1 .DESCRI PTI ON PLATE TYPE CATALYTI C REACTOR TECHNI CAL FIELD 5 The present
invention relates to a plate type catalytic reactor for producing a useful
conponent by transform ng a gaseous starting material in a gas phase
reacti on acconpanyi ng heat generation or heat absorption, by using a

het er ogeneous solid catalyst of pellet or 10 spherical shape. In particular,
it relates to a plate type catalytic reactor capable of inproving reaction
performance and extending the service |lifle of a catalyst wherein the
reacti on heat generated or absorbed in a catalyst |ayer having a

het er ogeneous solid catalyst is 15 PESOREETEONsupplied for heating by neans
of a heat transfer nediumin the inner space isolated by a heat transfer
pl at e whereby a tenperat ur ePIpADE | TEPE rCATALYTHE RYAETORyer can effectively
be controlled. 20 BACKGROUND ART For the heterogeneous catal ytic reaction
using a solid catalyst of pellet or spherical shape, a fixed bed reactor
or a nulti-tube type reactor functioning as a heat exchanger is generally
used. The nulECHNGEALt YBELPS reactor is in particular used for a reaction
generating a very large reaction heat and showi ng a remarkable increase of
cat al yst % enper at The psesentoin¥ganpbe, rgpbaneg te0e1r139499vrAad

JP- A-2001-137689). These publications disclose, as exanples of reaction,
catalytic reactor for producing a useful component by

transforming a gaseous starting material in a gas phase
reaction accompanying heat generation or heat absorption,
by using a heterogeneous solid catalyst of pellet or

10 spherical shape. In particular, it relates to a plate
type catalytic reactor capable of improving reaction
performance and extending the service life of a catalyst
wherein the reaction heat generated or absorbed in a
catalyst layer having a heterogeneous solid catalyst is

15 removed or supplied for heating by means of a heat
transfer medium in the inner space isolated by a heat
transfer plate whereby a temperature profile in the

catalyst layer can effectively be controlled.

20 BACKGROUND ART
For the heterogeneous catalytic reaction using a
solid catalyst of pellet or spherical shape, a fixed bed
reactor or a multi-tube type reactor functioning as a
heat exchanger is generally used. The multi-tube type
25 reactor is in particular used for a reaction generating a
very large reaction heat and showing a remarkable

increase of catalyst temperature (see, for example, JP-A-



t he production of an ethylene oxide fromethyl ene and oxygen, the
production of acrolein or an acrylic acid by 5 the oxidation of propyl ene,
‘*the production of nethacrolein or a nethacrylic acid by the oxidation of

i sobutylene or tertiary butanol, the production of formalin from nmethanol
and so on. The catal yst used for these reactions is generally 10 in a
spherical or cylindrical shape having a dianmeter of from2 to 15 mm(D, and
the reaction tubes of the nmulti- tube type reactor are generally in a

cylindrical shape having an inner dianmeter of from20 to 50 nm(D and a
| ength of fr@8RP1-£8949f1 aper IBnARAG3rAdP88urpose, a 15 single reactor has

reaction tubes in a nunber of from _several thousands _to several ten

t housands. | n or §8eseoPebéicatiRBat dLRELPEGet PN SH@BPL eSa HedteaAthiaisf er
mediumis circulated in a space (at_a_shell  side) defined by the shel
(outer shel | Fhef prRaucsaeropt 2p0estvisnrdrid endrriasitihyd sngheddand a tube
plate for fixing the_ reaction tubes, and a part of the heat transfer

medi um i s di S¥HEFGed LRRIPFOGELEE 6F REALPEG1T0OThE Y SCEYAEE P&FCat¥dly to
the reactor. As the heat tr%nsfer nedium a nolten salt such as a 25
nitrate ngxt P& OX¥AGEIERI OLhRICPYILERSH eF PR BT GANCESRT AT ng as the maj or

conponent a pol ynucl ear, aromatic_.co und, hailed ter .or a boiled organic
mediumis 3 %§§ﬁ€F§P ?lﬁsga.aAEeéﬁaggg FeaSF%a Yek Bﬁl%ﬁtWﬁFbﬁfabsorption

of heat in the,\eagtion decreases he Lomper aLur g 0h Acion of

formalin from methanol and so on.
The catalyst used for these reactions is generally

10 in a spherical or cylindrical shape having a diameter of

from 2 to 15 mm®, and the reaction tubes of the multi-

tube type reactor are generally in a cylindrical shape

having an inner diameter of from 20 to 50 mm® and a

length of from 1 to 5 m. For an industrial purpose, a
15 single reactor has reaction tubes in a number of from

several thousands to several ten thousands.

In order to cool or heat the reaction tubes, a heat
transfer medium is circulated in a space (at a shell
side) defined by the shell (outer shell) of the reactor,

20 surrounding the reaction tubes and a tube plate for
fixing the reaction tubes, and a part of the heat
transfer medium is discharged and is cooled or heated to
be returned repeatedly to the reactor.

As the heat transfer medium, a molten salt such as a

25 nitrate mixture, an organic heat transfer medium
containing as the major component a polynuclear aromatic

compound, boiled water or a boiled organic medium is



starting material gas whereby the progress of the 5 reaction is del ayed or
the ultinmate reaction rate decreases, there is known the production of
styrene by the dehydrogenation of ethyl benzene. Conventionally, a fixed
bed reactor has been used for such reaction in which a reaction heat is
supplied to 10 a starting material gas by supplying a preheated hot gas. A
mul ti-tube type reactor is sonetines used. However, there is restriction on
the heat transfer nmediumto be supplied3o the shell side because it is
necessary to elevate the tenperature to around 600C. 15 Such conventi onal
mul ti-tube t PSEFSAd0388s cylindrical reaction tubes in a number of from
several thousands to several ten thousands and a_solid_catalyst of pellet
or spherical shap@sfA EFFRUNO L SadSoGT Y W TP
tenperature to the catalyst |layer js 20 carried out by supplying a heat
transfer nmedf§Rb ffo ke Teardiiomdeqt st P Uﬂ%ac%ﬁcﬁﬁ t ubes and

adjusting the tenperature of the heat transfer nedium Wen a heterogeneous
gas phase re&HA TS TeHFi &t G Whenshy mits iRQQ%’%esi%/&Eerté%ﬁ:tor, t he

reaction region 25 in a part of 1/3 fromthe inlet for a starting materi al
gas in the alfi®3&d& orf rdg%aé’ iH (HE MEEOEE BT L Thdid es the | ar gest

reactivity. Hag. 7 sehsowsC tehee4 tke er Ll_grexpré)Jitl.e inthe catalyst |ayer.
However, the e%rrfeg‘(?’e aregﬁoﬁ‘ Heat n[rofmghg} 5t 5% _ C}ejrﬁfbl?% %Yé:%ea ¥ on heat
(s equal in the ad EACL AL s &:eW PULIRACAUSE 4 depends on the outer
Conventionally, a fixed bed reactor has been used
for such reaction in which a reaction heat is supplied to

10 a starting material gas by supplying a preheated hot gas.
A multi-tube type reactor is sometimes used. However,
there is restriction on the heat transfer medium to be
supplied to the shell side because it 1is necessary to
elevate the temperature to around 600°C.

15 Such conventional multi-tube type reactor has
cylindrical reaction tubes in a number of from several
thousands to several ten thousands and a solid catalyst
of pellet or spherical shape filled in the reaction tubes,
and the control of temperature to the catalyst layer is

20 carried out by supplying a heat transfer medium into the
shell at an outer side of the reaction tubes and
adjusting the temperature of the heat transfer medium.

When a heterogeneous gas phase reaction is carried
out in the multi-tube type reactor, the reaction region

25 1in a part of 1/3 from the inlet for a starting material

gas in the all reaction regions in the reaction tubes

indicates the largest reactivity. Fig. 7 shows the



5 the reaction tubes. Further, the tenperature at the shell side to which
the heat transfer nmediumwas introduced was contrived to have a uniform
‘tenperature as possible, and the supply of the heat transfer medi um and

the flow pattern of it were contrived so as to keep the 10 sanme nedi um
tenperature on a plane perpendicular to the reaction tubes whereby
reactions occurred at the sane tenperature in the al nost reaction tubes.
Accordingly, wth respect to the renovalk of reaction heat or the
application of heat over the all reaction regions, the 15 reaction regions
of the react F6RPEHBER TS BTREdLdILAg the coftélysie lg¥sitgn. However, the
tenperature profile in a catalyst layer in a reaction tube is such that in
the reaction regi BAWEHeTt hEh@i EPEERFCoRTEReOENPER Lot TRBEEET0F OFube where t he
20 reactivity is large, the renoval of heat generated by _the reactionis

i nsuf f i ci ent TSRAVERE KBSt TR&CkeOBMiICAed Si #I0PHe 18atdey Sl &pacticmel evat e
the tenperature of the catalyst layer. In the extrene case, the catalyst is

damaged due EE§IZCRSgRECERFEr ffuEPETRISs OFh&REMONGRL SWHaSa ¢ &thot

spot”. In a case of oxidation reaction acconpanying an extrenely |arge
heat, thete ﬁg§ fRE°HLERI EPERat FHET erteﬁggr %ﬂ? rBFuFﬁeaEaggﬁyst | ayer

catalyst |ayBRethl BaehEncanlsh S por D ErRG Sdaet FFLRGH # The hot spot
in the catal Y3 |§¥1er eLevales 110 tMRELA W &3 P R a5t O Lhe
catal yst to aREEPER&EE P
possible, and the supply of the heat transfer medium and
the flow pattern of it were contrived so as to keep the
10 same medium temperature on a plane perpendicular to the
reaction tubes whereby reactions occurred at the same
temperature in the almost reaction tubes. Accordingly,
with respect to the removal of reaction heat or the
application of heat over the all reaction regions, the
15 reaction regions of the reaction tubes are according to
the same design.

However, the temperature profile in a catalyst layer
in a reaction tube is such that in the reaction region in
the vicinity of the inlet of reaction tube where the

20 reactivity 1s large, the removal of heat generated by the
reaction is insufficient and the heat is accumulated in
the catalyst layer to elevate the temperature of the
catalyst layer. In the extreme case, the catalyst is
damaged due to a high temperature. This phenomenon is

25 called “a hot spot”.

