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GAS- PHASE CATALYTI C OXI DATI ON W TH THE REACTOR BACKGRCUNDlgFMgFEPIggﬁngCN
5 Field of the Invention: The present invention relates to a shell* -tube
heat exchanger type reactor filled with solid particles, and a

met hodf or pr oduci ng( et h) acrylicacid and/or(mnmeth)acrolein 10 with the
reactor. Description of Related Art: Exotherm c reactions such as an

oxi dati on rRERCTOM AILIAD WAHSSOLAD BARIECLE aNIeGherPuAdSRi thTshetrteand- t ube

reactors filled with catal i p icle Here, a 15 heat nedi um
exi sts anong the reaction %ggﬁﬁ%g’??ﬂh{lﬁﬁghﬁ#f%i%o% reactor is used in the
field of chemcal industry for exanple nethods for producing phthalic an
hydri de from o-xyl ene, acrolein and/or acrylic acid from propyl ene or
propane, and nethacrol ei n BRSO RE PAc THE dNYENGIPNom 20 i sobutyl ene. Any
eval uat ikon of conditions of the shell-and tube reactor filled with catalyst
particles, the selectivity and conversion of the prescribed products is

af fected r kil e thwandimsrature along with the reaction tubes. This

25 tenperature i n Lih. Xi,S 1S ne red wi.th thernopeters.
The ther nomet er pilglsis)‘:I ﬁ%gr% gdg?%%g%égeﬁeglaactﬁsoﬁot%%’Zlgilg_taﬁg"gﬁég f&?a i Xi ng
t he t her nonet&tandese|fyst e qrtercriilidddpaiint, sohithpaptbeleandndaa

50" eact | o IR BEPFAGHCERE (RS & 56 S0 [ PRTD) FREOBF OB ect ve
t ube inot heyoasecid reaswyt Ng the tenperature profile while noving the
thernoneter along wth the axis. - 1 18 March 2004

Description of Related Art:

Exothermic reactions such as an oxidation reaction in
an industrial scale are performed with shell-and-tube
reactors filled with catalyst and inert particles. Here, a

15 heat medium exists among the reaction tubes in the shell.
Such a reactor is used in the field of chemical industry for
example methods for producing phthalic an hydride from
o-xylene, acrolein and/or acrylic acid from propylene or
propane, and methacrolein and/or methacrylic acid from

20 isobutylene.

Any evaluation of conditions of the shell-and tube
reactor filled with catalyst particles, the selectivity and
conversion of the prescribed products is affected remarkably
by the temperature along with the reaction tubes. This

25 temperature profile along with the axis is measured with
thermometers. The thermometer is inserted into the reaction
tube in the case of fixing the thermometer itself at a
prescribed point, on the other hand, a protective tube for
the thermometer is usually in advance inserted into the

30 reaction tube and then the thermometer is inserted into the
protective tube in the case of measuring the temperature

profile while moving the thermometer along with the axis.



However, such a thernoneter has a drawback that the thernoneter occupies a
certain volune in the reaction tube, hence a pressure proiélﬁ, ]ﬁéﬁ%d’ﬁth
the axis is generally affected, and accordi ngly behavi or the pressure
drop of 5 the reaction tube in which the thernoneter is placed is allowed
to change. In the neantine, it is inportant for tenperature nmeasurenent to
be conducted at a representative reaction tube or nore. The reaction

process in the meaetken kubd W tthehitRmEReER! &% iS5 degmdad {wabecgsi ncide
with the reaction 10 process of the reaction tubes w thout thernoneters.

JP- A- 10- 30945 7I@ESERTHRSCUPRED I ELTES LPUY P L Re skt K he praBFérnakdbe
requi remen shel.l- u t ool W37s t St.t eaction
eneS R %%:Iege%:& ngﬁ?% gi%ftz&cwi'gﬁ Ngh@takeasts &‘Qn%fégﬁég o

tubes filed wth s part es an | east one reaction”tu
t her nonet er Hifieerteidn bodrad®ndinglat behef iphref gvl ik partsiscire deoghtfto free

cross sectional_ area, per_each reaction tube,  and. the_ pressure. drops
oot of by e Sy Bebe SRS ARERL ORI AN £ B ABLESRUA T SR
proporti on ticochBrgél ealrcLhesnsact inp, dreicimpidenitalforrespeetavety, in the
whol e reacti on tube. 2‘%9}]” accordance with the above reactor,, when the
I

reaction tfFESUEFRec eic'rP"éCﬁ'HFeéi Fa TRRTCTFREF BT D T6P O bIPS

particle wejghioded t heef Feactaeh @rdledtea nanthd he Hessire sk opieh the
supplying a gas to the filled | ayer are coincidental, respectively, the

t enper at ur &heamopetascuiat spguiEaduredbeveninGidn vheh rthetfenctie in
whi ch §he LhAIUIELEr the LASEELRH. (HBUBVEE cnSELCLALKbRLRCRS SOl I d

partic rent particle sizes are necessary so as to fill the
reacti on tubes WP-A-dfel3l08dSFgadesckébethannt bedepl td patfitlesuchl ded, for

controlling th ressure dr op. 0 Thou Seqy ntbi al_ch nges o{ ressure
rops. at | SQTIR 5 BTG T HAERET Tt oy er ST U S0 aPLabr e o 8t ai n
the conditizangeaktsold Gy teakesont hebsane dhlien aslibepar?ic148 March
2004 thernoneter is in the case of setting pressure neasuring devices into
t he reacti éd gpeeast one reaction tube has a thermometer whereln both

15 theratioof the solid particle weight to £free cross sectional
area, per each reaction tube, and the pressure drops measured
by means of inert a gas which is laterally introduced in
proportion to the free cross section are coincidental,
respectively, in the whole reaction tube.

20 In accordance with the above reactor, when the reaction
tubes are filled in such a way that the ratio of the solid
particle weight to the free sectional area and the pressure
drop at the supplyingagas tothe filled layer are coincidental,
respectively, the temperature canbe accurately measured even

25 in the reaction tube in which the thermometer is inserted.

However, several kinds of solid particleswithdifferent
particle sizes are necessary so as to £fill the reaction tubes
with smaller particles than the solid particles filled, for
controlling the pressure drop.

30 Though sequential changes of pressure drops at solid
particle layers in operations is very valuable for obtain

the conditions of solid particles, the same problem as the



SUMVARY OF THE | NVENTI ON 5 An object of the present invention to provide a
shel | -and-tube reactor with reaction tubes equi pped W th o wiAdOUto

t hernonet er and/or a pressure neasuring device (hereinafter it is sinply
referred to as "neasuring neans") , which are capable of accurately
grasping the tenperature and 10 pressure of the solid particle |ayer for
the whol e reaction tube by neans of neasuring the tenperature and pressure
of the sol tHepapretrs Layép thet FéSeeddt S tifise Anessinsh mgss MBasur i ng

nmeans i s eﬁgbgggg,%ﬁ?%egggﬁ%ggggggﬁe ﬁgggging (meth)acrylic acid and/or

(meth)acrolern wt and-tube reactor. In view of the
above problens, we have diligently investigated shell-and-tube reactors

wherein a nmeasuring neans i iLoped_i one reaction tube, and a
met hod for producing (nethf%%ﬁ@ghéBéch%aﬁgpgﬁ%?hgth)acrolein with 20 the
above shel | - andahubshi@act 6f. Ase apiesent, Wevdaveod owd phatigenperature

or pressure_ neasurenent can be performed in at | east one reaction tube as
t he represEREatr#BArEHPENE gt e ViLeRcF PRt A& URPHPERAPPRE wibRtti al | y

the same sghidopar b ¢hesmbREtELAGHEYBr! WSS MOl R, MRASW NY
means, 25 changing the filling tine for the reaction tubes with or w thout

the measuri(hgredansten sudh simply rieferrid to ldsetimeangt inofmedns Sol i d
art 1 C1 e | hpeRE 2aakien I be dcs, 0000 dPILAl o ARd £ORLLOLLLDD L1

pressure drop of e la e gas ineach
reactiion tpbesksarbeosuist golial byr8ctei Inyaefioal thdheh@l @serdcdivntent i on

has been achjieved. The prgesent invention relates to a shell-and-tube
reactor hatPRE Y iRSSHT Iy SRS TBGUF BRoiCTRO LR CRERIRORF S55H2S O Mar ch

2004 reactirae tubed barwhdTh sdipst anf ikall YebbBeisameussl idl ardi alies are
filled in the reaction tubes with or w thout the neasuring neans, the solid

particle | BpEFUrdAgt RSPASedeh ITHRAH (e andephesdsdos aresivdinde sol id
L R I LA
15 shell-and-tube reactor.

In view of the above problems, we have diligently
investigated shell-and-tube reactors wherein a measuring
means is equipped in at least one reaction tube, and a method
for producing (meth)acrylic acid and/or (meth)acrolein with

20 the above shell-and-tube reactor. As aresult, we have found
that temperature or pressure measurement can be performed
in at least one reaction tube as the representative for the
whole reaction tube by preparing substantially the same solid
particles for reaction tubes with or without measuring means,

25 changingthefillingtime forthereactiontubeswithorwithout
the measuring means in such a way that the filled length of
the solid particle in each reaction tube is coincidental,
and controlling the pressure drop of the solid particle layer
in supplying the gas in each reaction tube to be substantially

30 coincidental. The present invention has been achieved.

The present invention relates to a shell-and-tube

reactor having a measuring means equipped in at least one



produci ng (nmeth)acrylic acid and/or (meth)acrolein with the above
shel | -and-tube reactor. In accordance with the present regpggﬂnﬂ1t2d@%n
nmeasure 10 the tenperature and pressure drop of the solid particle layer
accurately. In accordance with the present reactor, it does not need
smaller solid particles for controlling the pressure drop so as to cut the
filling time. 15 In accordance with the present nethod, high conversion and
sel ecti vi t yehattihe tothegcin veipheubstantdalie Eid aamedolTheabiovesleand ot her

objects, featu vanta es of the present Y n wll beconme clear
T e | B A o TR 80E o b B 7 PR LTSt HER te syt o
DESCRI PTI ONe@h s PRAVE NGS i EhgapecOTRANYIHI] 1 8havhNin icReer pesat ednidumnd
formng a part of the s £e0|f|cat|on i.llustrates several aspects of the

present i nP8At PEASSHAE YoRiHertif ERIEHePAEEEFLEL + BV etV SUBP kWK pl ai n
the prinCigl §3s0h.LNEuboxanth iy Bobheideauh 105, Ebgecdiys) 4. summari zed

partial” cross section of the shell-and-tube reactor t he present

i nvention havin@urheereath¢(Hrqaﬂn§316qanpped et atewviabrenothéd xdag

t hernoneters, res er thr h 1

Flg 2 1 RESAHRARE, b ala e TR SELA PN SRR SR | eact o
of the preseatel e‘hentu-endhaubegrehetoeact| on tubes equi pped with novable

and fixed thernpneters .18 rch 2004 respectivel |nserted t hr ough
The bot tom of A Feaet @R o the Brastih ARr H gibe PR TH e

SW Ng- P evenl E‘&n%@:.aé‘@naé SnaditeRad-amtBptdre thBesdmiebarsickbQayx i s a
front view, Fig Dis a side view, wherein a wire is used as the 5

smﬁng-prev@@@ﬂﬁ@tﬁéﬁns respectlvely Fig. 3Bis a front view, Fig. 3Eis a
side view whergin & 5ld gt RRQhLISe g!rggg PRLSLdal, b E@rﬁéékenb@r}?ée&“ anet er

of the reaction or protective tube I use respectively; and Fig. 3Cis a
front V|ewsnﬁd@er3EoﬁsdaperdecWeemﬁomhewetnOhlsmgghmesﬂmﬂssur&ndnﬁppIate

material 10 than, the inn I, ter _of the reaction or protective tube is
used, respé@i@@eﬁ? gﬁdtglg% iﬁﬁgg t&fvari zed figure wherein

SWi ng- ps event i NEnMREOSr @4 ke € Gl ipeHevhids e maresslr Biphat@otdmei diubes;
Fig. 41s afront viewwhere in awre.is usegpes the swin prev ting 15

means, and e SELEFEEYIVE F%b%h%;QQX?QE%¥%aP§P C&Rapan %ﬁ DB i s a

front view wher ey apW/E€ahd HSREraSHibeL S Az Dk LYE N hd GadRA S G\?@sﬂd t he
protective tube's tip has a notch shape. 20 DETAI LED DESCRI PTI OF THE

PREFERRED ENBCIDE MENFS N0 ven pi et sidddesrrrichent Bfon kBeprakkaifitgivention
wll be ex%efasl&ng& %I n%fat%geé%gggegdagnﬁagglg%g%gr_| ng nmeans. Thi s manner
n

is al so per a préssure measuring device or pressure gage. The
presenginvention is not restricted

BRIEF DESCRIPTION OF DRAWINGS

The accompanying drawing incorporated in and forming
a part of the specification, illustrates several aspects of
the present invention, and togetherwith thedescriptionserve
25 toexplain the principles of the invention. 1Inthe drawings:
Fig. 1 is a summarized partial cross section of the
shell-and-tube reactor of the present invention having the
reaction tubes equipped with movable or fixed thermometers,

respectively, inserted through the top of the reacter;
30 Fig. 2 is a summarized partial cross section of the
shell-and-tube reactor of the present invention having the

reaction tubes equipped with movable and fixed thermometers,



25 to the thernoneter. The shell-and-tube reactor of the present invention
is characterized in that a thernoneter is provided in at Jegast,. Qhe Jgaction
tube, substantially the sane solid particles are f il Iedlln the reaction
tubes with or without the thernmometer, 30 the length of solid particle

| ayers in each reaction tube and the pressure drop of solid particle |ayers
supplying a gas such as air are substantially coincidental, respectively. -
5 18 Marehp2004v@he, r basérbadptincassh i the Heotreae to D Heube adtidr t he

t her ronet er can_be ual to the reaction praocess.in the reactiaon tube
without the theFRanet &7, @B ERET 1550 T (GHEEr R TT oL Y W RIS - or

catal yst paehhsl £ré ayRipsl henrens esenhaheverd ;reag) i3 ikube g4 pped
with the thermoneter or nore. In this nethod, no smaller particles are

m xed, andViRHs The- iR 145§ FLAE BheWbe'tBRided YAEPt hBrWDPe, 2R eact i on
tubes can Bg;agual-o(eget ARG ke fe"@&ecﬂ;@mﬂgpﬁsriesa&tfkeptw%%ﬁ,- .

