reactjon tu
LB LFON B eyt o Budh B Pt BB ohdthfion of
plurality of rea on zones, and the catalyst is
me%la%relfm Py w&tfﬁpr@iﬂwontﬁlmrreegwﬂ&} ve{eCﬁaywaen 05 B &AS a
way that a reaction load ratio CRc(i) Bg unit nmass
cogtaiping mdecularoxygen iati useata fised- b@h@u pardersjon dpaprising
follow ng equations (1) to (3) becones 0.8 to 1.0.
a plefity ofreRction) tuRE18AAK hdihg awatalyAlTlaghrithdrein, (hedein the hbave
) J=t 2 zT,.(j)=T (j)-TB WQ (2) (3) (wherein Rc(i)
catflyst ek @aditided il adirettichofithé tubk ayrlof GEeackioh tlk@)into two or
Li(j) is a distance (m froma j th measuring point in

marel la*léfs e MM prb@iYeh pﬂ&aﬁ@%ﬂreatnan E&heaeme B&al%ﬂ Blcaused
direction of the tube axis, W(i) is a packing

to Eb%‘féﬁanﬁ #%he QfItalSr&qa)‘;&tu? Lyctta ngy Ehg?a beabtlod BYE Fatio CRc(i) per unit

mass of the catalyst in each reaction zone defined by the following equations (1) to (3)

becomes 0.8 to 1.0.

CRc(i) = Rel(i)f ReMAX "
Reli)= [ZT}I W) AT,~2(j 2= (j)]/ 7eld) @
AT(/)=T,(j)-TB o

(wherein Rc(i) is the reaction load of an i th layer (°C - m / kg), Li(j) is a distance (m)
from a j th measuring point in a i th catalyst layer to the j + 1 th measuring point in the
direction of the tube axis, Wc(i) is a packing amount (kg) of the catalyst in the i th layer,
Ti(j) is a catalyst-layer temperature (°C) of the j th measuring point in the i th catalyst
layer, TB is a heat transfer medium temperature (°C), ReMAX is a maximum value of
Re(i), n is the number of the reaction zones, and m is the number of the temperature

measuring points in the i th catalyst layer;iis 1 ton; 1iand j are counted in turn from
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Ti(j) is a catalyst-layer tenperature (C) of the j th

measuring point in the i th catalyst layer, TBis a

heat transfer nediumtenperature (C), RCMAX is a

maxi mum value of Rc(i), n is the nunber of the

reaction zones, and mis the nunber of the tenperature

nmeasuring points in the i th catalyst layer; i is 1 to

n, i and j are counted in turn from21 the inlet side
thefinlkN8dd 6ARE kQR1iGREas)) 2. A method for produci ng

met hacrylic acid, wherein a packing condition

controlling a substantial mass of the catal yst

conmponent per the volunme of each reaction zone is

deter,m.ned by t.he nethod of.claim21 by using.the .
2 R Pt D T Y e dcicb e PR AT fieeontolling a

reaction tuhbe in which the tenperature distribution in
subgiantialimasy of the|caipdyst sxmpenenkperdhe selumgrd epsh wastinp Zome is

condition thus determ ned, the catalyst is packed
dqtentmingdhbey thienethdsbef alailt 1 bybsing ther foewh-lbad hulitutgldriveactor

reaction tube in which the tenperature distribution
prowided evithahateastiod agpein whichahe mpeanmetdihabiiasianiedcasest

the reaction is perfornmed. 3. The nethod for

lapérQd Gk ReeabBrtdamd Wyl 1GEidcthe card@6Hinmg dberhingd Thd catalyst is
wherein the reaction tenperature of the gas-phase

paeRERINYS e skl 'n&P?féﬁg%? gaaEBr ﬁ?‘alﬁtﬁ ik reﬂi{%n%@fﬁ%ﬁigﬁ the

produci ng net hacr acco g to claiml,

' t.hacr i ntajnin cont ain
telfBEa80 gt o TR S R A P o] b SheBEp RO B AEng b
0 Isg)gen zlilnd to 50% by volune of water vapor, and the
IB@% SPEABEY of the methacrol ein-containing gas is

300 to 3000 hr-1. 5. The nethod for producing
nmet hacrylic acid according to claim1l, wherein the
maxi mum val ue anong the distribution of the val ues

3.dibe anateet! foy prducingandtharryliceacid ecroeding t Jaisf 11 Wherhioethe
transfer nmediumfromthe tenperature in the catal yst

rebhcparteripdipturarof the gds-peast icatalyoic dxidation e HxioS56fCt he
reaction tube is 35C or |ess.

4. The method for producing methacrylic acid according to claim 1, wherein the

methacrolein-containing gas contains 3 to 9% by volume of methacrolein, 5 to 15% by

volume of oxygen, and 5 to 50% by volume of water vapor, and the space velocity of

the methacrolein-containing gas is 300 to 3000 hr,

5. The method for producing methacrylic acid according to claim 1, wherein the
maximum value among the distribution of the values obtained by subtracting the
temperature of the heat transfer medium from the temperature in the catalyst layer (AT)

in the direction of the tube axis of the reaction tube is 35°C or less.
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22 6. The nethod for producing nmethacrylic acid
according to claiml, wherein a nultitubular reactor
provided with a plurality of reaction tubes having an
internal dianeter of 10 to 40 nm and a heat transfer
medi um bath are used as the fixed-bed nultitubular
reactor. 23

6. The method for producing methacrylic acid according to claim 1, wherein a
multitubular reactor provided with a plurality of reaction tubes having an internal
diameter of 10 to 40 mm and a heat transfer medium bath are used as the fixed-bed

multitubular reactor.
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