CATALYTI C VAPOR- PHASE OXI DATI ON METHOD AND SHELL- AND- TUBE REACTOR
BACKGROUND OF THE INVENTION Field of the Invention The present invention
relates to a catal ytic vapor-phase oxidation nethod and a shell-and-tube
reactor and, nore particularly, to a catalytic vapor-phase oxidation

met hod capable of effectively renoving reaction heat, that is generated
when a raw material gas passes through reaction tubes and reacts, thereby
suppressing the occurrence of hot spot (excessivel hi%h t enperature
region | ocal i zEd\TALYHIL MPQ&&I){,ASCEHQXQDMHP%M VERSY - phase

oxi dation reaction wherein a reaction acconmpani ed by a very |arge anount
of heat generation i sASHPr$Hd ot AMD al' Hifgh REAGpPEO& ure in a fixed bed

shel | -and-tube reactor, and a shell- and-tube reactor preferably used in
t he met hod. Description of the Prior Art In a shell-and-tube reactor, a
space outside (shell side) of reaction tubes is filled with a heating
medi um Bé\ CKIGERIOATN It el Thidadt il Ngy ledi LNt herei n, and a reaction raw
material is supplied into the reaction tubes to react therein, while the
heat gener at elieldupirihet hevessatd on is renmobved by neans of the heating
medi um  thereby maintaining predetermned reacting conditions. FIG 1
shows a typi c@heeyappbetofnthetivheldelands tiben reaetigeic ofagdepidaser art. In
FIG 1, nunmeral 7 denotes a reactor, 2 denotes 7 a raw material gas inlet,
3 denot esidaidahal ysdthod denod esa a shedttdbtube reactor and, more
particularly, to a catalytic vapor-phase oxidation method capable
/ of effectively removing reaction heat, that is generated when a raw
material gas passes through reaction tubes and reacts, thereby
suppressing the occurrence of hot spot (excessively high
temperature region localized in catalyst layer), during catalytic
vapor-phase oxidation reaction wherein a reaction accompanied by
a very large amount of heat generation is carried out at a high
temperature in a fixed bed shell-and-tube reactor, and a shell-
and-tube reactor preferably used in the method.
Description of the Prior Art
In a shell-and-tube reactor, a space outside (shell side) of
reaction tubes is filled with a heating medium to circulate the
heating medium therein, and a reaction raw material is supplied
into the reaction tubes to react therein, while the heat generated
during the reaction is removed by means of the heéting medium,
thereby maintaining predetermined reacting conditions.

FIG. 1 shows a typical example of the shell-and-tube reactor

of the prior art. In FIG. 1, numeral 1 denotes a reactor, 2 denotes



tube, 5 denotes a product gas discharge port, 6a denotes an upper tube
" supporting plate, 6b denotes a |ower tube supporting plate, 7a, 7b, 7c
denote baffle plates, 8 denotes a heating nmediuminlet nozzle, and 9
denotes a heating nediumoutlet nozzle. The raw material gas conprising a
m xture of a reaction raw material and air is supplied through the raw
material gas inlet 2 into the reactor 1, allowed to flowin the reaction
tube 4 that is fill Eid with the catalyst 3 and, after being oxidized in the
react i oft TAMbeRfbetidrBas ableta ¢ daaiten pratubist isdapednargeaatirsugh t he
product gas _discharge port 5. The catalyst 3 for the catal ytic vapor-phase
oxi dat i bPPeacteBAtay BoRdRst & ditthearee Piongl 6akipBobES Pt BDDAT or two
or nore kinds of material, and is packed in the plurality of reaction
t ubes 4t‘E]P1%1tSUa3rIE01TtﬂR§d>1@ﬁ?o6tbh@e@®€%& adnav 4 oleb e sutpp ordippdrlritag 7@l at es 6a,
61). The heating nmediumthat fills and circulates in the space of the
react or 7bn Thedenetd Isitféef platesnpi dgnotiesr eabriadhnpeate distmi metedduced
t hrough the heating nmediuminlet nozzle 8 formed on the |lower part of the
shel | ofothke,rendt Brdennties s diesdhagged dion heutletitsodeleof The syst em
t hrough the heating nmediumoutlet nozzle 9 after renoving the reaction
heat whinladealifbgiasgcdwpfriowg @ mixdirecifi anrdaxtiountew mhaetiawaafd t he raw
reaction material gas in the axial direction. The baffle plates 7a, 7b, 7c
are instal liedsupplidéd shedlghf thherawachatesialt gat tiheeidi2 eiattioorthef t he
heating medium flow is changed and the tenperature difference across a
hori zontedctox p) ahbwsdrtedfiosd,inttiar ebyctimki bgbet4 phssiikl Aliad keiep t he
heat i ng

the catalyst 3 and, after being oxidized in the reaction tube to turn

into a reaction product, is discharged through the product gas
discharge port 5. The catalyst 3 for the catalytic vapor-phase
oxidation reaction may consist of either a single kind of material
or two or more kinds of material, and is packed in the plurality of
reaction tubes 4 that are fixed onto the upper and lower tube
supporting plates 6a, 6b.

The heating medium that fills and circulates in the space of
the reactor on the shell side for removing the reaction heat is
introduced through the heating medium inlet nozzle 8 formed on
the lower part of the shell of the reactor, and is discharged to the
outside of the system through the heating medium outlet nozzle 9
after removing the reaction heat while allowing to flow in a
direction to counter the flow of the raw reaction material gas in
the axial direction. The baffle plates 7a, 7b, 7c are installed in
the shell of the reactor so that the direction of the heating medium

flow is changed and the temperature difference across a horizontal



mediumflow ng uniformy in the reactor shell and keep the tenperature in
all reaction tubes at simlar levels. The raw nmaterial gas may be, for
exanpl e, propyl ene, isobutylene, benzene, xylene, naphthal ene, acrolein
and net hacrol ein, that produce acrolein and nethacrolein, nmaleic
anhydri de, phthalic anhydride, acrylic acid and nmethacrylic acid, etc.