Sui tabl e shell “and-tube reactors may 1 ncludé 10 Conventional reactors in

t hat sol i dFpartikcies sidd vasweabanmsin @S ligdttshorigmplate nedradidles can be
filled intoLhe feaction duhes oDWe LAL SXANPLE, i Hel e & oingleageact or,
and tandem™T'n F € TeaCtor, raw nateri al ~gases are passe 1ilhroug each
reaction tubeufed) etbadddt Sodlid; pavdt Fabes3C s tthérohhevidandrild. & F
heat - medi um (shell side fluid). is El,o d throurﬂh t he gi\g anong the reaction
tubes so a$StdSrERAE e PSFFOM BF %E%EI%}‘OF&@[ ErPeacPr8h® 1%n the
presentp shehbknapHet e F edtdidced RE shel LeABY i8R &4 MR 4k adsibe sheet
into pluralities, for exanple_ 20 two, of chanbers. In each chanber, a heat
medi um mayiBeFRdepEREBAREEYVELY¢uRBEed. In the top and bottom chanbers, a

first reaction ksqbefhaf Hetlfls Aifeq 30IEMAOLL AL | shahonLdRard | 0N | S

perfornmed in th t her. IS case, i'n the reaction tu I11ed the
first catahlpstspareishspms wdthespemdiargpure pheteértsvereats piFiand t he
second cat gl yst parg‘gﬂ es ﬁorrespo‘piji ng to the $ cosnd react ivorh.t.The pr esent
reactor is advantagectsT HEPRSEPENL HadP UREE T of SIFMEEAt I of type,
t enperkg ur feadBd Bhawhater@escaivhamier scaipbiasi & csld At eshamnd drdus
different kinds of reaction-per a 30 chanper -can be controll ed. -Ethﬁ?

i nstal | ati 6A9marfiferiof 2r &0 o 181be€ 262 thed s Hef - arid- £9B8 PEadtt is not
restrictedgyRul-aRRLAREEALEh%ans® and 18ndBS e LO04 Satigidv ed fepandi ng
upon the nunber, "arrangemént, |ength, dianeter of reaction tubes, the

desi gn of BnhetcHr sbaPPet area between reaction nediums ( it may be
referred to as "tube side fluid" . ) and heat nediunms ( it nay be referred
to as "shell 5 side fluid".), volume of the heat mediumto be circul ated,
and tH0f | ow DETRCLEDNDBSCROPTHeHt OFeTHE P KEF ERREIX BB @D PEENIS el or
counter flow aggzi nst the flow direction of c’;ﬁ%e reaction ,mediu The inside

di ameter of realPon®t BPEECHFER BRI Ner Horndte P G E a4 nay be

referred t @ias bereaplhiiRgdnealid an-Ha@metdr AB\LHREme8buhOhg dissane as
the inside diameter of reaction tubes without thernoneters (hereinafter it
may be ref @PEEdATHISASIS ASROPEASPIIGE US4 BREEABEC MPasPLing q5ef S red to
be the sang.l Brubew-afolhal Ui couRRkl 9agknd2oheRstal: Edidied eact | on
tubes can be Uused, 1t prévents the 1 nside dianeter of neasuring reaction

t ubes 3¥ omtbetdr nhermpygetert. prevents the reactor from becomi ng | arge, and

it prevents an [hcrease. in costs. The . nunber .of the react] t S 1S
generally in thg fog‘t?%ﬁ]g"ea ‘g_g?%%(f%agt?ﬁ, Bg 1r1pei ggg’fan%hleﬁ}r%@?:a%?gi anet er
t her eof geg@kalakyerizbleihaftget of thbrhom&Oefmis andviiked éngéh Hdwrteof

generally in the range of 2,000 to 10,000 mMmmin an i%&;iscirial scale. A
measuring PBEcEPERtLHBetPReat SHREERN bRl L OME tFRIR 14 LG 4FS her eof

preferably g ﬂelerfmehﬁ%%c@iomu%%»s o PO IRabu PRk AR InGrldt dihle T ange
of 0.1 to 1% Dbased on the )
30 the length of solid particle layers in each reaction tube
and the pressure drop of solid particle layers supplying a

gas such as air are substantially coincidental, respectively.



total nunber in the reactor. Measuring reaction tubes are preferably
uniformy arranged in the shell so as to accurately gras PRI At ure
profile of the whole reaction tube. Substantially the sa%e8t B%P%Cgl parofdl cl es
are filled into 30 the neasuring and non-neasuring reaction tubes. This is
because the |l ength and pressure drop of the solid particle layer in
supplying the gas are set to be substantially the 7 18 March 2004

sane, respegbiieldhi WpFoaRgh N tipe-bibLi pg cSRgad: Of &Qéﬂb&qn&ﬁé@epf .
particles into the neasuring or non-neasuring reaction tubes. To Use

subst anti aFky bheegadt tol thepueedties precasy yimdventsgmouson ntubew of
omtting tjp d ui t 5.fqr producin everal types and ki.nds of
solid partwgﬁggﬂ ort%%orﬁ%g%qmr%eﬁi’esssouréejh%tr %ﬁ%m eWP?F%SUFﬁesceanpé??i cles
uni f or M y. méheuretnfds whstantsicapby i bke Samss whi €he irepisetk st the solid
particles, in the present invention means solid 10 particles_bel onging to

t he sa_nEb. qu&RFty 8t FAAES H‘élﬁha]f“?jt@eﬁ”&ﬁ’&&te&, OF Fior&canpRe-ppear ance,
conposi ti opetRBAL i kd emSder bAHEISDESIddLnikaN] tand Buhls sRecEfici gravity,
and strength after falling are cited. In the case of mxing plurality of
solid partFémessan he Fedpeed: v&urthanmene, ablous:dfasen tewpesneasete point in
veight. | nekRe1PLesenh: havent! ofsiblealLhdilg spbstantigh! yupbe same solid
particles rnto the neasuri ng and non-neasuring reaction tubeS may be that
for exanpl e, asSsétabbdeth beeédblatdietulact imradudres i s niwi deichdIntde t hr ee

bl ocks,. A, B and C 20 in axial.direction, and .then three types of

subst SH | aPPY ERE 0aRe “SBC T =3 FRF e S oA eE b LR 20T R Prc ol Each

bl ock. Morertitasn-d vwp inepesveppatttebosSicae 1y rshapea.irdo sBkixb M idcl es may
be used unless it regulate pressure drop. Suitable solid particles usually
i nclude cataP§se 25 gam%@f&%wgl@fi?c%ﬁwé@-nﬁﬁta@ﬁaoa:_saag &#M9eBs i nert
particles mgdenef rde@dr MLAF kdlSr Wi gRsH HPL S£88dq WiAbddie AW
materials and products. Here, the catal'yst particle generally include

non- deposi redctype whalfydiledovithatsslyist pawheeten, Prcahe ethes foovkred with
catal y:st ¢ n . and erably .two. | rtid cl and a
combi 15t i of Do Frest R e P S R S DO B SR S D

conbi nat i oamoegnsha re@tiinat tobesfs@ras 0o Mmarevothadtefroardr supply 18
March 2004 gafghi cles _and one or nore of the catalyst particles. The

conbi nat i ofi°of*§oF FACPAPTi EFRESdepends upon reaction. The reaction in the

shel | - and-tube rgagherptssapt £8S1Tigh@GubIt-dNsldides Hdesreony enty onal
reactions of exothermal and 5 endothermal reactions. Concretely, an

oxi dati on P8agiVsfed & Hdhyaltodenshesh, 1atayrikrogehbtion, &r Gaarrlse

dehydrgenal,,on g %ﬁ;‘éﬁbégsﬁh?noéhéﬁt EQAnbEACT iaoﬂeia R%Eifiiu%'rféé) bfited

such as phthalic anhydride from o-xylene, acrolein from propyléene, acrylic

aci d from pnéppkadenthy/cifcelated ol dimithantopethddratian adianfamsm
oxidation reaction,is_a heterogeneous. cat aleyst eacti on,

net hacr ol e.n.; _Thi
which is p%%lcﬁ%e%e?%t%%%lﬁrp&re PEEeSH R EPAr PO TRRIT AT e B AHE Lt i d

particle. Thackeaatisnpperbomnggdihnthbeoshert!] - and-tnike geact am afhd he
present invention is thus 15 suitabl e for gas-phase catal ytic oxidation

reacti on. SAAFESOBf HIEScaR LR yStlpart ithest are: n6etrEEFi Raddicles

25 corresponding to the first reaction and the second catalyst
particles corresponding to the second reaction. The present
reactor is advantageous in that the heat medium of different
kinds of type, temperature, and flow rate per a chamber can
be circulated, and thus different kinds of reaction™per a

30 chamber can be controlled.

The installation manner of reaction tubes to the

shell-and-tube reactor is not restricted, but appropriately



but include for exanple sphere, colum, cylindrical, Raschig ring and ring,
and preferably cylindrical or Raschig ring in view of increag{ng the,

catal yst activity area per unit 20 volune thereof. The size of catalyst
particles is not directly defined since it depends upon the retention tine
of reaction gases, pressure drop, the inside dianeters of non-neasuring and
measuring reaction tubes, the structure and shape of catal yst 25 particles,
but for exaspdemited egantePhpbnt 8hethunibep) efrefatyandnt t hengange of 2 to
15 mm and nost preferably in the range of 3 to 10 nm_If the size is |ess
than 1 nmdenerrect i NRAFERT i 01PaSc rdds €8s iU T HELFEtePd G12tdBitect i ve

products i a§r%thett%e%%cféééx?io:@%dtiﬂ%sp(%@%déryebgrx%é’ﬂ@ﬂéd ERC{La3¢pe30
Adversely, 1f the size is nore than 20 nmm the yield of objective products
is apt to slibdeddwdddi.ncand heatowddemsef ¥t pegirgreferhedda as yshepgarticl es
and reaction.gases; drops. he, - 04 .sl f scatal yst
parti cl%es %%%sisfla%et )g’r ﬁoﬁn}%e Otgaggeo}?e?%rr&g?(%{r%% g%hérlzcgga%ggl'um,

out er di angherthierf lidke dasetdfonranghe apd taadsam pfot bpampjlepaaeildeand m nor
axis in the case of ellipses .5 As the_nolding nethod of .the catalyst
particle, P¥ TR agplﬁ"gﬁﬁa&tnél“yt |E£§Wd¥eb’g%%ﬁh%n Lﬁ%ﬁhtenﬁe% Eture or
shape of tlh@dggﬁgl.yst particles, but for exanple cited deposition,

extrusion and taplet nmaking. In addition, the deposition of refractory
i norgani c carriBr8 wihida e tEAt aPyst r28ChRPRr i BReFay I3 cithéd. As the

i nert rbartJ'cﬁésm%ewflr(therr%firn%%tt%&yié BAGS £dhr dBY DL Cldegd yRARY Cl es

inert Tor raw material gases and products. As the shape of inert particles,
it may be cétedibnrubs”eyarmy esphemeicotheraanylasidhe sas ldadiensderi ng,

pl ate type _shape., Al s 00ds . t he .k b i -as schig
ring,inter ?gclﬁg%%ﬁh‘?%?cb%qs é‘?&g% élf:c%gg]ﬁnmgﬁl%g%(? c‘%ﬁ%%?anfy% at[)lm(g%son.
Sui tabl e exanpkesroédtbe aseriofaficasioiyg stdstahae tye| nel ude HX
-alum na, alundum nullite, 20 carborundum stainless steel, silicon

carbi de, sPE&FFFESAel? thRnWRf &5 3 ordel &S % ot ev&ropér&?t%&nta of
ceramyes. fFhgcshbzeifb1tlendnesdcpasd 1GlRsSs idaWe dideRT! i gebhedssi nce it
depends upon the cooling efficiency of reaction gases including,

pol yneri zabhe ifstisle di amepen ofi RPp T Wi 8EaFE1) B aFehReM SFCORE Oner t
particles, I Nsj ' f, Of L [ the st ret yre of
shape of i%é??ebaﬁ%%}s, ufthﬁsfﬁgﬁﬁgg%n%ﬁ‘téu*?g‘%%%ﬁg? lfmtigo 20 mm

pr ef er abl ypravehesr angénofe&s¢oid6ecosts and nost preferably in the range of
3to12 mm If e size is less than 1. mm, solid material i mte 30
in the gas are B? PBH%?BS%%tﬁ%et%?%EO%n%&E%E Jpsregsesnt?rr%laryggqﬁ %gﬁ:%eases.
Adver sgl ¥, rehgkher 3i,28 cexs eds (20piBtes, khe ins8dibd dndOd theateodf f i ci ency

| owers not to achieve cooling or heati ng@ Here, the sjze of |h(r%%rt particles
I

means di anBPBRIRALYHE! ERETRRIT G LR PE BPhe! SR8 tR L FISHESE di anet er

in the Cas@eﬁferéh@%ir@@ﬂeaﬁﬁﬁ?@ o2f 21660 "R 25, BYbSuRAY & NS alln the 5
case of ellipses. By the ternfsubstantially fhe same" regardi n%ﬁt he I ength

of solid partilele A apessrpog readt yaatrberts afeled st PEENRMORY HDE™,10%-, and
preferably, within % e n l.en spl | Lii cl e
o1 P8 ey RERELe R L PR L8RP £Lndl5o9. B o

| ayers. 10 e’term ng pressure drop of
sol i d Fmrt aabembayefrsedarsalppliyy Afget hengasot rit.d thelkedsdsad drubde i s meant

within 10% and preferably within 4 0 , based on the, negn pressure drop
of solid paPtRdl BURESErtP the HaactOLse Br2SRHLIBATSFFY 9% %L} pifGrality of

solid preferably uniformly arranged in the shell so as to accurately
grasp the temperature profile of the whole reaction tube.
Substantially the same solid particles are filled into