In a case of oxidation reaction accompanying an

extremely large heat, there was the problem that the



the deterioration of the catalyst in this reaction region and reduces the
selectivity of reaction, whereby the vyield of the product decreased. In
order to avoid the hot spot, an inproving nethod 10 such that tenperature
profiles in catalyst layers in reaction tubes are equalized, has
conventionally been proposed. For exanple, as a nethod for obtaining a good
reaction performance and a high yield, there is proposed an inprovenent
that a plurality of inlets are provided B for a heat transfer nedium
supplied to the shell side of the reactor, and the heat transfer nediumis
suppl i ed wi thmpefrbérest ofember saredysso lielyglr mees eaty thisdsfiay, ediumis
controlled to have different tenperatures at positions along the axial
di rection of peiléicEdewi oftheuFeaction yegrigey 1o theppidr itridhedlt theansf er
medi um having different tenperatures fromdifferent positions of the
reaction tubegtaRywévdeysan indatecdesmey o hortownp: tedns@asidufber of heat
transfer medi um supply equi pnments as the different tenperatures on the heat
transfer nedifgrmegds FihehbBpt pPotsidi thpcaptalyshi xayeirckilgvateshéhehel
side the supplied heat transfer medium having different tenperatures with
the heat %rafsfeergédiremadi thd avedace 0L the cadalarst 9 a9y aur t her
non-uniformty of the heat transfer nediumtenperature at the shell side of
the reactor thendeperdgrat Iean@t ther €t ly stetifodifatr saqrian BIdHs of
catalysts are filled in a_reaction tube or a catalyst is nmxed with an
i nert dilutiéﬁdagéﬁpc§@ idig selectivity of reactior, whereby the
yield of the product decreased.
In order to avoid the hot spot, an improving method
10 such that temperature profiles in catalyst layers in
reaction tubes are equalized, has conventionally been
proposed. For example, as a method for obtaining a good
reaction performance and a high yield, there is proposed
an improvement that a plurality of inlets are provided
15 for a heat transfer medium supplied to the shell side of
the reactor, and the heat transfer medium is supplied
with different temperatures so that the heat transfer
medium is controlled to have different temperatures at
positions along the axial direction of the reaction tubes.
20 In order to supply the heat transfer medium having
different temperatures from different positions of the
reaction tubes, however, it is necessary to provide the
same number of heat transfer medium supply equipments as
the different temperatures on the heat transfer medium.
25 Further, it is difficult to mix quickly at the shell side

the supplied heat transfer medium having different

temperatures with the heat transfer medium circulated in



control the reactivity in the reaction region at the inlet. This nethod is
to control the tenperature of the 10 catal yst | ayer by controlling the
‘reaction heat generated in or drawn fromthe reaction region in the
vicinity of the inlet. However, in the case of using an industrial reactor
havi ng reaction tubes in a nunber of several thousands to several ten

t housands, plural kinds of 15 catalysts have to be uniformy filled in
reaction regions of reaction tubes whilé adjusting the activity of the
catalysts, or in using a dilution agent, m xtures of plural kinds of
cat al ysts antheheedttari offbigertr inge fwrther uned o fofmi tyedof nthéae
reaction tubes. when the 20 catalysts in the reaction tube are to be

repl aced by hear bnessfeunchefiabor temdesarvng efnthar ehadédeddeoofephgce the
catal ysts. During the replacenent the reaction has to be stopped. Further,
when the act¥9acyonf reaction has to be 25 adjusted by using a catal yst
having a | ow reaction activity or by diluting a catalyst with an inert
material, a |arder dHreunther kandl yEherdahsorigehbbdythatendiedahas 7 to be
filled in reaction tubes, or an inert material which is basically
unnecessary haBdscobecptplEgtnareefiéliief itegponsacthpPs tdbkse@raal arge
pressure loss in a starting nmaterial gas gassed t hrough the catal yst |ayer.
5 In particufakalyatansoniygdi vatheadt iBATCt HéLBLHAB aEENtppEbREMEES

i ncreasi ng power for a blower or a conEressor necessary to conpress

mol ecul ar 0X9@@ﬁr%%nFaﬁnFﬁ@C§é¥1ty in the reaction region at the

inlet.
This method is to control the temperature of the
10 catalyst layer by controlling the reaction heat generated
in or drawn from the reaction region in the vicinity of
the inlet. However, in the case of using an industrial
reactor having reaction tubes in a number of several
thousands to several ten thousands, plural kinds of
15 catalysts have to be uniformly filled in reaction regions
of reaction tubes while adjusting the activity of the
catalysts, or in using a dilution agent, mixtures of
plural kinds of catalysts and the dilution agent have to
be uniformly filled in the reaction tubes. When the
20 catalysts in the reaction tube are to be replaced by new
ones, much labor and a long time are needed to replace
the catalysts. During the replacement the reaction has
to be stopped.
Further, when the activity of reaction has to be
25 adjusted by using a catalyst having a low reaction
activity or by diluting a catalyst with an inert material,

a larger amount of catalyst than originally intended has



such as air. It is an object of the present invention to provide 10 a new
plate type catalytic reactor in which a tenperature increase in a catalyst
‘I ayer can be suppressed to prevent the formation of a hot spot and to
prevent the deterioration of the catalyst filled in the catalyst |[|ayer
whereby the service life of the catalyst can be 15 prol onged; the optinum
selectivity of reaction is attainable, and a pressure loss increase in a
stating material gas passed through the7catal yst |ayer can be prevented,
in enploying a heteno%enequs gas phase reaction nmethod using a solid

catal yst of pel bet fad 1egp igpE@sicEdions fapes  DPSCEOSURE TOF MR NIRMENTI ON The
present invention relates to_a new plate type catalytic reactor to solve

t he above- neihilghed sphgisiiegs 1y 2mngesesiseiadiashéof &id Aiildgd datures. (1) A
plate type catal ytic reactor characterized in_ that a plurality of pairs of
heat transfercpcaties regdlens . fBhiEdCaRsSedoashatds BFeesrFagaPEd phafes
joined to each other and each having a plurality of heat transfer nedium
f1 ow passages§tagtdngr Pat§ed ado JeFaPaFE6 e ShE@Usilir frice Cafalys tad@Yiescessed
surface parts of the caorrugated plates 5 of adjacent heat transfer plates

are opposed 18 PachicyiRer €6 BOr ra SRy FeACHiOn, (PRTeheas &M type
catalytic reactor according to, the above-nentigned (1), wherein a circular
or elliptic PEPOLEHaRE fOCHERSIA% REVEST FeFafed p¥icst 6F iBs CORRRGSF Yo

necessary to compress molecular oxygen-containing gas
such as air.
It is an object of the present invention to provide
10 a new plate type catalytic reactor in which a temperature
increase in a catalyst layer can be suppressed to prevent
the formation of a hot spot and to prevent the
deterioration of the catalyst filled in the catalyst
layer whereby the service life of the catalyst can be
15 prolonged; the optimum selectivity of reaction is
attainable, and a pressure loss increase in a stating
material gas passed through the catalyst layer can be
prevented, in employing a heterogeneous gas phase
reaction method using a solid catalyst of pellet or

20 spherical shape.

DISCLOSURE OF THE INVENTION
The present invention relates to a new plate type
catalytic reactor to solve the above-mentioned problems,
25 and it has the following features.
(1) A plate type catalytic reactor characterized in

that a plurality of pairs of heat transfer plates, each



10.increase the thickness of the catalyst layer fromthe inlet toward the
outlet for a starting nmaterial gas fed to the catalyst layer. (3) The plate
-type catalytic reactor according to the above-nentioned (1) of (2), wherein
the heat transfer 15 nmediumis fed so as to forma cross flow with respect
to the starting material gas. (4) The plate type catalytic reactor
according to the above-nentioned (1) or (2), wherein a plurality of
corrugated heat transfer plates are arralged in a radial 20 pattern, the
starting material gas is fed fromthe inner side to the outer side of the
cat al yst | ayéprmgad oifhé&wohsheetsandf eorppdried »1lRées iodnede 59 @rPassages
of the <corrugated heat transfer plates so as to forma cross flowwth
respect to tRé&herapnichgasht davindgasPlezalsyyTRé bleate trppes fegt aiepdijuam
reactor according to any one of the above-nentioned (1) to (4), wherein the
heat transf ef1RWdPaRSRIOER pa¥Sages appetheoc shaligRred sivéed Fun fer plates
are arranged to extend vertically so that the heat transfer nmedi um supplied
fromthe dowPRalte PREwWSecepRacd sawdage pease &ipshe serancehechedEt@sanst er
medium is boiled . in the heat transfer nmedium flow passages. 5 (6) The plate
type catalytiPé PEAGCERtadEGtditEGRESSTaRy2bR/E G St RPPASGFe LS hed (1) to
(5), wherein ropyl ene or isobutylene is oxidized by using a nol ecul ar
oxygen-contaPﬁBﬁ& §8s L PoFaEE LYFét HPYEFol ein and ~ (neth)acrylic acid, or

met h)acrylic acid_is produced 10 from (.neth)acrol ein by usj a nol ecul ar
éxyge%- y qZ)’T e éﬁate type catélytlg reactor a coréi%b to

the above-mentioned (1), wherein a circular or elliptic
arc shape formed in the corrugated palates is changed to

10 increase the thickness of the catalyst layer from the
inlet toward the outlet for a starting material gas fed
to the catalyst layer.

(3) The plate type catalytic reactor according to
the above-mentioned (1) of (2), wherein the heat transfer

15 medium is fed so as to form a cross flow with respect to
the starting material gas.

(4) The plate type catalytic reactor according to
the above-mentioned (1) or (2), wherein a plurality of
corrugated heat transfer plates are arranged in a radial

20 pattern, the starting material gas is fed from the inner
side to the outer side of the catalyst layer, and the
heat transfer medium is fed into the flow passages of the
corrugated heat transfer plates so as to form a cross
flow with respect to the starting material gas.

25 (5) The plate type catalytic reactor according to
any one of the above-mentioned (1) to (4), wherein the

heat transfer medium flow passages of the corrugated heat



contai ning gas. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a |ongitudinal
cross-sectional view of 15 heat transfer plates placed in the plate type
-catalytic reactor of the present invention. Fig. 2 is an enlarged view of a
heat transfer plate forned by joining two corrugated plates. Fig. 3 is an
enlarged view of a part Ill in Fig. 1 20 Fig. 4 is an enlarged view of a
part IVin Fig. 1. Fig. 5is an enlarged view of a part Vin Fig. 1. Fig. 6
is a cross-sectional view of a plate-typ® catalyst reactor having heat
transfer plates arranged 25 radially. Fig. 7 is a diagramof tenperature
profile in atreasileyspliegps ane araemgas itonaxtand ivanieallpe seddiay. 10
EXPLANATI ON OF REFERENCE NUMERALS 1 ... heat transfer plate 2 ... heat
transfer mediths bealw passafer megiium sgpprdiipst finpperthe downweged ifoiPWias
infet 5 ... reaction gas outlet 6 ... heat transfer nediumsupply port 11

corrugat 8gwpirgt enfo ag leassr ¢j @ordd Surfaddpdraatoft resysfisgamadipitaite b
... recessed surface part of corrugated plate S1, S2, S3 ... throat for
starting mat ési ®oideBEST m@@@%@mﬁ%mwﬂqwmﬁme&

5 (6) The plate type catalytic reactor according to
any one of the above-mentioned (1) to (5), wherein
propylene or isobutylene is oxidized by using a molecular
oxygen-containing gas to produce (meth)acrolein and
(meth)acrylic acid, or (meth)acrylic acid is produced

10 from (meth)acrolein by using a molecular oxygen-

containing gas.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a longitudinal cross-sectional view of
15 heat transfer plates placed in the plate type catalytic
reactor of the present invention.
Fig. 2 is an enlarged view of a heat transfer plate
formed by joining two corrugated plates.
Fig. 3 is an enlarged view of a part III in Fig. 1

20 Fig. 4 is an enlarged view of a part IV in Fig.

Fig. 5 is an enlarged view of a part VvV in Fig. 1.
Fig. 6 is a cross-sectional view of a plate-type
catalyst reactor having heat transfer plates arranged
25 radially.
Fig. 7 is a diagram of temperature profile in a

catalyst layer in a conventional multi-tube type reactor.