t hrough catal ytic vapor- phase oxidation. In nost of the shell-and-tube

reactors,of the prior art, the heating nediumis circulated to flowin the
axi al dP}%%?Fénrgﬁufﬁ@'t&@%@&?oﬁ“% gBIHBﬁH ?1PhkePPoah%EL?%@nﬂbaction
raw material th L{ is charged through the top of the reactor and fl ows

t hr oughmterfg‘”?eg VURe t YHdEoT Y shywhhenrepeton  shglly andhskggendde t he
heati ng nedium charged_ fromthe outside of the reactor to the | ower part
of thet¥R@eragprengiy @hktisractypadtiabey Rbatediked HeyrlsenpEhat upas

t hrough heat exchange while noving up in the reactor, and heat exchanging
capaci t padeai ehgas maarb ¢ hkor emamatler ipglorgdsniniseb wtylemee remazenon t ubes
(top of the reaction tube) where the reaction  heat is generated at the

hi ghestxylamee, Pazphthhbeny tderadaial pmid maambuanphbesi@,ox%aét iro dugea process
carried out at a high tenperature with a very |arge anount of heat

gener at Rorgleandand wfettdm caetoim amiaddi by ndxobssieval lytvilgh anbpgerde.ure
regions |localized (hot spot). Therefore it has been required to take such
measur esceplikeepi hgpi hemedheent tiat iagnd ofe tichethrosagh | ont atgtter ivwdpat- a | ow
| evel or reducing the reaction 3 tenperature, in the catalytic vapor-phase
oxi dat i phaasi argi dadteon.
In most of the shell-and-tube reactors of the prior art, the
heating medium is circulated to flow in the axial direction of the
reaction tube to counter the flow of the reaction raw material that
is charged through the top of the reactor and flows through the
reaction tubes, as shown in FIG. 1. As a consequence, the heating
medium charged from the outside of the reactor to the lower part of
the shell of the reactor, gradually heated to high temperatures
through heat exchange while moving up in the reactor, and heat
exchanging capacity decreases near the raw material gas inlet of
the reaction tubes (top of the reaction tube) where the reaction
heat is generated at the highest rate.
Particularly the catalytic vapor-phase oxidation is a process
carried out at a high temperature with a very large amount of heat
generation, and 1is often accompanied by excessively high
temperature regions localized (hot spot). Therefore it has been

required to take such measures as keeping the concentration of the

reaction material at a low level or reducing the reaction



shel | -and-tube reactor of the prior art, thus making it difficult to
- maintain the reacting conditions steady. There has al so been such a
probl emthat the occurrence of the hot spot may decrease the catalytic
activity thus resulting in | ower productivity. Thus it is very inportant
to suppress the occurrence of hot spot for a shell-and-tube reactor where
catal ytic vapor-phase oxidation is carried out in an industrial scale.

Japanese Unexajm ned .Patent Pyblication (Kogai No.. .48- 85485 discl oses a
et hod GIBEHRTRES! g (TE JEaLY bifoe THOT RE AT CXagdeioh taseforheubes by
reduci ng the reactor tube di ter and diluting the catalyst wth an inert
et er | A1he HEARTARD S KP&CToEPRd RSl oY S ¢udh ekl g CoRdl bFBNS hat do
not cause hot spaqt, and.requires it to increase the punber of reactor
tubes dRGiIBERID thucitacdiger crBAEtionS Ftepder tbhersuP@saadep thepnl evel of
production vol unpe. Jaganese Unexam ned Patent Publication (Kokai) No. 8-
92147 W Gs@so8 oy hBatothe aceyrpgneatoicabal yot spvdpraypsesaeassi dati on
by allowi ng the heating nmediumto f|low upward fromthe |ower part of the
shel | ithe Batabedeorchifibe thopprgsnliia s eadovnar gasdugtivitowelhpertion of
the reactor and discharging it through the top of the reactor. This method
makes it Fozsirhl Enporpavyeint showrspget the rasengeencei oy hndarpohdoraw materi a
gas inlet. However, since the raw material gas inlet is |located at a |ower
porti orshadhern dviotb rremstert yhes eofc agal ptigs v amoe - peede andi d a fienexpect ancy
is different 4 between the catalyst used in the first stage and that of
t he secanmdied out in an industrial scale.
Japanese Unexamined Patent Publication (Kokai) No. 48-

85485 discloses a method of suppressing the occurrence of the hot

spot in reactor tubes by reducing the reactor tube diameter and

diluting the catalyst with an inert material. However, this

method employs such reacting conditions that do not cause hot spot,

and requires it to increase the number of reactor tubes and use a

much larger reactor in order to ensure a certain level of production

volume.

Japanese Unexamined Patent Publication (Kokai) No. 8-

92147 discloses a method of carrying out catalytic vapor-phase

oxidation by allowing the heating medium to flow upward from the

lower part of the shell in the reactor while supplying a reaction gas

at a lower portion of the reactor and discharging it through the top

of the reactor. This method makes it possible to prevent hot spot

from occurring near the raw material gas inlet. However, since

the raw material gas inlet is located at a lower portion, when two

or more types of catalyst are used and life expectancy is different



and subsequent stages, all the catalysts nust be changed even in such a
case as it is desired to change only the catalyst |located at a | ower
position near the raw material gas inlet. Also in such a case as the
catalyst is in the process of partial deterioration due to adsorption

bl ocki ng of carbide or the like near the raw material gas inlet,
differential pressure in the reactor increases that nakes it difficult to

mai nt ai t eady, feacti condi,tions unless the part f al yst

et or obaRACHEIE Godaler pErGH i SRR MES bF FREFBIHEL AR of ARCISRE ear  he

raw materi.al gas inlgt s renqxe and repl aced. gbrﬁﬁver, since the

det eri of BletMESEARGEE HrBES A W et ALY SteaPuiSisP e aria N 8&dse YOO shor t er

active life of the catal yst, ié is. necessary to perjodically renove the

cat al ystUfBcarade featt {héesanp ﬁﬁt@??%ﬁe@é’gyiﬂ}(’eﬁ?‘t? tthiecatageat fuch | abor

is requjred to replace the catalyst with the construction of allow ng the

" raw mat EYYar Resitien e sl romayel Batapiir dasTheledt or 8159 tin $uedmson to
allow the raw material gas to flow fromthe top downward when carrying out

such a feutwisohe ﬁatalyrsgqm eshptrrasessrefoppetial yatepporativa duedioyst

| ocated near the raw material gas inlet, that is subject to adsorption

bl ocki ngdeerp tigmpbdeek s tdfechtkide andthheliket hedr dilse | wsedmiate Jepanese

Unexam ned Patent Publication (Kokai) No. 8-92147 is generally not in use.

SUWVARYS ©F iTHEL | AMENTE 0N a 15 tdrrdarr et e thernmaarndbanoes edes s rtilbddmakese, t he

present invention has been acconplished, and an object thereof is to
it difficult to maintain steady reacting conditions unless the part

of catalyst deteriorated due to adsorption blocking of carbides or
the like near the raw material gas inlet is removed and replaced.
Moreover, since the deteriorated catalyst affects the entire
catalyst and leads to shorter active life of the cat.alyst, it is
necessary to periodically remove the catalyst located near the raw
material gas inlet. In this case, much labor is required to replace
the catalyst with the construction of allowing the raw material gas
to flow from below upward.

