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12 January 2007 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 catalytic oxidation reaction is perf?rned 2007
by using a solid catalyst. The present applicat

clains the priority of Japanese Patent Application No.
2003-274140 filed on July 14, 2003, the contents of

whi ch are incorporated herein by 10 reference.
BACKGROUND ART A gas- phabESERIBIKIN ¢ oxi dati on

reaction using a solid catalyst is being perforned on

a comercial scale. As the gas-phase catal ytic

oxi dation reaction, for exanple, a production 15 of

acrol ei n or acHKED-BEDMULDITUBODXRREAGTORA

production of nethacrolein or nmethacrylic acid from

i sobutyl ene or tertiary butyl alcohol are exenplified.
These gas- phase catalytlc OX|dat|on reactions use

nol ecul ar oxygen and SYRIRRS ppseful target

conmpound by stopping a reactlon aF an i nternedi ate

oxi dat i on §%ate

. ) .
synt RSFire BB etefeS 3 B ek migflief B s i mich fegas-phase
of, Q en, and 0t nt hesi acrylic acid from
fgﬁ'éw 1Bt reationrts performgd 1Y HAINE 2 sphboaiely Y¥xygen.
However, in such an oxi datl on reaction, there occurs
decokBoRiesand Applisatian Jaimsthepriorsy pfilaprusse PalgetArnlication No.
S|nultaneously or successively as well as a reaction
20052 749041led orgludy 142463, thpeantiends of whiclnare dunorporated herein by
byproduct such as carbon di oxide, which is the nost
referench.zed state, and the |like may be generated in sone

cases. 25 Under these circunstances, because gas-phase
catal ytic oxidation reactions are 12 January 2007 2

BACKGROUND ART

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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conplicated reactions, a manufacturing nethod by which

a target product can be synthesized in a high yield

is being investigated anong such reactions. A

tenperature condition with which a target prodycgt can

be obtained in a high yield by stopping an oxil dfniggy 2007

reaction at an internediate sgage is in a narrow

range. Usually, in the 5 case that the tenperature

becomes hi gher than the opti mum range, an anount of an
complichitedadimnsrasitfaicouring methed bys whith azargetgiroducteince synthesized

car bon nonoxi de or carbon dioxide is increased and

in 6 QIHOALIE ¥ be¥ng Tnhestighed ﬂmbﬁ%é&h@éa@ﬁonﬁ t hough an
oxi dation reaction in which a target product is

prod m@&g&a@c&mm%m WhicR 8 k@ Preifith B R TBAfcA I Rhigh yield
| arge heat rel ease, the heat of reaction of these

i de. r i ' i L [ :
by 3iBine 3 S0 ekl ot on PRI ICTh Pt Rl in the
reaction becones still.larger. Further, because s 3
catedlitthe [fmPSIRIS Peropics bighet Bh fhe ALfity s 4 Aiudt of an oxidized
tenperature, the side reacti ons nmay cause rynaynay .
decompgsition prodpgksuch g5 acetiGagid, %?ﬁb%@%‘é"#@r?’r"%fgﬂl H’&ﬁy‘\'ﬁés increased
perfornmed in a fixed-bed nultitubul ar, reactor, it is
and eprsequeatly.shedipldis lavwesed: thaugh an qxidatign regctien iy which a farget
nmet hod of packing the catalyst or an operating
praxhwtlis prastucedois pn evetherntit eeactionaad arennepanies mlasge beatifalgpse, the heat
the opti mum condition. 15 For exanple, a nmethod for
of revptiarvofithesa stdenpeetianis otildl iasger iabdi whema rate of the sidé raaptions becomes
tube is being proposed as disclosed in Japanese
larPatthebvefsiDhdat aft rieadtion et cthesRulllargert FrtheNdecddse a reaction rate
6-192144. In this literature, when producing

indFBsBaGIpRh&AitANY W2l tepethiite BR side reftiohindy Batlsy b runaway reaction.
al cohol and nol ecul ar” oxygen as raw naterials by a

Tlﬂfb‘i‘ér&h@ﬁe% dnfthaYibh me@gg%’emmaa@wm m&RitiRi 96hctor, it is

I'n which a catalyst po I supported on a carrier
o R8L0 Yah AL GRS 2% BB b Sl St
dual ly.f ' Lt t]et t of .
orfaBEl Bk g b segPet 555) S0t Bk Pl Shplon.
<oy e Bt i Gk RaShfsgn e
heat by increasing a circulating anpunt, 25 of a heaj .
beingdrenased itsslispdosgd protappnesh PetenArpligetionaiies Sybligation No. Hei

moni torin reci sel the 12 January 2007
6-192144, 9P y y

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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3 tenperature in a reaction tube and the other nethods
are proposed as a nethod for performng a gas-phase
catal ytic oxidation reaction stably. For exanpl e,
Japanese Patent Application, First Publication .
2001- 139499 discl oses a method of circulatinglggﬂ@ﬁ?y2007
mediuminto a shell side of asreactor through a 5
circulating devise in a fixed-bed nultitubul ar reactor
and suppressing an increase in a tenperature in a
temnpeiaturedn areaséion fithe aad thepthes methyrds gretpreposadan ameded fgr performing
out of the shell side of the reactor is heat
a gax-phaegetlydic dxidatiomheattiomstdbdnged heat nedi umi s
returned to the shell side of the reactor, thereby
cont Fot dxangple Japangse Patent Applichfied, FhreePubdicaidaNg. 2600 h¢39499
medi um drawn out and the one introduced in at a range

didcldRes alpethod éﬁgﬁulaligéﬁllﬂéﬁthﬁédmrﬂ%ﬁaﬁ%ﬁﬁl §ad end reactor through a
Application, First Publication No. Hei 8-

9214
cn‘éﬁl%ﬁ&i@&%ﬁse% a BREDOEH ARHRBE S8R 107 s L&J%{:ggﬁﬁ Bﬁ‘fn%reg.ﬁe ita

cat al  ayer, whereln V\,hen propy |d| ze to

te@? | ure § Hg%datc P)%?S\glft{}arﬁ% ait o a%%étg%ewa%%}ugxg @%isﬂal side of
‘8?1‘%‘%‘? 3%63 R g b heal B e ?Pﬁf"ﬂé”%&e%% (§he shell side

ath is ed to, the extent of
Pt hteRE Corkligin (RS Sifaiepos BMESH the hest medium drawn

|ntroduced in the heat-nedi um bath JLhrough the inlet
oupandithe,pne igrodysed in atadange fgma 134 B9°Co reach the outl et
part of the heat medium Furthernore, as a method of
meas Buithey, JapanesaRatent dvppliestionHeirst Buklicatient NaJ Helig- %347 discloses a
of a reaction tube, for exanple, as disclosed in

