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4 1 DESCRI PTI ON FI XED- BED MULTI TUBULAR REACTOR 5
TECHNI CAL FI ELD The present invention relates to a
fixed-bed nultitubular reactor in which a gas-phase
catal ytic oxidation reaction is perfornmed by using a
solid catal yst. The present application clains the
priority of Japanese PBESRRIRPKMY cati on No.
2003-274140 filed on July 14, 2003, the contents of
whi ch are incorporated herein by 10 reference.
BACKGROUND ART A gas- phase catal ytic oxidation
reaction usip Sﬁﬁﬂ)‘ﬂ/i@ﬁi‘ﬁ}lyﬁlﬂhi REARSRer f or nmed on
a comercial scale. As the gas-phase catal ytic
oxi dation reaction, for exanple, a production 15 of
acrolein or acrylic acid from propyl ene and a
production of nethacrolein or thacrylic acid from
i sobutyl ene or terti i{g(}%%Lﬁﬁ%&%m are exenplified.
These gas-phase catal ytic oxidation reactions use
molhepuésant ipxsgon relates &g a fined-bedmaltitukzdan reacterr igevhich a gas-phase
conpound by stopping a reaction at an internediate
catalytixoxiddtioanestiah és pdrfarmed dyokiag a solid tatalysissi bl e to
synt hesi ze acrolein fromone nole of propylene and one

ot pﬁéseﬂ%ﬁﬂatﬁﬁd:laiﬂﬁ thedp lae $dpaBesd Pakenk A pplidatioh NYN
0

one nol e acrolein and a half nole of oxygen.
2003- Wﬁfed.ohﬁuﬁﬂfd'zé&,% &ﬁﬁén@@oﬁﬁﬁgf)%& ncdrpiafed Hetdih By 2
econposition réact’on or an oxidation reaction
cefer simul t aneously or successively as well as a reaction
CIETEnCB obtaining a target product. As a result, a
byproduct such as carbon di oxide, which is the nost
oxi di zed state, and the |ike my be generated in sone

cases. 25 Under these circunstances, because gas-phase
cat al yti c oxi dati on BAGQKGRENSNEYART

A gas-phase catalytic oxidation reaction using a solid catalyst is being performed on
a commercial scale. As the gas-phase catalytic oxidation reaction, for example, a production
of acrolein or acrylic acid from propylene and a production of methacrolein or methacrylic
acid from isobutylene or tertiary butyl alcohol are exemplified.

These gas-phase catalytic oxidation reactions use molecular oxygen and synthesize a
useful target compound by stopping a reaction at an intermediate oxidation state. For example,
it is possible to synthesize acrolein from one mole of propylene and one mole of oxygen and
to synthesize acrylic acid from one mole of acrolein and a half mole of oxygen.

However, in such an oxidation reaction, there occurs a decomposition reaction or an
oxidation reaction simultaneously or successively as well as a reaction for obtaining a target
product. As a result, a byproduct such as carbon dioxide, which is the most oxidized state, and
the like may be generated in some cases.

Under these circumstances, because gas-phase catalytic oxidation reactions are
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2 conplicated reactions, a manufacturing nethod by

which a target product can be synthesized in a high

yield is being investigatedganong such reactions. A

tenperature condition with which a target product can

be obtained in a high yield by stopping an oxidation
complicatdtreavtions, aanarufdcturiitinethed By adéch Htarget prodact @wbe synthesized

range. Usually, in the 5 case that the tenperature

in a hiBR GRIESR HRirgNBlestiBAB biienPRidh R HaRge, an ampunt of an
Ooxi di zed deconposition product such as acetic acid,

ca xi d&: LOX] [ e T
con oA o B SRR Y e gl s o EBRGHea A high yien
oxidatio% rreaction in which target . product is .
by stoppipg AR a¥idpdon ragian 4t ap ARIETRediAle Slake 3R 2 AeEBWIaRsce Ysually, in the
| arge heat release, the heat of reaction of these o
case that the termperetusnbedomes higher thanp gheroptimpmrange cary ampeung pf ammexidized
side reactions becones 10 |large, the overall heat of
decompesitibn prodoetcsnoke 8s sdetit lacklacayeon mbnsrideor, cavemadiseida is increased

reaction rate increases exponentially with a

and conSeRERtH}, UieSyieldNSlow il NRABhEIPRBoTAMIFTAYERioR ih WM target
reaction. Therefore, when an oxidation reaction is

produdi§d E&Hg%q is Bn Qﬁ%cftho%i'ﬁﬂc %gﬁiﬁﬂjéﬁdi MW%@E&I fﬂféceq{eaT Ilfisﬁakes, ghe heat

requir to define exactly a qua of a Tata

th of .packi t.he.cat al ys r_an _operatin .
of readfih 42 et 8 Fe it S Brdiskd ien Aot PR HieidBatings bocomes
the optinmum condition. 15 Faor exanple, a nethod for
large, theovgha{l higatpfrearien bpennaesdtilldanger, Frrher; becauscatsadtion rate
_ tube is being proposed as disclosed in Japanese _
1ncreamte§mnequdly wih adempdératuse, thedidd xeactioms Ny, cakigs a runaway reaction.
6-192144. In this literature, when producing
Thereford, lnden ah ekidafisoraatié@big ipgtfemeedin atferediwdymiltitupular reactor, it is
al cohol and nol ecul ar oxygen as raw materials by a
requirdP®-de A Sxdehy alquhli§ oPal ARl yBh th&Red bPPackfhg RO cABY RS an
in which a catal yst powder” supported on a carrier

oer SR 0 R Bk 9Dk i

orte I'nCr ease
from,a inlet part to an o part o

P R RO B P Py SRR 1S oL ot et ube i
being Ergggqerggagggsicﬁ)rs]edt ilfllbﬁpeimrysg Pz?ter?tl Ajlgp?ilcgttign, %firsts I?lftfliicgtri]osn II\Ig Hei
6-192144.

In this literature, when producing methacrolein from isobutylene or tertiary butyl
alcohol and molecular oxygen as raw materials by a gas-phase catalytic oxidation reaction, a
method in which a catalyst powder supported on a carrier inactive to the reaction is used as
the catalyst and a supported amount of the catalyst powder is increased gradually from an
inlet part to an outlet part of a reaction tube by dividing a longitudinal direction of the
reaction tube into a plurality of sections is disclosed.

Further, a method of promoting a removal of heat by increasing a circulating amount

of a heat medium outside a reaction tube and a method of monitoring precisely the
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Further, a nethod of pronoting a renoval of heat by

increasing a circulating anmount 25 of a heat nedi um

outside a reaction tube andga nethod of nonitoring

precisely the 3 tenperature in a reaction tube and the

ot her nethods are proposed as a nethod for perform ng
temperatuga it preasttoncabakhnyd the other daethoals areeproposed as b aldthod feo performing

exanpl e, Japanese Patent Application, First

a gas-phd&Y dRAliOMilRiondO8loh3BARY di scl oses a nethod of

circulating a heat nmediuminto a shell side of a

r %?EQE[%{;}PI B%s@%’at@nﬁﬁ%ﬁf&ﬁ%ﬂ,@grsgpﬁ’lﬁlﬁ:gtié)rpNa. a0 eftrolg
multitu ar-reactor and suppressing an increase In a
. . tenmperature.in reaction,.tube, ei,n ar f a
disclossg ARl G i iafng 6 REateretib iney et Sug ofs Bl Parafen
i IS heat exchanged and the heat-exchanged, heat, medi um
circulating devisg wedtixed-hedanultigbulag repstor gnd SERPIPSSHIEABANCIEME BBy
controlling a tenperature di fference between the heat
tempenakuié ina ttacivon tubetwhenein hipertada heatt mediumabtawm outt ofthe shedleside of
from1l5 to 150C. 10 Further, Japanese Patent
the reaffepld kAt &x@Randedandl i3 Hat-6:athafFedeat ediusir 9 28tdrhied to the shell side
di scl oses a nethod of suppressing a tenperature of a

of the fe8LBt, Hﬂreﬂ\kfébﬂfmllﬁg%rt@fn et RBE dHPRNE BBRvee Ml ARGiund @rawn
I th ag

acroleln s-phase catal ytic oxidation by using

out andlel oSS FREHc bt b Yl ford 3854 Egeceaul pped wi th

OWTa e heat-nediumis

o APPSR ot ARl B s uBlgagon . e R oPRE) diacloses a

course of the 15 tinme that the heat nmediumis L
methoq pf yppreseng pieraprsatyeca L anatilyshlaysr iwhergin whsn prapylane dg oxidized
part of the heat nedium and noved to reach the outl et
to acropn tvithfa gakehhseatatahyth erddatienrtyhesingor Bxedabedamulgitkbodhr géactor

nmeasuring a tenperature of the |ongitudinal direction

equippedl with 2 1RAEChie@itint bAR, 2 flOW r&¥ dFEetheaPeinitis @6£E0l1da so that a
Japanese Patent Application, First Publication No.

tempelt?aﬁ:gg?%g hédt &1@3{3&%@?%&?{?2&% ia])[e}%gt&? th § FPE LR HY BuRE of the

ongi t udi na 0 reaction tube,
. rein sone of.th racinubsm?i?’grersetth
ime i e efl et L SR P SO R darPor e
Wi .th protecting tubes before P%cki ng catal ysts, into

heat mggippyand moved to Teach the outlet part of the heat medium.