Therefore, it is common to allow the raw material gas to
flow from the top downward when carrying out such a reaction that
requires it to periodically remove the catalyst, located near the
raw material gas inlet, that is subject to adsorption blocking of
carbides or the like, and the method disclosed in Japanese
Unexamined Patent Publication (Kokai) No. 8-92147 is generally

not in use.

SUMMARY OF THE INVENTION



provi de a catal ytic vapor-phase oxidation nethod that makes it easy to
~replace only the catal yst | ocated near the raw material gas inlet and to
suppress the occurrence of hot spot with a construction of allow ng the
raw material gas to flowfromthe top of the reactor downward, and a

shel | -and-tube reactor that can be preferably used in the nethod. The
catal yti c vapor-phase oxidation nethod according to the present invention

that sol ved t bl.ems descriped aboye js. | yti - ph
ox dat | on ot NBASNaNE e e G S Sl o AT o0 f bt BhEC O Paing

plurality of .reaction tubes incqrporated between an upper tube supporting
bl ate ity S 1BRel A5 LR RuppGrTIPIG I &t &Y PHe WPASEE ol hoEe Hedsi 1§ medi um
t hat absorbs reactign,heat is circulated while surrounding the reaction
t ubes, R¥HIYIE'et He CAEACETIENY ROBELP A 8° rYidad IR t e Posk dbpdt T & itaw
material gas is supplied, therebiyto proceed the reaction, said nethod
conpri A PAIMCAMRRE AHY tagverdedysthalogde d Bepr dhe BonRartg riabArehe top of
the reaction tubes and alsg allowing the heating nediumto flow downward
from t H&lapperd parsturgtrasset kherrurygnehel hodctmt, wakh wesonasrwitdeRar gi ng
gas, that is introduced along wth the heating nediumand stores bel ow the
upper tafbellostipgot be ng pimae e gpltaes Fedkawriroppthpdoguetitie wfaates react or.
In the nethod described above, it is desirable to take out the heating
medi umdekew oyt end e shedétonddiulihe egstoonthaereor | bé¢ opeeferabily 6 nmove
upward and charge it into the reactor through the upper part of the shel
in the yeattiorthevmeée@pl acing a predeterm ned portion
The catalytic vapor-phase oxidation method according to the

present invention that solved the problems described above is a

catalytic vapor-phase oxidation method wherein, using a shell-

and-tube reactor comprising a plurality of reaction tubes

incorporated between an upper tube supporting plate and a lower

tube supporting plate of the reactor, a heating medium that

absorbs reaction heat is circulated while surrounding the reaction

tubes, while the reaction tubes are filled with a catalyst and a raw

material gas is supplied, thereby to proceed the reaction, said

method comprising: allowing the raw material gas to flow

downward from the top of the reaction tubes and also allowing the

heating medium to flow downward from the upper part of the shell

in the reactor, as well as discharging gas, that is introduced along

with the heating medium and stores below the upper tube

supporting plate of the reactor, to the outside of the reactor. In

the method described above, it is desirable to take out the heating

medium taken out of the reactor at the bottom thereof, force it to



of the heating nediumtaken out of the reactor wwth a cold heating nedium
~newly supplied fromthe outside. The shell-and-tube reactor according to
the present invention that solved the probl ens descri bed above is a shell -
and-tube reactor having a plurality of reaction tubes incorporated
therein, a circulation path for the heating nmediumfornmed outside the
reaction tubes, a heating nmediumintroducing section provided on the upper

part of the shell in the reactor and,a heating,nedi um, di scharge section
D ovi detogh TR Aslp oA R 1R CL bR ATt okl Gh° B & Pedit or
further risi back pressure appl,yin mean or the heating nmedium
' the HelET abehbdh dia aftor gavh Se R Rart Rer 1p HSTRANEAd ARG ¢ ube
react or ving a.pluraljty of reactiqn, tubes jncorporate et ween an upper
t ube sdﬁg ?Hﬁﬁﬂﬂﬁﬁdwédéﬁﬁléa&ﬁﬂe?“¥ﬁgéh§Ub%%?VPhﬁl étéogigﬁﬁélFéactor
t her eof aving a circulation path for the heating nediumforned outside
t he red@@'éHn%ﬁ%%%b’éuﬁpgéﬂﬁépo%ﬁE%ebénﬁhé?alIed ri ght bel ow the upper
t ube supportinﬁ pl ate for discharging a gas, that is introduced together
with the heatThy nildndaddt shor e acher ei gcconddnghetoutdicde rae seRé react or-.
BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a schematic explanatory view
showi ngny edHdpn- thad- sebe ¢ ddre drrdflemhe driwibadt abpvel & 2 sbel-schematic
expl anatory view showi ng a shell - and-tube reactor according to the present
i nvent i ohd-tMlg rgaptomhashasat ind uerpitanaf ey cvicawt shew img oam cgraepl e

therein, a circulation path for the heating medium formed outside

the reaction tubes, a heating medium introducing section provided

on the upper part of the shell in the reactor and a heating medium

discharge section provided on the lower part of the shell in the

reactor, said reactor further comprising a back pressure applying

means for the heating medium in the heating medium discharge

section. Further in the shell-and-tube reactor having a plurality

of reaction tubes incorporated between an upper tube supporting

plate and a lower tube supporting plate of the reactor thereof

having a circulation path for the heating medium formed outside

the reaction tubes, a pipe may also be installed right below the

upper tube supporting plate for discharging a gas, that is

introduced together with the heating medium and stores therein,

to the outside of the reactor.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic explanatory view showing a shell-

and-tube reactor of the prior art.



of degassing pipe installation. FIGs. 4A and 4B are schenati c expl anatory
views showi ng exanples of degassing pipe configuration. DESCRI PTION OF THE
PREFERRED EMBODI MENTS According to the present invention, the catalytic
vapor- phase oxidation is perfornmed in a fixed-bed type shell-and-tube
reactor by supplying and allowing a raw material gas to flow downward from
the top of the reactor and supplying a heating nmediumfromthe top of the

t hel | th b i t aw material gas and fhe heatin
e i ot g G Rt SRR RE Cxhi G Y TS Sho PRRe MRash B abes?
Thus reacti,on heat |s absorbed by .the heating nediumof a | ow tenperature
T e i D ERac ke R0 PAEE 1By U Bee S aRbr e VERd B0 hev i - of f ont & s

hi ghest, duri he catal yti c. vapor-phase oxi datjon wherein the raw

mat eri al gas:¢@§s§pﬁi?éﬂﬁFén@ﬁB’Fggi?gﬁt?ﬁydﬂﬁW'F 8WinBharebyAm&dRi evi ng
snoot h t enperature distribuﬁion in the axial direction in the reaction
tubes #HdI%BRREHIHIPAGCPrLHER 131848t i ng conditions in the reaction tubes
whil e preventing hot spot fromoccurring. In case the heating mediumis
allowed to flmﬂoﬁ%@r"dﬂ 4 srhet pehe B tes el anaHOryr Vigwhevke Wingspace
Wi thout the heatin medi um tends to he generated bel ow the upper tube
supporﬁvﬁﬁnpéeﬁﬂéf § fS YIRS Bﬁb%ﬁoﬂéhéubﬁmpﬁb react or, causing gas

bui | d-up(gas stagnation) in the reactor shell thus producing a |ocalized
portion where heat cannot be renoved sufficiently, when the gas is

introduced into the reactor shell, thus giving rise to a possibility
DESCRIPTION OF THE PREFERRED EMBODIMENTS