30 the measuring and non-measuring reaction tubes. This is
because the length and pressure drop of the solid particle

layer in supplying the gas are set to be substantially the



15 particles into the reaction tubes in |layers, the I ength and pressure
drop are set to be substantially the sanme, respectively, r, COnNr ndi ng
filled layers. Solid particles are filled into the reacti%ﬁbyhcgg%ggﬁ
follows (Steps 1 to 7): 20 Step 1: Solid particles are divided per each
reaction tube based on volune. The divided solid particles are filled into
the respective non-neasuring reaction tube in the range of 15 to 100 sec.
per one |iéMeof refeedtivedy, SO Fapatny dhesfiThéngidpean oirst Uslbhd y

per f or med S : AR i t _t.o be_dispersed on the
filling spgéggggg %ﬁ%ﬁ§;%§%%f§%8f§§§§“gyigﬁg%yrfﬁg PENGT A AR the*Pressur e
drop of filrkedtliayensoay e Measme wubstStrep &3 Ly The suakus 10fd pde:iengs h shoul d
be within _10% 30 preferabl 4% ,, based on the nean val ue thereof . If at
least one BF TR VA PHSEFoH VERY SbGTE “FARGE: T3 250 THEPTEIEd sol i d

particl®s ape proOdeang Sevpdiheypeacindnrihubess Nd g phttic148 ch 2004
re-filling is performed if necessary by changing the filling speed. The

length is AER$EPEE1NT hPACRERSRA! 1HP t R@d | RéxiBgepthesFheramtieled t he
pressure | gss sghoukd be wthin 100, preferably 4g, based on the nean
value thereof. 5 If at |east one of the values is beyond the above range,
all of the fill &tesslerth farbistkatiatbywihadsamm” f reomitchelis eamdd ofoit ubes,

and re-filling.is.pectf i.f nec ary by changing.the filling speed. The
pressure dkck)l% fgﬁ%ga Srgqe:g%g‘teséngﬁnfgé %re%%?if et” ?}vgl%?ég%?ﬁsé ring
devi celwhi bersupileg bglant@ngr escthbedameogntl 0fygasesdauah ass aiHe Step 5:

A thernoneter _i.,s set at . a CE)re%cri bed poj nt per each neasuring. reaction
tube. The FPEIF¥beHtPRIMT reds t?‘?&a"&)]ient agPeRRPERSY hEgRTTHE R part of

ther nonet epariScielsife | hevkeasdd O d dbavi Byt i10asgeeh racidd gy,
t hermoneter, and 15 theq}ﬁ)rgalnts at which the tip of a protective tube for
t her nonet ep8deXt58391h alfer faddina audEiard -at INHilvh celse détmistiran part of

ther nomet epg g 13€t b LS o 1O Ubge| %{bﬁ‘c ase; of vabl

t her nonet e?. uSt ep g: Tﬁe gi wﬁédi sorlﬁslt’d pgrﬂtél esﬁglfeglgivf%e}{}q%rov{oy% 20 into
measurihg pesaed on tchisesepepoceathineweigbh.tube to roughly the sane point,
preferably to t int,.of the ne val.ue of filled, lLayers for the
non- neasuri ng rgglcﬁ?%%rf%% é]r;: TG ’pgﬂﬁtﬁ ﬁu{’ﬁ%aﬂﬁéﬁﬁ&% within
10% , preferabl gollhd peanivakbseintdhie mM4duridd ddd easeaddieidd | 1ing
per 25 liter of .the solid %?rticles is perforned for a geriod of time 1.0

to 50 ti meSSafFePsr PGS May 8 kBt hek eXeepd@ aPPy S2tt 6081 th5¥%%!, conpar ed

to the filkhBorthfeigh $Se NONWTRASHAT NG:6 AGIdOBIHHES. aAThE Sk id
particles may be manually filled usually or bya filling machine, which

speeds?taniBea&kargdabPetig0, t ADdghheRVidizge KiyRES off thdrstmmatiaidyar e
inserted iptQ ggﬁ eaqty {Hﬁf Step é: f % rLessure drop
shoul d be set . 12° ?BES)%%W %%84 Wit i%y}%oft?i%g%%eerlla %3:/}9 bj‘éfclf(b'ased on
t he nmean vHbue tWfaptessypesdrmps: iafl e sz monsieasyrohgolédatamandlgdzes. | f at
| east one Qf t%g val g&}s} %LS betylﬁnd thi |zzlbove ranlge,dall of the filled solid
particles aré it HiFSwWHPH-PSM the*F8AcRFppPressure drop.
Suitable solid particles usually include catalyst
25 particlesmadeofcatalystmaterialsaswell as inertparticles
made of inert materials, which do not react with the raw
materials and products. Here, +the catalyst particle
generally include non-deposited type catalysts or catalysts
wherein a carrier is covered with catalyst components, and
30 preferably two more catalyst particles and a combination of
the inert particle and catalyst particle. Here, the

combination means a combination of one or more of the inert



5 tubes, and re-filling is perfornmed if necessary by changing the filling
speed. The thernoneter to be used in the neasuring reactilqiﬂl\)f' Jogp 4ot
restricted, but includes the conventional thernoneters such as thernocoupl e
and resistance thernonmeters. 10 Now, setting nethods of two representative
thernoneters will be explained with referring to the drawings. A first type
is a novabl e thernmoneter, the detector of which can be freely novabl e al ong
with the agastebleBeahgashbobrtMbee (§86:kk0Satd1988 Barti814sSecond type is
a fixing thernmoneter, the detector of which is fixed at a certain point in
the reaction tdbhé quEngtgen af gaYid partitdesideperds upay e anian but
plur al i { i eg0f- AR EdPE§ iR 101 Selndle did Lerent Axl ahonoldls: .4 he
reaction tube so as to gain information of a tenperature pro?lﬁe l ong 20
with the rbactiionltudbe tikéscoPveneiinak means oue b Asexoqhaimcl iami t ube and
a cover. for_pr ction be set in the reaction tubes in any of two types
3 eF‘%O%Th‘%r&ag ¥%§%$Je%% FRECEREPTS e tBr O+ 4T F71 G648 shock by

of thernonet’érs SO as

means of fanctdenyeéfoddreat itet fomet er h28rbgehbeibaact i o0 t uhg gndidde solid
particles in tHe case of filling . of the solid particles, and routine or

speci al r eAGUYAGOSRBAHACRI RF S hELEBE: THENDUOHLAGtdREL eFeattimRr fchet er s
i ncl udi ng %a&ﬁ:&"c@@ﬁﬂl? dihey Eﬁcﬁ%ss?'ﬁjcﬂ)aﬁ:?c mﬁﬁ&y%%en%?ﬁ%_%a‘ﬂ%%e the 30

reaction, but for exanple not less than 10 mm “preferably no ess than 6
mm | f theagradedar fegperEepYbeRen dqrveicprasidli frde Wrodwdrentehens/essur e

drop ofsth i r | - : 4 {0 cqi,ncide with
that o 0 t hgrgg?%%gﬂf i%é%trﬂee%c 3% tlgbgégdﬁéggnﬁ'%%éa%#%fn% Bt o hJ’[Ehe
reaction toBésatdcusuabbyion tihear Argerobehbotic TR talysa aedoxiiomrove the

heat efficiency of the catal yst, |layer and heat nedium If the outer

di anet er 5w§flc¥‘h9§? rPDerFEftoé’“ée%ggB\AEh%@qea‘sred’&e P%ecﬁﬁﬁiﬁﬁl‘fv%aeﬁtltcﬁee§ &8ction
tube and thaenoeeled rggducesie t hereby theaconshtigsr-frdde fid | egesolid
particles changes. Fig. 1 is a partially sectional view of a shell-and-tube
reactor of SPR&IpPBEchEPENYEAELBE Ol (1S RITREIhatnVievabPR 16 &MASfi xi ng

t her noneet egai%gléesfo% Nyt e hLaCt E oMk 1 ok f3PELLd Vﬁé%ctm ch

thernoneters are led fromthe top of t'he reactor. Fig. I's a partially
sectional view &hapeshef| thedcaidbey seguimriafes ke gmede e sitmiereidon

illustrati t Y fi Xxi hermoneters, are _set.in_the.reaction
15 t ubes, frggis:pec lll{\% ??L%rfag‘%lteeé %?%%U%gg%énpé ?%ﬁl?gﬁﬁ?%é%@&c o of the
reactor. |mitheandseing, neasd urdeietayiperatiurer iataluppeRaplchdes rdhgt he
intermedi ate tube sheet 115,,a protective tube 111 is introduced fromthe
top of t hetFPedeElr © OJ_;Lnf(‘I":? _1ri§_the catalyst activity area per unit

20 wvolume thereof.

The size of catalyst particles is not directly defined
since it depends upon the retention time of reaction gases,
pressure drop, the inside diameters of non-measuring and
measuring reaction tubes, the structure and shape of catalyst

25 particles, but forexample intherangeof 1 to20mm, preferably
in the range of 2 to 15 mm, and most preferably in the range
of 3 to 10 mm. If the size is less than 1 mm, a consecutive
reaction increases, thus the yield of objective products is
apt to decrease, and the pressure drop will increase.

30 Adversely, ifthesizeismorethan20mm, theyieldof objective
products is apt to decrease since the contact efficiency of

the catalyst particles and reaction gases drops. Here, the



20 Adversely, in nmeasuring tenperatures at |ower places of the internedi ate
tube sheet 215, a protective tube 211 is introduced fromitdheg, hoit f the
reactor 201 (Fig. 2 ) . They insert preferably nearby the é|qnterrreglrﬁ(gtc:ae t ube
sheet 115, 215, respectively, not to adverse affect the filling by neans 25
of introduction of the protective tube. As shown in Figs. 1 and 2, such
protective tubes 111, 211 are passed through nozzles for measuring

t enper at ur es zeqof prackh Widthpartuppes mheld diead+h07; A 1% lauwer SQFAJ head
207 of a shell-gnd-tube reactor 101, 201; partition roonms 3 1 ,  205; and
i nserted i AFATPESCIRRSATS ABESOHOPIN 20Pt ¢ T dd@med athin diyeerade Rifngitabe sheet
103 or thezhewarméixi Hg gw@qnasﬂﬁet 203, Lesp ively. _.They. insert nearby the
internmediate - 14 18 March 2004 tubé S glg%lg\fl %15'1 ,gr%%%e%???/ecf . The
protectiveeldb®S§eEll, 211 may pass through the opposite shell head, or one
tips ofsthe protect r t.0pp at far. tybe sheets , closed, and
set at prescribe %%lélg%ilgplﬁzgs%g%p?ee‘?yé&?'Fﬁaé:ar}é’fé‘tbpérfzﬁﬁ Ronet &4y 121, 221

are i nsert be,afmromxiantm ly aoldad e pendiingsupdn ane £ ridwoughrnazales 109,
209 into e SLhréi r#g riacgci on t ubes 1%2, 202, preferably protective tubes 111,
211 to t he®Fnedt FEEPAYE Tt et SHERt s PiEst o3 pRampe £hepdviamcsis i, 221 are

uni ver sal | gxgpvabbe e OREbMetMdengl0 an shq g f 68t iy ] i on
tubes 102, 202. One or .nore W ring g:_naterials of the ﬁi?%%ét Jéélgrg)(r%teters are

gat hered ah8fFPKea™Yt {RerARREFe. CHUFigRs, withi tehitdilet omtiadlystthe wiring

materi@l s ARL-899h18NnaPdLaf£ifLgely and with a sealing structure may be
adopted to the nozzles so 15 as to prevent the air outside frominvading

into the partitfsntheobnefhi sachiche at snappldeit 4crdhe stibsainee,

t her nonet ek t:her.. wi_ng-.preventin ans is installed preferably in
t he novabl 5étrlgg tl?%nmtt%dz,paf‘%rlc&reésvéﬁﬁfggggﬁerﬁ‘ﬁrrf“%fo?ﬁja"l‘l ATy énd

defl ecti onpobdtibest hernoneter, in 20 particular the detector thereof,

agai nst the axis of the reaction tube or protective tube, or the warp
thereof. The th8fnbhdtehape esinedt RAMELPRS 1 | dnathyatbet Isd tegntfor of t he

vertical reaghio0 OhoROLEShine LUPEP; POt h, sLatianary, and.roving states

by nmeans of the swing-preventing 0 as t o exc rse

ef fects of shhpet erieratordsprmwfthlkeand tkéhendyobbzoitiad sdchess RaBcBfi 4t he
reaction tube. This ans rra%lfbe a{) lied_ to the protective tube, i.e., such
a neans i st et pPEFISOCS TRADE 1 e glséfiééﬁir\ﬁ“eelf%’ec. bakl{ Racswhegnpr event i ng
means, it gRY Be-kkbed ag§liiughur that [ Sk , daes not give
adverse effects tco %i I'l'i ng oltEl t%e%s)%%tp(}%%ar%c?g%, &gg %srlfg?f:aﬁgpryo reduce
the space ofbseante onmaybesntbede arge ~-aluimicancr eflenduithe aanyemrkional - 15

18 Mar coh 2004, one. Fig. 3 are views show ng sw ng-preventing neans attached
to t hé the?%?r%f‘é?‘%?mf:i @.tf"%%l‘%s aSFPRht GLéwceP &apPideasstratite, .