Furthermore, as a method of measuring a temperature of the longitudinal direction of
a reaction tube, for example, as disclosed in Japanese Patent Application, First Publication No.
2002-212127, a method of measuring the temperature of the longitudinal direction in the
reaction tube, wherein some of the reaction tubes which represent the whole fixed-bed
multitubular reactor are provided with protecting tubes before packing catalysts, into which
thermocouples are inserted is exemplified.

However, any concrete methods to operate an adequately stable gas-phase catalytic

oxidation reaction were not disclosed in the methods described in Japanese Patent Application,

First Publication No. Hei 6-192144. That is, a concrete method for changing an activity or a
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t hernocoupl es are inserted is exenplified. However,

any concrete nethods to operate an adequately stable

gas- phase catal ytic oxidation reacti on were not

di scl osed in the nethods described in Japanese Pat ent

Application, 25 First Publication No. Hei 6-192144.
concrethizhgthof eachcentioreda reatthmdtubeto ehlfarginrupeatioaddn asstahyle oraction

a 4 concrete length of each section of a reaction tube

were rloPdis€184ddZ BudierRREY, 3 TanésePatenbApPli@itios, At POblickH6E No. Hei
not di sclosed. Furthernore, in Japanese Pat ent

6-192 ﬁﬁg%ﬁ' Ql?s'ghﬂ@valﬁé Bftthe El%ﬁlﬁﬂlt\}aﬂ[é (JT'F&T dﬂ@ eu}#(ell i fed P AT max

val ue o maxi num va

here| fter red t
or a hdydhGy Bardiin i finsf S o] s il gg&fﬁﬁ%ﬁss%ai iR ition,
dlsclosed and, in addition, 5 because a djfference
becaussa diffasnecetwgen iz Adrmax et the fisst apd the Jeeongiesestions was large, it was
sections was large, it was difficult to perform an
difficudtde gerdomh gn sdegohtelyoysahlabparatior-ur t her, as a net hod
descri bed in Japanese Patent Application, First

Puhiribes tab @ neibd ded&ifedliB 942D Palain aAppHeatidal Eifdt Publication No.
Application, First Publication No. Hel 8-92147, it is

2001- 13@49@ bAMpah QL Patedt APPIRaRBA msgbuﬁfcfah&a RACHOROD 47, @Ns
to maintain the opti'nmum condition 10 through

importTRol £ iapgraggbfgp&h@feﬁgggémﬁn tgtnﬂlx i @Y BHimuhonbiton
f di
througf AR S derRRATRIP: Ol A A4 Y S 1pE B @'&ﬁ%@ﬁesa qlY g method of

technol ogy to neasure the terrperature of the catal yst
measufipg a UHHBY P5 fenpasgaredta hepsmpdivmgwhinly was flewigd in a geactor shell
posi tion of AT max was not identified sufficiently and
side washdisclpsedaini aechonhbbigy ito neaswre thertemperaiunt af the datalyst layer precisely
adequately stably. 15 Further, a nmethod described in

was nol ABRRREE ABalreadlt, A@@bﬂu@abmmmﬁ Wad ndtiddnticiad s@fici¥atly and the
2002- 212127 was able to easily neasure the

reacti %BH&EL@BHV rfbftm\é?ﬁt ﬂé’&a ht%l 13.n the [ongitudinal

|rect|ono aca owever , it was t oo

ARl B g P4t Eff 1?1“%1@%%%5 Pl BRI KBk Bk e
s S S 3 G B e
longiturzlliarz]a)l/ d;:rg;ieofl olfta catalyst layer, however, it was too complicated to be practical for a

commercial use in a fixed-bed multitubular reactor. That is, the fixed-bed multitubular reactor
of an industrial scale mostly has hundreds to thousands of reaction tubes, and in many cases it
has tens of thousands, and moreover, the length of the reaction tube is several meters, so that
it was difficult to understand and control the temperature of the catalyst layer in all of the
reaction tubes because the number of thermocouples was too large.

Further, a temperature was sometimes measured by selecting several reaction tubes
out of a plurality of reaction tubes and inserting thermocouples into the selected reaction tubes,

however, because measuring positions were not determined, it was insufficient to understand
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20 has tens of thousands, and noreover, the [ ength of
the reaction tube is several neters, so that it was
difficult to understand andscontrol the tenperature of
the catalyst layer in all of the reaction tubes
_because the nunber of thernocouples was too |arge.
a positigy efithe maginnamemparaiiee (Wdsmeoria thalesgithinal didetipn of the catalyst
sel ecting several reaction tubes out of a plurality
layer, whichéambitdmporthetfoan stablespedatiog. t her nocoupl es into the
sel ected reaction tubes, 25 however, because

. rkddt RYShiiInARS DART Sehied URESS Bk ABGve-inknt{BRd circumstances
i nsufficient to understand 5 a position of the maxi num

into co:nﬁfeagl%'ﬁgh F.ﬁ@ Pésﬁ}%@%@t t%o&ﬂﬁial f%ﬂ'— eﬂ%ﬁ]alu[bgin ! ?C%{.r(}?g}l &Lich an

catalys s ‘nmost i npor
., .stabl e operation. The present invention has bgen
oxidatBiiFaRian cam B RRFTEIRE S2bB\AIRE he OB ML S9RdLIpB Ml g sopreme lovel

i nto consideration and has an object to provide a_ L
by measugipg 2 araperaiueg disisbntien prseiselsand pragtitally inghe Bngitudinal direction
oxi dation reaction can be operated stably under the
of a reaqitonrtuira paokeld titha catadyst af the fixedebed eudtitubylanmeactor amly a
tenperature distribution precisely and practically in

understdndingengisitioni ofal hotipoepart.on  of a reaction tube packed
wWth a catal yst of the fixed-bed nultitubul ar reactor

and understanding a position of a hotspot part. 10
DI SCLOSURE OF | NVENTI ON The present invention provides

a fixed-bed nul tj t ising: a
plurality of reapﬁﬁﬁbsgggafgﬁyg@md wth a

catal yst; and catal yst tenperature, surers equi pped
tgltlwégﬁ%nvﬂwm@m ¥beg mplihadarreactor caiprise:
the radial direction of the reaction tubes, the

c A pinslity efapgrsionttules torbeipanked svithed eatply®; dndst al [ ed in
each of a part or all of the plurality of the reaction

t watadyst tenpermars unsasmets equipped tomsasubethe aémpsrhtnge near the center
different fromeach other in the |ongitudi nal

part indhe @dial @Rectontoféthd RaGionAibest B Rtal ysitetiperabhird @tkaliBers being

mul titubul ar reactor of the present invention, it is
installf R 1eGER0E Lpdr3f alf Sithe plurality of the reaction tubes, the measurement
positions thereof being different from each other in the longitudinal direction of the reaction
tubes.

In the fixed-bed multitubular reactor of the present invention, it is preferable that the
catalyst temperature measurers are equipped in 5 to 35 tubes out of a reaction tube group
comprising 5 to 109 reaction tubes adjacent each other.

In the fixed-bed multitubular reactor of the present invention, it is preferable that a
plurality of the reaction tube groups is provided and distributed in the portion where a flow
pattern of a heat medium flowing outside the reaction tube is different.