According to the present invention, the catalytic vapor-
phase oxidation is performed in a fixed-bed type shell-and-tube
reactor by supplying and allowing a raw material gas to flow
downward from the top of the reactor and supplying a heating
medium from the top of the reactor shell, too, thereby causing the
raw material gas and the heating medium to flow in parallel in the
axial direction of the reaction tubes. Thus reaction heat is
absorbed by the heating medium of a low temperature in the upper
zone of the reaction tubes where the exothermal effect is highest,
during the catalytic vapor-phase oxidation wherein the raw
material gas is supplied to the reactor in down flow, thereby
achieving smooth temperature distribution in the axial direction
in the reaction tubes and maintaining proper reacting conditions
in the reaction tubes while preventing hot spot from occurring.

In case the heating medium is allowed to flow downward
from the top of the reactor, however, a space without the heating

medium tends to be generated below the upper tube supporting



of localized excessive tenperature rise that nmakes it difficult to
~maintain stable reacting conditions. This problem can be sol ved by forcing
up the heating nedium that has collected the reacti on heat and has been
taken out of the reactor at the bottomthereof, and then discharging it to
the outside of the reactor, thereby keeping the reactor shell always
filled wth the heating nedi um Alternatively, a pipe may be installed
bel ow t he upper,.tube supportin | ate fqr dischargin FIG 2
schenaﬂ%@gll sHYW RP ¢ Qﬂﬁ gx Iﬁ?%ﬁ=ofhéa§ﬁéPg gﬁ QPﬁBg“ﬁégéﬁor
accordi 0 t.he present |nvent g uneral ;1 denotes a reactor, 2 denotes
a raM/Hﬁgﬁ?VHPOBA Rhereastopmd ‘g%t ScRafysins £ 188 4P 548 Ri on t ube,
5 denote roduct gas scharge port, 6a denotes an upper tube
supporfWﬁ@ deat Gﬁuuﬂ%hoﬁ%srénﬂﬁﬁﬁi subdciandsr t vihg Iblgﬁ% g7&, b, 7c
denot e baffle pl ates, 11 denotes a heatlng medi um di scharge port, 12
denot esméroﬁé&@ldnb“tr?e@h@rﬁ%ﬂ@@ﬁa?%‘él péﬂluslglﬂ’é%tré%e dondZxeesibpitgenct es a
cold heating nmediuminlet pipe, 22 denotes heati ng medi um di scharge
pi pe, & Hegliagd ae?f)‘"tﬁﬁﬁléiﬁdtezlllpééﬁétlé% Tdsﬁeblﬁﬁﬁgnakééh uUmdiiffienltpitpe. The
raw material gas conprising a mxture of a reaction raw 9 material and air
i s suppriédteaht slghle He achvwm greeardisionas inlet 2 into the reactor 1,
allowed to flowin the reaction tubes 4 that are filled with the catal yst
3 and, after'anngpbﬂﬂ@mZedaMn1hhe8¢b@ﬂi|@m fenheg twpt he ihetadimgreaction

product IS dlschar%ld t hrough the
medium, that as collected the reaction heat and has been taken

out of the reactor at the bottom thereof, and then discharging it to
the outside of the reactor, thereby keeping the reactor shell always
filled with the heating medium. Alternatively, a pipe may be
installed below the upper tube supporting plate for discharging the
gas.

FIG. 2 schematically shows a typical example of the shell-
and-tube reactor according to the present invention. Numeral 1
denotes a reactor, 2 denotes a raw material gas inlet, 3 denotes a
catalyst, 4 denotes a reaction tube, 5 denotes a product gas
discharge port, 6a denotes an upper tube supporting plate, 6b
denotes a lower tube supporting plate, 7a, 7b, 7c denote baffle
plates, 11 denotes a heating medium discharge port, 12 denotes a
heating medium discharge pot, 13 denotes a nozzle, 21 denotes a
cold heating medium inlet pipe, 22 denotes a heating medium
discharge pipe, 23 denotes a pump and 24 denotes a heating
medium inlet pipe.

The raw material gas comprising a mixture of a reaction raw



product gas discharge port 5. A predeterm ned portion of the heating nedi um
after <collecting the reaction heat is taken out through the heating

medi um di scharge port 11 located at a | ower position of the reactor, and
the extracted heating nmediumis forced to nove up to the heating nedium

di scharge pot 12 di sposed above the upper tube supporting plate Ga of the
reactor and is then discharged through the nozzle 13 to the outside. Cold

heat i ng di um of the sane nt,i as t heat i n nmedi um di. scharged

t hr oughmtrraﬁgrh%latainﬁlgah%disuSrHIgﬁ’u@c?ﬂaﬁ %O‘b%}llhf?’oe I?We“gftliiesl"ilal §4° é’ﬁgepti %ed

t hrough. t he heatin di um i nl pipe 21.. Inside of, the reactor shell is
thus kelft!of b#f r(?fact%ﬂgelhe%moﬁ’geﬁai%ﬁw Al et af H%ﬁt‘i‘lr*@e?rétdﬁbﬁ A8 the
heati ng,.medj um recovered. fro t he heating nedi um di.scharge pipe 22 are

m xed mﬂ?ﬁﬁiﬁﬂﬁﬁgt o @byﬂbghﬁngh@qb%ﬁﬁegggs lé§d3H1§;Fa¥e%UHB“or a

vol ut e , . the m xture being supplied throuygh. the heating nediuminlet

pi pe 2%1% dot har P ediftoo . rem%tgl@@aﬁtrpfiycéf 1h lw%%@attﬁlﬁ@u@drcbm to be
supplied qu be controlled according to an increase in the reaction

t enper ak 1 & ¢lu 2ol hebertissr BPT bR -of the catalyst with tinme. Supply of the
heating mediumto the reactor shell and discharge therefromare preferably
carried out evBniyedetermineg diertupnerdnthal hdiatérsi gpediumheafteact or via
ri ng-shaped pipes that are disposed on the circunference of the reactor in

t he uppetlepidng dber eerctionshand évnhintearatwihhoeabh tdehdreating

intermttently over the entire circunference.
medium discharge port 11 located at a lower position of the reactor,

and the extracted heating medium is forced to move up to the
heating medium discharge pot 12 disposed above the upper tube
supporting plate 6a of the reactor and is then discharged through
the nozzle 13 to the outside.