15.The plate type catalytic reactor used in the present inventionis a
plate type catalytic reactor conprising a pair of heat transfer plates each
-formed by joining projected surface parts of two corrugates plates to form
a plurality of heat transfer mediumflow passages and a 20 catal yst |ayer
bet ween adj acent heat transfer plates which are arranged in a plurality of
pairs wiwth a predeterm ned space therebetween. A starting material gas
supplied into the plate type catalytic ¥®actor is passed al ong outer sides
of the heat 25 transfer plates and the heat transfer nmediumis supplied
into the inner side of the paired heat transfer plates. The flow direction
of the heat transfer nediumis 11 erpendicular to the flow of the starting
mat eri al gasEXPLABATION DR REHERENECEONUMBRARE cross current flow. The space
between a pair of heat transfer plates and an adjacent pair of heat
transfer plates, li -e-, hepé sreRséRme®dase the catal yst |ayer (catal yst |ayer
t hi ckness) to be filled therebetween has a distance in a direction

per pendi cul ar t 02t he -f heRtofreRefsramelign Fdowr PRSS§ES The space bet ween
the paired heat transfer plates and the adjacent paired heat transfer

pl ates méy 10 be3chang&atadyehdildySn reactivity. The reactivity in a nornal
reaction is largest at the.inlet pqrtion of starting material gas at which
the reaction heét -gendfaCédoPnSefe 1Fd&Etion is the largest, and it

decreases toward_t he outl et ,of startinq material 15 gas. In a case of an
endot her mal reacPi on-agSff&on gas outlet

6 ... heat transfer medium supply port
11 ... corrugated plate

10 a ... projected surface part of corrugated plate
b ... recessed surface part of corrugated plate
Si, Sz, S3 ... throat for starting material as

BEST MODE FOR CARRYING OUT THE INVENTION
15 The plate type catalytic reactor used in the present
invention is a plate type catalytic reactor comprising a
pair of heat transfer plates each formed by joining
projected surface parts of two corrugates plates to form
a'plurality of heat transfer medium flow passages and a
20 catalyst layer between adjacent heat transfer plates
which are arranged in a plurality of pairs with a
predetermined space therebetween.
A starting material gas supplied into the plate type
catalytic reactor is passed along outer sides of the heat
25 transfer plates and the heat transfer medium is supplied
into the inner side of the paired heat transfer plates.

The flow direction of the heat transfer medium is



dehydr ogenati on of ethyl benzene, the catalyst layer is heated by a heat
transfer nmediumto accelerate the reaction conversion rate. In order to
‘renmove the reaction heat or utilize the reaction heat efficiently, 20 the
projected or recessed shape of corrugated plates used for a heat transfer
pl ate and an adj acent heat transfer plate is changed whereby the space

bet ween adj acent heat transfer plates is adjusted, in other words, the
catal yst |ayer thickness is changed to tontrol the reaction, so 25 that the
tenperature of the catalyst |layer can be controlled. In the follow ng, the
pl ate type ca&eabgnddcudact gro the dflowhe fpridsemtanhiave imatasilal asescri bed
with reference to the acconpanying drawings. Fig. 1 is a |ongitudinal
cross-secti opal-vi &% 61 ahedir aataiesy do ihet e osisacayrnantt HelqW-ate type
catalytic 5 reactor of the present invention. Fig. 2 is an enlarged view of
a heat transfer plFBeesrpeenmbgtheeonPAgIt W6 deAtudaradisratdstas gnd js an
enlarged view of a part IIl in Fig. 1 Fig. 4is an enlarged view of a part
IV in Fig. 1an1@dpp§ens p&ign odnh@dgedr@rafsst pdaf@s Vs Fitd® 1 Fig. 6 is
a cross-sectional view of a plate _type_ catalytic _reactor having heat
transfer pl atédciressged thadic@bALYSth laver 1(cataish 1AYRdsi gnates a heat

transfer 15 plate fornmed by op i wo corrugated plates, nuneral 2
desi gnat es a He&ETESR s %?edqnlﬁﬁ'leﬁg&&\}eﬁfgﬁd’@gef% a distance in a
direction perpendicular to the flow of the starting
material gas. The space between the paired heat transfer
plates and the adjacent paired heat transfer plates may
10 be changed depending on reactivity.

The reactivity in a normal reaction is largest at
the inlet portion of starting material gas at which the
reaction heat generated in the reaction is the largest,
and it decreases toward the outlet of starting material

15 gas. In a case of an endothermal reaction as the
dehydrogenation of ethyl benzene, the catalyst layer is
heated by a heat transfer medium to accelerate the
reaction conversion rate. In order to remove the
reaction heat or utilize the reaction heat efficiently,

20 the projected or recessed shape of corrugated plates used
for a heat transfer plate and an adjacent heat transfer
plate is changed whereby the space between adjacent heat
transfer plates is adjusted, in other words, the catalyst
layer thickness is changed to control the reaction, so

25 that the temperature of the catalyst layer can be
controlled.

In the following, the plate type catalytic reactor



inside the heat transfer plate 1 and nuneral 3 designates a catalyst |ayer
in which a catalyst is filled, the catalyst |ayer being defined by adjacent
*heat transfer 20 plates 1. A starting material gas is supplied froma
reaction gas inlet 4 to be passed through the catalyst layer 3 during
whi ch an intended product is produced. Then, the starting material gas is
di scharged outside the plate 25 type catal ytic reactor through a reaction
gas outlet 5. The flowing direction of Lhe starting material gas is not in
particular limted. However, a downward flow 13 or, _an upward flowis
general |y deCédr fife®TES o ViR 4lind “entodishelfs Biihatk Wrds erE§4RASGR i on.
The heat transfer nmediumis supplied . into a |arge nunber of heat transfer
medi um fl ow (& $EGe$CEFBAE I AW sSheat transfer plate so as to flow in
a direction to forma _cross current fl oq with respect tqQ the flow direction
of the starting nit&ri &l i§ad 1BRELAGERE L CERSS SRetHeRe Y VaR%t & nedi um
cool s the catal yst Iaygf 3 throu%r] t he, heat r;[ra sfer plate 1 to renove the
reaction 10 i 201 Fa S g Sa Sherhd eréng‘&qeo YRS Gt Ydse  of an
endot hermal reaction, it _heats the catalyst layer 3 and is discharged to
t he outside 51eatcr'fé’rpI°£t &hteyéjgesceé“t%allﬁ"i Y&4kctor. In the foll owing, the
structure of the elat ?rz__iLnsfer 0 5rple%t2%.1 W Ifl b§1 d%Is%ri be eirn gtoare det ai |
with reference t ﬁi'g .12 65 6 ﬁ'&. SAOWS Fa h &S 1t rHaARSYET pIp 1 for med
by formed by joining two corrugated plates.
Fig. 3 is an enlarged view of a part III in Fig. 1
Fig. 4 is an enlarged view of a part IV in Fig. 1
10 Fig. 5 is an enlarged view of a part V in Fig. 1
Fig. 6 is a cross-sectional view of a plate type
catalytic reactor having heat transfer plates arranged
radially.
In Fig. 1, numeral 1 designates a heat transfer
15 plate formed by opposing two corrugated plates, numeral 2
designates a heat transfer medium flow passage formed
inside the heat transfer plate 1 and numeral 3 designates
a catalyst layer in which a catalyst is filled, the
catalyst layer being defined by adjacent heat transfer
20 plates 1.
A starting material gas is supplied from a reaction
gas inlet 4 to be passed through the catalyst layer 3
during which an intended product is produced. Then, the
starting material gas is discharged outside the plate
25 type catalytic reactor through a reaction gas outlet 5.

The flowing direction of the starting material gas

is not in particular limited. However, a downward flow



joi.ning two sheets of corrugated plates 11 wherein the corrugated shape
consists of a series of arcs. However, 20 the shape nmay be determned in
‘consi deration of manufacturing or the flow of the starting material gas.
Further, the height of corrugation H and the period of corrugation L are
not in particularly limted. However, it is appropriate that the height H
is from5 to 50 nm 25 and the period L is from50 to 200 mm Specifically,
they are determ ned depending on the reat3ion heat in a reaction in the
catal yst layer 3 and the flow rate of the 14 heat, transfer nediumused for
removi ng heaPXollappatdy £ ieeatls \AREFeHd Yh st rmemsce @ st U i1 1 §Rfui d,
the flow rate of the heat transfer nmediumin the heat transfer 5 nedium
f1 ow passage&MPodd MedtyStfe Fhto FEFETE APRGAFHSCity of from 0.1 to 5 m's. |f
the flow velocity is _low, the resistance to the heat transfer of the heat
transfer medium i Afelses tEarsdece™erd URedt SPPPLIENCY RO £ t1R& IS near

vel ocity of the heat transfer nmediumis .too to |arge, the pressure of the
heat transfePUYRG AL Meetaddansden meditie H1o%0 B S&%aof%?}?ﬁﬁébones

| . Fig. 3.shows the sh f ir of heat transfer . plates 1 at thei
por t1 ons P (8 EGmIC BT SEhe Y er bt The M¥art] iy HRWHED g wher ei n

each heat transfer 15 plate 1 is forned. oeposi g .t sheets of corrugated
pl ates 11 havich§' & E5F6F iOHS SAd by N%%h&p(ﬁ?&? ﬁé’%eoﬁi “ed surface
parts a of 108 Sonugatd BlASS AL AP ndh QT Bl A blsgly DAY £hbansTer
the heat transfer medium cools the catalyst layer 3
through the heat transfer plate 1 to remove the reaction
10 heat in the case of an exothermal reaction, or in a case
of an endothermal reaction, it heats the catalyst layer 3
and is discharged to the outside of the plate type
catalytic reactor.
In the following, the structure of the heat transfer
15 plate 1 will be described in more detail with reference
to Figs. 2 to 6.
Fig. 2 shows a heat transfer plate 1 formed by
joining two sheets of corrugated plates 11 wherein the
corrugated shape consists of a series of arcs. However,
20 the shape may be determined in consideration of
manufacturing or the flow of the starting material gas.
Further, the height of corrugation H and the period of
corrugation L are not in particularly limited. However,
it is appropriate that the height H is from 5 to 50 mm
25 and the period L is from 50 to 200 mm. Specifically,

they are determined depending on the reaction heat in a

reaction in the catalyst layer 3 and the flow rate of the



One heat transfer plate 1 and the other heat 20 transfer plate 1 are opposed
so that projected surface parts a and recessed surface parts b of
"corrugated plates of these heat transfer plates are opposed with
predet er mi ned spaces whereby the catal yst |ayer 3 can be fornmed and throats
S1 for the starting material gas can 25 be formed. A required thickness of
the catalyst layer 3 and a required throat S1 for the starting material gas
can be obtained by changing appropriatelysthe shape of 15 the arc of the
corrugated plates 11. Fig. 4 shows the shape of a pair of heat transfer

pl ates 1 at hbetrtrahsfaedinatiéuponsednsoonf remaxtingghemit eri abpdasintl ow
passages wherein a plurality of heat 5 transfer nmediumfl ow passages 2 are
formed by oppestng two sheets of corrugated plates 11 having elliptic are
portions and by joining projected surface parts a of the corrugated plates
11. One heat transhen phatkedtahdabhhéenthediand] asehiquid, hehe flawsfer plate
1 are opposed so that projected surface parts a and recessed surface parts
b of the corabgabéstbeahestatzanppeseneditih pnetibeehrptetirepades whereby a
catal yst layer 3 can be fornmed and throats S2 for the starting material gas
can be fdrnededinmt héowapessgaranAeisagdbiigted, ta hayei redlowi ckness of the
catalyst layer 3 and the throat S2 for the starting material gas, at a
predet er m nedeposityonfcinopeOobt &Pnbdmpy - chbhgitg Lhppropteateyyishe

elliptic arc_shape of the corrugated plates. In this case, the thickness of
the catal yst low, the resistance to the heat transfer of the heat

transfer medium increases to reduce the heat efficiency.
If the linear velocity of the heat transfer medium is too

10 large, the pressure of the heat transfer medium increases
so that the load of a supply pump becomes large.