In the fixed-bed multitubular reactor of the present invention, it is preferable that the

reactor is for a gas-phase catalytic oxidation reaction.
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catal yst tenperature neasurers are equipped in 5 to 35
tubes out of a reaction tube group 20 conprising 5 to

109 reaction tubes adjacentgeach other. In the

fi xed-bed multitubular reactor of the present

invention, it is preferable that a plurality of the

r lache fixed-bdabmgltioulpdarirsagesrafitikepressnd irdietion, Bt petférble that the
the portion where a flow pattern of a heat nmedi um

gas-ph%#eoﬂﬂtdlgti@bbﬁ&&tﬂﬁl rehRioh§a4 tdalitor SRehdsiirthl &f @ls8dtated AdéHYRe or an

fi xed-bed mul titubul ar reactor "of the present
[ ' it I e S

s PG 0icbid Pl bRISIAR. Sobabed Beny PERFAROIAS o
T%Zgﬁﬁg%'gfwt élil i i a(rg?%r e%‘gf A q‘L%e]tqgnen ﬁétgosng ﬂéggreferable that the

catal ytic oxidation reaction is a reaction )
gas-phasaratl i pxidation reandign dy areagtion sathegizing-anamsaturated carboxylic
unsat urated carboxylic acid from propyl ene,
acid fromchumgdteratedoaldeherde. ary butyl al cohol. In the
fixed-bed mnul titubul ar reactor of the present

| rveng thefixetitbell snudfitibelasRhactor Bedhe ph@entintdsioR a@s&idation
catal ytic oxidation reaction is a reaction

reaction)edh BE %’gfﬂg{&a 3 Ie)ﬁl)i}'glgf' H{e%ﬁﬁjﬁg&%ﬂdﬂ \9%% 3%{#@&1& %@eflpy .

unsat ur Using tl F1 xed- . ul'titubula
messoS 281 St REEIs R Bt BBl S Wbt aieion of
diti , | I . . '
n reactf b BRFL NP A Db ERTe P IRAN B BEtiPoaKd ynderstanding

_the | ongitudinal direction of 10 a reaction tube

a positipacfacholipphpart.cat al yst of the fixed-bed nul titubul ar
react or and understanding a position of a hotspot
part. BRI EF DESCRI PTION OF DRAWNGS FIG1 is a
schemati ¢ di agram showi ng an exanple of a constitution

of a fixed-be@RrIEP DERCRIPAIONCOF DRRAWINGSf the present

invention. FIG 2 is a schematic diagram of a cross

Seg&! P aqgcpéxﬂgt_l%hﬁ@%\‘n%%%w%ﬂ i éﬂ%l@&f d &RSHR%ion 3F £ R%ed-bed

the line o

multitubular reactor of the present invention,

FIG. 2 is a schematic diagram of a cross section of the fixed-bed multitubular reactor
along the line of A— A in FIG. 1.

FIG. 3 is a diagram showing a reaction tube group in the case that reaction tubes are
arranged in a triangular configuration.

FIG. 4 is a diagram showing a reaction tube group in the case that reaction tubes are
arranged in a square configuration.

FIG. 5 is a diagram explaining a flow pattern of a heat medium.

BEST MODE FOR CARRING OUT THE INVENTION

An example of a fixed-bed multitubular reactor of the present invention is explained
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FIG 3 is a diagram show ng a reaction tube group in
the case that reaction tubes are arranged in a
triangul ar configuration. 29 FIG 4 is a diagram
showi ng a reaction tube group in the case that
reaction tubes are arranged in a square

by ref@einf k@thediduess, FIG 5 is a diagramexplaining a flow
pattern of a heat nedium BEST MODE FOR CARRI NG OQUT

mﬁﬁ ?‘Xf%%@h%laaé dtﬁgfﬁlg ?ﬁ%ﬁg Qlcomstiittmbagtked-bed multitubular

ar reac e present I nvention Is

reactof 1Re B PodmbliaRiH sy & ABfebt RiFEha gpppcse eltafiric

.. fixed-bed nultitubul ar, ;reactor. The fixed-bed
oxidatigm reaqtion s Berforaiedy epmarising rquglalycq Biurality Qhieastion tubes 3 packed
gas- phase catalytic oxidation reaction is perforned,
with acetajyst sichfprmingghtapal yst layen 2 atatalyst edmpezaturd oeastrgpe4 bging inserted
packed 5 with a catalyst and form ng a catal yst |ayer
in eacR of adttadll bus b pha B eieqiludatityofabeireactiordtubed 3)@ Heasmediath bathn 5
each of not all but a part of the plurality of the

locatedl 88Gide ARk feHBFh ﬁbesaB;Qﬁéhééfﬁﬂédﬂﬁﬁl%%ﬂlel%peﬂaﬁﬁ@hﬁgsurers 6

outside the reaction tubes 3; and heat-nedi um bat h

'S 6. asuring tenperatures of the
me%uhgg?e?ﬁné%%sg?ﬂfen e?{]?lgﬁ I xed-bed nul titubul ar reactor
1, asur t positions P of the catalyst
¢ BRI e lbha Fare EminttreR s ons I et eqtatyst
the reaction tubes 3 are different from each other in
temperaiare msagrrensd inagricdiip dhe plerlipr ofithe reagtion tubes 3 anssliffergat from
not uniformy fixed. Further, the plurality of the
each otleadt therdongitudimaBdirsctian o igadaction asbes end sotatijifecmht fixed.
each other to forma reaction tube group I 1 as shown

| NFrtHer, the plogdlRy of theirSacHoR fubeaBlicartdngbd 86 ad todtadfacent to each
part of the reaction tubes form ng the reaction tube

other ttgerHﬁ’ atdacfibf nﬁ&lﬁr&gﬁﬂl Y4 hbwh he FRLAHERL it id Preferable that at least a
enperature nmeasurers. As nentioned above,” when the

part of & (r:éejcﬁgn Eulll)gse ?on%inagr the fré’a%ﬂ%z? fibk Ié;?oneﬁCatrje Q&IEJHM ﬁalé%atalyst
temperature measurers.

As mentioned above, when the reaction tubes 3 are forming the reaction tube group
11 and at least a part of the reaction tube group 11 is equipped with the catalyst temperature
measurers, it is possible to understand a temperature distribution of the catalyst layer with
high precision. And the term “be adjacent to” means that the pitch of the arrangement of the
reaction tubes is within a range of the fifth tube from a standard tube. However, the range is
different depending on the total number of the reaction tubes and becomes small in case the
total number of the reaction tubes decreases. Further, in case the pitch of the arrangement of
the reaction tubes exceeds the range of the fifth tube, there is a risk of a decrease in the

precision of the temperature measurement because the number of the reaction tubes increases.

In the case that at least a part of the reaction tube group 11 are equipped with the
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11 and at |l east a part of the reaction tube group 11

is equipped with the catal yst tenperature neasurers,

it is possible to understangl a tenperature

di stribution of the catalyst layer with high

precision. And the term "be adjacent to" neans that
catalyst benpirdtafe astifess, s preferable thay the daeal Pl tongmedtiemeashess are

is within a range of the fifth tube froma standard
equtppE&' Res 13 99RIveE @)uttdﬁher RAGfN thbe Stolip @6APEisiIHE BN DI Eabion tubes

the total nunber of the reaction tubes and becones

se the total nunmber of the reaction tubes

adjacelg‘ggfé%ﬂs@g&amrther in case the pitch of the

t regction. tuy ceed ran
RS My e e FERE e AghAIES ST Bl
the precision of the tenperature measuremsnt because
109 is explainedrbedewof the reaction tubes increases. 25 In the
case that at least a part of the reaction tube group
In a millitvdndar eepetqroredctisintthbdshaee 8sually atrpsdedtie aeargular eonfiguration as
nmeasurers, it is preferable that the catal yst

shownlif FRGI¢ryh @ sHBae doefigur@ich as@HowAREHIG 3. b FIG. Bind FIES, the
out of the reaction tube group conprising 5 to 109

reactioh §@Gds!apd eal#f%e& at AHECE0s bRk %Bﬂlts%l? €4ch shidfsht RASON

that t ber of the reacti on tubes |nt e reaction

“‘?ﬁ?f?{&% ?"ﬁ?“’? ko PoR epPefiil uth it B8 RlLpp. T pichof

anged in a.trjangular conpfigur
the arrpggmyne! Which isyithing reagﬁ?fgﬂ s‘e%%f%éun%ﬂr%vm 'ﬁ‘F\lI'H\gF@ ceptral
In FIG.3 and FIG 4, the reaction tubes are arranged
rcacnoatmbmﬂs@ﬂmuwmm crsle ipdhaFighradithe aumbenafahereactiandabes
When the reaction tube group 11 is constituted with
constititigg theaeddtion tubeggsup isHO9in thelvasd of th tridngular canfiparsion and 97 in
of which is within a range of the about fifth tube

the caseo¥ MePsghbn@ "b@ﬁﬁ?mﬁﬁ&{ 'Fakther, RA6H tiRedchBE thbM drbhpistddBstituted with
outernost circle in the Figure), the nunber of the

e RSl B 5
97 |:
from & JruRh R RRTIOR PG b B rrerReHa e Riib & Giepie) 1 pumber

reaction tubes, the pitch of the arran%?msnt of whi ch
of the reactjgn fbep (gmlstatﬁggg B regrdionitybe; grpypis 7 in the case of the triangular

configuration and 5 in the case of the square configuration. Consequently, the maximum
number and the minimum number in the reaction tube group are 109 and 5, respectively.