medizqdand ssla)rémhlgmttempq:rhtiumﬂ aomatal¥st kayer, Rhbeincahdangropydene is oxidized
2002- 212127, a method of neasuring the tenperature of

to adreleinowith & pabi-piake ehitalptixt dxidation by lueing @ fixeddbd multituladar reactor
wherein sone of the reaction tubes which represent the

eqiippddewith X BébtDe@iunibath) 4 BEMARE of B3 BEMAImEHIEn B WtroB&l so that a
wth protecting tubes before packing catalysts, into

ten&é‘mrgﬁe of BR'HERCANBLA Dt B ré1§§lel5 tifhxkeht SFERPI0° t?' ifi%he course of the

ver, any concrete methods to operate an adequately

timeleit! éﬁeslﬂiﬁ?mg arSs ?‘ﬁ;‘oﬁh&’e&l'lﬁ 5 hpl%&]hgﬁll(}; ﬂaat‘ﬁgd %gtmﬁflﬁ part of the

not osed 1 n net ho S eSCTI nese

hec Bl RPR O o By afeSonel e SRS BP0 P

act| gl!u{l}éngcr)re,a 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 ;eaction 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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12 January 2007 4 concrete |ength of each section of
a reaction tube to realize an operation for a stable
reaction were not disclosed. Furthernore, in Japanese
Pat ent Application, First Publication No. He
6- 192144, an absol ute val ue of the nBX|nun1vaIue %?w$ﬁ2007
(hereinafter, referred to as AT max or a hotspot
part) in the first and the second secti ons was not
di scl osed and, in addition, 5 because a difference
coperetedength hEeanlt seetinn of a tdactidn tube toanalizetan operatienifor a stable reaction
sections was large, it was difficult to perform an
ward egiutitobdsgd Fuathbmnovgan ddpaoese Patent Applicatien, FimteRubication No. Hei
descri bed in Japanese Patent Application, First

6-Pll Gt dbeslutiGralue 40 he-nd33h B8R value BERIRECIinkA¢reRFerred to as AT max
Application, First Publication No. Hei 8-92147, it is

or a'm%%la]ﬁh irpl’hc firs hAPHR sBRhdREQInSHhY ﬁdt%‘l’i‘s@lﬁs@cpﬁ{daid dddition,

to nuai ntaln t he optinmum condition 10 through

beg%HEé b ﬁliﬂ’e?&lc@ bh{GBE 1AL z%l’ir FaLbf fﬁﬁ g‘ggt QJF&’ Bk sbANE Ecctlmg wbsnlarge it was

these literat ures nmeasurl

e of a heat nmedi um V\,hl ch was

dlﬁégpﬁé ngapézg 83 sﬁ%ﬁ?(’p%rfﬂboé’ was discl osed and a
|t ngguﬁﬁ%y o %}E eialtJ % 3’&%&1}%@8}&1 ; E‘S‘bl t1rstal§,)()1¢icanon No.

osition of AT max vvas not. identified, suffici entIX nd

200 39498 0 T PRsHHese AEsE FABRICatiER & bPoblgRianN R dipi B-92147, Tt s
adequately stably. 15 Further, a nethod descrjbed in

impayan dere stableeand Highyeffisientyeperstionde mainsain dhe qpsimurpeondition
2002- 212127 was able to easily neasure the

thioggipmoniterings: tefperaturoofa @iyt iayes birtrin these litecavgges, wdlyreatnethod of
direction of a catalyst |ayer, however, it was too

mesuig ccqiaetitytod abanguratate ofal hehtanedinm ovhiichewas fidwadde aireactor shell
fi xed-bed multitubular reactor. That is, the fixed-bed

sideibdsidis¢ st Pdnd L8€Hn0logy @b nitbsurdithd nfipetdtue @R kie daRdist lyer precisely
has hundreds to thousands of reaction tubes, and in

wAIHOY diSA8RA. A4 a #ulf) aSosHRiBA opﬁrtnth&%riﬂﬁdemdmﬂmﬁy and the
the length of the reaction tube is several neters, so

reJcB@ﬁ corlditiof@ Sve ?éﬁc&'n&%tm @ad@&ﬁﬁylzr | ﬁr and control the

erature 0 yst all of the

r e ac % L) 3 @g@#&&@}{ﬁec{ 151 %ﬁeﬂ?ggﬁllc%{ﬁ? %?HPﬂhﬁa?chi?o% No.

t oo

Zng 2?%112]9('* Ry, I%%l eal'y%%e&?%% glgeatgwraeer?ﬁgeé?o?v%o%%%os grtls 18 the”
longrl]tgghgglcd(ilggtlmenso anc}a?al)trsrt] ?aygre hs\%\%g 1tr \aergsctgtl) ggm}:lkilc%ted 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



10

15

20

25

25 however, because neasuring positions were not
determned, it was insufficient to understand 12
January 2007 5 a position of the nmaxi mumtenperature
(AT max) in the longitudinal direction of the cgatal yst
| ayer, which is nost inportant for a stable opgﬁg %ﬁ’.’zom
The present invention has bees achieved taking the
above-nmentioned circunstances into consideration and
has _an object to provide a fixed-bed nultitubular
a pesitioncy thermarimgm tampergtugsdAdamporin thedengimdingbdirdstion of the catalyst
operated stably under the optinmumcondition with a
layarpwhink isl eost importantfos astahly opetatioper at ure di stri bution
precisely and practically in the |ongitudinal
di r edthe presentiinventieiflids been hdhixsred akkdthyhidve andhibaddydicumstances
of the fixed-bed nultitubular reactor and
intondasiadranet 4 s BY I\Prikdth@ ;])_ﬂfvid'é alTide@RY rRAithbuldCeactor in which an
DI SCLOSURE OF | NVENTI ON The present invention provides
oxiddtion ?&c@&%aﬂ}ﬂg?@gﬂéﬁﬁ S%Bfelgﬂtﬁ{) t‘ﬂ% gp%g{g@ é&ﬁ%blﬂtg% watﬂ a supreme level

plurality o tion tu .
ot L AP RS S g KA i
he radial di f ,
of a3fasfiR hibe afeh StitLe Tt i e R PR st ond
ach (%fnga par, of the plurality of the reaction

t or all
tises ﬁ@oﬁﬂﬁ%ﬁ{*’e]i‘%?ﬂ”tp%si tions thereof being

different fromeach other in the |ongitudi nal
direction of the reaction tubes. In the fixed-bed

mul titubul ar reactor of the present invention, it is
preferabl e that th®ISEROSIREOF NYENAIUNe neasurers
are equipped in 5 to 35 tubes out of a reaction tube
gr oufihe presenrpviestiongprbvitles d fiGedriedamilbtubtlabreactar) campriding:
each other. In the fixed-bed multitubul ar reactor of