SW Ng- pr eveat+ RGN PRALS po'%'c%:la%.g,' frcﬂh,s' da \)’é:ﬁ%&% S%Q'.%sSoch{a ;*imE'c A 3Bis a
front view of a plate material slight fess than The inside dramster of the
reaction or profeetsize plbde Engrt3misialss des nbewlinfedtiey gedtiaednt eri al ;

3 a2 Sl o e S8 Rod) PP LR Al 37 802 1
including polymerizable materials in a high temperature by
25 nmeans of the inert particles, the inside diameter of reaction
tubes, and the structure of shape of inert particles, but
usually in the range of 1 to 20 mm, preferably in the range
of 2 to 16 mm, and most preferably in the range of 3 to 12
mm. Ifthesizeislessthanlmm, solidmaterialsand sublhimate
30  in the gas are apt to close the tubing, and the pressure drop

increases. Adversely, if +the size exceeds 20 mm,

- 10 -



10 3F is a side view of the cross plate material. As shown in Fig. 3, it is
cited the plate material 325 (Figs. 3B and 3E) and the crgo | at terial
327 (Figs. 3C and 3F), which are slight less than the ins%%g%ﬁicjhét&e@ of
the reaction or protective tube, as well as the wire, being 15 about the
sanme length as or less than the inside dianmeter of the reaction tube and
vertically attached to the_reaction tube at an appropriate intervals of the

axi al di r eSS FEIGIeSK &ﬁa’ef?é) no&n#CpPERARVEf CRedERE PFOjestings
attached t qidrhe, equesi Af od EhBg: MA@l Ofcbile &E%ﬁé@g?ti t&@ga%%rOUQh 4
20 pieces of wires or :Pl ate materials are preferably attachedto e

t her nonet el EPFi LHATEL agahesre ene epdwi nouhercdsanetentirachengasbe

SW ng- pr ev i nmeap:; ] | of the t.hernoneter.

Mbr eswi ng-?&é\%g%?i'ngﬂére%%%é a O\gnrgﬁsrgéié%xﬁge aarfcfér%ﬁ@d’ arir-8s37t FeS do not
di stur b5t hedsd ldingldfip2®st.he solid particles. The swi ng-preventing neans

may be a structure .of bein a Q t qon and take off fromthe
thermoneter if AdcEssEFyD %ﬁg’é:'%?é@%ilﬁqﬁﬁét%ﬁ?%f}‘edFF@éFFiéﬁgtéTe Iggth

t her monet elof ard iQv plavabkecanayedst Beraghsnt Fes80fon FiGbe 4 f%Qm%é

show ng sw gg;‘-;]?reventl ng nmeans attached 30 to the protective tube for a
pressure mEadiitmg dddi-cendmreteprhly withdnt Tvidéw based wir thasnese

SW ng- prev i a tagh e ctive tube, the tip thereof
being a sl ?{étdg%lé% Q%?B%bé'?ghgggt&%cggdlg?g?SAB is afront viewof awre
as t hel@wi ng- pr vehits rgrmespshs tanatdhedy thet dmngt obgatridiagtpthessdde tip

t her eof bei a_npo , +As. sho Ln. Fig..4, aslit 431 or notch 433 is
pr ef er abl ydgt% agge%g?:bd t%aersﬁlic\éweoflaﬁ?ggeﬁ?iwqmg B855 9P cH'® he
Swi ng- pr evewrticid omeanise 423 heaattactteth Theoshapel bsesetabestwieiad unl ess

the solid pjar%;c es hlock the protective tube, The attachi ngl met hod of the
hy PREERS™Y %ﬂ%a’EPEFééPFﬁéirt%%f Felidpesttdd lgsi a¥Rr sane

met hod as ghovehd Nckia. osA-se%emaquegfs%ﬁmsgihfgl%@yi 6 G e
attached in the simlar way as the thérnoneter. The presSure neasuring
devi ce> 12321235 18618k0 Hie pigactilpnotubpe i diaesrisve thebkersts rowh i n

Figs. 1 and.2..Q. XEag t%}eepr su t _i.d. iC | ayer. 15 The
met hod forg’prgg"uc’::i ng %ﬁgt h acr?I%?c g(gi ggeangﬁ(??’%e&r%gtlﬁ)%g%r o{:@l2 nasivas}“%erfor med
by nmeans ofrespecpiesént peactorrebpuondihe piksedtlpyedsicti on nethod is

expl ai ned by neans .af the.reactor erein.the shell is divided into two

t hrough a tube g’ 2&? Pgrgbﬂeﬁe?v@)r% ,mﬁﬁd%geh’é%?c%‘a?u?ﬂ S AP

circul at ed fohnewgh (shepehanber 7 ndependent | y. However, the present
inventjon is not _restricted to this_preferred enbodi nent. The shell in the
react of has twoSERBnber £ A 1shaaptdriraedr ¢ Kisidechnerneaisdiartearube sheet
as_shown | Bubk0Sasdd 8t Aude . ATRUIRAN g EEREHI AL LS, oL0GudIdg t he
measuring reaction tubes, are installed in the i'nterior o? a reaction
chamber whiigffohike Fespeciiae wewste st iy reachdonzomalin Theswamgeact i on
tubes are S eir [ S n,.upper. tube.sheet. (Fig. 1) and
at their Ifg\%eir§g(ﬁ:j soaét (Sjégi ngngggg&lt%%%eoéﬁggtd](‘%i .d 55’959 pfr%rﬁﬁ%%et hod

such as pi faeekipdnisipns arsdiadrl weef agnéd bhmantes ofhef shelhgafadhied eact or
is

SWi Nng- pr event

25 not to be dispersed on the filling speed per each reaction
tube.

Step2: The lengthandthepressuredropof filled layers

are measured.
Step 3: The value of the length should be within = 10%,
30 preferably = 4%, based onthemeanvalue thereof. If at least
one of the values is beyond the above range, all of the filled

solid particles are withdrawn from the reaction tubes, and

- 11 -



- 17 18 March 2004 horizontally partitioned wth an internedi ate tube
sheet positioned substantially in the m ddl e between the r_tu eet
and the | ower tube sheet to formtw chanbers A (the uppewg\lg%rec%&eqq?;

reactor ) and B ( the |lower side of the reactor ) . 5 Further, the reactor

is preferably provided in the central part thereof with a pathway for
advanci ng the:heat Yol ward frombel ow without installatiqn of the
reaction t% eggg\nﬂﬂgglddvgg}fvggﬁmgﬁsﬁﬁ Pﬁ&eEFFFX%F?IFF‘é{ﬁ&ﬁe&% 1tHd Neat

medi um evespeadt heTieeitemajtipdist me28uThe weekta anedsibes and e jidat er nedi at e

tube sheet are preferably nade of the same material such as steel or iron
in consi derati ont8P %'heThES&G B 0&xXhBreasaRe toFf FaSHILEP oYW ikddn ng and

cooling. I& qrwm@r%f/ér@mryy&i donUbalicson ML gamu! vhype BALELELS pl ates,

for exanple, are alternate di sposed so as to disperse the heat rnediumin
t he | ater alf it d@@snoapde ¥ edgceatnest wnpevaing éhdi abhovdutdrye i altthe

ur pose of 25 Teact L TRl oA RS R B e S 26358 H f xed
bed. In theupesdunid oe-dgfiladngl is mriftbrimed HE neasssony ofy twangtiap

gas- phase t al yti.c oxidation.of a propyl ene-containing, gas, for exanple,
oxi dat i on gg?glé‘s]t?ggﬁﬁg?%r I grll?sgﬁegﬁ}lg%l‘j(fcﬂ?c?ﬁd“e&ﬁu(ﬁeéi %ttﬁﬁ t-Réeteact i on
of gas-phase oxtUatimn :0braskawennbeshal ngase$00d AjHN Y sRLRAYGRE 225 can be

used as an upstream catal yst. A downstream catalyst is nof particularly
rest ritdt edPTBHET HEG | HEPURMe, OF FA¥S@&IMIE! xiadat4 on catal ystsgeneral |y used
for producing agtybiss: agi thdynd $5PEase, 0% JALLOp; igackien gas

mai nl y contai ni ng ﬂijhe_ acr ol einrll 0 t%ianéc’d on téh))é %%%%?gé%%%ot %25 E% hod f or

t wo- st ep 30aghsogisasdngaiedaitian bubdat iThe pred8ribed §oNatare 2H4hEhe

catal ysts k rm.the, upstream and _downst.r eam cat al yst .beds each do not
need to be aiﬁﬁi%ﬁﬁéﬁf@ar%t&é%&ﬁ%ﬁﬁ& © egg?’érporﬁ?ﬁ S of° E&talPst s

di ffering theac¢awiign mubebdnsefuential oy Packachprheuabmeabal, ysha, When
i such as an inert

necessary, 5 may be diluted with an jpert material su

carri 3% Thirg f‘i’)é/i’cltn%ﬁol?j% ¥ El\é\%wittbr? ot HRr ofatal PEPEECHAVEN §Rg Ber

speci fi cal tyepasestdbed heraisn helow Bafonent heveeaski R {HPes are packed
with a catalyst, a nmetallic net or support plate is set at the bottom of

the 10 reafetrontiobertorhibpsAoragerfelieatal yist theowepatirngtdban. Before
the catal y§f {8eS€isetdf a(erf?&&é'tﬂl’b tupes e necessary, are packed with a
e

refractory substance inert to t reaction and then packed with the
upst ream cat al yS$tep FrenThehadiv aied padkedpart hcl e amvidtidleanstatvalyyst. An
| et el AL OkY a1T, HETLANES oA e LY fe PELEA CeB TR L SLBISRE, POt Ve
the same point, preferably to the same point, of the mean
value of filled layers for the non-measuring reaction tubes
(at the point wherein the mean value within = 10%, preferably
the mean value within =+ 4%) . In this case, the filling per
25 liter of the solid particles is performed for a period of
time 1.0 to 50 times, preferably 1.5 to 40 times, especially
2to30times, comparedtothe fillingtime of the non-measuring
reaction tubes. The solid particles may be manually filled
usuallyorbyafillingmachine, whichspeedscanbechangeable,
30 though several kinds of thermometers are inserted into the

reaction tubes.

Step 7: The value of the pressure drop should be set

- 12 -



upstream and downstream catal ysts. On the | ower part of chanber B, may be
filled an inert refractory substance to forma first inertg psddiclmdayer,
filled an upstream catalyst on the first inert particle layer 20 to form an
upstream catal yst particle layer, filled an inert refractory substance from
t he upper part of the upstream catal yst through the internedi ate tube sheet
to the entyr par ti.gn r t,g forma second inert particle |ayer,
and t hen f“f’?ﬁeggnagdél&%étg%%r%nggg?gyy?t 4gép§§i§f"§do‘?nt R g regi on
of chanberpfessufeordrepdamhsfeeasncakabystngaréhet echayebes Wierr the
terrperaturi of chanbe I%_Ilis hi gher  than that of chanber A for exanple, the
raw mat eri af2ghsOPe Parthalvat diS RENRPD Fdeuphiaveamadaeal yéi, ofhen
cooled in the porieonofid harse LP&r &3 +sad 30
thereafter partially oxidi ?gd f&??%e?gﬁh%firéﬁ%%ﬁ%g%?ﬁ%?é%%fd%% 18

Mar ch 2004%RpR@r e%ﬁc{ Eepéidtiang is nafporad 64 pecehsadyvins theamicgt al yst to
give a desijygds Ifgﬁ%ts é@%} he regi on of chanber A, the portion of the
second inert refract rypsu stance corresponds to a cooling |ayer and the
portion of the Toanshessrmeatnal tystbd wwmd dspaids rMeasarieac tbe@ tliayer . This

i s because en pol yneri zabl e. gases produced by the oxidation . in the
downst rearﬁ%\%’%l vt I}%‘;@efeﬁéﬁgg?ga ﬁlugh % &t uFR=arenvES tiorede
downst r eam gatabysStet ayeeh ashthatin®l bl PRy LES 1 36hck eRds rbaetagduce. 10
The whol e | ayer_of the second inert refractory substance is preferably

packed Osubst ant ¥a¥ t PEFHPEIRYAAGT Of HEPLeREREEBE 2RI YR ERIFEILREEE8I ng t he
reaction gas) 8nde OfxSIAALNG i ¥ ¢ Yy alg thes %‘:ﬁu e on the

downstream catal yst Tayer in the ol'e reaction tube. Thi's can be achieved
by constantly 15 $3i144 fypehés soltioy abdet tbbesonateralihe ekdtdamn olfes. One

of the fu i f Lner fra r.y. subst e |l ayer .resides,
when t he B?a%%?%taglr%é (Q)? eéﬁg?r@grabg éh{ng er%%lﬁca}?;e Fhar < tﬁt&%ﬁ%&tlg? in
adj usting thieet eoperBigs e bDfandiezyeaction gas to a level in a range proper

for t oxi dation 20 reaction in the downstream catalyst |ayer by suddenly
cool i ﬂg the prdditds t%X'rpﬁi hg Yds TSN ERFRGORFBRT 1 Nt satssimcatal yst .