In addition, in the case that the number of the reaction tubes equipped with catalyst
temperature measurers is less than 5, a temperature distribution in the catalyst layer may not
be well understood, and in the case the number exceeds 35, equipment accompanying the
installment of the catalyst temperature measurers becomes large.

Further, in the case that the total number of the reaction tubes is less than 35, the
number of the reaction tubes equipped with the catalyst temperature measurers is inevitably

less than the total number of the reaction tubes.
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15 from a standard central reaction tube (within the
innernost circle in the Figure), the nunber of the
reaction tubes constituting g he reaction tube group is

7 in the case of the triangular configuration and 5

in the case of the square configuration. Consequently,

t hd'urtherimmuentheweatteon mhek ¢queppeil withthe patalystrtemperatuge measurers are
reaction tube group are 109 and 5, respectively. In

prefeRili Iot0ed within' M@ng&SEtht Miadt titeefroit AR@hdjadent Bifa St8@dikd Rfction
tubes equi pped with catal yst 20 tenperature neasurers

tube, bécals el rétureadigfﬁgﬁf%rgéﬂﬁg fdﬁ’fgﬁﬁ&'hg%}eefgoﬂ of t&g ?eacti?]n tubes
catal yst layer may not e we under stood, and in the
case the. nunber .exceeds 35, equi pnent acconpanying the

can b? e e&ftf’%ﬂ]f’mo?reflﬁéy‘cat al yst tenperature neasurers
becones | arge. Further, in the case that_ the total .
nUBIEEOYsE 18 R Gase thef e catabists wih fidtecent Agtivities arg packed ina
nunmber of the reaction tubes equipped with the

reactign tubley greferahty et lgatione neaowr peferabdy twiedtalpgitempasturemsasurers
than the total nunber of the reaction tubes. 9

are equippclén savheatdlyseséctiant i on t ubes equi pped with the
catal yst tenperature neasurers are preferably |ocated

Wi 10{he casd @ROEpIafalith6f the rédctibiRBe FIPs #cho b AGERpréBrable that
a standard reaction tube, becaus€ the tenperaturé

these géaﬁ{i{»ﬂ Rﬂ% 'lgpcg.l Qfaret ch?tri afed ia[ yﬁfa?@{vggﬂeraqfé& Eﬁ’tte% OF Q ﬁeqbt medium
reacti on tubes can be understood nore pfecisely.
.Moreaver,, in.the case.that the catalysts with
ﬂow’%?‘ft@figmerg%cttﬁ(’{}ﬁ?l?e& “Yacked in a reaction tube,
preferably at |east one or nore @;@ferably t wo
c abigrsy adlopvepatiermel # beatmediwng isexplained cBhn Hors patiern @4 he heat
_catalyst section. In the case that a plurality of the
mediyne seanoalnidistate pHibp dheatangdivmi(d eds of flowsa gireetien abflew:
that these reaction tube groups are distributed at a
illustrptivel @ shdved & Ardwol0-pa0tE20-QRoal iigFaG. SyBcheaToding hoantrogs
outside the reaction tube is different. Here, a flow
sectioR3HiEH R aQkctior BT fiXTRdbddhiisinfal ﬁéa@t%? cutTag% rEét:QrYéulafr dirﬁction toa
luid state of the

pattern of the heat nmedium nmeans a

longilﬁ&%&l (ﬁFe%jtigﬁnof fhe r@cBof ftubfcI (gé:%in%ftgri z{b%%etv%aqu gsfa c];rlogs\’\éection; refer to

FIG. 5). Usually, the reactor is designed so as to make the flow pattern of the heat medium
become homogeneous, and the inlet 21 and the outlet 22 of the heat medium, for example, are
provided pointing opposite directions to each other or pointing the same direction as shown in
FIG. 5. However, it is difficult to make the flow pattern of the heat medium totally identical
and there exists a place where the flow of the heat medium is easy or difficult in the fixed-bed
multitubular reactor. Especially, when the number of the reaction tubes is large, a difference
of the flow pattern of the heat medium in the fixed-bed multitubular reactor tends to become
large. The difference of the flow pattern causes a change in heat transfer state in the reaction
tube so that temperatures of the reaction tubes contacting the heat medium of different flow

patterns are liable to be different from one another.
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illustratively shown as arrows 20-a, 20-b, 20-c, 20-d

in FIG5) when | ooking at a cross section which is a
section of a fixed-bed nultijgubular reactor cut at a
rectangul ar direction to a 15 | ongitudi nal direction

of the reaction tube (hereinafter abbreviated as a

cr Gessegeattiypin; the edsethdt @ phibldy DY thelsaetionytubd greupsehcare mllocated
is designed so as to make the flow pattern of the heat

to the PBHIoHEWhERAREE o RGIHRENRI 20L:S 20-BN20-L AAd DOIdIf (R heénh ehetifign flowing
outlet 22 of the heat nedium for exanple, are

) vi ™ 1 : . ot . or
cutsic UERA S n D o e R o B e e PR E B
Ho er, it is . diffjicu to e, the flow pattern of
underg i HE Smapoao s ko o B Serelar POrR BISRE: o1 o
a place where the flow of the heat nediumis easy or
di Furtheg, as ap rrapgeneng efths sepctipn fuberaneunsdn thegeg thefe exists a
Especi al |y, when the nunber of the reaction tubes is
pluralitapfjthe reactivh hbreaouwps, bis proferdblothapaplueity of the heachemtube groups
mediumin the fixed-bed nmultitubular reactor tends to
11 areldioedred cik@ilgb: (ohhike irdlécreaael DI-bihEIG. 20 vuhPatt it bne reaction
causes a change in heat transfer state in the reaction

tube ghdthel 150 afl @ted iR R &LHESE vHicH RendR I IbRRat RS cross section of

contacting the heat nediumof differént flow 25

the reﬁicgérég WsraefaFili:réc%%h ?ro%rﬁth%%erquelt %ﬁf%é (fr%r? Q?ctﬂ)rﬁ? h%ﬁflg the same

nsequentTy, 1In € case that a plurality o e
reacti on tube groups 11 are allocated to the portions

arcd. where the flow patterns 20-a, 20-b, 20-c and 20-d of

the heat nmedium flow ng outside the reaction tubes of
eaBl masdering hettempperghuatiplthe eatakyst laygrdp the fixedrbed multitubular
possi bl e to understand the tenperature in the

reactof inxéhoh-thaxhenul is ipbssthle & moeda@ttbe tempeaatmead adwispot @art in an
Further, as an arrangenent of the reaction tube groups

operatidh 4036m@@abend H Riige ot SérerationBueH & intay oxidatibe rdaeied. iIByN
tube groups, it 1s preferable that a plurality of the

contrc{ilﬁlggctgl% ?%cfib‘:?ﬁas% BH% rillfgsu?erdereﬁhﬂsoé: sgﬁlggé ¢ zﬁ?ﬁrﬁé b¥idh@sh

es 12-a a 2-bin FIG?2 east one

reactid ecactbie_oon erat RS g5 Q4 1 é_ ] I%I located in each section L

WhT e S ;P_ r?&df; %yy ?@%g}"é} |F§§ P% cross section of the

B b i be Bl PG oo rbed AR, 15 Fredgable tht 3 puralicy
of the heat-medium bath temperature measurers 6 is equipped corresponding to the catalyst
temperature measurers 4 so that the measurement positions Q thereof are set at the same
height as the measurement positions P of the catalyst temperature measurers 4 (positions in
the loﬁgitudinal direction of the reaction tube), as shown in FIG. 1. Further, in case that the
measurement positions Q of the heat-medium bath temperature measurers 6 are set at the
same height as the measurement positions P of the catalyst temperature measurers 4 (positions
in the longitudinal direction of the reaction tube), a AT of each position can be obtained
precisely even in the case that there occurs a certain inhomogeneous temperature distribution

of the heat medium in the heat-medium bath 5 caused by a shape of the reactor, a reaction
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By nonitoring the tenperature of the catalyst |ayer in
the fixed-bed nmultitubular reactor in this manner, it
is possible to nonitor the y{gnperature of a hotspot
part in an operation acconpanying a | arge heat
generation such as in an oxidation reaction. By
condigtemon aflhidrstate bthe beatmagliuhased on t he neasur ed
results, a gas-phase catalytic oxidation 15 reaction