t he ppbadity of reaetivn toles td be psckpd Sithaablabst;Bad a
plurality of the reaction tube groups is provided and

di st emygﬁanif)ﬁméugmu%ea B edshe\the Rfufe Aar Te center

heat nedi um e the reaction tube is

B S OO s i
installed in each of a part or all of the 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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25 reactor is for a gas-phase catal ytic oxidation
reaction. 12 January 2007 6 In the fixed-bed
mul titubul ar reactor of the present invention, it is
preferable that the gas-phase catalytic oxidatjqn
reaction is a reaction synthesizing an unsaturgégﬂm““y2007
al dehyde or an wunsaturated cgrboxylic acid from
propyl ene, isobutylene or tertiary butyl alcohol. In
the fixed-bed multitubular reactor of the present
I nveih thedixed-bed muftitethdarakdceortollidie frévent ibvegtion [ih peeferable that the
catal ytic oxidation reaction is a reaction

gaS-yhise estaBtio oxidatisgadtiohad @ﬁba@tﬂfrb?mmleéiﬁing af ukafur®8d ABehyde or an
unsat urated al dehyde. Using the fixed-bed nultitubul ar

unkRaated ca®bx IREcR] £ PropyBhE NES Wy ler br Hisld thuM alcohol.
reacti on can be operated stably ‘'under the” opti num

condyg 0 @ix\é\ﬁ-&&é @Pﬁﬁwﬁﬁ%dcﬁ)\f%&’ tlﬁ%}l;esgﬁtjﬁﬁnigg% ifgig Ipfeierfllge that the

t enperature ut1on preci sel
he |l ongi t.udinal directi.on of.10 a.reaction tub .

et Bfincs S8k S dRireb 6 i o BB AG8 A Paseliied apponviic

reactor and under.stgnding a position of a hotspot
“‘Bgf‘ln?a’sﬁf%ﬁ%ﬁg%ﬁ&mi’m OF DRAWNGS FIG1 is a

schematic di agram showi ng an exanple of a constitution

of aUping dhe: fresg-bed snuliitubylay ssactar ofthepressnt invention, 35y @ddation

invention. FIG 2 is a schematic diagramof a cross
reagtien ¢asrbegiperatnd stbbewndee the pptimum denfision with@tsypremg|level by

the line of AAin FIG1. FIG3 is a diagramshow ng a
meaguigiademperbmragdisttipution precselnaed practiicall emche mgitadid direction of

are arranged in a triangular configuration. 20 FIG 4

a reation tliba @acked stithivd catalyst ofshe tfixedrbédineltgubalp réadtok Asd makestanding
that reaction tubes are arranged in a square

a positibh ofd Bétkpotpart!l G 5 is a diagram explaining a flow
pattern of a ﬁeat medi um  BEST MODE FOR CARRI NG QUT

THE | NVENTI ON 26 An exanple of a fixed-bed
mul titubul ar reactor of the present invention is

expl ai ned BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic diagram showing an example of a constitution of a fixed-bed
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 friangular 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 QUT THE INVENTION

An example of a fixed-bed multitubular reactor of the present invention is explained
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12 January 2007 7 by referring to the figures. FIG 1

is a schematic diagram show ng a constitution of a

fixed-bed nultitubular reactor. The fixed-bed

mul titubular reactor 1 is a reactor in which a 2007

gas- phase catal ytic oxidation reaction is perfdr By

conprising roughly: a plurality of reaction tubes 3

packed 5 with a catalyst and form ng a catal yst |ayer

2; catalyst tenperature nmeasurers 4 being inserted in
byeafelvingf tortl figires.but a part of the plurality of the

reaction tubes 3; a heat-nediumbath 5 |ocated

out SIFIE. tisa stieaedtic dingian elsowdng adehstirmibn b al fined-bal ultitubular

tenperature nmeasurers 6 neasuring tenperatures of the
ret S TR ddBed - mulfitublilaP rehéts e HisterdadidH ih hihitdh g?a@am@%@lyﬁc

1, neasurenent positions P of the catalyst 1

OJ{itﬁagBﬁ ALHSEis' TR &l &ﬁpﬁs@%ﬁ?&@‘g# dpliAGeRe %zﬁli{))l% ﬁ)b?g 3 packed

k lreac_tlon_tules_3 ar_e ‘ t from_ eac er 1n
R L e R Lt L
G LB P B B B e

in FIG 2. Here, it is preferable that at |east a par
logpted, qisidethe Feagtion tibes3:@ed heatgnadinm @E&mlzﬁﬁa%@éea@%ﬁét

11 are equipped with the catalyst 15 tenperature
mepsuring tlemperapgesrafthe kpsbmedwaye,  when the reaction tubes
3 are formng the reaction tube group 11 and at | east
a padn thif fixddebedamatitubniar repetoryt,augasurement positioppRof the eatalyst
the catal yst tenperature neasurers, it is possible to
tempetetust memuers 4 insertegltin the phinslityi df thie reactioh tubiee 3 eet differsot from
| ayer with high precision. And the term "be adjacent

eatlpotheEia ke lohgitudini dpédtioh obthetrétion tubbgdant uniforniyefiRdl.
reaction tubes is within a range of the fifth tube

f r omFartBéraine pludality BEthe FRMBNPRubed B afRAGA sb s tdlbe ddgicermtito each

dependi ng on the total nunber of the reaction tubes

ot %o ﬁfﬁ%&‘gﬁ)ﬁ%ﬂe ér{)‘u}?ﬁse% shi&n id BicRD. M1ERELs pRiferhPI8 that at least a

reaction tubes decreases. Further, in case the pitch

f I . . i :
pafl ot UreRAloR R il the O FRES bl 1Y BESREEERRL WeSsaralyst
¢ in the ?a%ed sion of the tenperature neasurenent
erBB%ﬁtH%e ¥Kunber of the reaction tubes increases.