Fig. 3 shows the shape of a pair of heat transfer
plates 1 at their portions in the vicinity of the inlet
for the starting material gas wherein each heat transfer

15 plate 1 is formed by opposing two sheets of corrugated
plates 11 having arc portions and by joining opposing
projected surface parts a of the corrugated plates 11 to
form a plurality of heat transfer medium flow passages 2.

One heat transfer plate 1 and the other heat

20 transfer plate 1 are opposed so that projected surface
parts a and recessed surface parts b of corrugated plates
of these heat transfer plates are opposed with
predetermined spaces whereby the catalyst layer 3 can be
formed and throats S; for the starting material gas can

25 be formed. A required thickness of the catalyst layer 3
and a required throat S; for the starting material gas

can be obtained by changing appropriately the shape of



20.layer 3 and the throat S2 at this portion are determned to have |arger
di nensions than those in Fig. 3. Fig. 5 shows the shape of a pair of heat
“transfer plates 1 at their portions in the vicinity of the outlet for the
starting material gas wherein in each heat 25 transfer plate, a plurality of
heat transfer nmedium flow passages 2 are fornmed by opposing two sheets of
corrugates plates 11 having a series of elliptic arc 16 portions whose

hei ght of corrugation H and the period of5 corrugation L are far shorter
than those shown in Fig. 4, and by joining projected surface portions a of
the corrugatef prate§ the SoomEdIRegE PransFerdlpl ate 1 and the adjacent heat
transfer plate 1 are opposed so that projected surface parts a and recessed
surface parts b of1@he?cdlPigatB8 SPRREeSTarePBpposédFRLh LEPBEEEET i ned
spaces to thereby forma_catalyst layer 3 and throats S3 for, the starting
10 material BadtRA fedbi FBSIENIEERETSIIALENROLELEPPsCE &Férti®%nd a

required throat S3 for the_starting material ,gas t thi,s position can be
obt ai ned by BRRRYLAY gﬁﬁp%&ﬁWiQ?éF IRe VEFTFptY & Qﬁ@réﬂéﬁgp@ﬁ %ﬁ@tcorrugated
plates 11 in_the sane nner .as Fig. 4. The thickness of 15 the  catal yst
Payer 3 and EREVEFREnEFBRIGr LR PHFGAES8a2 BEot RPETR6) EPoRPRAE 8t or i ned
Lo nave furhsr, Lager, oo Enslas thal (oos | B ELa 4 Fi g S sove
arranging ragialhy:2 o208 b3 98:04°E.Of doas LoD LRl Qg VI Qunded by
corrugated plates 11.
One heat transfer plate 1 and the other adjacent
10 heatltransfer plate 1 are opposed so that projected
surface parts a and recessed surface parts b of the
corrugates plates are opposed with predetermined spaces
whereby a catalyst layer 3 can be formed and throats S,
for the starting material gas can be formed. In the same
15 manner as Fig. 3, a required thickness of the catalyst
layer 3 and the throat S; for the starting material gas
at a predetermined position can be obtained by changing
appropriately the elliptic arc shape of the corrugated
plates. In this case, the thickness of the catalyst
20 layer 3 and the throat S; at this portion are determined
to have larger dimensions than those in Fig. 3.
Fig. 5 shows the shape of a pair of heat transfer
plates 1 at their portions in the vicinity of the outlet
for the starting material gas wherein in each heat
25 transfer plate, a plurality of heat transfer medium flow

passages 2 are formed by opposing two sheets of

corrugates plates 11 having a series of elliptic arc



heat transfer plates 1, in which catalyst layers 3 filled in the reaction
regions extend vertically. The starting nmaterial gas is supplied fromthe
"reaction gas inlet 4 at the center of the plate type 25 catalytic reactor
to be passed through the catalyst Jlayers 3 in a radial direction, and the
starting material gas is passed through the outernost shell portion of the
17 plate type catalytic reactor to be discharged to the outside of the
reactor through reaction gas outlets 5. Ifhe tenperature-controlled heat
transfer mediumis passed through supply ports 6 to be distributed to the 5
heat transfeponkiiPum Vheaephsiahesof nceashghEarnt Hanasfletheppardofl oir ough

di stribution pipes. Then, the heat transfer nmedium which has exchanged heat
with the reaerregahéan hHepseafad Fhorhercahanyshopgyshogni 4n diischérged
froma heat transfer medi umoutl et énot shown) 10 through a liquid

col | ecti on prp@.brhaotnseIshERHSFReRi gurbars ppstépasl ¢ gfpthed when the
heat transfer nmedi um causes a phase change due to the boiling or

condensat i onSORFUgAFsinBhBAES Eéﬂperatures at the inlet and outlet of the
heat transfer nedi um becone 15 the tenperature of boiling or_condensation.
Accordi ndly, theo?%n%%?ﬁtE?%nﬂf?¥eP%nE% %e@ﬂgeﬁh?hédﬂﬁF@?taﬁﬂthe out |l et
of the heat transfer gidiunlis nininizeg mhereb i's pqssible to control

equal |y the PEADEFEFuUPeabE %h@recapap§§ Fayépé Sprﬁéeﬁﬁﬁﬁ FHEEASFapor i s

used as the heat transfer nedlug1 heat the c%talysk | ayer 3 S0 that t he
reaction is parts a and recesse surface parts e corrugat

plates are opposed with predetermined spaces to thereby
form a catalyst layer 3 and throats S; for the starting
10 material gas. A requires thickness of the catalyst layer
3 and a required throat S; for the starting material gas
at this position can be obtained by changing
appropriately the elliptic arc shape of the corrugated
plates 11 in the same manner as Fig. 4. The thickness of
15 the catalyst layer 3 and the dimension of the throat S;
at this portion are determined to have further larger
dimensions than those in Fig. 4.
Fig. 6 shows an embodiment of the reactor wherein a
compact equipment can be obtained by arranging radially a
20 large number of reaction regions surrounded by corrugated
heat transfer plates 1, in which catalyst layers 3 filled
in the reaction regions extend vertically.
The starting material gas is supplied from the
reaction gas inlet 4 at the center of the plate type
25 catalytic reactor to be passed through the catalyst
layers 3 in a radial direction, and the starting material

gas is passed through the outermost shell portion of the



accel erated,
hi gh pressure may be applied. At this nonent, the pressure of the water
“vapor becones 25 higher than that of the catalyst

the heating tenperature exceeds 100C in nobst cases whereby a

| ayer 3. Accordingly,

t he

heat transfer plate 1 has to be designed so as to be wthstand the pressure
di fference between the heat 18 transfer nediumfl ow passages and the
| ayer. When the tenperature of the water vapor is 200C, the

cat al yst

pressure of the water vapor becones at |least 1.5 MPa. Accordingly, the

corrugated heat transfer plate 1 has to 5 be designed to have a w t hstandi ng
pressure of platPaypeantdiye icordagaioad thedie tdiandieargqul aie e t he present
invention is used, it is possible to inprove the wthstanding pressure of

t he heat transftendel atfe thid hetic tdmateasighy rdee tilurc lges oufldte Pl at e.

The sane neasures are also applicable to the case of boiling the heat
medi um wrae teepesrperat-woe tab 1 lidkde heattaltysin d faye medliign dent rol | ed
by heat exchanging the reaction heat by neans of the heat transfer nedium
In this caseaswaderthoouah eugardiyc damps & havibey dhirs thS apprdpra dthee boi | i ng

transfer

point is enployed as the heat

10

transfer nmedium Wen water is enpl oyed as

the heat 5t r &esfrert needifiem ntads yr Elow @asfsdysid dd wetadr Heataboansier MPa at

250C. Since the pressure of boiled water

increases rapidly at a tenperature

exceedi ng t hipdatan 120 hooyari ¢ isdatibutarest eripeedi ufhes , usbe. h®a& or gani ¢ heat
mediumis not in particular limted in its kind. However, the heat

transfer

10

15

20

25

transfer medium which has exchanged heat with the
reaction heat generated in the catalyst layer 3 is
discharged from a heat transfer medium outlet (not shown)
through a liquid collection pipe.

The case shown in Fig. 6 is preferably applied when
the heat transfer medium causes a phase change due to the
boiling or condensation. At this moment, temperatures at
the inlet and outlet of the heat transfer medium become
the temperature of boiling or condensation. Accordingly,
the temperature difference between the inlet and the
outlet of the heat transfer medium is minimized whereby
it is possible to control equally the temperature of the
catalyst layers 3.

When water vapor is used as the heat transfer medium
to heat the catalyst layer 3 so that the reaction is
accelerated, the heating temperature exceeds 100°C in
most cases whereby a high pressure may be applied. At
this moment, the pressure of the water vapor becomes
higher than that of the catalyst layer 3. Accordingly,
the heat transfer plate 1 has to be designed so as to be

withstand the pressure difference between the heat



transfer nediumis subjected to a tenperature of at |east 200C.