C amh@ﬁmﬁs@;roa‘&mes&twhl b df e fieda-8Idf thglki@Yar rédetdrnss not
fi xed-bed nmul titubul ar reactor descri bed above, it is

partlci?lﬁﬁn% ShAueThd Aimber Y 16 lsHéfal t91fns ttoh%n ﬁeﬁalnggjéag@tf?@%@aer limit of

erature neasurers corres

e cat tu asurer that t .
severd) ou ot Sevsil FER G Do mf‘s@rmglfiid i il
hei ght as the measurenent p03|t| ons P of the catal yst
I'eStl‘lCttl@ﬁ{b%[} thegpanufseigingsfdh dheymplubulargpactem Thplepgid of the reaction tube is
itudinal direction of the reaction tube), as shown
not Paﬂ'tﬂlﬁu%f@ Hmitedeithee but itns gersmllyfaim ttvand dead neestin the case that
positions Q of the heat-nedium bath tenperature

the lewglasfnhe réaction ibed€hort, tHehfimlsd 6E theeégkibn ashek Beincreased so that
measur enent positions P of the catal yst tenperature

uneveﬂﬁ‘éﬁ Bf flepatkinP R bR or L L&A HRAFehBOANR thdhéh ‘fﬁédﬁﬁn in each

of the reaction tube), a AT of each position can
e Y h h [
reactiGPhBL PARbILLRELSS Qﬁé%%@ﬂ?’e%é@ttﬁeféﬁam eeie g ﬁvgt* fetion
heat nedi in th heat - nedi um bat h 5 caused

tube l%ﬁa%ea s DB e ctupes TRt it POMERIp? SUrRAIEE Bfbesss Mircased.

fluid state of the heat nedium The nunber of the
Furthergeneralfy, the brlectiyity toa targstpoduetitends toj degteaseawhenearepetion)

is not particularly limted. The nunber is from
pressuseisduigh, so drag takmg theseamoaodsideration aselengthef thexeactionrtitbe is

of several thousands or several tens of thousands

prefersly €ofi metndl2 fendicdhgs.on mechanical 5 restrictions on
t he manufacturing of the nultitubular reactor. The

I I
| Hibrfbre 12 iEREAL ififheld B tleTeachiBh o2 I SHulfy flom 20 t0 30
10 meters. In the case that the Iength of the
reaction tube is short, the nunber of the reaction

es |is increased s unevenness of the packi,ng
t agdditiop; WLB ?ﬂ?ﬂﬂé@f ‘&PE‘%‘? ularagactorethg yaw 2as, ot he renstipn may be
medi um i n each
supplied from the bottom to the top or the other way into the reaction tube 3.

The catalyst to be packed in the reaction tube 3 is not particularly limited as far as it
is a solid ox1idation catalyst and a conventionally known catalyst in accordance with a reaction
can be used, which includes a solid oxidation catalyst such as a composite oxide containing
molybdenum. Specifically, a catalyst in which 10 to 400 parts by mass of a metal oxide
catalyst such as molybdenum and bismuth is supported on 100 parts by mass of an inactive
carrier such as a porous carrier of silica or alumina can be exemplified, as disclosed in
Japanese Patent Application, First Publication No. Hei 6-192144.

The method for preparing such a catalyst is not particularly limited and various
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reaction tube is liable to occur. On the other hand,

in the case that the length of the reaction 10 tube is

| ong, a pressure drop becongs |arge and a power for

supplying gases is increased. Further, generally, the

selectivity to a target product tends to decrease when
converiticheRyg ivelifknopthasahods dag beiagbpted o\ tabamates ki topetubabfor a catalyst

into consideration, the length of the reaction tube is

preparRicH 8 nAPpMiERINN AR dnd atnRtrale, MRiafionatel b AdbtENSmhSHium salt,
i nternal di ameter of the reaction tube 3 is usually

an oxuﬁJ ?‘t aﬁ 5:?1 tﬁg Iti{g rchleﬁ]n?&tq l:éﬂ f}é]useh f1n %(ﬂ'gbtfnbt)f - bed

reac € raw gas reaction nay

S ied fromthe bott he t he oth
ebperaRy<: et mrpstigd aid t?'ﬁ S gpefyd el Sperat
packed in the reaction tube 3 is not partl cularly
measurqrsnﬁ eawipped indhe fixed-bed mglt!éu%anr%twmaa%mtcmﬂtfataéwgtnted as far
and a conventionally known catal yst in accordance with
as theyacandseatsed imdufiatip and e thesmdsoupte arha resisthookabermamdterds generally
oxi dation catal yst such as a conposite oxide

used. R@ﬂkﬁisﬂémgteﬂ?eyﬂﬂ@ﬁh%mgpﬁ%éfbﬁﬁlﬁ isered Gabal ptstectiny tube
which 10 to 400 parts by mass of a netal oxide

becaus%aatd%h%ﬁntd fé%'bf%?ecﬁ&h&ﬁgﬁ&% Ps'}fécSHs uth i's supported

tS by mass o nactlve "carrier such as a

p %%pﬁ%rg{jﬂte ggt%fag irgwéﬁo e cat pt é%relgeq’gt'gpei measurers 4 is preferably
| ication, t Pu t| on 6-.192144. . 25
from D?ﬁ@ heikstmios? by %‘alm P QiR | netsh i §7st ttegnigpyal is 9o narrow,
particularly limted and various 12 conventionally

the numbbt ofithoheatweadiisn bathadamperabuiomeasirerab meas Wi ghe whoteoﬁxed-bed
be used for a catalyst preparation is not

multitytad4rireadi@rll iy indreastd so thatitharenik & riak aot enly af inoreasieg thencost of the
acetate, an ammonium salt, an oxide, a halide and the

equiprhérf BuPdlsEaCdbsth QiR the Hal &Qhélﬁé%dm&u@ﬁ IHirthas, irPfhse TiEinterval is

catal yst tenperature neasurers 4 and the heat - medi um

too w1$9t1{]18td§ﬁg ?CH{I TS u‘iﬁg Fethpera e%iﬁﬂﬂﬁtﬂﬂleﬂ'eélgelff ke hat tmay be

reac are not” part
aifenfuf o b2 gesFop ot i ERB B P RE RSN Bhd SE'nér Zlnf'ya

The heat-medium to be filled up in the heat-medium bath 5 is not particularly limited
and a fused-salt of potassium nitrate and sodium nitrite, an organic heat medium such as
Dowtherm system, or the like is generally used.

Further, the fixed-bed multitubular reactor 1 is generally equipped with temperature
detecting elements (not shown in the Figure) at the inlet 7 and the outlet 8 of the heat-medium
bath so that the reaction temperature is controlled with the inlet temperature.

Generally, a baffle can be inserted in the shell side (the heat-medium bath 5 side) of
the fixed-bed multitubular reactor 1 so as to control the flow of the heat medium. When the
baffle is inserted, it is preferable that at least one heat-medium bath temperature measurers 6

is provided in each section separated with the baffle.
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used. Further, such a tenperature neasurer is

preferably inserted into a protecting tube because a
certain degree of nechanicalg strength is necessary.
Furthernore, the setting interval of the catalyst
tenperature neasurers 4 is preferably 10 fromO0.1 to

2 Fumather,at isippeferapleahatran bdayt dnedwatomeditm Hathneirgeratine noamserers 6 is
the interval is too narrow, the nunber of the

provid%a@ﬁ ezEBh_Cﬁlélﬁl \ﬂﬁfr@ﬂk@m@_@tﬁcﬂi &'tBe HBAMHIRIA ﬂé_wniﬁ ;ﬂ%rérﬁgn ke
whol e fixed-bed nultitubular reactor 1 is increased