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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25 In the case that at |east a part of the reaction

tube group 11 are equi pped with the 12 January 2007 8

catal yst tenperature neasurers, it is preferable that

the catal yst tenperature nmeasurers are equi ppqgj‘jﬂ{l 2007

to 35 tubes out of the reaction tube group conprisin

5 to 109 reaction tubes adjagent to each other. The

reason that the nunber of the reaction tubes in the

reaction tube group is 5to 5 109 is explained bel ow
catalysttempktaittrel ek surers, atis tpoeferable dlut ilercataljsesmpeatuns mghdugers are

arranged in a triangular configuration as shown in
eqhippeBind toi 33 tabes @uasfthe erattigitnbé grotp asmmising S ionl 0FIréaction tubes

In FIG3 and FIG 4, the reaction tubes are arranged

adath;eﬁt@@@gcg%q{eir_ons (bl ack points) of each straight |ine.
en the reaction tube group 11 is constituted with

t he [ it . )
o RSN RIS B o e ROl 5
1Ogriomx ?aiﬁettd%réfjo%d central reaction tube (within the

Ot EPSt CiTcle in the Fi gure), the nunber of the

in G o, g ‘bt Proall o SHESL VA gt B Btion &

97 in_the case of the square confjiguratio ur ,
shoy i FIGk 3 0B M $ayArecopleyp is O%wgﬁﬁ utlﬁg:l%gtaﬂ& Efcﬁé’the
reaction tubes, the pitch of the arrangenent of which
regeoRfubes arearrppgegdat drtersgetions (black poipts) abeach shraightdingndar d
central reaction tube (within the innernost circle in
t he Mhynrtks reaction tbengreup 1lofs constitutediwith the reagtien tubes, the pitch of
constituting the reaction tube group is 7 in the case
thedrrangementiofimduidhds withind sagger aftthoaboanfifth tuba fiohea starglardéentral
t he square configuration. Consequently, the maxi mum
redetioin fibe @wihinhke ditérnisneirlytaeke Figuich) ehe mmthet ofithe waetion tubes
group are 109 and 5, respectively. In addition, in the

cofttitRing B rebffonty upls 100en R G I Fithe R LU BARStion and 97 in
with catalyst 20 tenperature neasurers is |less than

thedeaséof BER ! mﬁ@%@é.@%&%ﬁ?&hbﬂh& P&cﬁai @b gloup B@hstituted with

may not and i n the casé the

th%\lrl%gs%lg)h t\?rrﬁéeg etﬁg ?it of tﬁ&%@%@&gﬁ%ﬁ%@ W.itﬁﬁx atrgﬁﬁeec}f St.he first tube

fit of the catal) enperature neas
frogt i acusy Cotal adhiopore UL OF 2R3 PRl e PEED, te number

of the reaction tubes constituting the reaction tube group is 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, equipnient 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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nunber of the reaction tubes equi pped with the

catal yst tenperature neasurers is inevitably 25 |ess
than the total nunber of the reaction tubes. 12
January 2007 9 Furthernore, the reaction tube
equi pped with the catal yst tenperature rreasure?%@?uélryzom
preferably |ocated wwthin a rgange of the first tube

from and adjacent to a standard reaction tube,

because the tenperature distribution of the

| ongi Rurithermadre, he rattiomrtubds etihippedeaith therataliseempemturémeasurers are
under stood nore precisely. 5 Mireover, in the case
prefeadbly RRate@ividhinsd anpd fithelfifst aibe fonPgidiadjatér So @k@ndard reaction
packed in a reaction tube, preferably at |east one or

tuBB R A€ iR 1aRbtat it AbRI AT tREABRARAI I 8irdFHBS BE E Seaction tubes
are equi pped in each catal yst section. In the case

Cag,h)@tungggﬁ’oggliﬁloﬁyrg?g?&he reaction tube groups is

provi eferable that these reaction tube

grou are distribu at _a pl ac ere a.f.l.ow
o *a MeBbVern bt sadt bf wfinBoBis PR ARGHE Puuliy P Bl »
is.different. Here, a flow pattern of a heat nmediumis
reaioP{hbee BreTeRLY i 1645t Bt ORIRRE Yo EmElyifirg fatalyattemr g osurers
a fluid state of the heat nmedium (a rate of flow a
arg eqwpPGddA cagh qatabyt sectiphyst rati vel y shown as arrows
20-a, 20-b, 20-c, 20-d in FIG 5) when |ooking at a
cr os dn thecaase Gat awlnmality of the waetiandnbegroupsiis Rroidsd it is preferable that
mul titubul ar reactor cut at a rectangular direction to
theserBadtion gutte grioupa eredlistibutedat aflacerwhereatiowpatternlofa heat medium
(hereinafter abbreviated as a cross section; refer to
fléwitg obiside thauhdtion thkeds diffeednor i s desi gned so as to
make the flow pattern of the heat nedium becone
honogedie Alffow ?drfint bfa haat pkdidh iaBLhblhihel. THé Hotv paRterafof tHitheat
heat nmedium for exanple, are provided pointing

mERRRSheAs 9 LRCEAtO BStht ﬁeiﬁ:?ﬁéailﬂﬁ NEkateQt IOX, Alir8@ioh be 5w

direction as shown in 5. However, it is difficult

bR sholGn b BRI E120.10 20 MR- ERRICTEE W PRy pbe ross
oo TP R0 PR oLl RS o o
1og$“1$ﬁ{@1 a{rﬁtﬁgg 8{‘ a&%flicg?n Ht!(g ?%é%}ﬁa ara?l%ﬁyi?tﬁg IP%% grrogsns%gtion; refer to

fixed-bed nultitubular reactor ten 0 becone .
FIG. 5). %sualgl, the reactor ?sudesirgne(? 50 asto maﬁe ﬂ‘lsé row 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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| arge. The difference of the flow pattern causes a
change in heat transfer state in the reaction tube so
that tenperatures ofthe reaction tubes contacting the
heat nedium of different flow 25 patterns are 5i abl e 2007
to be different fromone another. 10 12 January228BAY
Consequently, in the case thagga plurality of the
reaction tube groups 11 are allocated to the portions
where the flow patterns 20-a, 20-b, 20-c and 20-d of
t he heensequsdily; i fhe@aserthat apluslityef tivareaatino tibsrgroups d$ anf allocated
each reaction tube groups are different, it is

topths portibes there tredive patteshst J0ea, Lo 20-atatid 20-dof tHecheat medium flowing
fi xed-bed multitubular reactor nore precisely. 5

oltbifé tiRIreactitn aibefbf ¢AOH BIBIdn 10be EldGpd Aaaiffepdnt, lithd PosHie RS
in the case there exists a plurality of the reaction

ulldePar B R fhpetaturt 1 1BE BikES-B ﬁu{ﬁmma@ r%u& ﬁlohf ]yarefl{s/el -Qﬁ

reaction tube groups 11 are allocated circular

e ORGARER: APkt B Pl Y i LA B

pINRE on B R S BRROG i Bl SR w R Yepgtionype eroups
' havi h 0 .. B

11 R el eeRgny e SRF2h Mtch LB o EIC, 25 1ok eat age reaction

Lge fixed-bed nultitubular_ reactor in this manner, it

tubg groypd{ iy alloggdedrisysach pectipm Livdiichuis sade by sgpatpting thessess section of
part in an operation acconpanying a |arge heat

thg gepstonin Ga rasial dirgedianrfromm thecentar Mantortwer mene segtions having the same
controlling the reaction based on the neasured

aresul ts, a gas-phase catal ytic oxidation 15 reaction
can be operated stably with high efficiency. In the
f i xedyomdnitotingithefemiparature afthe catalgstdiyeb avtha firedbed wultibubular
preferable that a plurality of the heat-nmedi um bath

reb @6 ik HaBnd¥EiR BlPoR4ible fo mSniSHihPREPefafiré B6PRASHONPart I an
the catalyst tenperature neasurers 4 so that the

op¥RARH 28T an RS b tdrPO Reaed iR A sud £ i% &8 ?ﬁhﬂdﬁ%ﬁ:ﬁﬁﬁ. By

hei ght as 't he neasurenent positions P o e catal yst

=it posi [ ons. talyst
oo i e B T PR b S o e Pl Bt oxidation
cehdhioFlff he b d Sl WuSRRE el o | Measur erent

osi'tions [ umcﬁ’ath_ t enperature

e e i B AR, £ Bt o parity
otlﬂr?ea}?eua{-renreﬁiui lgarlJ:l(l) tstiill'ff)ietqa?llsre 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