The secondyih el tid efibet atYa SHIStANC@diaxehini Shé e dEthl @ leSpege in a
| ength enough for the function to be satisfactorily manifested. 25 In this
i nventi on, Ft#®- se@Ad? | nerBhe dpEgEEOFYIEYIRSt QREGesPll Tdipdsidd ssnod | ength

suff i ¢i entalorc£onl kg 5@@&%6&&59&9@&1:famfglty;g@y@éfiheag@n gahakysh |aver to

a tenperature proper for the downstream cata I ayer I'n a manner
such that thles sat abyst ganntive comdtetorpafta bémphea80repstafidm edbabyst | ayer
and the catalystyin.the 10l et part - 20
Protective means such as a protective tube and a cover
for protection may be set in the reaction tubes in any of
two types of thermometers so as to prevent the thermometer
fromfriction and shock bymeans of function of the thermometer
25 in the reaction tube and the solid particles in the case of
fillingof thesolidparticles, androutineor special removing
and packing thereof.
The outer diameter of thermometers including a
protective tube is as small as possible not to affect the
30 reaction, but for example not less than 10 mm, preferably

not less than 6 mm. If the diameter exceeds 10 mm, it becomes

difficult for the pressure drop of the measuring reaction

- 13 -



18 March 2004 of the downstream catal yst | ayer are both incapable of
substantially receiving to the heat influence fromthe intgerpediat be
sheet. The shell may be divided into three chanbers if nefcgsbgﬁﬁ(i/r} Zte%&ef

i nternedi ate chanber used as the 5 inert particle layer, and a cooling

medi um ci rcul ated through the internedi ate chanber. The second inert
refractory bstance |l ayer is only required to have a length sufficient for

S |
cool i ng t héHRAEPIH TS St B ithg tt Pl the westreamue anglseact jayetubeom t he

second 10 iy b dsaldeaat Rk BUDSE ANGE JakelonnalEby 1hedeaat) on gag in the
inlet part to the downstream catalyst |layer, to a tenperature of "6t nore
than the i M&Ei9a enfperhathyr & bfmm s ksat-omedbunvpl tibe 1b€at wWashithenbeat

mediumi s i - ren I to the ra terial or, produced gas.
15 Anot her qffvuggtg ?égar#%f}c%]gggee%o%%é ih(r%\eé{rt t"F *%‘ctgfﬁ%ﬁéﬁ%gﬁcﬁlgﬁﬁ*é?,r t hr ough
whi ch tbhe refatheonogaseesagadvangd LapygekheHEpGhpasdwaat tihenrLayet opasses,

resides not_qnly_inh _preventing the substances contained . in the reaction
gas, i.e. ﬁ’f&%&%&@ﬁﬁﬁ%&ﬁﬁ nEﬁguEﬁBr i TRRF §9% hhenecagitieanriotkat al yst

and hi gh baiilling sdistaneas: sl ashdlfapht halic acid by-produced in the
production of acrylic acid, for exanpl'e, from causing pressure drop but
al so in preventifig t hésea AT il B GBSt Al viieone fliar sleel - amdetibg t he

downst 1 eam.calalotstyl AKE" AL AEOr A NG 418 SRLRLULIG 25, BE Py Ly, Lher eof

For the sole sake of this function, 1t icest Td ratio

of thel8ecamd i hexingethectomptsubstaaecesdtayen. the thiactieducta®asj s undul y

| arge, the excess .l l. be, at.a disadvantage in aggravating the pressure
Gy SHSRT 6751 The

vrop. This TAvention ey " Sat it Has VBT 5 L8O 9Pt Bee
refract ory rsthstcance @iga | evels i B thediangs okedPionfP. 3Bew 3% 5 18
March 2004 shell-and-tube reactor of the present invention illustrating
that movable and fixing thermometers are set in the reaction
15 tubes, respectively, which temperatures are led from the
bottom of the reactor.
In the case of measuring temperatures at upper places
of the intermediate tube sheet 115, a proteciive tube 111
is introduced from the top of the reactor 101 (Fig. 1).
20 Adversely, in measuring temperatures at lower places of the
intermediate tube sheet 215, a protective tube 211 is
introduced from the bottom of the reactor 201 (Fig. 2). They
insert preferably nearby the intermediate tube sheet 115,
215, respectively, not to adverse affect the £illing by means
25 of introduction of the protective tube.
As shown in Figs. 1 and 2, such protective tubes 111,
211l are passed through nozzles for measuring temperatures
equipped with an upper shell head 107 or a lower shell head
207 of a shell-and-tube reactor 101, 201; partition_rooms
30 105, 205; and inserted into reaction tubes 102, 202 fixed
to the upper fixing tube sheet 103 or the lower fixing tube

sheet 203, respectively. Theyinsertnearbythe intermediate

- 14 -



preferably 45 - 99% The term"void ratio" used herein is defined by the

formula: Void ratio (%9 _ {(X - Y)/X} x 100 5 wherein X df@%{‘a?fc”‘zﬁ%ovqol une
of the second inert refractory substance |ayer and Y the Tea }}u of the
second inert refractory substance |ayer (the term"real volune" nmeans, in
the case of a ring, for exanple, the actual volunme mnus 10 the central

enpty part)..Lf .the vpj iogis less than 40~, the shortage will enlarge
t he pressu%gbgrs(ﬂ)e.eecéoﬁ 'réﬁy,refs?ei: +8% gedsT%PERtFﬁElgﬁ5é‘g’§s\/&]|]Ir be at
di sadvant ages mayl pwesi BErblighf thstowsoditL£apianri ngedde 4 Hd td 5 and

degrading the function of 15 cooling the reaction gas by the second inert
particle | 2¢emARIAEPFELVRENPERETS FROPReR AT faat Fake shpesahstlaraal | ayer is

| nserted | aringeknke! ALk BelNgouREL T cATLEaLALysTyfor the purpose of
preheating the raw rrafperl al gas, 1t brings e 20 atlvantage of increasing

the yi €l d of desiFkd Toolua $herhmomeawrsai i ak2§asré oinsersatt ifor i S
lied = to_t {ar th i th t t d
supnl o0 Uastl vl g, LeoGP3S! 1 2Xpased el Lo e, catl st and

allowed to gi'v red product, e

react or thioughnddminipperepatiot habesfl024 et hpdeferaddyudaddigrd he
ried by alteri t he. sequence of

reacti on gas, wh n ssary, my be va n

filling th uEFﬁdﬁf%f sgit*a? ;}%’F N %E“?%l%iif’pﬁ}lyet%e%%éaﬁon? Yas (4 he
reactor dowRebhowetbRscinpen1fird haibestaned Hovshsshanagd, braygh a heat
medi um outl et port of an annular conduit whicCh is disposed 30 on the outer

periphdty 8KieheddREFFiana BEovPacEcaftion tubes 102, 1803arch 2004
plurality of oPenoHg r%miffﬁ%ﬂgt&%‘glé%% {ﬁ@%&ggnbﬁh%%%&%%sa heat
'NtOoO Cha

exchanger. The cool ed heat nmediumis then introduce er "A t hrough
an annul ar acengathexnkd @nd §idedpdsedeomot hibe outkerrtpem pheswitfh tiHel shel |

and provi dgg %E.Qhathe wiring materials are got on and off freely and
with a sealing structure may be adopted to the nozzles so
15 as toprevent the air outside from invading into the partition
room. This can be also applied to the movable thermometer,
Further, a swing-preventing means is installed
preferably in the movable reaction tube, for preventing the
horizontal swing or deflection of the thermometer, in

20 particular the detector thereof, against the axis of the
reaction tube or protective tube, or the warp thereof. The
thermometer is desired to be positioned at the center of the
vertical reaction or protective tube in both stationary and
moving states by means of the swing-preventing means so as

25 to exclude the adverse effects of the temperature profile

to the horizontal direction of the reaction tube.

This means may be applied to the protective tube, i.e.,

such a means is equipped outside of the protective tube.

As the swing-preventingmeans, it maybecitedastructure

30 that being simple, does not give adverse effects to filling
of the solid particles, and small not to reduce the space

of reaction tubes too large, but concretely the conventional

- 15 -



5 plurality of openings comunicating with the reactor via a heat nedi um
inlet wth a known punp such as a volute or axial-flowp M%J{Eﬁ%() 1
reactor, the heat nediumenters the shell fromthe substantially OQe
circunference of the peripheral part of the reactor, contacts a bundle of
reaction 10 tubes and neanwhil e recovers the heat generated when the
reaction is_exotherm c, advances toward the center of the reactor, and
ascends th8"fiole formed in the donut type baffle plate. The heat nedium

further advancesigubsdgntiabhysneningoniald b2l & fthesnt wre hafld e plate
to contact the 15 bundle of reaction tubes and neantline recovers the

reaction he@t FPadvRHEEICHEs U THe sibsitsant ifalane WhHele oferi ptieealaspart of
the react ofyo andi A$CERASa 1 hen QUL EL, Perd phersa) spart Qfy t h%ggv::%% the he

Thereafter,the heal nmedi um by repeating thi's process, adv

annul a5 cowdugt RfigspdBets enfrhetouitsar opex ppherym20epi al he F@actiess Though a
gap may int e be en,t he donut. type baffle plates and the reactor, it
i's commends {ugoct%oe 8 %’\in\:aﬁa R 8épt¥%tretaﬁ§lﬁ&rgﬁéér%tfecrié’di?d:ﬁ&etrhe

t enper at ureigli s3g iwitd eridef vike beathaesi awe inkddie {2AaGH:0f. 3l ighamber B,

t he heat diumcjrcul ates simlarly in 25 chanber A _Then, the nethod for
ci rcul ati ngEthe We Med U OSheH atcc dssgry alasilld@d tt Reskeshamethem t o be

ci reul at ed; 4 9; 48¢ ilRERIS o8I 1180 tLARLE Bn &bt R QL +HoLh, ghamher s zA and B.
From the vi ewpoint of protecting the punps, the heat nediumis pgef erred to

pass tie p¥MpsS of tekde tvirie pasterl atusshedatd0 mexehdrger s and has t hen
acquired a relativ erat.ure.. -.23 18 rch 2004 As e heat
mediumto be u?gé% s?lréqig\?{p%gggn ! iln"vgr?tlcéﬁ?dﬁhe }I\é&r?cﬂ?%«?rtlﬁ& égﬁventi onal
one dependifggen Iheplrisarnd he useds blatkomaexatplle3a7mpktign.salt

general ly ed iter, phenyl ether as an organi ¢ heat nedi ym of Dowt herm
51n the p?%datﬁ:q :}Iglr? ’o?’h&(‘fﬁy%ﬁ‘? ﬁgf‘ﬂh’bylef% t5%6n 18F 1Ko s fBEL§ES- phase
catal yti c oxictattodc©f o R PRV @NerLORLBE Ni0wERS ACEREAHNG t 8ot ALS

i nvention, an oxidation catalyst generally used for producing acrolein by
subj edti nERPHr d ST HRIE T 7§ PFwleEEethan §hs desadeodiemetesn of

gas- phase oxigal -oR-£28nRg:used Y§tye b y, the
downst r eam cat al ystci S Irllot part fig\fﬁ%grhlecyﬂﬁ?s%??%ggha%é{ut%hﬁagé%%%ée for
exanpl e, arrlxipdan spprapbiyse igereval by fuskel aiki apraidusitiigoracFygsc aci d by

h - [ [ f ' which.mainly 1 ' h
a1 ol ai n' Ot AR T h TR SHSP Ay CSUEHY BRE REThBRC ot 12l 8 GER- phase

catal yti c oxtatatdfonirSugtabter exargd eseofhéhronksér cammeatakysi;hmy i ncl ude
cat al %Et S re%réeesen ed by the formula, Nba-Bi b-Fey-Ad-Be-Cf-Dg- Ox, wherein
Vb, BEY arth 453 G ECEPeePy BOSHRTA LTI b @SRURY S6PSROLE, ARRRCHEGN, A

denotes at:d eas! +oRemhe¥RM veekechedyfiomidie WOWRiconsl shinga 0k ni ckel
and cobalt, B denotes at |east one elenent selected fromthe group

consi st i n®bRtEPRARN InERISY 1agd PERIPPEGRY TG afendPeshal Ireasatentakl enent
sel ected f4ORKENS QLR QINSI ﬁBkQ%ﬂ%gQBQEBQBQﬂEQ means at one place

may be attached unless they do not disturb the filling of

25 the solid particles. The swing-preventing means may be a
Structure of being easy to put on and take off from the
thermometer if necessary, movable in the axial directions

of the thermometer, and evolvable around the axis thereof.
Fig. 4 are views showing swing-preventingmeans attached