S0k tdhhere is a risk not only of increasing the
eat ngegg{rgg%thtéﬁe equi pnent but al so of obstructing the

flow of the heat-pedi ym rthet, ipc t interval .
o FH Gy Ptreiag o [RE il ot teaptnls B0yt 0o Kb ibéeaction
tenperature distribution precisely so that it may be

tempenaturgiis £§Qtg1 30086, the aencspiiptpryafdheady mpgHalde bepgidized in the raw
tenperature of a hotspot part. The heat-nmediumto be

gas offthd teactiangs il rio {1 6%; Heanhelpewiiowl bayden3o e mwtmaterial to be oxidized in
particularly limted and a fused-salt of potassium

the raWighs af the audtiow i UMI2(; ahdl the sphceOVedsuitySNG F the gk of the
such as Dowtherm system or the like is generally

reactidtSi€ drouhHsbD ¥ 300078" Myped- bed nul titubular reactor 1 is
gener a equl pped W th tenperature 20 detecting

Iy . . .
i ViE ekt sRAPHEohBat e R eehed Dl Hppd vR0°

.reaction tenperatyre is controlled wi.th the jnlet , .
multlftl'@ﬁﬁerﬁa%t%rﬂe.a I@%ﬁ%ﬁﬂé? ps, 0xidizgd pp aoeslaiﬁ%mawgél g goptgined in the

the shell side (the heat-nmediumbath 5 side) of the
raw ggsi kaaikind @f muhmatemallinsclectedingecardanse agth ptargah prastuct and as the
flow of the heat nedium Wen the baffle is inserted,
materiat toite quiditet, fdovlesamplet p@pylergdtobonderee@itiarg ditylnaloahdl, acrolein,
tenperature nmeasurers 6 25 is provided in each

metha&i@fdih &l He Pike ateSskewiplified Mndoafthe exidiighaeEI moldculas oxygen or
preferable that at [east one heat-nmedi um bat h

r ' [ L ERGH
v PS5y TSGR RO AR ol 66
different .in.the heat - um bath S.. The gau
ecomwce%%atr%l%?w’twi OOt SPng%gta#em%g%Wgﬁs PN denggds. o
1000 kPa; the reaction . .
The raw gas may contain a small amount of impurity such as lower saturated

aldehyde and the like as far as it doesn’t practically have an effect on the reaction, or may be
diluted by adding an inert gas such as nitrogen, water vapor, carbon dioxide or the like. The
composition ratio of each component of the raw gas is determined in view of the productivity
of the target product and the explosion range.

The present invention is especially effective in a reaction synthesizing an unsaturated
aldehyde or an unsaturated carboxylic acid from propylene, isobutylene or tertiary butyl
alcohol and/or a reaction synthesizing an unsaturated carboxylic acid from an unsaturated
aldehyde among the gas-phase catalytic oxidation reactions.

(Examples)
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5 tenperature is 200 to 500C, the concentration of the
raw material to be oxidized in the raw gas of the
reaction is 1 to 10% the nmpiar ratio of oxygen to the
raw material to be oxidized in the raw gas of the
reaction is 0.5 to 20; and the space velocity (SV) of
t hin thadolimzing Exbinplesy maoampie ofa atabytivdoxs@0ionaed0i08 offi- '
(NTP). In the gas-phase catal ytic oxidation reaction
methaReS1¢i0 AN THdWN hsSUGRE-phadel catliytheskiddlioftdctibl BRd @ pubBas Well-known
1, a material to be oxidized and a oxidizing nmateri al
cutly R & HORR LR Bt DL AMIREE oAt ke a ¥l catalyst the
r.oduc nd _as ihe terial tp be oxidized, for
compli 36 35 pbitEhea Tt e GrretCari i o e oyl ofthe catalyst
al cohol , acrolein, nethacrolein and the like are X
compeueakp PRI Brthe fpllpveng deseniptionreprasgntpapat Pramassyd| s hegt-medium
oxygen or water vapor is used. As a source of
of therfixied-dail aruldtabglenteactor, aifssedrsaftepmipbsedud $0% byomasshaf pbEassium
econom ¢ point of view, but oxygen enriched air may be
nitrate 8 =I5 086 b aess olsdilamandR. was kked. A thafaviBidtegialilaati théproducts
smal | amount of inpurity such as |ower saturated

of the@dx ARAYA Feadfith WBR dnhiSePWith hs ﬁ%ofg%to%af’agyﬁ 't practically

have an effect on the reaction, e diluted by

' phert gas such as nitrogen, water vapor,
Expe AP

xide or the |ike. The conposition ratio of

ea onponent of th aw g i S determn | n view of
C SRR oF Beyerds Fod Bt it ALY el DTS of
expl osi on range. The present invention is especially
ammogiynp grefhpxyanadats and Yt pasty of yasimadiitate yepmdissedvad angdap gqueous
al dehyde or an unsaturated carboxylic acid from
solutigyr wpy/diaieed.iToghetquieenesautidne atsolatign bbtained bxldissblying 8.2 parts of
and/or a reaction synthesizing an unsaturated

85 mass¥ phasgphbeic asitdn 10 mefpmes e ab P solalisiebaide@BPasolving 1.1
t he gas-phase catal ytic oxidation reactions. 25

s SN 8 19 B O Ol 480 o
Then,%@g%f)ﬁgypéil%éﬁ?ﬁ%gﬁﬁg%.g |p¥ut1§ &t coo)f}lpgraﬁi gtlg, 18 %%xt'tls 3 fe?ljlncdnitrate,
1.4 parts of zinc nitrate and 1.8 parts of magnesium nitrate in 80 parts of pure water was
added. Further, the mixed solution was stirred at 100°C for 15 minutes and a slurry was
obtained.

Then the obtained slurry was dried and 2 parts of graphite was added and mixed to
100 parts of the dried material, and molded by a tableting machine into a ring shaped tablet
which has an external diameter of 5 mm, an internal diameter of 2 mm and a length of 3 mm.
And the resultant tablet was calcined under airflow at 380°C for 5 hours and a catalyst (1)

was obtained. The atomic composition of the catalyst (1) is represented in the Table 1.

Table 1

Atom Composition (molar %)
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cat al yst of phosphorous- nol ybdenum vanadi um syst em was

used as an oxi dat

ion catalyst the

conposi tion of

whi ch was obtai ned froma cpharged anount of the raw

mat eri al

heat - medi umMe@f the fixedibed nmul ti

fol | ow ng—descriptionrepresents—p
fused-se¢t—eonpostd_oi—509@by_nass_

nitrate|and p0% b
And the [raw nmat er

y mass of gsodi um 1
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Experi nen
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Exanpl
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obt ai ned—by—disse
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sol uti on_—oht ai ned
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of the catalyst 5 conponent ("part™ in the

art by mass"). As a
tubul ar reactor, a
of potassi um
itrite was used.
cts of the
th gas
e 1l 10 In 300 parts
m par anol ybdat e,
e and 9.2 parts of
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85 mass%

h 10 par$$ of pure water and a

by dissolving 1

acid inl|10 ts
stirring an eat

obt ai ned by .di sso
7.6 partls of“ferr

ed to 9 15 Ther
ving 3.4 parts of
C nltrdté 1.4 g

nitratejand 1.8 p

arts of magnesium

of pure |wat &S was

added. Iﬁurther

was stirred—at—10

b IUI J.D III nates

parts of telluric

of pureg\g%t er werg¢ added while

, a solution

copper nitrate,
arts of zinc
nitrate in 80 parts
the m xed sol ution
and a slurry was

obt ai ned. Then the obtained slurry was dried and 2
parts of graphite was added and m xed to 20 100 parts

ofIntiegAghask CmdIfhd etidatndeilod oA Ry Eﬁaﬁlﬁfél £kikaGixed-bed

machine into a ring shaped tablet which has an

multmﬁfﬁiﬁ 'tor%gﬁig?%@{v%tﬁ h%a%%nﬁtgl l%aﬁl[é ﬁﬁg gégftgéflﬁﬁséseﬁflg{an\%nmged ina

mm an
s G4 STl S LR B ol AT 2 S v
resented in the Table 1. Tab

t he catalyst IS re
used. In the fixgdr-b l:g.tiaé ﬁea\c | feaogonytgbe groups in which 31 reactlon tubes

inserted with thermocouples (catalyst temperature measurers) from the inlet side of the raw
gas were concentrated being adjacent to each other were allocated to each section which is
made by separating the cross section of the reactor in the radial direction from the center into
4 sections having the same area. The thermocouples were inserted in each reaction tube in
such a way that the measurement position was shifted by 10 cm along the longitudinal
direction of the reaction tube (in the lengthwise direction of the catalyst layer). As for each
reaction tube group, the distance from the center and the interval between each reaction tube
group were made equal when viewing the cross section.