Cold heating medium of the same quantity as the heating
medium discharged through the heating medium discharge pot to
the outside is supplied through the heating medium inlet pipe 21.
Inside of the reactor shell is thus kept full of the heating medium.
The cold heating medium and the heating medium recovered from
the heating medium discharge pipe 22 are mixed while being
pumped up by the pump 23 such as an axial pump or a volute pump,
the mixture being supplied through the heating medium inlet pipe
24 into the reactor. The quantity of the cold heating medium to be
supplied may be controlled according to an increase in the reaction
temperature due to deterioration of the catalyst with time.

Supply of the heating medium to the reactor shell and

discharge therefrom are preferably carried out evenly in the

10



Di scharging the heating mediumfromthe reactor to the outside nmay not
necessarily be done after forcing the heating nediumto nove up to the
upper tube supporting plate of the reactor, as long as the reactor shel
can be kept full of the heating nedium The reactor shell may be kept ful
of the heating nedium by providing back pressure applying neans at the
heating nediumdischarge port 11 in the | ower portion of the reactor shel

or befor.e and. after er eof. the applying a sufficie back ,, pressure
Por "t e inalfrisg Chdin LAFFTSiohg BRY n3PRuth o Bt B o e BET kBl eesur o
appl yin ans may be, . for. exanple, a resistive orifice, a valve ,or a heat
exchang%?? FoP P R® f”}ﬁhédgécPﬁQRﬂéﬁVﬁnﬁszbﬁiﬁ%??%”bﬁh§§§ PBPREWP fr om t he
top downward in the shell of reactor, gas introduced .accompanying the
heat | ng Otk (ATEAT G SUPpPT Bdn HERES S o7 b 15 Up O the Tt ABEP RALLWATOR ¢ he
shell side. The gas building up in the reactor on the shell side is

desi r aftNedt REHAFgER G ik&en&8ct or on the shell side to the heating
medi um di scharge pot or to the space above a heatjng nmedi um punpi ng devi ce
via a pi pi ng Pividtangiag dhet e adipgumeshianp e rmy ke r sagt e éﬁdggepi pi ng
inserted to the center. Wth such degassing pipes, it is nmade possible to
pr eventouigdder mpwy bBpt drage s 1Ayt he %@a‘@t@r ton fareingelthesibgatingt 11
woul d cause uneven heat renoval in the reactor, thus resulting in an

abnor menedéngt i fon mEve BRafpl ehe agpyhowhuba FrEpozting mdte odf thee to

install the degassing pipe 14 disposed on the upper part of the shell in
t he reactor, as long as the reactor shell can be kept full of the heating

medium. The reactor shell may be kept qu of the heating
medium by providing back pressure applying means at the heating
medium discharge port 11 in the lower portion of the reactor shell
or before and after thereof thereby applying a sufficient back
pressure for the heating medium flowing in the reaction tubes.
The back pressure applying means may be, for example, a resistive
orifice, a valve or a heat exchanger.

Further‘, in case the heating medium is caused to flow from
the top downward in the shell of reactor, gas introduced
accompanying the heating medium being supplied tends to build up
in the reactor on the shell side. The gas building up in the
reactor on the shell side is desirably discharged from the reactor
on the shell side to the heating medium discharge pot or to the
space above ‘a heating medium pumping device via a piping
installed on the circumference of the reactor and a piping inserted
to the center. With such degassing pipes, it is made possible to

prevent gas from building up in the reactor on the shell side that
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reactor to comuni cate with the heating nmediumdi scharge pot 12 that is

| ocat ed above the upper tube supporting plate of the reactor and discharge
t he gas through the degassing port 15, or to connect a degassing pipe 25
to a space above the heating nmedi um punping device 20 thereby to discharge
t he gas through the nozzle 26. FIG 3 shows an exanple of installing the
degassing pi pe. The gas accunul ating along the wall of the reactor may be
dischar%e%lgut of the rea to% Ry forﬂing % flom%gatp in thelgﬁger t ube
suppor t 0GB G G Y 4 thdiedde Eam8y 2hdfe e 57t 3R P HE TgRP TR dRul at i ng

. at the centier of the reactor may be discharged by installing the degassing
pi pe 149Fi YR OBBRIT 43& %PBper tube supporting plate Ga. The degassing pi pe

14 for disch ing the, gas fromth ntral porti may be a . cylindrica

pi pe havi ng gﬁgﬁe I%PB%sa§é%PW8ﬁ13§F§§oénl+ﬁﬂgiéﬁ?ﬁﬁﬁ'%%1%§ﬁﬁlgé Ravi ng

sem -circul ar. crass igcéion as. sho in FIG 4B. The se '-ﬁircqlar pipe is
pr ef er abf 82F 1§ PaP&a ISRl RG tBet RBPEppRAT Whet ke iy thsl ate &
and the ease of degassing. For the heating nediumthat can be used for the
present e 3GhPEnty SAM PN IERAMPY D therhe aliB snpieddn s giecBaraBM Yt dded as
heati ng nmedi um and nedi um based on phenyl -ether such as _Dowtherm but the
medi um tsahst losatadbabeyetihesurpar dribs suppor hdeh Pdi hgy of & henee grtesent

invention, as described above, since the heating mediumis supplied from
t he uppepdpdischgrgenhe gihsl thignghdheedegassing parallisl omit e ieompe ataw

material supplied from the top of the reactor, cold heating nmedium
suppl i ed dagapsting pipe 25 to a space above the heating medium pumping

device 20 thereby to discharge the gas through the nozzle 26.

FIG. 3 shows an example of installing the degassing pipe.
The gas accumulating along the wall of the reactor may be
discharged out of the reactor by forming a flow path in the upper
tube supporting plate 6a as indicated by numeral 27, and the gas
accumulating at the center of the reactor may be discharged by
installing the degassing pipe 14 right below the upper tube
supporting plate 6a. The degassing pipe 14 for discharging the
gas from the central portion may be a cylindrical pipe having such
a cross section as shown in FIG. 4A, or a pipe having semi-circular
cross section as shown in FIG. 4B. The semi-circular pipe is
preferable for the ease of welding to the upper tube supporting
plate 6a and the ease of degassing.