30  to the protective tube for a pressure measuring device; Fig.
4A is a front view of a wire as the swing-preventing means,

attached to the protective tube, the tip thereof beingaslit,
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25 ni obi um manganese, cerium tellurium tungsten, antinony, and |ead, D

denotes at | east one el enent selected fromthe group consjsstb'%ﬁg:kpfzdosdd i con,
al umi num zirconium and titanium and O denotes oxygen, , e, f,

g,and x respectively denote the atom c ratios of M, Bi, Fe, A B, 30 C, D
and O satisfying the ranges b 0. 1 - 10 c =0.1 - 24 18 March 2004

10, d = 2 Qfg g = 0 -30, on the basis of a
= 12, and N ﬁdiges He ﬁLl‘?fé‘??Eé’le\WaPGea f"’nl%éda%fhtenéwéflatﬁﬁﬁﬁnekndat| on of
the rel evanieals Rtachetidabhe g e (st ream

i nclude 5 catal y'gtgs represented by the%s;oér)%rhl%)g Nba-V% &%?gg

wherei n Mo &eHtEs- n@lsytﬁi@ﬂﬂnlf\/ﬁﬂemadqurﬁ ng%'lBlenQrOmot@tppew ﬂsat Ieast

i abium  COBATLe 1 o, e e ran iy BBcBpePRke Polesct bt 10

sel ect ed fnqufhehgrwgmmmm@meahlsmn iet &t sacrddkal imhe epapd netal s,
and thalli um € res el enen el ect d fromthe %roup consl sting of
silicon, alUm num Zi rcd‘ﬁl ﬁﬁ] ue{ﬁt? Cer¥ ddOP(TEFF dCeESoBipat ®eb, ¢, d,
e, f, g, ar;sto«:arcaﬂpm:tntebyé denot ehbhe aﬁe&rwuﬁ@tIQr%tm‘odVb o¥, Wplu, A 15
B, C and O satlsfléﬁ’cF t he ranges, =2 - c =0 - d 0.1 -5 a-=

0 - 5 f =%"BP N MEEF, t@nt{flﬁepﬁaeeetéveat&bgzlsanepe(amot es the
nunmerical v ued iomd Redhe HAt8SWef joxizdat of the relevant el enents.
As the catalyst to be used in producing mnet acry ‘ic acid 20 by the reaction
of two @tep gas-Pagr asaaley meg syxildat denick sobbeyhehached bin aricd, or

nmet hyl - t.her cordi t nvent| an oxidation catal yst
gener al I y ulgsledlelg?te ‘n%;ug%t rggmtglae?&i&ﬂ S pr%x ud Ny TEThdET T & 'y t he
reagtitoln ofdegw@dﬁél ,oiQdaareBsef; ax:.j rta\_/l_ehr’aalped blfatthgapr%(ta@f)ﬁstr@lﬁuw t
i sobut yl ene, I exa e_use e dqownstream cata iS. no
particul ar arSeEBPWBtJeId 156 ﬂﬁ\}’di AAUBE2SRT B PrEfscattlyStegenerdl |y used
i n produci @gamm@rmyeq- acid by the gas-phase oxidation of a reactl on gas
mai nIy containing the rret hacrol ei n obtained by the fornmer 30 st of the
met hod*¥Por two- TRiIGhaser c RESRYELBIoX MA@ ryligs acidig Qih 2004
Formil & MiaB B R A B e e Yaarer s TE HRRE A R et vel
deg;)t e nol ybdenmw,tuh@wenenarmrdaimdn rlnéehdéncst tlexplafjm?@dgnmhaess ni ckel
and/or 5 c t.le nee el ecte rogmthe group
consi st ng(z)gldjf?ka(?gc‘e %gfl%éﬁ- a1nkg$% 531 ?%d 5 Fﬁgltl denot es

at | east ore telmmestiesel st drhr ewot beagbeup caﬂal st lhrégatofmadl@apm@ us,
tellur blm antl tin, cerium |ead, ni obi u manganese, and zinc, D

n )
denot e ai%dohere%%éme cBABREEJ FIRANIRI tgrioupHEGRERS L ithE of

silicon, alptr@s@sm thianiupn and gbt corisy; -aad Qgergtes ﬁe'%ecﬁ b, c,
d, e, f, g, h, and x respectively denote the atomc ratios Mo, Bi ,

Fe, A B, Gme l&\‘?@t@satlsfylngthe ranges, b = 0 - 10, c =0.1 - 10 d =

0.1 - 20, a = 0, on the
basis of a = 12 an%h{?(]hgen es t%gtﬁ’ﬁ#éﬁ ggf) ?()%ﬁ‘rih%éﬁg %9 c{llhvelfetdat es of
oxi dat i on (tﬂufdineghr aheyatkrebement scuddesriamnsty eameatal ¥s§s | s1 nelg
particul arl y restricted but may conprise at |east one oxide catal yst

cont ai it ng 220 ol ket fndephbiphotubess mpnueleneortél@t sesEorr igxanypl e,
phosphonol i i e het er opal ci.ds and taI al.ts thereof prove
%%% 1%% nggg 3re ins %ﬁ%@ N th ;S? ﬁ%%flﬁ%ﬂ ude

rl
advant ageous. UI tabl'e eka es 0] ovvns rea caot

catal ysts efatierf @rrhmothaha&/ba EhrAal Be- ELosk - LA her el Y idRRalAS,
nol ybdenum P denot es 25 phosphorus, A denotes at |east one el enent sel ected

fromthe grT@@ﬁecenépfswngt@?earmﬁ@steneﬁn@hythegm WEPPEUNENG$ stra i,

ot | t, sel ected f th
o oup. consFPerg bFe T (REin TS At kTS RaRganeos 1855l T (i n,
si | ver3ozi mebepahéaalmsg 30)rbodi ut@abwanﬂeeeéaLgdaﬂhscpﬂe@et;@%netldneast one

el ement selected - 26
and/or welding technique. The shell of the reactor is
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18 March 2004 fromthe group consisting of vanadium tungsten, and ni obium

D denotes at | east one el enent selected fromthe group colrgsil\,?éricr}g 2cbf04al kal i
a, b, c,

netals, alkaline earth netals, and thallium and O denotes oXxygen,” a,
d, e, f, and x 5 respectively denote the atomc ratios of Mo, P, A B, C
D, and O satisfying the ranges, b =0.5- 4, ¢ =0-5,  d=0- 3, a=0 -
4, and f = 0.0l - 4 on the basis of a = 12, and x denotes the nuneri cal
val ue fi xe@BY¥ZPREAL{ ¥t BArbit RNt Vo ofnt hatpemedant eeltaipentshest0

Condi ti [ f T talyti i dat i f I
or i Sobul YT RNt R & ol e AT By En- Ay Be SEEBG A Shnonatst. | n ¢ he

case of prepgbenendftite g eubkhehpeopyd efiertonEe K athans i20 (e raw
material gas is in the range of 3 - 15 vol. ~, the ratio of nolecular
oxygen 15 EBPEREIFRGHYTRnECPALPRE 2Ryt Lever S ideel £he neasdiarder

conpri ses fi gen, n ! r ~Ltc I I 1S

advant Z’Seogg %BGEédt}Zéé%?ec%ggsgﬁéggg$%%yt%g§@n§?“écgu %rﬂﬂo‘xfgeélr?.ra n

oxygen- enr pehedthéreafidwitit ea @atgery \Mren adecessary tHande weed drst ead.
The supply of s e 20 for the nol ecular oxygen is inplenented by the

h
one- pass o\‘P’f’%agﬁqcﬁgg%@Pﬁdﬂ’:tw E?%Bﬂl%a‘%‘én%ég?dﬁe%‘éwm isin
the range Qitg%ogrew@@nsﬁ??a&%?ﬂﬁ%nm Qfﬁﬂg Polhé t&?xﬁrﬁ@%m@ai@ r mal

pressure to 5 atnbspheres, an space velocify 1'n the range of 500 -
3000 h-1 (&Fé). i25tHhenenthel praxckucti on of acrylic acid is perforned by

packi the bund| ed reaction tubes in_ the shell reactor of the heat
excha:}'g)er type SBEOMRASHE ﬁé};ﬁfﬁg‘t‘mﬂa the 2 PERPTTPER ARt BRE AN 2/ al yst

(downstreag g2t LY sl ) mad£&H N9l BhRetNS: LLALT Oy df6, MM xed 1035 Rrepared by

addi ng secondary air, 30 secondary oxygen, or steam en necessary, to the
27 in consideration of the possible expansion and contraction

by heating and cooling.
In chambers A and B, donut, disc, and donut type baffle
15 plates, forexample, arealternatelydisposed soastodisperse
the heat medium in the lateral direction and reduce the
temperature distribution in the lateral direction.
The reaction tubes may be packed with a catalyst for
the purpose of a reaction and enabled to utilize the catalyst
20 as a fixed bed. In the production of acrylic acid by the
reaction of two-step gas-phase catalytic oxidation of a
propylene-containing gas, for example, oxidation catalysts
generally used for producing acrolein by the reaction of
gas-phase oxidationof arawmaterial gas containingpropylene
25 can be used as an upstream catalyst. A downstream catalyst
is not particularly restricted, but may include, for example,
oxidationcatalysts generallyused for producing acrylic acid
by the gas-phase oxidation of a reaction gas mainly contdining
theacroleinobtainedontheupstreamby themethod for two-step

30 gas-phase catalytic oxidation.
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18 March 2004 acrol ei n-contai ni ng gas obtained by the forner-step reaction
at a reaction tenperature (the tenperature of the catalystg iy e Jp@act or)
of 100C - 380C, preferably 150C - 350C, at a space velocity of 300 - 5, 000
hr-1 (STP), and performing 5 the latter-step reaction. Still nore, in the
case of two sequential reactors for producing acrylic acid, secondary air,
secondary oxygen or steamif necessary may be additionally added between

the first react dP®af8t&é¥dhd VRAERoFOTHCERE WS bevdiy and r‘iflcwfmﬁﬁﬁm%ed 10 in

the Tirst Eeashoccapdhacia] oorbd ElOgJainl yaduced, 10, he seoond

reactor. Reaction conditions of the second reactor e'similar to
those of chaaheleB. sknethd kasésobfgastpheses catadanting add datd i0n 0f
i sobutyl ene, the isobutylene concentration in the raw 15 material gas is in

the range BRYIPS SREUGBFLa44YHFEREShREMICA: F A bY S bl BBARACCHBFFEY 3 - 20
vol. %and.b0e,£ansenbtalion. ot neteail s S0 UBY o704 gRREE! 1l e s el at ve

to isobuty e remal nder conprises nitrogen, steam carbon oxi des,
etc. Air ighadvdacageolsisy tused wsh ke Heeed smlyea sf,orvttike 24 1Molecul ar
oxygen. An oxygen-enriched air and pure oxygen, when necessary, are also

usabl e. Pr&P&FabiyaliKedrasttPsd PERBERaPELEEYFs in the range of 250C -

450C, the reacti e r .l e re .t j.ve
at nospheres, angg?ﬁgésgg{ge@%&e o%:c?r'?ygl n tﬁgfer g%gg@%f@%%gsy C%&gg}{létl' (STP).

25 The produnétshldE met kacsypporacpdaice perdor medthy packomgf thebundl ed

reaction tubes i.n the shell reactar, of the heat exchanger._type, second
shel | - Lhd- FEBE CLEACHRCUEPR HH6Y SOV it F5f CoaPary et b IASE BRI R -l yst)

cont ai ni ng saRbLyRd&HaR A, PHOSRRQT Ushe £E84L 8n LALEST BB cheAMY: e M xed 30
gas prepared by adding secondary air, secondary oxygen, or - 28 ~ 18
Mar ch 2004 asecpatkedh e thes essfaractany shbsrankacimt el rocome aiesiaig.agas
and then packed with the upstream catalyst. Then, they are
packed with the downstream catalyst. An inert refractory
15 substance or inert particle may be interposed between the
upstream and downstream catalysts.

On the lower part of chamber B, may be filled an inert
refractory substance to form a first inert particle layer,
filled an upstream catalyst on the first inert particle layer

20 to form an upstream catalyst particle layer, filled an inert
refractory substance from the upper part of the upstream
catalyst through the intermediate tube sheet to the entrance
portion of chamber A to form a second inert particle layer,
and then filled a downstream catalyst deposited in the

25 remaining region of chamber A to form a downstream catalyst
particle layer. When the temperature of chamber B is higher
than that of chamber A, for example, the raw material gas
is partially oxidized by the upstream catalyst, then cooled

in the portion of the second inert refractory substance, and

30 thereafter partially oxidized further while maintaining the
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obtained by the forner-step reaction at a reaction tenperature (the

tenperature of the catalyst in the reactor) of 100C 380C’180rnffregft}{9>6415oc -

350C, at a space velocity of 300 5 - 5, 000 hr-1 ( STP) , and Car r I'ng out
the latter-step reaction. Still nore, in the case of two sequenti al

reactors for producing nethacrylic acid, secondary air, secondary oxygen or
steamif necessary may be additionally added between the first reactor and
second reactBier St FARPHR BLFE BEi e Parhion B phedins¢tinearheatalgstr eact or

and net hacry] i ci.d j i rogduc in the ond_reactor.. Reacti on
condi ti ons %%‘ Igtqr‘{% ée%%%i regjgrltoo@r%r?gy gg % %Ifsqel%?%?o%tcSQFH%’§§ ‘t%f Elh%nberl B.