10

15

20

26

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 i nhonbgeneous
tenperature distribution 25 of the heat nedi um,i,ni_t he
heat - medi um bath 5 caused by a shape of the reéggg?"}myo\zom
reaction 12 January 2007 11 gondition or a fluid

state of the heat medium The nunber of the reaction
tubes of the fixed-bed multitubular reactor | is not
cqnditioney p dluid state of the beat Mhedivmaber is from several tens

to, in an ordinary case, the upper Iimt of several

t housEwrdmmnber sfthereattidnanbesaff thehftued ded snudkéttbulan teador 1 is not
dependi ng on nmechanical 5 restrictions on the
parBulirBClinditéd) The huthbed igtbiistvdpal téifs t6,8A6h 0fdinal Bask A8 UPper limit of
of the reaction tube is not particularly limted

se@bialBbusal8y or sbveral 1SRN H¥ubahdl H&%ﬂ?ﬁ*‘%@eﬁﬁé’oﬂ-&echmicm

neters. In the case that the leng e reaction

e a0y IV SRR B ARG, i e
nmoval b

o Bty BBk R SR PR et {omie: Ingp cosetht
S5 s S5 b e o ep i e so thar

| arge and a power for_ supplying gases is increased. .
uneyernggsof thepacking, the agtivly g thsante @?bsat fenqyal by thedbeat medium in each
product tends to decrease when a reaction pressure is
reption tubgds liphle to eerim Gntthecatherihand in thesrsiethatttholengthief the reaction
| ength of the reaction tube is preferably from around
tube isdong, apresyuse diop betnmeasdargs andrepowdr donsabplgingrgasesiis imtreased.
the reaction tube 3 is usually from20 to 30 15 mm
Further dehierallynthe iseledtivity tto x exigdd prbdott ténds wi décadase ehed afeaction
the raw gas of the reaction nay be supplied fromthe

préslie@hhigh, sohiat takingOthedelifto QbiederXR, The ldhgth6f th&RaétidAube is
tube 3. The catalyst to be packed in the reaction tube

préfetably Yadm BRyuhd 04 AkdeYerd.i M ted as far as it is a solid
oxi dation catal yst and a conventionally known catal yst

i N aPGARGRIRGE MM ihBrdl GiSACHE Ofthe fegct‘&ﬁﬂuf? 3 g&?ﬁgau)ﬂﬁ&ﬁ B0 t0 30

i ncludes a solid oxidation catalyst suc
onposite oxi de containing nolybdenum Specifically, a
catal yst in which 10 to 400 parts by nmass of a netal

oxi d T addition, in the fixed-bed multitubular reactor, the raw gas of the reaction may be
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 oxidation 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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catal yst such as nol ybdenum and bi smuth i s supported

on 100 parts by nmass of an inactive carrier such as a

porous carrier of silica or alum na can be

exenplified, as disclosed in Japanese Patent

Application, First Publication No. Hei 6-1921442Jasuary2007

The nethod for preparing suchpa catal yst is not

particularly limted and various 12 January 2007 12

conventionally well-known nethods can be adopted. A
cohesmtionilbr well-khovibmethddslcdndre adopted. A petmateniad pabewsed fori ascatalyst -

not particularly limted and a nitrate, a carbonate,

préphrafoBtidh&, paftituftfyQithitsd 4hd latnitraté) A c@dbofifte, 4 doddatefian afitlonium salt,
tthe |ike of each el enent can be used in conbl nati on.

TJaﬁdeC thl S HRNTRE' dlebidEel RER WhfhSustd #\hnibisation.

eat nmedi um bath tenperature 5 neasurers 6 equipped in

the fﬁé%gtaﬁ'gtth%l%{lﬁ&éj &?ferg @Q&f h@Jt-‘?nJ& bath te d‘nperature

particular ey can use

m{eqr%gli%s a!&l; efi an gigﬁiéﬁfg-l%F@D %ﬁg@:&?ar rgll%snlog ﬁ%ﬁ glﬁarly limited as far

terrper ture nmeasurer is prefera inserte
%VtcéEiF H@edtlf} triglly agd a egmeg}upgﬁ cﬁ agesiftanse g?ermometer is generally

rrechanl cal strength is necessa Furt herpore, the
usgd thurther, ushariempeTaire IREASEESE HIFY PfaP’é’ﬂﬁ@Ftﬁ‘il Q2 prosestipg fube
4 is preferably 10 fromO0.1 to 2 neters, nore
bepaust e caitidiy dégrompOmechanical strength is negessary.e the interval
is too narrow, the nunber of the heat-nedi um bath
t enp@usthemmreriiasettingintérvabefithe catajyst remperadite nidagurersdds preferably
mul titubular reactor 1 is increased so that there is a

frérh K 16t m@edsymore préferabyfioiy 015he 1 amsdr. Infeasethe imerval psr@otnarrow,
but al so of obstructing the flow of the heat-nedi um

thE HithB&of ttieea@meditiebakefb¥turd fMeasuftds Hhdesuring theswhole fixed-bed
difficult to measure the tenperature distribution

mﬁ’lrtlﬁﬁ)'uﬁ? kohctoP 1 idRtrehded ¥8 haPhertds Qb héilonly dfQndtBdaizShé it of the

the position or the tenperature of a hotspot part. The

eq:[lgﬂ Fﬁﬂgﬁa} tggFar c{lhé (illt '&ﬁof‘ c#a gm?used%#qg?% heinterval is

3?#1% g‘lﬁ itrtg t?nwgg&r}% glre éj n tgfr%tdgsglﬁth%%re%isg@yo%ﬂ ?t%ay be
S b e %