For the heating medium that can be used for the present
invention, for example, there are molten salt commonly used as
heating medium, and medium based on phenyl-ether such as

Dowtherm, but the medium is not limited to these materials.
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upper part of the shell makes contact with a region having the highest
exothermal effect in the reactor, in the state of low tenperature before
heating in the reactor, thus making it possible to achieve high heat
exchangi ng effect and snooth tenperature distribution along the axi al
direction in the reactor. This makes it possible to suppress hot spot from
occurring, achieve snooth tenperature distribution in the reactor and
easily maint gi(}n st eady an’gkhopti mum reacting conditions, thereby achieving
hi ghly sel ect {*¢ECFELRE | bh MY BRI nigh taTel188s vrge desteBibest ah@vexi dation
catalyst that fills the tubes, in the catalytic vapor-phase oxidation
react i ofil Mffertdienhert peseny dhnghiy swxpliker famr e typmet 9 Per Pbrived at a

hi gh tenperature. The present invention is further illustrated by the
fol | owi AellekniBrexadtpriia parabelnddbstlbodarhatateréapsapadied dvemtion is
not limted to the exanples, and various design variations made in

accor dablee R hof Haepuepstos deddr hbetiherwiebefmor eupntie chdreimdfiteer are
al so included in the technical scope of the present invention. Exanple 1
In a shebpeandartbel thacsbelkonpkesi eantart madbt Aone gubeshawede tdfe st eel
havi ng i nner diameter of 25.0 nm (outer dianeter: 13 29.0 nm and |ength
of 4000hhgh ekier exat heanahge ffeditunmi shecireaultat.ed nortteheststtel lofsilder, t he
reaction tubes are filled with an oxidation catal yst based on
het er optd maeird t soe thhsfo rehiee 4 titnag 14 ehgt he a ofo rt, hd wcatred kyistg i s p2%6cbkm A raw
material gas consisting of a
to achieve high heat exchanging effect and smooth temperature
distribution along the axial direction in the reactor.

This makes it possible to suppress hot spot from occurring,
achieve smooth temperature distribution in the reactor and easily
maintain steady and optimum reacting conditions, thereby
achieving highly selective reaction and extending the service life
of the oxidation catalyst that fills the tubes, in the catalytic
vapor-phase oxidation reaction wherein extremely highly
exothermal reaction is performed at a high temperature.

The present invention is further illustrated by the following
examples. It is to be understood that the present invention is not
limited to the examples, and various design variatiohs made in

accordance with the purports described hereinbefore and

hereinafter are also included in the technical scope of the present

invention.
Example 1

In a shell-and-tube reactor comprising ten reaction tubes

made of steel having inner diameter of 25.0 mm (outer diameter:

13



m xture of nethacrolein (5 mol %, oxygen (10 nol %, water vapor (30 nol
"% and nitrogen (55 nol % was supplied fromtop of the reactor at a space
| inear velocity of 1500 |lr' to pass over the catalyst bed, thus

perform ng catal ytic vapor-phase oxidation reaction of producing

met hacrylic acid continuously for 9000 hours. At this tinme, a heating

medi um consi sting of a nolten salt nmade up of a m xture of potassium

nitrate d sodiumnitrite (1.1 s supplied fromthe top of the reactor

to {1 ow ddwindd & fec‘i%@hl%’?e“)o“f}/& DR aM A renid P& Hd DBadP REL R dF gas. The
catalyst. was set to initial tenperature of 287C and gradually heated at a

rate o‘f”.‘t@f%‘éer Pébéhﬁoﬁl}il%ﬁi #l dsr g e (16 a5kl G divtb ashare o Verds v by aRi o of

net hacrol ej n _constant duri n%pt he reaction. The results of the reaction are

shown ixitdiencatad yehd acswpan i ¢ vee opednprid seHd alebbeitehahdengéhf or ned

continuously for 9000 hours under the same conditions as those of Exanple
1, except thpatataly shekt 279 hddimum Wasa® meatetied gromonrdsbing id shel | side
of the reactor upward, that is in the counter- flow direction against the
reacti onighsre piignpébarreledn thaol bacvxygear €l G mown%)n Walievapor4 U L-

Rl COO0O0 d -ti OO ~ NNNNI N O'dOPm
(30 mol %) and nitrogen (55 mol %) was supplied from top of the

reactor at a space linear velocity of 1500 Hr' to pass over the
catalyst bed, thus performing catalytic vapor-phase oxidation
reaction of producing methacrylic acid continuously for 9000 hours.
At this time, a heating medium consisting of a molten salt made up
of a mixture of potassium nitrate and sodium nitrite (1:1) was
supplied from the top of the reactor to flow downward and
circulated in parallel with the raw material gas. The catalyst was
set to initial temperature of 287°C and gradually heated at a rate
of 1°C per 1000 hours in order to maintain the conversion ratio of
methacrolein constant during the reaction. The results of the
reaction are shown in Table 1.

As the Comparative Example, the reaction was performed
continuously for 9000 hours under the same conditions as those of
Example 1, except that the heating medium was circulated from
below the shell side of the reactor upward, that is in the counter-
flow direction against the reaction gas. The results of the

reaction are shown in Table 1.
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.. O NGy NCVyCYy v caN'Odr a) CODOOOOO0 OOOO UOOOOO
OO UC aCL c3Ecdx Ox WUW 15 As shown in Table 1, the reaction
of Exanple 1 was capable of maintaining the peak tenperature of the

catal yst layer lower than that of the Conparative Exanple over the
reaction period of 9000 hours. As a result, high catal yst performance was
mai nt ai ned over an extended period of tinme in Exanple 1, thus achieving

hi gh values ip all of th t hacr.ol ein conversion ratio, nmethacrylic acid
Select i vity du S#&%dﬁlﬁ?ﬁ%@mﬂgﬁ EpActiatn Al R amB I il ¥ 4548PaP Eonpr i si ng
ten thousand reaction tubes nmade of steel having inner dianeter of 25.0 mm
(out er i FrRtdRIndB8 ot gy ealhd quangt #t we @éogl“?nﬁaaﬁarlé{ﬁ@e‘@yéxfe ?¥efn a cross
sectional plane nd cl anped by upper and | ower tube supporting plates, the
react | df]il%lhtﬁé@tm%?éhﬁi Coug %%%Vanﬁéﬁpﬁb&ei preedhsl yercigagenespd of

9000 howurs. As a result, high catalyst performance was
maintained over an extended period of time in Example 1, thus
achieving high values in all of the methacrolein conversion ratio,
methacrylic acid selectivity and methacrylic acid yield.