The react oporansty aftee: ascons dhicbed ahovet by sublsabnedf 06rtogpr@duct i on,
by the reaction of gas-phase catalytic 15 oxidation, of acrolein from
propyl ene; HReERRIGI he¥REANE theRartdse REnte dewnstreartsahalhet group

consi sting of g%@g ene, 5t -hutangl, thyl-1-butyl, ether; malefic
anhydri de fr(;:m nzene; ma?efti C g%ﬁ%}dl’ll% ermaorrg%ﬁ% agg; %ﬁwct N cwréﬁlﬁydri de
from xyl enecdndicori zzdyilet hgkeae; raedylded 2Byactite f roxddacidel An afge

met hacrylic_acid fromnethacrqlein, particularl Pp/(éi or the production of

(et h) acr ol TGAT FRERT BR T HAYELabPHL diid AoP L g RetaNRET S Eith aT EXPLE 25
| . . ; ; ; f :
e present.d RYeNERRsWbhn 3’%6%& = ?g??}?‘,?{hé enee ggﬁggg% I\%JA%M ng
2

exanpl es, but not restricte ow ng exanpl es. EXAMPLE
1 30 Produdteirgis dafo Wgstaceam Cat al yst 9 18 March 2004 In 150 liters of

purifi wat er kept heated and stirred, 100 kg of amoni unmol ybdate, 6.3 kg

of armﬁ&i um par ﬁi?n‘é]%‘?g? gﬁyﬁﬁdjfi%h? sEORG Aot Nt & KEIE TRCEPLY S Wt 2R 2 s0l ved.

To the resuyld i Nyt : i m Xi ng a
uld ppLrsolbiy Q1R ARAMS TIALE (20l %ﬁgﬁ;ﬂﬁsﬁ%%ye g

5 solution of 68.7 kg of cobalt nitrate i Itefs o water, a
sol uti on ofoflefkgceofiveeyréeohing ahe readdibntezs wfd pirstaedimgtete and a

solution of 27 .. 5 kg of bisnmuth nitrate in 30 liters of purifjed water
i ncor por at irr?&CttHé)beﬂ %h?istaé[}espgﬁcﬁo%éﬁ’ter QPEBSEFFFF‘CC%E?SY%SI%X%d
gglom se. Hhothe 3hd0e3@ekii08 Abel. 2nk cth AN28AYE0NE ik dseansiy | ca sol
15 filling the solid particles into all reaction tubes.
One of the functions of the second inert refractory
substance layer resides, when the temperature of chamber A
is lower than that of chamber B, in adjusting the temperature
of thereactiongastoalevel inarange proper for theoxidation
20 reaction in the downstreamcatalyst layer by suddenly cooling
the product-containing gas emanating from the upstream
catalyst. The second inert refractory substance layer is
reguired to dispose in a length enough for the function to
be satisfactorily manifested.
25 In this invention, the second inert refractory
substances is disposed in a length sufficient for cooling
the reaction gas from the upstream catalyst layer to a
temperature proper for the downstream catalyst layer 'and in

a manner such that the catalyst in the outlet part of the

30 upstream catalyst layer and the catalyst in the inlet part
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and 0.29 kg of potassiumnitrate in 15 liters of purified water was added.
The suspensi on thus obtained was heated and stirred till rj zat. to
dryness and then dried and pul verized. The produced pomdel\réa\jmv%gcﬁrloltzgcebg into
cylinders 15 5 nm 10~ in diameter and 7 nm -10$% in length and cal ci ned as
swept with air at 460C for six hours to afford a catal yst. The produced
catal yst had this polar conposition: Mo 12, Bi 1, Fe 1, Co 5, N 1, w 0.5,
Si 1, and ®KE0rH6. TUMREHERENTE 2t BBEMPLEYOr PREGURTEh BRCERMALEr €4m
Cat al yst | ' o] ;i Eied wat Kk heat stirre 100 kg of
anmoni um rr%‘lﬂg%gaa{lﬁeigflgy 7§I?8g3¥,fllg t\r%}?u@n{%agg EngLs fgl%éa,%%%ndﬂé%6%?§ of
anmoni um nehavanadhi ee webe et ssaheeshe TombReos dsutHadtised thiree, a
solution of 20.5 kg of copper nitrate and 1.4 kg of antinony trioxide in 50

liters of PURTPEEE WalEFeRERE Yadted intadradiesq SBRUPPESRE B350y of a
silica-gal um I en hayl v rtscle. di 10%
wer e ovapot Aol SLegaTher b ar oheebeag rad Ravatn R A A e BhenlE

deposited thet heteanedeatanchamt3®. 18 March 2004 then cal ci ned at 400C

for six hours tg afford S catalyst. The catalyst in a_required apount was
obt ai ned by repeati RGCPRESIPFOEESIrFRF TR abRPFER RAJLIERFE ABI QRLY

conposi ti 0fegWrdd + h2vf.a Yedeln sQ4 £c2enBted 20021 hiEHe PARILGLE Raschig
rings of starnless steel having 6 mMmm 0.5 nmm i n outer "dianeter, and 6 nm
0.5 mMmin yesghntdainay EE ddmenreWAC-dt KLy &t Klayer Japam):har ecgsed as t he
inert particle, 10 EXAMPLE 1 A vertical shell-and-tube reactor was adopted,
havi nd % eat®Fbh TEbEICHEE DFOLEBUC dfF Tt 6 YmhPen TPERGLR"a i@

in the inlet part to the downstream catalyst layer, to a

temperature of not more than the inlet temperature of the
heat medium plus 15°C, when the heat medium is advanced in
co-current flow to the raw material or produced gas.

15 Another function of the second inert refractory
substance layer, through which the reaction gas emanating
from the upstream reacticn laver passes, resides not only
in preventing the substances contained in the reaction gas,
i.e. the molybdenum component sublimed from the upstream

20 catalyst and high boiling substances such as terephthalic
acid by-produced in the production of acrylic acid, for
example, from causing pressure drop but also in preventing
these defiling substances from directly entering the
downstream catalyst layer and degrading the catalytic

25 property thereof. For the sole sake of this function, it
suffices toreducethevoidratioofthesecond inertrefractory
substancelayer. Ifthisreductionisundulylarge, theexcess
will be at a disadvantage in aggravating the pressure drop.
This invention may set the void ratio of the second inert

30 refractory substance at a level in the range of 40 - 99.5%,
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25 mmin inside dianeter, wth an internedi ate tube sheet 15 equi pped at
the mddle of the reactor. Upstream catalyst particles,ing tydard igggs, and
downstream cat al ystparticles were sequentially filled on the bottom of
reacti on tubes per each reaction tube as follows: Filling manner 20 The
upstream catal yst, inert, and downstream catalyst particles were di vi ded
into 14 pie S b he me, vol upe, . respect veI All

non- neasurP%??g%%ﬁo%Qt"u%egts%‘We fF?F@d VR Fﬁ J‘%Jt') d}%’i%%%sls and t hen
measuring geache@npyubes forhgUa25 therewith in a way that the |l ength of
filled layer was the sanme as the nean of the non-neasuring reaction tubes.
The vol unetric neasurenent was performed by means of a plastic volunetric
measuring vessel. T n f rfo d with a nmeasure. The
pressure drop of thgfoﬁs.%“?%@;jg b%fu c‘%fl ay f/&gs w{egiur ed on a
differential pressure gage. Reaction tube Nos. 1- - 31 18 March 2004
One of the divided upstream catal yst particles per reaction tube was filled
into the reBBERSA ¥ OtteésEE@tVQ e ofh&he se@anﬁay@rwmm in

passiny ai roBSERRERCHYRE 1ot dbe 1t YU R 1ot AR RaR T on b

No. 4: A therpmsebey obbdtamid NLopder( ﬂheal"ﬁﬁtli Wedl arcSvimg- pleRMaINt | Ng
means as shown in Fig. 3A was |nserted and stopped at 800 mm fromthe
bot t om of Fﬁetlf*%é%,aﬁ%ﬁ’ft ab’élf(@hefr@ exgmpl et RBEndFRERE VRIRS mHeUfet ect or

in the4ip.theLe f the divided catal yst particles was
fill eceflcl} ntght h[é géﬁ% i on ?%bégﬁ')f' a slight longer tine than the nean of the

filling tine foEfthiee resicl iraticube Ness dh3nse0as tige coidiaigire Wil t he nean
| ength of the reaction tube Nos. 1 15 to 3. The filling result is as
sunmar i zedePhaTEB| e PEEF BUF S THORral GENVEESBLYs st & tarepredand 35S same as

the mean V?l‘xgeeﬁ sd lege:?@tajtoaléé@faﬁ@égsg J§1 lg%g%%?ﬁgtdh% B‘J?EJ}FS' S

reacti on of acrylic aci rom propyl ene was per e reaction

t ube Nos. &£t oagturesgetmévxahyurﬂ'ﬂfms aamdraiee;‘naﬂlr@s:lmormmm&oh @#fvol . o of
propylene, 12,6 vol. ~ of aoxygen, 10.Q v of steam and 70.4 vol. % of
nitrog]e'%. ?H@ltl%/’?ﬁﬁé”ﬁaéltlﬁé’sgﬁ/ésbléétheatseéogﬂ? {NephRANEIDS thAYSE 1, 600

hr-1 agai ngt {,be;upper catalyst layer. The 25 tenperature of the upstream

catal yst | ayer %t he inlet tenperature of heat nediumfor the reactor) was

mai nt ai ned at 3W5éh ahd tfter strenpenet urefcdctdiey deubstapeen ¢avalbrysits | ayer

(the inlet terrg ture_ of .the heat nediuymfor the reactor%_ nai ntal ned at
275C. 30 THBSPESEYrE (IS 1aIE shRTh T “PebBSETREMow: “ R Y Tabi¥F £14 he

conversi on,apd,sel Sftbf’éﬁé(a{i)ng?‘ct{tyé'lca@%&éﬂaﬂ head eagt 'bQ'lntglébech'SO 4 was
al nost equal o those for the reaction -
20 advantage of increasing the yleld of desired products.
The raw material gas for a reaction is supplied up-flow
to the reactor, exposed therein to the catalyst and allowed
to give birth to the desired product, and discharged from
the reactor through the upper part thereof. A method for
25 supplying the reaction gas, when necessary, may be varied
by altering the sequence of £illing the kinds of catlalyst
so as to supply the reaction gas to the reactor down-flow.
In chamber A, the heat medium discharged through = heat

medium outlet port of an annular conduit which is disposed

30 on the outer periphery of the shell and provided with a
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18 March 2004 tubeNos.|-3. The tenperature for the upstream catal yst |ayer
was neasured. EXAMPLE 2 5 A protective tube of 4 mmin outer, dic%n%to%r, 3 mm

in inside diameter and 2,900 nmin length fromthe bottomof &€’ reacti on

tubes, with a swi ng-preventing neans was inserted into a reaction tube No.
5 fromthe bottomside, and then a thernoneter of 1 mmin outer dianeter
inserted into the 10 protective tube. Then, one of the divided catalyst
particl es RSH¥3 1 EHOE RGN SrEA@INGF attibe WNoth shemgacateral edofled a f ar

| onger ti t filling time for the .reaction.tube Nos.
1-3 so asnsoc?;%?#r?é e%ﬂ?%@{he%é:r?o&re e A oo BT FIQ!CFQQBFF n tube
Nos. 1 to Zinthhehseaetd ancprocelWe anaslhenesh@dit Rythe, Sang:gpRBER as in
Exanple 1, and test results are shown in Table 1 below. In Table 1, the
reaction re¥ul ¥8e afdtERePEEAPERAYUPE Ghet Fheddt AndsipTeitedweretial Apst sane

) . . Fh d f. I
a1 opaat G EREER ThaPTHE O TPTRG TT AELGY ‘T (il Peamieat St

particles inda: ams@hehi onletbeidh. abkhswahenmer shltan ddes fe@nueé bhe
filling 25 time for the reaction tube Nos . 1-3 , and the control of
pressure dryptdortkote PHERct | BR thifbEepBton, Wée Redtperd bimediteTsstheesul ts

are shown isﬂu:;rﬁlfr&mbgkgw'su-ggecalﬁ%l'Q??ggtﬁ'ﬁ:ﬁ% RIESSME Aron the,,

tenperature of the catalyst particle er, the conversion of propyl ene, 30

sel ectivit ypdmimorydl paati af ehettmnaract ton: 4obe aNoundleriferkauveiofhan
t hose of Exanple 2, respectively. - 33 18 March 2004 EXAMPLE 3 The
proceddfe of SRR DEIAE FEPe W Sk et honl Jererdeetvonnt the No. 7,

a brot ect i ;ﬁé%ﬁﬁ%ﬂéﬁ@ﬂ&n&%erad@iaﬁﬁsgeeoaagd%ﬁ@ £D,L031 ge digmeter
reactor, and ascends the hole formed in the donut type baffle
plate. The heat medium further advances substantially
horizontally along a disc type baffle plate to contact the

15 Dbundle of reaction tubes and meantime recovers the reaction
heat, advances toward the substantiallywhole peripheral part
of the reactor, and ascends the outer peripheral part of the
disc. Thereafter, theheatmedium, byrepeatingthisprocess,
advances tothe annularconduit disposedontheouter periphery

20 of the reactor. Though a gap may interpose between the donut
type baffle plates and the reactor, it is commendable to
eliminate this gap for the purpose of reducing the temperature
distribution of the heat medium in the reactor.