[l ity et iaibs BHecToR sl s 1ot parbculaly limited
and a fused-salt of potassium nitrate and sodium nitrite, an organic heat medium such as
Dowtherm systexh, 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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bath so that the reaction tenperature is controlled
wth the inlet tenperature. Cenerally, a baffle can be
inserted in the shell side (the heat-nmediumbath 5
side) of the fixed-bed multitubular reactor Q.2

to control the flow of the heat nedium Wen tﬂz antiary 2007
baffle is inserted, it is preferable that at |east one
heat - medi um bath tenperature neasurers 6 25 is

provi ded in each section separated with the baffle. 12
Janudiuyth2Q @ 7s préferdbly thhteat |easttone hegtrreédivra bbhih téthpdratate measurers 6 is
| east one heat-nedi um bath tenperature neasurers 6 is

piotid¥d desdch plabatherd iacdiredti@! 6f thiBeatlinfe@itin BEw &f diffB@nt in the
heat-nediumflow is different in the heat-nedium bath

hat-mEARnPBHYS, pressure of the outlet of the reaction
tube 1s 100 to 1000 kPa; the reaction 5 tenperature

is 2 t
to b Huptssle A REENAL ealichubdif 106U TP Ape recction
10% Ia otoof o the raw.mafer.i.
Blgf%mwz’@ﬁ OO R e BT P o R P D] § the raw
and the, space,vel ocit .SV). of the raw t he
S SR ERHIPS Ik BN STnole bt 61 pryeeq fgribs ray i to be oxidized in
gas- phase catal ytic oxidation reactijion performed in
the gavn eas of ithesgadsion 1995 tPQ; iand Hg sa%cervwettb(S\ﬁ) ofgheapvegas of the
to be oxidized and a oxidizing material are contained
repgtiongaronad $(te 3000k’ QVFR. of such material is selected
in accordance with a target product and as the
mat erln éle gas-phascoatalytiz esidatiar reactmmpedornmdap ghabraefixed-bed
i sobutyl ene, tertiary butyl alcohol, acrolein,

mukitibaba edacion 1 andatelial tb b& exidized exdcnptitdizingdnatdiul akcohtained in the
oxidizing material, nolecular oxygen or water vapor

rawSgabl SE KifSofAuSOMA@AaIGS selkRGH laddordRh¥@Rith adrgetipfoduct and as the
preferably used fromthe 15 econonic point of view,

mQtHﬁal%BQ Qﬁdﬁed 6N &mBle! praPYlehe iddd8 RS, t%ﬁ@%u@ﬂ alcohol acrolein,

demands. The raw gas nmay contain a small anount

bR bV i UBIpIRRA Ef‘r“?ca?. cg‘?ér‘&ﬁﬁggfg‘ﬁ%‘j é’?‘?&“‘“ oxygen or
wﬁgr Jagg clﬁ %gedt AQ? roge ngﬁ}{m? er-v ag%‘%’ aljg gsr h%ra?f g’o‘%e% & 0%‘: the
ecppignie i gL e, BEORYER cBeher Ay oy KsroSed s ST CaMAnES,

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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20 of the target product and the expl osion range. The
present invention is especially effective in a

reacti on synthesi zing an unsaturated al dehyde or an

unsat urated carboxylic acid from propyl ene,

i sobutyl ene or tertiary butyl alcohol and/or gZJanwuy2007
reaction synthesizing an unsayyrated carboxylic acid
froman unsaturated al dehyde anong the gas-phase

catal ytic oxidation reactions. 25 (Exanples) 14 12
Januahythe 80bwingEtdneplésohn exaimpde dbeaoapll ik, oxédation sdaplien off

a catalytic oxidation reaction of nethacrolein is

nRAIRD]ES isFhERE aPh asLpleed @dta&f'ﬂi&oﬁékdtﬂﬂtrédéﬁoﬁ aacd publicBngell-known
a publicly well-known catalyst of

cREISIITPRhSpRoTRS-YRAMALMNN-S BT R ¥R & ﬂv\kﬁlﬂ gﬁ&r?ngsiéétioﬂQatalyst the

oxi dation catal yst" the conposition o

RO A0SR Pl Y S o

N A e
- 50% [

o5 S RBSDS s e 7 S673 Whsfptasins

And the raw materials and the products of the

nigratehRdSGre Pyemassioh sodiun ditgteavasAiser. vind theyaey materials and the products
chronat ography. Experinental Exanple 1 10 In 300 parts
obthe gridationaneaqtion 106te ywhized with gasemomatographnol ybdat e,

2.8 parts of ammoni um net havanadate and 9.2 parts of
Expegimental Example Iwer e di ssol ved and an aqueous sol ution

was obt ai ned. To the aqueous solution, a solution

obt aiInS00 pyrtdofgrnd wateg 160 Barpautfiamntniun® parameBAdate, 2.8 parts of
phosphoric acid in 10 parts of pure water and a
afi@bbiuhDfe@bahdedaddo. 2 p& & Nkdi@n hitlate Wadeldissoived Bld a#f dgfieous

acid in 10 parts of pure water were added whil e

sohitidn Wb bgickd" e e Aqidud htion a §hlBfon SbeaRbd by @Ssolving 8.2 parts of
obt ai ned by dissolving 3.4 parts of copper rnitrate,

o o000 010541 O e o oY B ol by g 1.

Pl PR Yo 0 e Sl o s
T bt ai rled. e he .obl ai nig sl ur was . dri
A ¢ E0TgFOnR Pt

ﬂ? by dissolving, ﬁﬁ%ggqj njtgate, eId6 ﬁaarl]'tg o% ferric nitrate,

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 %}




20 100 parts of the dried material, a

tabl eting machine into a ring shaped tabl et
di anet er
2 mand a length of 3 nm And the resultant H§9551
airflow at 380 C for
was obt ai ned. Tig atom c conposition of
is represented in the Table 1. Table

an external

was cal ci ned under
catal yst (1)
the catal yst (1)

1 At om Com
P1.5 Cu

of 5 M an inte

osition

D).3 My 0.5

motar 94 15 127339
Fe 0.42 Te 0.1

Cs 1.0 In
of this Ex
reactor eq

o kb
nme—gasS=pm

hnpl € a 4

-nped wit
AT PP\/U vur g

catatytte—oxt
i x8d- bed

| f
heat-nmedium-b

as
te
h

D D @D

tubes were
an i nterna

arrapged

di_ anet et

in a tphangul ar
of each reaction

nm was 5

sedx; | n

he fi xegd=bed nul t

nd nol ded by a
whi ch has

rnal di aneter of

5 hours§ andrwy

nuary 2007 M 12
My 0.15 Zn 0.1
dation reaction

mul tit ubul ar

ath (the reaction
configuration and
tube was 25.4

i tubul ar reactor,

2007
a

tube_groups in which 31 reaction tubes

th t.hernmpcoupl es écatalyst tenperature
frontthel|inlet sg e of the raw gas were
bd bei ng adj acent to each o¢ther were

o ed&h section lch is fmade by separating
Secti on of the reactorim {he radia
frorMghe center i0ntSo 4 seg¢tions having the
same area. [ The—therpocouptes—were—+nserted in each
reaction tube Zm 10{such a ®why that the neasurenent
posi tion s—shi-Hef—by—+0—em-along—{ he | ongi tudi na
direction pf tde reaction tupe (in the | engthw se
direction ofthe ca for each

a reaction
inserted W
nmeasur er s)
concentr at
al | ocat ed
the cross
di rection