Accordingly, it is preferred to select the 25 organic heat transfer nedi um
"not to cause deterioration due to a | ow nol ecul ar-wei ght conpound by the
deconposition of organic nolecules at a high tenperature. 19 In Fig. 6
showi ng the reactor wherein the corrugated heat transfer plates are arranged
in a radial pattern in a vertical direction, the thickness of each catal yst
| ayer is gradually changed fromthe centygl portion at 5 which the reaction
gas inlet is formed toward an outer peripheral portion. However, the change

of the catal ysansFayenethufkfiesw gepeadssoand dagreatafyseactiyer heat
generated. Accordingly, the catalyst |ayer thickness can be changed by

adj usting the heighénotheotemgathoirsl aAdtA8 wheepethpdrof scapoegation L
shown in Fig. 2. In Fig. 1, the pitch Pl between a heat transfer plate and

an adj acent hratpteabster ofil ahe Laatrt hepopobetborsotitt heaseadt.isonpgas i nl et
4 is identical with the pitch P2 at the position of the reaction gas outl et
5. 15 Nanel yacthedhaglyt r ahef eprphgbésdatlpatentrahefeachlatked hake tar r anged
in parallel to each other in a plurality of pairs. Further, in Fig. 1, a
pl ate typme chtalygsignedacbohavhasi wgthsheatiihgapgtesupkabé af SaMpa.
doubl e-l ength size 20 wherein a corrugated pattern of fromthe part |1l to
the part V Wbenepkat edrruwpeeednhpabetusedfefhpliitewofateeobrelsenhieat
transfer nmediumis determ ned depending on the quantity of a reaction heat
invention is used, it is possible to improve the
withstanding pressure of the heat transfer plate without
increasing the thickness of the plate.
10 The same measures are also applicable to the case of
boiling the heat transfer medium when the temperature of
the catalyst layer 3 is controlled by heat exchanging the
reaction heat by means of the heat transfer medium. In
this case, water or an organic liquid having an
15 appropriate boiling point is employed as the heat
transfer medium. When water is employed as the heat
transfer medium, the pressure of boiled water is about 40
MPa at 250°C. Since the pressure of boiled water
increases rapidly at a temperature exceeding this, an
20 organic heat transfer medium is used.
The organic heat transfer medium is not in
particular limited in its kind. However, the heat
transfer medium is subjected to a temperature of at least
200°C. Accordingly, it is preferred to select the
25 organic heat transfer medium not to cause deterioration

due to a low-molecular-weight compound by the

decomposition of organic molecules at a high temperaturé.



and the resistance to heat transfer. However, the 25 resistance to heat
transfer normally occurs on the side of the starting material gas in a
"gaseous state rather than the heat transfer nediumas |iquid. Accordingly,
20 there is less problem The linear velocity of the liquid in the heat
transfer nmedium fl ow passages is preferably at least 0.3 nmls. The nost
appropriate value is from0.5to 1.0 nis 5 when the resistance at the side
of the heat transfer nmediumis small inlgonparison with the resistance to
heat transfer at the side of the starting material gas. If the value is
too |l arge, the capacFtiyg.ofb shpwipdf the cerctbat vhgreha hbdst coransldéredredi um
becones | arge, such 10 bei ng undesirable in an econom cal viewpoint. In the
present i nveheaontriepsdedeplies esormeolar rapgedprinatenadilsd teafg@zat dime of t he
catalyst layer, the difference of tenperature at the inlet and the outl et
of the heat at veasfiealmddiremtilonethns rppdckasss Phe slcdweES alatse of the heat
transfer mediumis determ ned depending on a necessary tenperature

di f ference béawean ltshéliaﬁi[‘l@ﬂllfaﬁglaﬂg@doétﬂo@t the cleathedt rardrismerdthedi um
The flow rate of the heat transfer nediumis determ ned so that the

di f f er ence behwssn thige fegicét e ggsr ddeé ard foramego tomaret arepdrsdt ure s
fromabout 0.5 to 10C_ preferably from2 to 5C. Alarge flowrate of the
heat transfePeFd®hemelr BOEEEO™-heIPURPEF at bR ahpPrereféethpofelalyst

| ar ge-si zed _punps and_heat exchanger are needed for the heat transfer
layer thickness depends on a degree of reaction heat

generated. Accordingly, the catalyst layer thickness can
be changed by adjusting the height of corrugation H and
10 the period of corrugation L shown in Fig. 2.

In Fig. 1, the pitch P; between a heat transfer
plate and an adjacent heat transfer plate 1 at the
position of the reaction gas inlet 4 is identical with
the pitch P; at the position of the reaction gas outlet 5.

15 Namely, the heat transfer plates adjacent to each other
are arranged in parallel to each other in a plurality of
pairs.

Further, in Fig. 1, a plate type catalytic reactor
having a heat transfer plate of a double-length size

20 wherein a corrugated pattern of from the part III to the
part V is repeated twice, may be used.

The flow rate of the heat transfer medium is
determined depending on the quantity of a reaction heat
and the resistance to heat transfer. However, the

25 resistance to heat transfer normally occurs on the side
of the starting material gas in a gaseous state rather

than the heat transfer medium as liquid. Accordingly,



25.medium and accordingly, it is disadvantageous economcally. If the flow
rate is too small, the difference between the inlet tenperature and the
“outlet 21 tenperature becones | arge whereby the tenperature of the

reaction near the inlet of heat transfer nmediumdiffers fromthe
tenperature of reaction at the outlet. Accordingly, there creates the
problemthat the 5 tenperature of the catalyst layer is not uniform Thus,
the shape in cross section of the reacto2z0is determined so that a necessary
flowrate and a necessary linear velocity can be satisfied for the heat
transfer nmediberef iewlpassageblef.t hEhel hreeaypectacatyt P€ rbacloguido A
punp is commonly used to circulate the heat transfer nmedium_The heat
transfer nmedionths bebftettensfes mesperaifdow pessegieshy suPred exapdat
exchanger or mxing a nediumhaving a different tenperature, and then, is
supplied intetcérpg§afed Réat transfer medium flow 15 passages 2 of the
catal ytic reactor. The reaction heat is exchanged between the heat transfer
medi um and the caTBPyBPSkagepPraPrhpsggiiatie heafropr Andf & PI-At &LS1, and the
heat transfer mediumis returned to the circulation punp after having been
20 di schar geWhPRoffheh&EeEaE&PRERC ate&ECor1drn ofhéhecheal afieewisfstem for the
heat transfer medium a heat A transfer nedium storage nay be provided. The
pressure of MER&UReif ERERdf AR FOEPGRLSATY Wa thedtier FasdFéRNRSditemb™adw
passages 2 depends mainly_on a rated discharge pressure 25 of a heat
transfer nedFHﬁPﬁéﬁﬁ,a&néhﬁhélgﬁi8§n§§§ éFaégéﬁg material gas. If

the value is too large, the capacity of a pump for
circulating the heat transfer medium becomes large, such
10 being undesirable in an economical viewpoint.

In the present invention, in order to control
appropriately the temperature of the catalyst layer, the
difference of temperature at the inlet and the outlet of
the heat transfer medium is very important. The flow

15 rate of the heat transfer medium is determined depending
on a necessary temperature difference between the inlet
and the outlet of the heat transfer medium. The flow
rate of the heat transfer medium is determined so that
the difference between the inlet temperature and the

20 outlet temperature is from about 0.5 to 10°C, preferably
from 2 to 5°C.

A large flow rate of the heat transfer medium
reduces the temperature difference. However, large-sized
pumps and heat exchanger are needed for the heat transfer

25 medium, and accordingly, it is disadvantageous
economically. If the flow rate is too small, the

difference between the inlet temperature and the outlet



heat transfer plate 1 depends on a pressure difference between the heat
transfer nmedium and the catalyst layer 3. 22 Wen a flat plate is used for
-the heat transfer plates 1, it is necessary to use a netal plate having a
t hi ckness necessary for wi thstanding the pressure of the heat transfer
medium In the present invention, heat 5 transfer plates 1 are joined in
parallel with a predeterm ned space. Accordingly, it is possible to use a
thin netal plate. Specifically, it is pogsible for the heat transfer plate
i to use a netal plate having a thickness of not nore than 2 mm preferably,
not nore 10 tehmgerhtvne et onssn tdryprdssaly dfhe heenpeata tumnsiertheredi um
is about 3 MPa. For the heat transfer plate 1, a thin rectangular netal
pl ate i s commerloriwsecedatharhe iisilrer rafsthdadt itorarmmten meediiurensi Diers a
direction perpendicular to the flowing 15 direction of the starting materi al
gas. |f the dinvensihen tampeaded teowhgatiaqectn at dfhe matsterti ng materi al gas
is too long, the pressure |l oss of the catal yst | ayer becones |arge, hence,
t he power of Adeerdicngdry ortteorprassdres drhe thheolsltear tihmt netteri al gas becones
| arge, such being 20 di sadvantageous economically. Wen a chem cal product
i s manuf agt urtedparaamre mdusthd alatsclatss; lteheer ergytriv ofurtifeowat alfysts,| ayer in
the flowi ng direction of the starting material gas is preferably from1l to
5 min the safe mhans ias aduscaERe@2Bofol Hhiendedctamel 8 \dstereictet . The
total amount of a <catalyst filled in a plate type catalytic reactor in
so that a necessary flow rate and a necessary linear
velocity can be satisfied for the heat transfer medium
flow passages of the plate type catalytic reactor.
10 A pump is commonly used to circulate the heat
transfer medium. The heat transfer medium is subjected
to temperature control by using a heat exchanger or
mixing a medium having a different temperature, and then,
is supplied into corrugated heat transfer medium flow
15 passages 2 of the catalytic reactor.
The reaction heat is exchanged between the heat
transfer medium and the catalyst layer 3 through the heat
transfer plates 1, and the heat transfer medium is
returned to the circulation pump after having been
20 discharged from the catalytic reactor. In the
circulation system for the heat transfer medium, a heat
transfer medium storage may be provided. The pressure of
the heat transfer medium in the heat transfer medium flow
passages 2 depends mainly on a rated discharge pressure
25 of a heat transfer medium pump, and the thickness of each

heat transfer plate 1 depends on a pressure difference

between the heat transfer medium and the catalyst layer 3.



order to obtain an intended productivity is determ ned 23 depending on a
reaction rate and a concentration of conponents in the starting materi al
-gas, and accordingly, the anount varies depending on a plate type catalytic
reactor used. 5 The | argest anount of the catalyst to be filled between a
pair of heat transfer plates 1 varies depending on reactivity and
characteristics of the catalyst. However, the anount of catalyst is up to 5
nB, preferably, not nore than 2 nB in cohsideration of the shape of heat 10
transfer plate 1 froman economi cal viewpoint. The shape of the catalyst to
be filled is geneWwhehya $pherpbdalke éel usmdr for ithei heatRaghingfieimg shape.
The particle diameter is from3 to 20 mO in many cases. The small est
di stance S1, p$2teer 183 isetivearecasisealy toanskter 1€ tgllatd atcamdvamaadj acent
heat transfer plate 1 varies depending on the particle dianeter of a usable
catal yst. Ushakkpessheesmsiskeyt foirswanbes tehding bdecatpresassirel & theares of
the particle dianeter of the catalyst. Specifically, it is determ ned that
S1 as the 20hdest ameesherweedilivgat Inahbeéeprpbanesinvenhéonnl beator the
starting material gas is from5 to 20 nm S2 at an _internediate portion of
t he cat alyst trapeferspilages1d ege 30imedania S3ratllglposithien in the vicinity
of the outlet for the starting material gas is fromabout 20 to 50 nm 25
Preferably, Bredetegmihegmsregels fecoDdpnghrid 58=30 pesadblantar Bssel ect ed.
Respective distances S formed between heat transfer .
a thin metal plate. Specifically, it is possible for the
heat transfer plate 1 to use a metal plate having a
thickness of not more than 2 mm, preferably, not more
10 than 1 mm even when the pressure of the heat transfer
medium is about 3 MPa.
For the heat transfer plate 1, a thin rectangular
metal plate is commonly used. There is no restriction on
the dimension in a direction perpendicular to the flowing
15 direction of the starting material gas. If the dimension
in the flowing direction of the starting material gas is
too long, the pressure loss of the catalyst layer becomes
large, hence, the power of the blower or compressor for
the starting material gas becomes large, such being
20 disadvantageous economically.
When a chemical product is manufactured in an
industrial scale, the length of the catalyst layer in the
flowing direction of the starting material gas is
preferably from 1 to 5 m in the same manner as the case
25 of the multi-tube type reactor. The total amount of a
catalyst filled in a plate type catalytic reactor in