Further, the thermocouples for measuring the temperature of the heat-medium bath
(the heat-medium bath temperature measurers) were arranged with the same intervals

corresponding to the catalyst temperature measurers and further arranged at the inlet side and
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Mpl2 P1.5 Cu0.3 V0.5 Fe0.4 Te0.1 My0.15 Zn0.1 Cs1.0 In

t he gas-phase catal ytic oxidation reaction of this

Exanpl e, a steel fixed-bed jgwltitubul ar reactor

equi pped with a heat-nedium bath (the reaction tubes

were arranged in a triangular configuration and an
the outlettsedenslthalhaatediunnf each reacti on tube was 25.4 nm

was 5 used. In the fixed-bed nultitubular reactor, a

I eRFihk et SidREofAHOHNS gdsb i felctivh B&KGuRpel WSuch temperature
inserted with thernoCouples (catalyst tenperature

measu[:gf'?%%?{rﬁ% géﬁlgg%lhg gz\%ﬂh oF H}%’C?%lygg ]‘hl?’g? N %val\g?gpﬁlg?ircgl alumina

coricentra | ace her

. allocated.to each section lch,is, made b arating
heving g N iaest? 6> B vRRbabe Bt tothe PRGE. diiobfie e gal baly
direction fromthe center into 4 sections having the
1000 ralpfthe patalystthbwanpacked dibs ressiltant length o thecatal yst kayetwas 3000
reaction tube in 10 such a way that the neasurenent
mm. position was shifted by 10 cm al ong the | ongitudi nal

direction of the reaction tube (in the |Iengthw se

Then akiatvegds icompelbing 3&5% BY ablgte dfav@hdcroléi, 1@7%EREVolume of oxygen,
reacti on tube group, the distance fromthe center and

9.0% Byt 6F Waler bﬁﬁdf’%ﬁ@ 753 GG QR n wab A& Finto the

rmade equal when view ng thHe cross sectlion. Further,
cty 5t RGLARECHEID 250 L BB, e S SBER AP b v
carried 3t UL AEP el HHET GAOSPYSIE RGBS, ot ur o measUr er s

and further arranged at the inlet side and

¢ temperatures of the catalyst layer and the heat-medium bath side were measured

at this time by the equipped thermocouples (the catalyst-temperature measurer, the
heat-medium temperature measurer) with 10 cm intervals in the longitudinal direction of the
reaction tube and consequently, it became clear that the AT near the outlet of the raw gas in
the catalyst layer was in the range from 18°C to 23°C and the AT in the vicinity of the middle
of the catalyst layer was in the range from 15°C to 20°C and the AT near the inlet of the raw
gas was in the range from 20°C to 30°C. Further, concretely, it was recognized that a hotspot
part (AT=30°C) was formed at a position 800 mm from the inlet of the raw gas in the catalyst
layer.

In addition, the other reaction tube groups were entirely measured in the same
manner, and as a result, nearly the same AT distribution and a position of the hotspot part
wetre shown and the AT distribution of the whole fixed-bed multitubular reactor could be
understood. Consequently, a stable startup could be realized because of the understanding of

the AT distribution of the whole fixed-bed multitubular reactor. Further, a hotspot part

(AT=40°C) was formed at a position 600 mm from the inlet of the raw gas in the catalyst
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16 the outlet side of the heat medium To the inlet

side of the raw gas of the reaction tubes equi pped

W th such tenperature neasprers, a mxture conprising

370 mM of the catalyst (1) and 130 m of spherical

alum na having an external dianmeter of 5 nm was
layer ipathi eabsaiebnt hatihp, and the im@etenodf thé Botspov v Fecoghizyd Basily

1000 M of the catalyst (1) was packed. The resultant
becaude@ROtRa9: 1518 t&?ﬁé‘&tﬁ?ﬁt w&%@isu%swlﬁp 90 cnTervElER tl?e Foﬁ tudinal

gas conpri si ng 5% by vol une of nethacrolein,

. gen, 9.0% by vol une of water vapor
dlreanX 8)?’ %ffg%otngﬁ B

vol une of nitrogen was introduced into

Ihe at al | ayer at a space velocity of 630 hr-1
ExPer‘é‘Fﬁﬂ‘taé%é‘ﬁ@ se catal ytic oxidation reaction was 10

carried out with a flow nmethod under atnospheric

pr BesgpationTas camindarud inthe same manpergstin ByxperimentalrExample 1

t he heat-nmedi um bath side were neasured at this tine
exceptityatithe hetrmeaipen bhthaemperotpd meadikdre were equipped only at the inlet and

catal yst-tenperature neasurer, the heat-nmedi um

the outl @I eRAhdA-fhedRAS AR ahd Whl?fbné Qaﬁ[pst fRifpeitalre nierasﬁrbnewas equipped
| ongi t udi nal direction the reaction tube and

ata po%ut Pet ; tf%g)m {He iPREG e ?A»g QEﬁqﬁlhﬁé re {:}yst St tﬁeh;%nter of the

0] raw gas In 1 e cata ayer was

fved S p bR rE LA R TR S ebgher ke ”'ﬁ?éeﬁmmm

from15C to 20C and the AT near. the inlet of the raw
from theinlegef theyayigas. buh e mosiien b the kot art prasmekplear so that a

concretelfy it was recogni zed that a hotspot part

runawgylreagtin) of\ihe ctaly stovasdiroughp ebout jand tiggemperafure pontied became
inlet of the raw gas in the catalyst Jlayer. 20 In

impossibligiahd ohie, readi®novesontpeted ioatop. ube groups were entirely
neasured in the sane nanner, and as a result, nearly

Experfnt¥@it-3 #¥BmpE Fi stribution and a position of the hot spot
part were shown and the AT distribution of the whol e

BRIk bR RT FS5HE B iG0 c
exceptqgatal%as nﬁ of %he ca a’f;‘?s?'{f)tv%sdﬂaﬁﬁecf’ without dilution. As a result, the AT near
the outlet of the raw gas in the catalyst layer was in the range from 15°C to 20°C and the AT
in the vicinity of the middle of the catalyst layer was in the range from 20°C to 25°C and the
AT near the inlet of the raw gas was in the range from 30°C to 40°C. Further, concretely, it
was recognized that a hotspot part (AT=40°C) was formed at a position 400 mm from the inlet
of the raw gas in the catalyst layer. In addition, the other reaction tube groups showed similar
values and the AT distribution of the whole reactor was recognized regardless of the packing
condition of the catalyst and it was known that a stable startup can be realized.

Experimental Example 4

The reaction was carried out in the same manner as in Experimental Example 1

except that catalyst tube groups in which 4 reaction tubes inserted with thermocouples with a
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the AT distribution of the whole fixed-bed
mul titubul ar reactor. Further, a hotspot part 25
(4T=40C) was forned at a pagition 600 mmfromthe
inlet of the raw gas in the catalyst 17 |ayer by the
subsequent | oad-up, and the novenent of the hotspot

100 crnvirgenveldoding oegditwtigail (directincfaorndhd inlet ofitheirgwtga$ af/ide catalyst layer
tenperature was nmeasured with 10 cmintervals in the

were cofét@itratedibeitlg adjlicEab efth gthert Widte dadbit@attthdeenter of the fixed-bed
Experi mental Exanple 2 5 The reaction was carried out

multithfhldra %d?ﬁgﬂﬁ%oastﬁ_ﬁ)#; d31 ARG hﬁﬁﬁ‘é fHe sEh@TPAtEr. A5 a result, the AT

except t ! at 4 | hI u_m :C)at terrpeLat ure I'TE&S;JT ers
near o e A E AL I e S P cblbF ARhi £1G L) 6L hnd e

. nmeasurer S equi pped at a, position 800 fr the .