In the gas-phase catalytic oxidation reaction of this Example, a steel fixed-bed
multitubular reactor equipped with a heat-medium bath (the reaction tubes were arranged in a
triangular configuration and an internal diameter of each reaction tube was 25.4 mm) was
5  used. In the fixed-bed multitubular reactor, a reaction tube groups in which 31 reaction 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
10 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 meastrers) were arranged with the same intervals

156

corresponding to the catalyst temperature measurers and further arranged at the inlet side and
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reaction tube group, the distance fromthe center and
the interval between each reaction tube group were
made equal when view ng the cross section. Further,
the thernocoupl es for neasuring the tenperatur ?f the2007
heat - medi um bath 15 (the heat - medi um bat h tenga aire
measurers) were arranged w thig he same intervals
corresponding to the catal yst tenperature neasurers
and further arranged at the inlet side and 12 January

the 00ilet sié of the heatitheliugi de of the heat medium To the
inlet side of the raw gas of the reaction tubes

equi PRaHe ildt kids Ue ﬂletréiﬂ'%@sf SXithé féactifﬁﬁﬁb@s%ﬁﬁip}i&l Witl suthQemperature
conprising 370 m of the catalyst (1) and 130 m of

meRRE, 6 Mix@td PnlRisinda7b Al o‘ilihe%%?sgfll)t ) EhEE Felgcn a mina

was packed and to the outlet si e raw ga

T GBS 8 08 ey s
A A SR R AP vas 200

vol une of water vapor and 74.8% by vol une of nitrogen

Mffas i ntroduced into the catalyst |ayer at a space
velocity of 630 bf 1 and a gas phase_catahytic

Thenjadaw igghcaneptisingoh> %y volumecefimateagralein, 10.1% by velume of oxygen,
net hod under atnospheric pressure. The tenperatures of

9.9 dy vatumeyafiwdteryaporaand 741886 byewolume of itropert Wassintteduged nto the
nmeasured at this tine by the equi pped thernocoupl es

cafalyfselayert at b ppdce tvelopity off G30crTrend al perphaschmtaltivadxidatioh veaction was
tenperature nmeasurer) with 10 cmintervals in the

catrizd@iut with adlowdinethod imder afmdsplericrpe@siireon t ube and
consequently, it becane clear that the AT near the

out | ghe @mpehure syt tﬁ@@atﬁlgstléfei' AR e hadeyeddikA ¥ath skRSwer@measured
the range from 18C to 23C and the AT in the vicinity

at s 6 DN ofippAl kAR RS U cotdif ferlRiaind hcdfurt TS
heBSmedifm t%:lgpér&ﬁrer rﬁ&tg&reI Al ﬁp«é;n ?ﬂer%glg:n}ég g%lgﬁﬁdigaélrc{irecﬁon of the

concrete It was re ogni ze_ _ at a
[cﬁ%)rrz F.\%g%anﬁg L ou\rlt\:ln d %tat%eﬁg{lg@g%gbagw%@gygo%w# or}%he 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

Ie

03

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
were 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



20 In addition, the other reaction tube groups were

entirely neasured in the sane nanner, and as a

result, nearly the same AT distribution and a position

of the hotspot part were shown and the AT

distribution of the whole fixed-bed nultitubul af 2nuary 2007

reactor could be understood.;7Consequently, a stable

startup could be realized because of the understandi ng

of the AT distribution of the whole fixed-bed

layen by ithetsntideguent dadiupy andthe triveement of teshpddpopwas re@dgnized easily
(Or=40C) was forned at a position 600 mmfromthe

betdilse theGhtalyiClayerergpgature Wiremeahret with 102 Bikstedly in20€ longitudinal

17 | ayer by the subsequent |oad-up, and the novenent

difbtidd & tholes R tMkES recogni zed easily because the
catal yst layer tenperature was neasured with 10 cm

E,{;Pgﬁﬁgl\{tgj& ' léﬁ‘e | ongi tudinal direction of the

eaction tube. Experinental Exanple 2 5 The reaction

5 Eaminbrepbtiu s otiod e BEYTE R e By ek P Bl e 1
eSS g PP P e AP TSR CQRPUETY B inltand

catal yst tenperature neasurer was, equi pped at a i
the;gplet phthe Beatmadium bath apd onlijoge c@ﬂystﬂ@npfameqswef Jyas equipped
reacti on tube near the center of the fixed-bed
at pippsitienu A9 ram froma thednlet glgheravegas|in theagactign tubgaear the center of the
recogni zed at the position 800 nm 10 fromthe inlet of
fixefidbed amltifalmlartyedctarhas presilt,iAd=HPCtwes récogpieed Mahe pasition 800 mm
not clear so that a runaway reaction of the catal yst
10 fromathelinleugfhhe mbogas, tam thetpositive othe dbtpoeparowas wit cleecsortbat a
i npossi bl e and the reaction was conpelled to stop.
ruiR0RS TeAVEBA af thExaaRktewas bif\ght sttt AltheRsnpeadtiire @Ontful bedane
the sane manner as in Experinental Exanple 1 15 except

impbéibled 2R eaBlion WA SRpRINEH sfop) Was packed wi t hout

dilution. As a result, 'the AT near the outlet of the

E Qx‘ﬂngﬁﬁlljﬂ:f&n&ap catal yst layer was in the range from
@SCto 20C %the AT in the vicinity of the mddle

Of ¢l CALANGH: eoul Rk Bdd ok AP G 1 B R0 BiaBfe 1

and near en raw gas“was 1n
15 exbl 88 HRTMOHhd Qead e Wistpaled RS §hilol: Ad  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 middie 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
20  of the raw gas in the catalyst layer. In addition, the other reaction tube groups showed similar

vaiues 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

25  except that catalyst tube groups in which 4 reaction tubes inserted with thermocouples with a
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15

20

25

was recogni zed that a hotspot part (AT=40C) was forned
at a position 400 mmfromthe inlet 20 of the raw gas
in the catalyst layer. In addition, the other reaction
tube groups showed simlar values and the AT
di stribution of the whole reactor was recogni ZéajanuaryZOO’f
regardl ess of the packing comgdition of the catalyst
and it was known that a stable startup can be
realized. Experinental Exanple 4 The reaction was
109amy ingatvad int the hontgitedigaldirentiomizomdle inlet ktbe rawrgasiofithe catalyst layer
Exanple 1 25 except that catal yst tube groups in which
wete caehirned beilpadjiceaetoteach whéhwérb distibuedpk dr centehofiathd fixed-bed
January 2007 18 100 cminterval in the |ongitudinal

m@tiadalak RAchE &M dtlge poditin &f a éifde A OME sithe Ediker. As a result, the AT
catal yst layer were concentrated belng adjacent to