order to obtain an intended productivity is determined



24. plates each vary depending on a degree of reactivity. The distances may
be changed continuously or stepwise fromthe inlet to the outlet of the
-catalyst layer 3. However, in consideration of non-uniformty of reactivity
5 of a catalyst to be manufactured, it would be better to change stepw se

t he di stances S between the heat transfer plates 1 because flexibility can
be obtained. It is proper to divide reaction regions into a nunber of from
2 to 5 in stage. Further, in determ ning2310 properly the |l ength of each
region, an Si portion is from1/10 to 1/3, an S2 portion is from1/5 to 1/3
and an S3 pdepeoding Prom rle4ctd oy Zake lkndegpecnaemtitigd ion iafe | engt h of
the catal yst | ayer. However, the length of the catalyst |layer at the S3
portion vari esmpependisngnothehs tes tdelsi ewdmanialoigashe agshveasirshinaltve of
reacti on. Wien a preheat zone is provided for the starting material gas in
front of thethel emoghtt Nerdgsaldppenddyer om3a ptlate ddmhed aadaltviengt h of
the catal yst layer at the S1 portion. 20 Changes of the thickness of the
catal yst | ayseafiom usge-inlet to the outlet of the starting material gas in
its flowng direction_can not straightly be determned. It is because the
changes shoul d beThet épkPREE BiRorBacOifvEhrPacespd YShchoadet Hd llesktion rate,
the ultimate 25 conversion rate at the outlet, reaction heat_in a  reaction
i ncludi ng a Sedweesadt Podrand $eadn trusestien pdrdis If ¥eoes siReEs nhe

tenperature and flow rate of 25 o
on reactivity and characteristics of the catalyst.

However, the amount of catalyst is up to 5 nﬁ, preferably,
not more than 2 m’> in consideration of the shape of heat
10 transfer plate 1 from an economical viewpoint.

The shape of the catalyst to be filled is generally
spherical, columnar or is in a Rashig-ring shape. The
particle diameter is from 3 to 20 mm® in many cases. The
smallest distance S;, S;, or S; between a heat transfer

15 plate 1 and an adjacent heat transfer plate 1 varies
depending on the particle diameter of a usable catalyst.
Usually, the smallest distance should be at least 1.5
times of the particle diameter of the catalyst.

Specifically, it is determined that S; as the

20 distance between heat transfer plates at the inlet for
the starting material gas is from 5 to 20 mm, S, at an
intermediate portion of the catalyst layer is from 10 to
30 mm and S; at a position in the wvicinity of the outlet
for the starting material gas is from about 20 to 50 mm.

25 Preferably, S$:=10 to 15 mm, S;=15 to 20 mm and S3=30 to 40
mm are selected.

Respective distances S formed between heat transfer



the heat transfer nmedium the flowrate of the starting material gas, the
heat transfer coefficient relating to renoval of heat/application of heat,
-the heat capacity and so on, and factors related to the catal yst such as 5
the all owabl e tenperature not to cause the danage of the catalyst, the
tenperature preventing the deterioration of the catalyst and so on.

| deal |y, the changes of the thickness of the catalyst |ayer should be
proportional to the inverse 10 nunber df4 heat absorption/heat generation
gquantity of reaction in each region in a longitudinal direction of the
cat al yst | ayptatAsorgchhwaaioderspdinoned hadeorse ofneeeftiNétinj or factors
being influential in the optimum change in the thickness of the catalyst

| ayer woul d Beel8ishengksi marvebeoaengedncpatenapushy oyt S&Epofisehe

starting material gas. The tenperature profile in the catalyst |ayer varies
dependi ng onfrhm thecthyptytpntbachusiep. obokbeeratplyss lpyesi Bl-e
practically to control tenperatures not to 20 damage the catal yst and not to
accel er at e t Hewederer i8r apnsadetrathencafangstunafgrng tybrai meacdésiited
ultimate conversion rate of reaction. Anong _the above-nentioned influential
factors, %heoffactatal¥rht é@ Pe ReavfeFansrer 3howPdlBebeoksitdered 25 enough
in designing a plate type catalytic reactor. In order to increase the
effici ency ofhpegeyvatepiisgesbrappFitéBErPEnSoPekgenoiheh8east arpssiicgyer, it

is 26 preferred to increase the flow rate of the starting
plates 1 because flexibility can be obtained.

It is proper to divide reaction regions into a
number of from 2 to 5 in stage. Further, in determining

10 properly the length of each region, an S; portion is from
1/10 to 1/3, an S; portion is from 1/5 to 1/3 and an S;
portion is from 1/4 to 1/2 with respect to the entire
length of the catalyst layer. However, the length of the
catalyst layer at the S; portion varies depending on the

15 achievement of the conversion rate of reaction.

When a preheat zone is provided for the starting
material gas in front of the inlet of the catalyst layer
3, it is added to the length of the catalyst layer at the
S; portion.

20 Changes of the thickness of the catalyst layer from
the inlet to the outlet of the starting material gas in
its flowing direction can not straightly be determined.
It is because the changes should be determined by
reactive factors such as the reaction rate, the ultimate

25 conversion rate at the outlet, reaction heat in a
reaction including a side reaction and so on, heat

transfer factors such as the temperature and flow rate of



material gas. However, it is disadvantageous that the pressure |oss becones
| arge when the gas is passed through the catalyst layer. 5 Wen there is a
"worry that the catalyst deteriorates rapidly at a high tenperature even in
a common reactor, a technique that an inert material is mxed with the
catalyst when it is filled whereby the reactivity of the catalyst is
suppressed and the tenperature of the 10 catal yst layer is controlled, is
enpl oyed. Such dilution of the catalyst2bs al so applicable to the plate
type catalytic reactor of the present invention. In a reaction generating a
very | arge ré&&et herthéaansfarh mesliam, otibdatilow meds iadn,the dteamdaessary to
reduce 15 the thickness of the catalyst |ayer. However, since many pairs of
heat transfemapeatied &cs | ddat datn ty ansd@rorcoe fifie isinde nsflatiand et or
itsel f becones bigger, such being wuneconomcal. In the present jnvention

t oo, the serv¥iedevali o deatHenpdtigaisrrcaf hedthptdredant @aragiy t he 20
catalyst with an inert material at the inlet portion of the starting

materi al gas a6 $peres S agdiReicaticdfted 40 rtdectqadif yedt Surthe af | ution of
the catalyst is generally carried out stepw se, e.g., at stages of from2
to 5. Thedmi %ihgy 213pvieklic teRse furs fotattér icéluﬁ%gtth?e Jansreestofattithe inl et
portion of the starting_ materi al qgs while the inert mterjial is not m xed
at the outl eCad@l¥ddct i rEFRGF AT e PrEVRRGIRg s diresinkatint &f al

enployed is 0.7 or less in the inlet portion. As the nethod for controllin
Pt 0y the catalyst and so on. P 9

Ideally, the changes of the thickness of the

catalyst layer should be proportional to the inverse

10 number of heat absorption/heat generation quantity of
reaction in each region in a longitudinal direction of
the catalyst layer. Among the above-mentioned factors,
one of the major factors being influential in the optimum
change in the thickness of the catalyst layer would be

15 the ultimate conversion rate at the outlet of the
starting material gas.

The temperature profile in the catalyst layer varies
depending on the reactivity in each step. However, it is
possible practically to control temperatures not to

20 damage the catalyst and not to accelerate the
deterioration of the catalyst, and to obtain a desired
ultimate conversion rate of reaction.

Among the above-mentioned influential factors, the
factor related to heat transfer should be considered

25 enough in designing a plate type catalytic reactor. 1In
order to increase the efficiency of removal of

heat/application of heat on the catalyst layer, it is



the reactivity of the catalyst, a catalyst having different activity may be
used other than the nethod of 5 mxing the inert material. In order to
“obtain different activities of the catalyst by mxing the inert nmaterial

or using a different catalyst, it is nost preferable that activities of
catal yst can continuously be changed from the inlet to the outlet of the
starting material gas. 10 However, it is practical to fill stepw se
catalysts having different activities ifgdivided sections. Specifically, 2
to 3 kinds of catalysts having different catalytic activities are filled

sequential | ypkeeartba tbnhetrehskeadl enokeda®e. oS thee steastiery of the
present invention is preferably wused for producing (neth)acrolein or

(meth)acryligaderdalbyagn oxbelatésn {eacsi @dsQfivehoaykene ehatsehutyl ene
with wuse of a nolecular oxygen-containing gas. The oxidation reaction of

propyl ene orpirsgbutyl eses PRcgerer abegeawhahgehkeaeld Ak heatsedAccordi ngly,
it is absolutely necessary froman econom cal viewpoint that

(et h) acr ol etAretughnmehbk) aaerglivetatiagers produced with a high yield wthout
a damage of the catalyst by controlling the tenperature profile in the
catal yst 4 ayer 25whéehl edera tBeaowbdat/i @naceabkokatalgstheetxirdatraaers
catalyst is used stably for a long term Particularly in a process for
produci ng (neabldiyyhbitcaatiidhby empietdiaziung 28en( iet ) acmaloal esdctormolaecul ar
oxygen, the activity of the catalyst nay be lost in a short period of tinme
due to the chahadtieri shiatsaaf ihketusedemiiadatisomicaidakyish when it is
catalyst when it is filled whereby the reactivity of the
catalyst is suppressed and the temperature of the
10 catalyst layer is controlled, is employed. Such dilution
of the catalyst is also applicable to the plate type
catalytic reactor of the present invention.
In a reaction generating a very large reaction heat
such as an oxidation reaction, it is necessary to reduce
15 the thickness of the catalyst layer. However, since many
pairs of heat transfer plates are located in a reactor,
the size of the reactor itself becomes bigger, such being
uneconomical. In the present invention too, the service
life of the catalyst can be improved by diluting the
20 catalyst with an inert material at the inlet portion of
the starting material gas to suppress the generation of a
reaction heat.
The dilution of the catalyst is generally carried
out stepwise, e.g., at stages of from 2 to 5. The mixing
25 ratio of the inert material is the highest at the inlet

portion of the starting material gas while the inert

material is not mixed at the outlet of reaction region.



exposed to a high tenperature of from300 to 350C. 5 Further,
years, the size of the reactor for

“increased.

oxi dation reactor capable of cooling uniformy the
catalyst layers is a very inportant 10 technical point. A heterogeneous
cat al yst gas phase oxidation reaction of propylene or isobutylene with

nol ecul ar

vapor, an inéeksgds sheh iad et tpoagdrandApr ohaneethbhd fempepatund lahot he
heat transfer nediumis from 20 250 to 350C and the space velocity (SV)
from500 to tBelrebchiyiwyderf tthe mertmdlystondi tdagmalyEte hreedictg on

in recent
producing acrylic acid tends to be

Wth an increase in size of the reactor, the devel opnment of an

tenperature of the

oxygen can be performed by uspmg a conventionally known et hod.