Example 2

In a reactor comprising ten thousand reaction tubes made of
steel having inner diameter of 25.0 mm (outer diameter: 29.0 mm)
and length of 4000 mm arranged evenly in a cross sectional plane
and clamped by upper and lower tube supporting plates, the
reaction tubes were filled with an oxidation catalyst based on
heteropolyacid so that the total length of the catalyst was 2700 mm.
A heating medium consisting of a molten salt made up of a mixture
of potassium nitrate and sodium nitrite (1:1) was circulated as
shown in FIG. 2. |

A raw material consisting of a mixture of methacrolein (5
mol %), oxygen (10 mol %), water vapor (30 mol %) and nitrogen (55
mol %) was supplied from top of the reactor at ‘a space linear
velocity of 1500 Hr! to pass through the catalyst beds in the
reaction tubes from above downward, thus performing the reaction
of producing methacrylic acid continuously. The catalyst
temperature was increased at a rate of 1°C per 1000 hours in order

to maintain the conversion ratio of methacrolein constant during
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het er opol yacid so that the total |length of the catalyst was 2700 mn. A
heating nmedium consisting of a nolten salt made up of a m xture of
potassiumnitrate and sodiumnitrite (1:1) was circulated as shown in FIG
2. Araw material consisting of a mxture of nethacrolein (5 nol %,
oxygen (10 nol %, water vapor (30 nol % and nitrogen (55 nmol % was
supplied fromtop of the reactor at a space linear velocity of 1500 H' to
pass through the catal yst beds in the reaction tubes from above downward,
thus perform ng the reaction of producing nethacrylic acid continuously.
The catal yst tenperature was increased at a rate of | C per 1000 hours in
order to nahet@aRtidhe CPRY&leSubiR 58EhO RhciBhhasd ahgiwh ¢NEhARtg during 16
the reaction. The results of the reaction are shown in Table 2, 'show ng
that the reabbiwing cbultdhzerpertior vedld hespeddymetlaie stardy 200Q01drours whil e
keepi ng the peak tenperature of the catalyst layer at. a |ow | evel

conpar abl e t2900Rakowfs PhahplkeepinAltde raaki temmerehper af uhe ditalydtbuti on as
shown in Table 3 was _observed in the direction of cross section in the
upper zone oRYthet pedeVofe\®lr Fhgreneblecdet Fiont odnBxaombndr nedlsoy in heat

renmoval that .acconpani es gas b iég-u. i nsi de .the reactor.on the shell side
was obseryed‘.m%&ﬂ’f e ?’P@ﬁfﬁ%ﬁﬁ (ﬁf IW‘(‘B(?“I\/&%&%?%V& H I\/Ibft'“‘ll"l%f’cril/l "@SReact i on
Methacryl i opLk iR d R HE i BYEo RG24 SOMYER Shomh 2GhHe AGhHe irdhd

reactor during the reaction, and no abnormality in heat removal

that accompanies gas build-up inside the reactor on the shell side

was observed.

Table 2
. Heating Catalytic Methacrolein | Methacrylic .
Rpactmn medium layer peak | AT |conversion acid Mgtha_cryhc
time temperature ;temperature °C t1 1 ivi acid yield
(hours) ¢ ¢ p (°C) |ratio selectivity (mol %)
C) (&9 (%) (mol %)
3000 290 308 18 91.4 81.3 74.3
20000 307 326 19 91.0 81.0 73.7
Table 3
Reaction time Distance from reactor wall
(hours) 500 mm 1000 mm 1800 mm
3000 290.5°C 290.5°C 290.7°C
20000 307.4°C 307.6°C 307.6°C

Example 3
In a shell-and-tube reactor comprising ten reaction tubes
made of steel having inner diameter of 25.0 mm (outer diameter:

29.0 mm) and length of 3000 mm where a heating medium is

17



tenperature tenperature (C) ratio selectivity a (hours) (O (O (% (net
% (nmel 4) 3000 290 308 18 91.4 81.3 74.3 20000 307 326 19 91.0 81.0 73.7
Tabl e 3 Reaction tine Distance fromreactor wall (hours) 500 nm 1000 nrm
1800 mm 3000 290.5C 290.5C 290.7C 20000 307.4C 307.6C 307.6C Exanple 3
In a shell-and-tube reactor conprising ten reaction tubes nade of steel
havi ng i nner dianeter of 25.0 mm (outer diameter: 29.0 mm) and | ength of

eact i of ool haree Py R ot Ardub i HPEaT BarBou i bar it fon
mat or | a1 BRA Bk 8 Teed n Ao Gad TR Ry B RO TnGReoptotdt e vapor
o 85 'GHaIE adRe B nRYROGNET | Rer FBaRI U TAR | §TpaeRt kR
cat al yidloh vaPerUEaS BhpRAEFOnt KbAA) G- 2 ProuaBPR 'GhEHEh T A BAnydr i de
continuously for 6000 hours. At this time, a heating nedium consisting of
a nol t i tEaBe gl mpl o) Wimest Wikh gFaplhbr akenpnd thrgpe raper «ddBam nitrite
(1:1) V\?lsll\lr?llélp\?vlzjsedsufprpcirﬂa}ih?rom top of the reactor at a space linear

velocity of 2500 Hr'! to pass over the catalyst bed, thus performing

catalytic vapor-phase oxidation reaction of producing phthalic

anhydride continuously for 6000 hours. At this time, a heating

medium consisting of a molten salt made up of a mixture of

potassium nitrate and sodium nitrite (1:1) was supplied from the

top of the reactor to the shell side and circulated in parallel with

the reaction gas. The temperature of the heating medium was

maintained constant at 340°C. The results of the reaction are

shown in Table 4.

As the Comparative Example, the reaction was performed

continuously for 6000 hours under the same conditions as those of

Example 3, except that the heating medium was circulated from

below the shell side of the reactor upward, that is in the counter-

flow direction against the reaction gas. The results of the

reaction are shown in Table 4.
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~top of the reactor to the shel
The tenperature of the heating nedi um was

react

constant at 340C. The results of the reaction are
the reaction was perforned
Exanpl e 3,

Conmpar ati ve Exanpl e,
hours under the sane conditions as those of
heating nmediumwas circul ated from bel ow the shel
upward, that is in the counter- rong

i on gas.

Fow

side and circulated in parallel
mai nt ai ned
shown in Table 4. As the
continuously for 6000
except that the
side of the reactor
j%c%ion agai nst the reaction gas.