BSR4 5 O B 1t
APifh ﬂggmgab}‘h{é%f fe ca?ﬁ%& flyer @%hiﬂ tﬁe%%ﬂéet fg?lhpgyée\?;) 20°C and

‘et or the raw gas e catary

AT b s AR s g i e P20 1977 Gyl e fiterence of
orpouid B omiad Hnseeh figostings b eesbio epubrot s fecopnioed

the difference of , AT could be recogni zed. However,

prgqq@l;bggii it fogk adong tipae H)d‘pg(‘éld.tle pRert pdoppal reastion load and the
recogni zed precisely and it took a long tinme to reach

produstiviiewas & btledowered tormaintairemgtable apératien. and t he
productivity was a little lowered to naintain a stable

Exppemantabifxanifle &£xperi nent al Exanple 5 The reaction was
carried out in the same manner as in Experinental
ExanThe réicti@ixeapdartidtbdut én (he Warae magned fas inExpefimehiabBxample 3
tubes inserted with the thernocouples were not

exdépt Y e ﬁlurzﬁﬂ*iI BE @B kedclorLABEs iakdiRH with thd efrRtBliplegwkidh@t arranged
group, and the thernocoupl es were equi pped in 10

R0 GLLIES ol LRI Sos o, LS50} bRt 1
Ao HR R VRO BB

oy RO b ritehal BRI widls BELER M HoutpR; pyvas no
clegxa plﬁeslrtjﬂﬂglg trquaslal,t %?ggg&leaectigﬁ, 1;1-1|-ehsef;zle%Pnezirty{'jl ‘Eoi rr?ci,]tllavc\@)?licaa?:%d3 wgsoargt%d 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.
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hours, but in a part of the reaction tubes, the
catalyst wwth a trace of experiencing a runaway
reacti on was recogni zed when the catal yst was
recovered after the reaction was finished. 20 /ﬁ 2007
ment i oned above, the preferable enbodiments of ‘£HaMATY
present invention have been gxplained, however the
present invention is not limted to the enbodi nents
thereof. It is possible to add, omt or substitute a
constitution or toINBREBTRIAEARMACABILEASY far as it
doesn't deviate fromthe scope of the present

| NV erTthe Pesenklitventions felites toudixed-®ad hultitabuldrireact@tcdmprishigg:
foregoi ng explanation, but is [imted only by the

SCOPQ fhiraht)Bf AlabAGH e IR With 28utdgstauar y 2007 19
| NDUSTRI AL" APPLI CABI LI TY The present invention relates

ol u 5P EASEERBE P QPR e R i s e oo
Sl ﬂi’c‘é‘%@aﬁ%ﬁe&ﬁ%“ﬁ%&?%imﬁﬁZSE?% %éf:ﬁift{eﬁ?ﬁaﬁ%m?%?f?%r&ing
inlldap 504l poe 2n Pl L6 B PR e L6 el g megsugment

part or all ,of the plurality of the reaction tubes .
positignsihgreqf mélﬁevagﬁ?m&ﬂ@ qtherrin die Ipegiigingl directiem pf the reaction
fromeach other in the longitudinal direction of the
tubesacti on tubes. Using the fixed-bed nultitubular
reactor of the present invention, an oxidation 10
r eac {Using thaxfixdsebedprultitobdlas teabioy of thel pres¢rit énveptionyampxidation
condition with a suprenme |evel by neasuring a
redotiop earnba weraiedsdtatily unded theprptiaiuwetondaiod withecupeahd lgvel by
the longitudinal direction of a reaction tube packed
m¥istifingda Rafpatalisé disfributien pieiesly Bedipiattidaily ibthke d6ngit@dighialirection of
and understanding a position of a hotspot part. 12
a 1é&ieA fubedfatiked with £-atd!d4e of the fixed-bed multitubular reactor and understanding

a position of a hotspot part.



1. A fixed-bed nmultitubular reactor, conprising: a
plurality of reaction tubes to be packed with a

catal yst; and catal yst tenperature measurers equi pped

to neasure the tenperature near the center part Jin

the radial direction of the reaction tubes, mhé?é?ﬂwny2007
the catal yst tenperature neasurers are respectively
equipped in 5 to 35 tubes odfP of a reaction tube

group conprising 5 to 109 BEA gpn tubes adjacent to

each other, and the neasurément positions thereof

bei ng .di fferent  from each, ot her i. t he 1 ongi tudi nal
T-di r defiebed iR iear L 8aLPHINITe 11 Xe0- bed
mul t4 PHPb'lﬁt?rof r@AHoP'tuBES &5 Bl Mecked Withi Atatalydteamd n a
plurality of the reaction tube groups are provjded
and catalyshiesparsturadngasuresnequipeed tameasyre fia egpergiure near

a heat nedi f L QUM ' t i.Qn of
tn§ gaftiraai inferraBist O EiHtof el BFcdEfibeR whispan
fi xeflebestalyet térmpbrdtare neacUmTs aareoregpoadtively @qgeippet] in 5 to 35
wherein the reactor is for a,gas-pha cat g] yt] .
tubs @4 PhA Teagten bibe GroumeDMPRBAgHLH A09 Feaclish Wbes adjacent to
aarf:d:ordi ng to claim3, wherein the gas-phase

e%%%f’l C oxidation reaction is a reaction _
synt hesi zthegneasuresani pasitionaltoedeplibeing different from each other in

unsat.ur at ed, carboxylic acid from propyl ene,
theggwtgﬂﬁr@{edmcﬂﬁapﬁ%sﬁ%yppltul?ﬁ%ohm. 5. The
fixed-bed nmultitubular reactor according to claim3,
2 WSS Bl ARIIEDABE res@bAb¥EbEiny tdlaldiM I WASkEIR™ plurality of
a reaction synthesizing an' unsaturated car boer{I iC
thaciedctiomn tuken groupst arcaprayidadiang @docated to the portions where a flow
pattern of a heat medium flowing outside the reaction tubes of each reaction tube

groups is different.

3. The fixed-bed multitubular reactor according to claim 1, wherein the reactor is

for a gas-phase catalytic oxidation reaction.

4. The fixed-bed multitubular reactor according to claim 3, 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. The fixed-bed multitubular reactor according to claim 3, wherein the gas-phase
catalytic oxidation reaction is a reaction synthesizing an' unsaturated carboxylic

acid from an unsaturated aldehyde.