In the case of propylene, propylene, air and 15 water vapor or nitrogen are
m xed to prodheemdxdthar thang o ret dhicalt geserild ecomdenytagdati=orn of g opyl ene is
from3 to 14 vol% oxygen is from6 to 18 volt and the rest is water

is from150 to 250 kPa. As the heat transfer nedium a nolten salt of
nitrate m xt die€ femener actriva typolaynine esredarcdrietn ¢ haypeher geatitoodhest
transfer nediumis 25 used in many cases. The tenperature in the catal yst

| ayer shoul dmbeingorieolined tt maftreamhads50 o 400€ratoaokarinumi fTleusnti t 29
was verified that the deterioration of the catalyst could be prevented,
reacti on per kotismdce esowlfd the iogprdyed kandittiegyitéled ioferdcmdtierizl d and

acrolein could be inproved.

10

15

20

25

or using a different catalyst, it is most preferable that
activities of catalyst can continuously be changed from
the inlet to the outlet of the starting material gas.
However, it is practical to fill stepwise catalysts
having different activities in divided sections.
Specifically, 2 to 3 kinds of catalysts having different
catalytic activities are filled sequentially from the
inlet of reaction region.

The reactor of the present invention is preferably
used for producing (meth)acrolein or (meth)acrylic acid
by an oxidation reaction of propylene or isobutylene with
use of a molecular oxygen-containing gas.

The oxidation reaction of propylene or isobutylene
generates a large reaction heat. Accordingly, it is
absolutely necessary from an economical viewpoint that
(meth)acrolein or (meth)acrylic acid is produced with a
high yield without a damage of the catalyst by
controlling the temperature profile in the catalyst layer
filled in the oxidation reactor, and the oxidation
catalyst is used stably for a long term. Particularly in

a process for producing (meth)acrylic acid by oxidizing

is

pressure

t he



5 EXAMPLES EXAMPLE 1 In preparing acrylic acid by the oxidation of
propyl ene with nol ecul ar oxygen, a catalyst powder having 10 a conposition
-of Mb12Bi 5Ni 3Co2Feo. 4Bo. 4Ko. 1Si 240 was prepared as a front stage catal yst.
The catal yst powder was nol ded to obtain a ring-shaped catal yst having an
outer dianmeter of 5 mmtt, an inner dianeter of 2 nmmo and a height of 4 mm
15 Simlarly, a catalyst powder having a conposition of
Sbl ooNi 43Mb35V7Nb3Cu9Si 200x was prepared2@&s a |later stage catalyst. Wth
the catal yst powder, a ring-shaped catalyst having the same shape as the
front stage (mathlpsrokednpmwdpdr a@.lech lee oxlygea mids @vdd V2E e @fpddia i ons,
(x) indicates a value given by the oxidation state of each netal oxide. Two
sets of pairsadhlystr igat &¢ ROst tlinadstlorp| ®egd odl alertdnsr s & the
Particulars in the shape of these corrugated plates and anounts of the
cat al ysts an@hanagseirastd cgr @ fshb@n UsgdTapidat igas @aitsdd HeM&Rn 3¢ ¥ Ln Ln
comEcna NN-wi aU Ln>2I10N 10r-1 -rl U( Za ri NMri N -H
4] >1 exposed to a high temperature of from 300 to 350°C.
5 Further, in recent years, the size of the reactor for
producing acrylic acid tends to be increased. With an
increase in size of the reactor, the development of an
oxidation reactor capable of cooling uniformly the
temperature of the catalyst layers is a very important
10 technical point.
A heterogeneous catalyst gas phase oxidation
reaction of propylene or isobutylene with molecular
oxygen can be performed by using a conventionally known
method. In the case of propylene, propylene, air and
15 water vapor or nitrogen are mixed to produce a starting
material gas. The concentration of propylene is from 3
to 14 vol%, oxygen is from 6 to 18 vol% and the rest is
water vapor, an inert gas such as nitrogen and propane.
The temperature of the heat transfer medium is from
20 250 to 350°C and the space velocity (SV) is from 500 to
300 (1/hr) under the normal condition. The reaction
pressure is from 150 to 250 kPa. As the heat transfer
medium, a molten salt of nitrate mixture (niter) or a
polynuclear aromatic type organic heat transfer medium is
25 used 1n many cases.

The temperature in the catalyst layer should be

controlled to from 350 to 400°C at a maximum. Thus, it
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was verified that the deterioration of the catalyst could
be prevented, the reaction performance could be improved
and the yield of acrylic acid and acrolein could be

improved.

EXAMPLES
EXAMPLE 1

In preparing acrylic acid by the oxidation of
propylene with molecular oxygen, a catalyst powder having

10 a composition of Mo;;BisNi3CoyFeq 4Bo.4Kp.1S1240x was prepared
as a front stage catalyst. The catalyst powder was
molded to obtain a ring-shaped catalyst having an outer
diameter of 5 mm®, an inner diameter of 2 mm® and a
height of 4 mm.

15 Similarly, a catalyst powder having a composition of
Sb1ooN1i43M035V7Nb3CugSig0x was prepared as a later stage
catalyst. With the catalyst powder, a ring-shaped
catalyst having the same shape as the front stage
catalyst was prepared. In the above-mentioned

20 compositions, (x) indicates a value given by the
oxidation state of each metal oxide.

Two sets of pairs of corrugated heat transfer plates
1 were prepared. Particulars in the shape of these
corrugated plates and amounts of the catalysts and an

25 inert are shown in Table 1 described below.



"d.ro Ndl '"i NIIl 4101adinri d Mro.~}4x000x 00UO 44 -H
WO41 0roo000 ""OOO 00000 aUOETI ri ri ri a-HSI1 ro$4
's4 --- a) o U aUa-ri U U >1>2> wO0H~4aH acChb (da) ul ro
ort.u4Jro4) E F14 WU a WO 31 Here, L and Hin the shape of the corrugated
pl ates indicate respectively the wwdth and the |l ength of corrugati on shown
in Fig. 2. The equivalent thickness of the catalyst |ayer was obtained from
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5 filled catalyst and a height of the catalyst layer. Two corrugated plates
each being forned by shaping a flat plate having a wwdth of 1 mand a
“thickness of 0.8 mMmm were joined to forma heat transfer plate. D stances
(P1 and P2 in Fig. 1) between corrugated 10 heat transfer plates 1 were
adjusted to 45 mmto forma reactor and a catalyst was filled in spaces
between two heat transfer plates. First, the |ater stage catal yst was
filled in amount of 23 liters. Then, theiheight of the filled catalyst 15
layer was 1.2 m On the |ater stage catal yst |layer, spherical inert balls
(dianmeter: 5 mmo) Hemde of aalduii na thei shapeactfi véet coreacttted wdraeds | |l ed in
order to adjust the |layer height whereby a portion equivalent to the front
stage in theinddckare wasplidtiewlyThheamivith ehd he2Q erigdledfi nert bal |l s was
5 1liters. Simlarly, the front stage catalyst and an inert were filled in
anmounts of 3@odrirugies iand showrt emns Foy .t Re  Takeegstagéenat ahysknefkeolfayer
hei ght of the front stage catalyst was 1.25 m 25 By using 99% purity of
propyl ene cotrtha wiartg lyrstpdrey erasvaan dapumeady ,fraimr amiamoogen aihd-hweat er vapor
were mxed to be used for the reaction. The mxing ratio was 32 adjusted
so that the doApesi dadalefstt keidgas heiohir @ iwvddie pad@iiverte l@vedd .udifvg
propane: air: water vapor: nitrogen=7:73.5:10:9.5 vol% The starting
materi al gasowandiarecodleddst cgmht freitngp fefrmese hyorhagained plidias 5 type
reactor at a rate of 65 nB (standard state)/hour.
plate having a width of 1 m and a thickness of 0.8 mm
were joined to form a heat transfer plate.
Distances (P; and P, in Fig. 1) between corrugated
10 heat transfer plates 1 were adjusted to 45 mm to form a
reactor and a catalyst was filled in spaces between two
heat transfer plates.
First, the later stage catalyst was filled in amount
of 23 liters. Then, the height of the filled catalyst
15 layer was 1.2 m. On the later stage catalyst layer,
spherical inert balls (diameter: 5 mm®) made of alumina
being inactive to reaction were filled in order to adjust
the layer height whereby a portion egquivalent to the
front stage in the reactor was filled. The amount of the
20 filled inert balls was 5 liters.
Similarly, the front stage catalyst and an inert
were filled in amounts of 30 liters and 5 liters on the
later stage catalyst. The layer height of the front
stage catalyst was 1.25 m.
25 By using 99% purity of propylene containing propane

as an impurity, air, nitrogen and water vapor were mixed

to be used for the reaction. The mixing ratio was



The supply rate of propylene was 8.4 kg/hr. THERVMES 900 (manufactured

Ni ppon St eel

the front stage catalyst and 85 nB/hr in the |later stage catalyst.

t enperature

by

Chem cal Co., Ltd.) was introduced as a heat transfer nedium
“into the heat transfer medium fl ow passages of the corrugated 10 heat
transfer plates. The flow rate of the heat transfer nediumwas 100 n8/ hr

of the supplied heat transfer nmedium was adjusted while

The

conversion rates in the respective 1s resazti on stages were neasured. Wen

t he conversi
t enperat ure

acrolein conversion rate in the |ater stage reaction
99.5% the tpmpervaenee (dhcflhdingaprop@ner:ansf:eatmedi um was 260C.

measur enent

on rate in the front stage reaction area was 95% the
adfiushedseppiched hést composfiéed omedifumhsh owesd MA&tOrafhers t

of the tenperature of the catalyst |ayer in the reactor,

he

area was adjusted to
In the

t he

hi ghest t enperabursitfogehe7f:i78nk :d0ade Scadlbyst Thayetanasngsa&taendafihe

hi ghest tenperature of the | ater stage catal yst

oper at i on wagasowesndedrbducadndmom itinet oy sifattde Aoraucseddd pliehe
operation went good w thout any problem COVPARATI VE EXAMPLE 1 33 The sane
nyBraiphe tags atis @éd rekeetf tiram™f (atapfardsstece) dbedri nst ead of
the corrugated plates in the reactor. Two sheets of flat plates each having
a thicknessTbe gupmlvyarg@it€t #forromilene wameiBgit X6/ hr.-m 5 were joined to

reactor as i

produce a space of 16 nmt herebetween.

were provi ded at TEBRMES 900 (manufactured by Nippon Steel Chemical

10

15

20

25

Co., Ltd.) was introduced as a heat transfer medium into
the heat transfer medium flow passages of the corrugated
heat transfer plates. The flow rate of the heat transfer
medium was 100 m’/hr in the front stage catalyst and 85
m®*/hr in the later stage catalyst.

The temperature of the supplied heat transfer medium
was adjusted while conversion rates in the respective
reaction stages were measured. When the conversion rate
in the front stage reaction area was 95%, the temperature
of the supplied heat transfer medium showed 287°C. When
the acrolein conversion rate in the later stage reaction
area was adjusted to 99.5%, the temperature of the heat
transfer medium was 260°C.

In the measurement of the temperature of the
catalyst layer in the reactor, the highest temperature of
the front stage catalyst layer was 359°C and the highest
temperature of the later stage catalyst layer was 297°C.
The operation was continued for a month in this state.

As a result, the operation went good without any problem.