AT in fhevaainigy of e ﬂpg‘ﬁ%’gg“"i Y56 147EEYET Grihe TARGE oxt [ fieto 20°C and
center of the fixed-bed nultitubular reactor. As a

the ATrreguithe inletTof-tBOraw gasswasdo shgiangelfram 203€ tp337¢ mrrhthg Giflerpmce of
10 fromthe inlet of the raw gas, but the position of

AT cotili®ehedogaize s wevas, thopositicras! thohdtspdt part couldawabe recognized
reacti on of the catal yst was brought about and the

precisdl§ ARE[136dK £1088 Ht o rBRHIAE opdrASSH AN PmaN@adth load and the
reacti on was conpelled to stop. Experinmental Exanple 3

| thiififlsP4babld plGGSRATE mANNer as in

s t r
Pmdu@gtgrvlﬁa%%rﬂtg?lo a?rcg e except "that 1500 nl of the

cat al yst was packed without dilution. As a result,
EXPCWQ?%E{ﬁ@&Qsthe outlet of the raw gas in the catal yst

| ayer was in the_range from 15 C to 200C and tf]e AT

i nlherfeackon;wastegrrisd qui in the gafpe msnnenys 1p Fxpgryagntplfygmple 3

was in the range from20' ' Cto 25 C and the AT near
exceptithat a plimstityodf thhieactaon ghes insartednvithhihe thargocdupdes W@t @ot aranged

40*C. Further, concretely, it was recognized that a
adjacehinfoach othar in dp@ Teatfiofubsasodm ane theaherthopospled were4q0ipped in 10

fromthe inlet 20 of the raw gas in the catal yst

reactidn@¥6s at khdBAd Ak aQBsuld IR OhPGhtkEASEIbRARoA UPGe Sh1@HRSlayer in the
showed simlar values and the AT distribution of the

tongitV I Qb GRS 0Ls MR R1LAF QHI-ZEEd LESRE Fo§TSn 8F kMG tspBE i Was not

clear. As for the result of the reaction, the selectivity to methacrylic acid was around 2% lower
as compared with Experimental Example 3. The operation was able to be continued for 1000
hours, but in a part of the reaction tubes, the catalyst with a trace of experiencing a runaway
reaction was recognized when the catalyst was recovered after the reaction was finished.

As mentioned above, the preferable embodiments of the present invention have been
explained, however the present invention is not limited to the embodiments thereof. It is
possible to add, omit or substitute a constitution or to make other changes as far as it doesn’t
deviate from the scope of the present invention. The present invention is not limited by the

foregoing explanation, but is limited only by the scope of the attached claims.




10

condition of the catalyst and it was known that a
stable startup can be realized. Experinental Exanple 4
The reaction was carried outg i n the sanme manner as in
Experi nmental Exanple 1 25 except that catal yst tube
groups in which 4 reaction tubes inserted with

t her nocoupl es w INDHSTRIADARPOICABELIVAN in the

| ongi tudinal direction fromthe inlet of the raw gas

OfTHelRedent ik ¥ftion! rélaRSs to WEKkEd-bed GRNtLBIISCreR@bR) Bomprising:
adj acent to each other were distributed at the center

of £ = Lty c and at one

pc?sé llt}lledgﬁ, %fﬁrg%&%ﬁﬁ:lfgé fﬂfgg :&ﬁgﬂ aéglgﬁhéelﬁ{:ent er. As a

result, the AT near the outlet of the raw gas in the

C SRt ermbepiine Rty Southpes Gomerar e ctfiges i e center

.the 5 AT in the vicinity of the mddle of the catalyst

part in|thg tagdiahdiseqtipniod ghe rgagfionftubes thecatalysbismpsrature mgasyrgrs being
near the inlet of the raw gas was in the range from

install@0i€ each @l panar dlhef the pluzaldy o€ thefreactitn twhes,dhb ereasurement
recogni zed. However, the position of the hotspot part

positiod® tHeteoT dkinp eliff@endrind eseh gthedhsied Ipngiedlindl direstiondofltbdgaction
time to reach the operation of a normal reaction |oad

tubes. @and the productivity was a little [owered to maintain
a stable operation. 10 Experinental Exanple 5 The

r [ . Aas_ .3 ..
£ 0 12 (PR SRR ot rcalhol DR B MEARARo R icion
. reaction tuhes inserted wi.th the thernpcoupl es r

reactiof 67 e PReTged Siably e the o timyanconckn Wil 8 seprrws Jvelhy

t ube group, and the thernocouples were equipped_ in 10 .
measufigsg fqlmwratu@ehstabutpmsmelmgpmémﬁllw, n thedopgityslinad direetion of

di stribution of the catalyst layer in the 15
a react/omrigbd¢ patkedivittiaratdyso of thedixedibed hetitubulandectet emburadedstanding

the position of the hotspot part was not clear. As
a positiodloftaldtdpospdrt. of the reaction, the selectivity to

met hacrylic acid was around 2% | ower as conpared wth

Experi nental Exanple 3. The operation was able to be

conti nued for 1000 hours, but in a part of the

reaction tubes, the catalyst with a trace of

experiencing a runaway reaction was recogni zed when

the catal yst was recovered after the reaction was

fini shed.
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20 As nentioned above, the preferable enbodi nents of
the present invention have been expl ai ned, however
the present invention is naolimted to the

enbodi nents thereof. It is possible to add, omt or
substitute a constitution or to nake other changes as
far as it doesn't devi aldAIMfinthe scope of the
present invention. The present invention is not
l[imted by the foregoing explanation, but is [inmted
only by the scope of the attached clains. 25 19

1. AN gﬂ){@git@g,gyw tbﬁk%ﬁ,ggggzpr esent invention relates

to a Itu ar Teactor, conprising: a

pl ural i. f reactio ubes fil.l,ed with a catalyst;
D PRt o R P Bkt e B 5 s ur e
the@ixe erature near the center 5 part in the radial
di RS BRSFatyIedGasUrers GRIRRGH 4 mepsiige thgitgmperpture near the center
_tenperature neasurers being installed in each of a
part inghg radipl diae¢tionfoftherepttinndibesy thefcatalst temmpetaturn magpasts being
t he nmeasurenent positions thereof being different
installéd inreactacha parher all of thl hirstitgiof tiei raadtioditules] the meafurtinent
reaction tubes. Using the fixed-bed nmultitubul ar
position§ 8fet&Ut being dMFerBhtP&A lead MWtBEH ih Wb loABiteiihdl Airk@bn JGhe reaction
reacti on can be operated stably under the optinum
tubes, CONdition with a suprene level by neasuring a
tenperature distribution precisely and practically in
the longitudinal direction of a reaction tube packed
wth a catal yst of the fixed-bed nultitubul ar reactor
and understanding a position of a hotspot part. 20
2. Thefmjedebed myltipbulag resster acgordipg e, slaim ge\g@rgm, e catalyst temperature

conprising: a plurality of reaction tubes to be packed
measugirs 4re gqaipped inst to Irtubes out of a reaction tube group comprising 3 to 1035

reaction tubes adjacent to each other.

3. The fixed-bed multitubular reactor according to claim 2, wherein a plurality of the
reaction tube groups are provided and allocated to the portions where a flow pattern of a heat

medium flowing outside the reaction tubes of each reaction tube groups is different.

4. The fixed-bed multitubular reactor according to claim 1, wherein the reactor is for a

gas-phase catalytic oxidation reaction.

5. The fixed-bed mulititubular reactor according to claim 4, wherein the gas-phase catalytic
oxidation reaction is a reaction synthesizing an unsaturated aldehyde or an unsaturated

carboxylic acid from propylene, isobutylene or tertiary butyl alcohol.



5 catal yst tenperature neasurers equi pped to neasure
the tenperature near the center part in the radia
direction of the reaction tajbes, the catal yst
tenperature nmeasurers being installed in each of a
part or all of the plurality of the reaction tubes,

6. Thetfexerdebmd umdtigibular pasior hosvsding ¢o defm bewheyeidithé pasepltase catalytic

fromeach other in the longitudinal direction of the

oxidatiof@&dction is 4 #a&Son skhthdsiziganhun¥trabRttarBoxl/lié Béd f@m an

reactor according to claim1, wherein the catal yst

IHBMMﬁﬁﬁﬂﬁﬁééMEe nmeasurers are equipped in 5 to 35 tubes
out o

reacti on tube group conprising 5 to 105
reacti on tubes adjacent to each other. 15 3. The
fi xed-bed mul titubular reactor according to claim 2,
wherein a plurality of the reaction tube groups are
provi ded and all ocated to the portions where a fl ow
pattern of a heat medium flow ng outside the reaction
tubes of each reaction tube groups is different. 4.
The fixed-bed nultitubul ar reactor according to claim
1, wherein the reactor is for a 20 gas-phase catal ytic
oxi dation reaction. 5. The fixed-bed nultitubul ar
reactor according to claim4, wherein the gas-phase
catalytic oxidation reaction is a reaction
synt hesi zi ng an unsaturated al dehyde or an unsaturated
carboxylic acid from propyl ene, isobutylene or
tertiary butyl alcohol. 25 21 6. The fi xed- bed
mul titubul ar reactor according to claim4, wherein the
gas- phase catalytic oxidation reaction is a reaction
synt hesi zi ng an unsaturated carboxylic acid from an
unsat ur at ed al dehyde.