Wi th

t he

The results of the reaction are shown in Table 4. 18 Table 4 Reaction
Heatijng Catal yti ¢ _Phthalic|Hedium | ayer CagakyAt anhydri dej PhitRRlic
tenperat ure t enper@AfieOR ) mddihdn (houf Ry diO) pehk(PmIT % | 2 3RPA-RA0 385 42
91. 0| Exanpl e 3 6ODB°340 385 43 3048 re COMPm p3@aPusd0| 389 50,8949 Exaanpl e 3
6000|340 391 51 $6h8UAS) show)in Table #¢chhe reactipn of pPbg 3 was
capabifeof maimtaiming the peak tenperature of —the catalyst tayer—tower
t han |t hat of Conpar @00 Etanpl 84® over|the B8acti on| péRi od of91.6000 hours.
As a|tesubplehiBgh cat al yst [ performance has
6000 340 385 43 90.8
c 3000 340 390 50 89.9
omp. ‘
Example 3 | 5549 340 391 51 896

As shown in Table 4, the reaction of Example 3 was capable
of maintaining the peak temperature of the catalyst layer lower
than that of Comparative Example 3 over the reaction period of

6000 hours. As a result, high catalyst performance was

maintained over an extended period of time in Example 3, while

achieving high yield of phthalic anhydride. In Comparative

Example 3, achieving a level of yield comparable to that of

Example 3 would require it to further increase the reaction

temperature, that would accelerate the deterioration of the
catalyst.
The present invention, with such a construction as

described above, provides the catalytic vapor-phase oxidation

reaction capable of suppressing the occurrence of hot spot, and the
shell-and-tube reactor that can be preferably used in the method.

Having thus described and exemplified the present

invention with a certain degree of particularity, it should be

appreciated that the following claims are not to be so limited but
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mai nt ai ned over an extended period of tine in Exanple 3, while achieving
hi gh yield of phthalic anhydride. In Conparative Exanple 3, achieving a

| evel of yield conparable to that of Exanple 3 would require it to further
increase the reaction tenperature, that would accelerate the deterioration
of the catalyst. The present invention, with such a construction as

descri bed above, provides the catalytic vapor-phase oxidation reaction

capabl ,pf SUPPIATELAGA LN BEEUWJRNE Ol DA WSPRLn AN Il e SPElcand t ube

reactor that can be preferably used Iin the nmethod. Having thus described
and exe 1L I n i I i rtain degree of

parti cu?}z}lrﬂh%)&/ﬁdﬁ blg%%dﬁgﬁb%nda% g&%%{}letg ‘%}E%Itae()tqﬁe follow ng clains are not
to be so limted but 19 are to be afforded a scope conmensurate with the
wor di ng of each elenent. of the claimand equivalents thereof. 20 What is
claimed is: 1. A catal ytic vapor-phase oxi dati on nethod wherein, using a
shel | -and-tube reactor conprising a plurality of reaction tubes

i ncor por at ed between an upper tube supporting plate and a | ower tube
supporting plate of the reactor, and a plurality of baffle plates provided
in the reactor which change the flow direction of a heat exchange nedi um

t he heat exchange nediumthat absorbs reaction heat is circulated while
surroundi ng the reaction tubes, while the reaction tubes are filled with a
catal yst and a raw
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material gas is supplied, thereby to proceed the reaction, said nethod
conprising: allowing the raw material gas to fl ow downward fromthe top of
the reaction tubes and al so allowi ng the heat exchange nmediumto flow
downward fromthe upper part of the shell in the reactor, as well as
di scharging gas, that is introduced along with the heat exchange nedi um
and stores bel ow the upper tube supporting plate of the reactor, to the
outside of the reactor, such that the reactor shell is conpletely filled
with the liquid heat exchange nmedium 2. A catal ytic vapor-phase oxidation
met hod according to claim1, wherein the heat exchange nedi umtaken out of
the reactor at the bottomthereof is forced to nove upward and charged
into the reactor through the upper part of the shell, while af ]
redeterm . rti of. t he heat exchange nedi um taken out of the reactor
Ps replg%gng7$ﬁa%hgglﬂsheat exchange nmedi um newly supplied fromthe
outside. 3. A shell-and-tube reactor conprising a plurality of reaction

tubes incorporatedat herei i@ Eigaubabbonopatdt ifor HEQﬁodh@ﬁér@j?f,hm%g
medi um fornmed_outside the reaction tubes by a plurallt¥ of baffle plates,
a heat eRchafige MUIURFI FEAGHREI AGTPSETVor BriovPdety o™t Reatipisey e of
the shel in2drpordthe neacken, aandimbdieatuexchippgetibgi ymdé sehar ge st on
provi ded_on the | ower part of(;pe shell in the reactoiﬁﬁig}d r%gctor

further conpri SR & Back iFresdur & appF Vi iRg  mediss 2 18 "Hedtt ichdige
medi um i nlébes heatvidrdhamgerarediagtrdi sichar ghange the flow direction of a
heat exchange medium, the heat exchange medium that absorbs
reaction heat is circulated while surrounding the reaction tubes,
while the reaction tubes are filled with\ a catalyst and a raw
material gas 1is supplied, thereby to proceed the reaction, said
method comprising:
allowing the raw material gas to flow downward from the top of
the reaction tubes and also allowing the heat exchange medium to
flow downward from the upper part of the shell in the reactor, as
well as discharging gas, that is introduced along with the heat
exchange medium and stores below the upper tube supporting plate of
the reactor, to the outside of the reactor, such that the reactor

shell is completely filled with the liquid heat exchange medium.

2. A catalytic vapor-phase oxidation method according to
claim 1, wherein the heat exchange medium taken out of the reactor
at the bottom thereof is forced to move upward and charged into the
reactor through the upper part of the shell, while a predetermined
portion of the heat exchange medium taken out of the reactor 1is
replaced with a cold heat exchange medium newly supplied from the

outside.

3. A  shell-and-tube reactor comprising a plurality of
reaction tubes incorporated therein, a circulation path for the
heat exchange medium formed outside the reaction tubes by a
plurality of baffle plates, a heat exchange medium introducing

section provided on the upper part of the shell
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section, whereby the reactor shell during operation is conpletely filled
with the heat exchange nmedium 4. A shell-and-tube reactor according to
claim3, wherein the reactor further conprises a pipe right below the
upper tube supporting plate of the reactor for discharging gas, that is

i ntroduced along with the heat exchange medi um and stores therein, to the
outside of the reactor. 22

in the reactor, and a heat exchange medium discharge section
provided on the lower part of the shell in the reactor,

said reactor further comprising a back pressure applying means
for the heat exchange medium in the heat exchange medium discharge
section, whereby the reactor shell during operation is completely

filled with the heat exchange medium.

4. A shell-and-tube reactor according to claim 3, wherein
the reactor further comprises a pipe right below the upper tube
supporting plate of the reactor for discharging gas, that 1is
introduced along with the heat exchange medium and stores therein,

to the outside of the reactor.

22