COMPARATIVE EXAMPLE 1

| ayer was 297C. 25 The

Heat transfer nediumfl ow passages

in



outside of the joined plates. Reinforcing plates were attached to the
plates with intervals of 30 cmat the side of the heat transfer nediumflow
- passages so as to 10 equalize the layer thickness of the catal yst |ayer and
to wthstand the pressure of the heat transfer nmedium The sanme catal yst as
in Exanple 1 was used. When 30 liters of the front stage catal yst was
filled, the layer height of the catalyst layer was 1.9 m On this, an 15
inert was filled serving as a catal yst r&tainer. Propylene was oxidized by
using a reaction gas having the sanme conposition as Exanple 1 at the sane
flow rate as ExahpfeSameThearfew pat énoEXpRBlReyASt HARST &K CeRpdEditimtnas
adjusted to have the sane linear velocity in 20 the fl ow passages as Exanpl e
1. In the neddaEeReatest veKe v6rdeisstRafard dhe grgpdeted tHerteswad! 95% at
a heat transfer nmedium tenperature of 315C. The thernoneter inserted in the
catal yst | ayEheshgaedorescrue thechf ghbsflebnpérbeareash hayipgeacat al yst

| ayer. The reaction was continued for a week while reaction conditions were
fixed. As a EBigknesghefngghBst a3wWidtdnpdr dt oy ének & heiehtalofst? Mayer
decreased and the, conversion rate of propyl ene decreased _gradually. In
order to Trai WEAPNIPRBCEHPePEPEHC Fate SBRCHTr Oy LonEM {theTr & pEeat-ure of the
heat transfer nmediumhad to %ﬁ further 5 increased. EXANPLE 2 an

COVPARATI VE ERANPLE2DSTEL: Begf U (FlLoig PERS aPEsnivea g cvacady &t \Eg‘ree

outside of the joined plates. Reinforcing plates were
attached to the plates with intervals of 30 cm at the
side of the heat transfer medium flow passages so as to
10 equalize the layer thickness of the catalyst layer and to
withstand the pressure of the heat transfer medium.

The same catalyst as in Example 1 was used. When 30
liters of the front stage catalyst was filled, the layer
height of the catalyst layer was 1.9 m. On this, an

15 inert was filled serving as a catalyst retainer.

Propylene was oxidized by using a reaction gas
having the same composition as Example 1 at the same flow
rate as Example 1. The flow rate of the heat transfer
medium was adjusted to have the same linear velocity in

20 the flow passages as Example 1.

In the measurement of the conversion rate of
propylene, there was 95% at a heat transfer medium
temperature of 315°C. The thermometer inserted in the
catalyst layer showed 408°C at the highest temperature of

25 the catalyst layer.
The reaction was continued for a week while reaction

conditions were fixed. As a result, the highest



carried out by using the sanme corrugated heat transfer plate type reactor
as Exanple 1 and the sane flat type 10 reactor as Conparative Exanple 1
~except that the height of the heat transfer plates was 3.05 m The front
stage catal yst produced in Exanple 1 was filled into respective oxidation
reactors fromtheir tops. A horizontally elongated funnel-1ike device was
attached 15 to the top of the respective reactors so that the catalyst did
not run over the reactors. Into each reator, the catalyst put in a beaker
of 1 liter volume was introduced in a tine of about 6 seconds. This

oper ati on watewpadatved Phr&bet FRESLIYALt épYERed2OTrRRISECGNGNEf tBe iters of
catal yst, the catalyst was discharged froma |ower part of the reactor. In
the di schargedvessapysratpi eéepropYérnekagceapgrfsoraeiial lyepafated with a
sieve (10 meshes) and by visual check to obtain the ratio. This operation
was repeat edorfipBeto2Baingadn RBsuFPsvareishokatenofapreryless, the o N H

co NLO-3 Nr N13ro Nrl r . $ WLU ,
temperature of the heat transfer medium had to be further

5 increased.
EXAMPLE 2 and COMPARATIVE EXAMPLE 2

Tests of filling the front stage catalyst were
carried out by using the same corrugated heat transfer
plate type reactor as Example 1 and the same flat type

10 reactor as Comparative Example 1 except that the height
of the heat transfer plates was 3.05 m.

The front stage catalyst produced in Example 1 was
filled into respective oxidation reactors from their tops.
A horizontally elongated funnel-like device was attached

15 to the top of the respective reactors so that the
catalyst did not run over the reactors.

Into each reactor, the catalyst put in a beaker of 1
liter volume was introduced in a time of about 6 seconds.
This operation was conducted three times. After the

20 filling of 3 liters of catalyst, the catalyst was
discharged from a lower part of the reactor. In the
discharged catalyst, pieces of cracked catalyst were
separated with a sieve (10 meshes) and by visual check to
obtain the ratio. This operation was repeated three

25 times. Results are shown in Table 2.
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Ufx UWO-H36 Fromthe results in Table 2, it was found that when a
catalyst was filled in the reactor of the present invention, the
possibility of cracked catalyst due to the dropping inpact was very snall.
5 This can be considered as follows. In 3ée reactor using corrugated heat
transfer plates according to the present invention, when the catalyst is
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a catalyst was filled in the reactor of the present
invention, the possibility of cracked catalyst due to the
dropping impact was very small.

5 This can be considered as follows. In the reactor
using corrugated heat transfer plates according to the
present invention, when the catalyst is introduced in it,
the dropping impact can be weakened until the catalyst
reaches the lower portion of the reactor because it falls

10 hitting the projected portions of thin corrugated plates.

INDUSTRIAL APPLICABILITY

According to the present invention, the highest

temperature of the catalyst layer can be suppressed to be
15 low and the performance of reaction can be improved. 1In

the plate type catalytic reactor of the present invention,

a reduction in the performance of reaction due to the

deterioration of the catalyst and a change in the

temperature profile are not found even after a long term
20 continuous reaction.

In the plate type catalytic reactor of the present
invention, the flow of a starting material gas is
disturbed by the presence of projected or recessed
surfaces provided in the corrugated plates to increase

25 the heat transfer efficiency of the starting material gas.
As a result, the thickness of the catalyst layer can be

increased and the reactor can be made compact. Further,



reaches the | ower portion of the reactor because it falls 10 hitting the
projected portions of thin corrugated plates. | NDUSTRI AL APPLI CABI LI TY
According to the present invention, the highest tenperature of the catalyst
| ayer can be suppressed to be 15 |ow and the performance of reaction can be
inproved. In the plate type catalytic reactor of the present invention, a
reduction in the performance of reaction due to the deterioration of the
catal yst and a change in the tenperatur&/profile are not found even after a
|l ong term 20 continuous reaction. In the plate type catalytic reactor of
the present WheRefbhorateRest dw &flldest dit ithy watalvAt davss @isturbed by
the presence of projected or recessed surfaces provided in the corrugated
plates to inéaéagéfszsftaﬂésr]él&ttttm@n@@r parriestate prst naressed tSHEaRR eri al
gas. As a result, the_ thickness of_ the catalyst |ayer can be increased and
the reactor PB&#tBeCkadbecsrpadidates: Petes3vhafedy the datldiynd sre9diled in
the catal yst layer, the catalyst falls hitting the projected and recessed
surface par€8noPet FeRGLAugabeaCEaAREsYnhERBEG FRESESI LPR§ Bpeesadesn be
reduced. Accordingly, there causes | ess breakages 5 of the catal yst due to
the fallihg PhpaEf sRdaless et &9 &bs ifed 0mS HEReGtalpst 158 CLAIME: 1. A
plate type catal ytic reactor_ characterized in that a plurality of pairs of
heat transfe eﬁ?§ﬂ€§§té8€h°¢oF%§dCatalYSt°



of .two sheets of corrugated plates joined to each other 5 and each having a
plurality of heat transfer nmediumflow passages, are arranged so that
“projected surface parts and recessed surface parts of the corrugated plates
of adjacent heat transfer plates are opposed to each other to forma

catal yst layer. 10 2. The plate type catalytic reactor according to Caim

1, wherein a circular or elliptic arc shape fornmed in the corrugated

pal ates is changed to increase the thickh&ss of the catalyst |ayer fromthe
inlet toward the outlet for a starting nmaterial gas fed to the catal yst

| ayer. 15 3.CFhéMplate type catalytic reactor according to Claim 1 or 2,
wherein the heat transfer nediumis fed so as to forma cross current flow
with respectlto Bhelater tiving cedediitdic geactear Phanschar 1385 idattdakic
reactor according to Claim 20 1 or 2, wherein a plurality of corrugated
heat transfep Pphagéstyr efappinge@ti heatr &grasipat Pdatestyheastharfiqmmed
material gas is fed fromthe inner side to the outer side of the catalyst

| ayer, and thé hwat sheghsf ef pedrigrited péatiest § oihed Itowegads &féeof t he
corrugated heat 25 transfer plates so as to forma cross current flow with
respect to t BBAs€aFhi R§Vihderi BLUgad 1ty ofhdegltataappierc ardipm ¢ osact or
according to any 39 one of Clains 1 to_4, wherein the heat transfer nedi um
f1 ow passageB28FaPRE  cBF PUGETBBIREAE O tRAST Brogrsites &¢ fager 83¢dF to extend

vertically so that the heat transfer nedium supplied fromthe downward
1 ows upmardaaﬁdrgpesse surface parts of the corrugated plates of

adjacent heat transfer plates are opposed to each other
to form a catalyst layer.

10 2. The plate type catalytic reactor according to Claim
1, wherein a circular or elliptic arc shape formed in the
corrugated palates is changed to increase the thickness
of the catalyst layer from the inlet toward the outlet
for a starting material gas fed to the catalyst layer.

15 3. The plate type catalytic reactor according to Claim
1 or 2, wherein the heat transfer medium is fed so as to
form a cross current flow with respect to the starting
material gas.

4. The plate type catalytic reactor according to Claim

20 1 or 2, wherein a plurality of corrugated heat transfer
plates are arranged in a radial pattern, the starting
material gas is fed from the inner side to the outer side
of the catalyst layer, and the heat transfer medium is
fed into the flow passages of the corrugated heat

25 transfer plates so as to form a cross current flow with
respect to the starting material gas.

5. The plate type catalytic reactor according to any



5 least a portion of the heat transfer nediumis boiled in the heat
transfer nmedium fl ow passages. 6. The plate type catal ytic reactor according
“to any one of Clains 1 to 5, wherein propylene or isobutylene is oxidized
by using a nol ecul ar oxygen-contai ning gas to 10 produce (neth)acrolein and
(meth)acrylic acid, or (neth)acrylic acid is produced from (nmeth)acrolein
by using a nol ecul ar oxygen-contai ni ng gas.
39
one of Claims 1 to 4, wherein the heat transfer medium
flow passages of the corrugated heat transfer plates are
arranged to extend vertically so that the heat transfer
medium supplied from the downward flows upward and at
5 least a portion of the heat transfer medium is boiled in
the heat transfer medium flow passages.
6. The plate type catalytic reactor according to any
one of Claims 1 to 5, wherein propylene or isobutylene is
oxidized by using a molecular oxygen-containing gas to
10 produce (meth)acrolein and (meth)acrylic acid, or

(meth)acrylic acid is produced from (meth)acrolein by

using a molecular oxygen-containing gas.