In chamber B, the heat medium circulates similarly in

25 chamber A. Then, themethod for circulating the heat medium,
when necessary, allows the heat medium to be circulated in
the reverse direction in either or both chambers A and B.
From the viewpoint of protecting the pumps, the heat medium

is preferred to pass the pumps after it has passed the heat

30 exchangersandhasthenacquiredarelatively lowtemperature.
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5 tinme is longer than that of Exanple 2. Test results are shown in Table 1
bel ow. As shown in Table 1, the values of the pressure drap, reactjon
results and the tenperature of the catalyst particle Iaye,\]rgo\lvt‘s‘?’rreg ELUS:
equal to those of Exanple 2, respectively. 10 COVWARATI VE EXAMPLE 2 The
procedure of Exanple 2 was repeated, except that in a reaction tube No. 8,
a protective tube of 12 nmmin outer dianeter and 11 mmin inside dianeter
was used, and thé £h¢iheptiBeding @9 behesepsin ¢dva paeakypstipeenttores was

| onger than_t [ val of those of .the reaction tube Nos . 1-3 . Test
results ar étsxﬂ%%n%l%r}”fagbggelc%weg‘ .lqr}?ngBFe&al?e?‘ﬁ%n@aﬂrhé‘fggo?uﬁl%s%r essure
drop, the tenperaktute Phtthercekatysé Pardicde dVergeopy] $nes29,
conversion, and selectivity to acrylic acid were | ower than those of

Exanpl e 2, NEE€BecP9BY Y. e E)GWRLE o Phgapiecbhaatemef i Eranp| 2ot hvsnr epeat ed,

except & hat 25 p ect| Lthout. a sw ng-preventing neans S
i nserte% into a%Pe%g%i g%b%{ﬁgéyﬁg.%.gﬁ%%}“? e%‘ffr‘?sg)ér%hsh'o CFPTabt e 1
bel ow. In tabletip t hegyalpiessoOf thetRnegssw e degpdaprepy! engzconvgrsion,

and selectivity to acrylic acid were al nost equal 30 to those of Exanple 2,
respect i vePyOPAAG EhECRERPBILBFULASORCEREdéaTalbPstthgar tinstentiiayrer ams | ower

t han t hose _Qf I ivehy. .. - r.ch 2004. EXANPLE 5 The
pr ocedur e ggflgx%%p e&i@?#%ﬁ%%ﬁggéﬁi%nu%%%?%P%%d\}\lwgé"nrgeﬁgg?%a,m ept that
a ther nonesebjettingmal npragyders -dontetier ny tiea Sxt 88181 e¥aRt idyy sreans was
inserted fromthe upper side, and stopped at 2,200 nmfromthe upper ends

of thel® ealERERIPOLRS JoreRhases GrEdaiiensheibe iSPshRE theairstream Tabl e 1,

the val uesatah el esgure: dLop, RLOPYIRAASYBG StQlargRkectLVid: tO
acrylic acid were al nost equa
particularly restricted, but may include, for example, an
oxidation catalyst generally used in producing acrylic acid
by the gas-phase oxidation of a reaction gas which mainly
15 containstheacroleinobtained in the former step by the method
of two-step gas-phase catalytic oxidation.

Suitable examples of the upstream catalyst may include
catalysts represented by the formulsa,
Mo,-Bip-Fec-RAg-B.-C:-Dg-0Ox, wherein Mo, Bi, and Fe respectively

20 denote molybdenum, bismuth, and iron, A denotes at least one
element selected from the group consisting of nickel and
cobalt, B denotes at least one element selected from the group
consisting of alkali metals and thallium, C denotes at least
one element selected from the group consisting of phosphorus,

25 niobium, manganese, cerium, tellurium, tungsten, antimony,
and lead, D denotes at least one element selebted from the
group consisting of silicon, aluminum, zirconium, and
titanium, and O denotes oxygen, a, b, ¢, d, e, £, g,” and x
respectively denote the atomic ratios of Mo, Bi, Fe, A, B,

30 C, D, and O satisfying the ranges, b = 0.1 - 10, ¢ = 0.1 -
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10 to those of Exanple 1 in the reaction tube No. 4, respectively. The
tenperature of the downstream catalyst |ayer could be neasungd--HEXQAMAELE 6
15 The procedure of Exanple 5 was repeated, except that a protective tube
of 4 mMmin outer dianeter, 3 mmin inside dianmeter and 3, 000 nmin |length
fromthe upper ends of the reaction tubes, with a sw ng-preventing neans
was insems iatg reaction tube No. 11 fromthe upper side, a thernoneter
20 of 1 n BuTef didheteF PnlRttedi it & Ohe progedtove G ubd), @ t he

fi11ing {iRpoobadhe glovps! foameatabyzs pardicles uas bhonger than g hat of

Exanple 5. Test results are shown in el ow: val ues
of the reabyi ther esakes afidoxadat kst 25 ties tirelevhnyesl éesmpes at ure were

al nost equal to thosg of Exanple 5, respectively. COVPARATI VE EXAMPLE 3 The
procedure of ExSHpré ée\ﬁé‘élmpgvgéé%fe’ﬁ?eéﬁﬁiéﬁﬂ:r@%c%bﬂwlnﬁ}’llirmj-qcierre of the

downst reamegakal ust partigles.ddnad eacti tube Ng., 12 wa orter. Test
results are shO\B{m in Table %el ow. - 35 qﬂ/18 I\/talr\lg’he 2004 ?r@!%’éﬁaé 1, the

val ues of Mhe-Yw-dsslre-ArBp Cedlal vabrpant Mol elehertper aloly®deprany lvene

conversion_and ,selectivity to acrylic acid were |ower than those of Exanple
5, 't espect FOBRG TS, BASTESR HICRRedh i 177 Tanp P cBoRaS slepEatkd,

except thakrbhaubesudicmtet 9l JNenPIALEGT INASTHGE to 10 mm
t he inside gi anet e? tlﬁlgreof lt OLQBnm I'Elhe %ﬁ?l’ib\r?gs time ?f%ﬁb%qt?)%%gldmst ream
cat al yst parbrékesines, i, and ahreattingnBt abeldNst thavad eteed  Test

[esul U 1 oA N JebLe globel o Table eyl peo ot pressure
equal to thasenhohe EXBAPlaRDLhbESPER! IV@Y1ed3t one element selected
from the group consisting of silicon, aluminum, zirconium,
and cerium, and O denotes oxygen, a, b, ¢, d, e, £, g, and
x respectively denote the atomic ratios of Mo, V, W, Cu, A,
15 B, C, and O satisfying the ranges, b =2 - 14, ¢ =0 - 12,
d=0.1-5,e=0-5,f£=0-5, and g =0 - 20, on the
basis of a = 12, and x denotes the numerical value fixed by
the states of oxidation of the relevant elements.
As the catalyst to be used in producing methacrylic acid
20 by the reaction of two-step gas-phase catalytic oxidation
of isobutylene, t-butanol, or methyl-t-butyl ether according
to this invention, an oxidation catalyst generally used as
the upstream catalyst in producing methacrolein by the
reaction of gas-phase oxidation of a raw material gas
25 containing isobutylene, for example, can be used. The
downstream catalyst is not particular restricted, but may
include an oxidation catalyst generally used in producing
methacrylic acid by the gas-phase oxidation of a reaction
gas mainly containing the methacrolein obtained by the former

30 stepof themethod for two-step gas-phase catalytic oxidation.

- 25 _—



COMPARATI VE EXAMPLE 4 The procedure of Exanple 6 was repeated, except that
the outer dianmeter of the protective tube was changed to ]2 Al B%Oi4nsi de
di aneter thereof to 11 nm the filling tinme 20 of the downstréeam Catal yst
particles was |onger, and a reaction tube No. 14 was used. Test results are
shown in Table 1 below. In Table 1, the values of the pressure drop,

catal yst particle, I%%/er t enperature, propyl ene conversion and selectivity

to acrylic aci PN EF PEJRE SPSEXSRH 82D81Bst fespdaclveey. - 36
00NUS ' 8fd T 961" 807’ 084, 08S 06K .68F O6L' 68Y D6V, 067 069, 06S 06( 8)
Hss' L65' Lgcié".l%gg{%éb' ch% L%‘FS%ZQ%&E@%%QG4§EGE§T_%CL <L %6%2 OTEZT~
(~) s ~ZARDHEHESEEAESSELS| ~and Bi respectively denote molybdenum,
S~~SLZSLZSLZSLZSLZSLZ EéSLZS ZSLZSLZSLZSI ZSLZSLZ(U") )

, Lt | aSTESTESYESRESTE fE@fEs SYERTESITRO e spi kel andd gz

Uor ~0eg~8% J1 A S8k AEF ST 50R, SZL L ATE " 4ZE! S8b" B A' Sl.4' 574' 5SS S( ed~|
)Te~oy28' %26' zs%" lEES' Z5§%§E%ﬁ%%ﬁg%sl%g zelf’éc' %]r %ég%cg'fﬁg‘s%%%g’é@( ea~f)~n
ad8057805£805/8051Zi¢ O5Z803 E805736F2BE57 BOKZABGSES 06Z(HIS/H8E SZD85 7183l 55L SSLSS

LSSLSSLSSL55L.SSL SSLSSL5509SSSSSSS( ~) S| EO62E062~
E06ZE0620§%|§|9§§|§6%2é"oé*fé%féo@ﬁ%%é@a%%ﬁ%‘b@ﬂl%%d from the

TI bZ689SSSL Y89 19657995 00958, SSS 9 rue . tellurs - -

(s) e e e 208 S 687646851885 3P E8Y8 5182 orTamss8z
6(5) Jf 1 ~Teriunhul Zad, OORIONRT-n O DOSTE DaRA00B0NSD CRO0BRE8: DQedsE- d( 1-
d(1- d(1- d(1- d'l- dl- d' |- d'I1d |- d|(vuyuoT~rsod . ZTQTY4T4ZTOT44T(~)"' P
' pooogéOngdﬁﬁd@Etﬁf&ﬁﬁéfﬁ&’gééiﬁ‘o&%-g Y dens i g Sikdcon,

ai -az(~)" ighuiMud Mt M ML~ ENHO 7 1) GidT™ denotes oxygen, a,

TML(' ~TM~uanazd- bUTMBI ~TM ~. TM
| ~TM ~' f MBGUI] ~.drMe-TM ~ My TV (@3dTMUBESEELItively denote the atomic

VTTATTTOISBIOSVE T on Fon s 7 2, €, B e 6 83eveaging e ¥

UOT~JL>a$hkdlgeCl ' pl k= X I 1", U8' =@ S ~Ci1lod’ aCk' 0TI UE 263’ f= 3Z~b§',~C M

~zg~ts 18 March 2004 wherein Ex.: Exanmple C. EX.: Con*gar ative Exanple LP
Lowep Paft= D901 tpker Part0 1= 4. :andhdi de Odi-adét en tbe pest.ecpifve tubes

Swi ng-prevent 1, Sul ng-prexenting Ieans. Lo Lenot . of protective, Lubes O d.:

Qut si de di‘amet® 05Tt T 6N, Measurng- posi Prgctime LL:

layer |engih PRddyasswe thoprdlavdipstdleamra.al yst 15 DC: Downstream
Catal yst I'S: Inert Substance URT: Upstream Reaction Tenperature DRT:
Downst r eam Readtifovaspacamueatay St UgpBek cntCanlamsly EageriTéRper ature

but may comprise at least one oxide_ catalyst containing
20 molybdenum and phosphorus as main components. For example,
phosphomolybdic acid type heteropoly acids and metal salts
thereof prove advantageous. Suitable examples of the
downstream catalyst may include catalysts of the formula,
MOa~Pp—A;-B43—C.-Ds-04, wherein Mo denotes molybdenum, Pdenotes
25 phosphorus, A denotes at least one element selected from the
group consisting of arsenic, antimony,; germanium, bismuth,
zirconium, and selenium, B denotes at least one element
selected from the group consisting of copper, iron, chromium,
nickel, manganese, cobalt, tin, silver, =zinc, palladium,

30 rhodium, andtellurium, Cdenotes at least oneelementselected
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20 DCLT: Downstream Catal yst Layer Tenperature PC. Propyl ene Conversion
STA: Selectivity to Acrylic Acid _ 38 _ 18 March 2004 g iM%r Ihe§r00f4rpm
Table 1 that the reaction in the nmeasuring reaction tubes coul'd bé achi eved
as the same reaction as the reaction in the non-neasuring reaction tubes,
and tge cat al %/sttﬁarti cle ![a_yer t;a_rrperatﬁretcoul d be neasured. 5 In
accordance_wi e_present .ipvention e tenperature and pressure

rof | oo L FEPRAHTASTIT Ranr SHEL T o URRRTE R BU oS T hAS ORI 1 t he
non- measurpngenedcki o tuhes, el bhuseat lseaslctele Ofork hendB3shiphg
reaction tubes can be the representative in the all reaction tubels?ni n
measuri ng ¢onshatieapefatdkelor neskilg, paltiading sgrwsh Rehslifonaskf i ci ency
in the neasuri eact i,o an_be the _sane as that _in_.the

non- neasur?'ﬁai;ﬂg‘é%t i %ﬁatﬁbééggfﬁ%sof(ﬁgeﬁf efent’’i iverti of i 5’ adP8ntageous in
that the rasspateivaly civaieskBe abemseleotiyd tof 1o, t he Rpjectd ve,products
are high, 15 productivity is excellent, and a certain nature can be ensured
(see Exanphed PnSTab3lydd thiee Tprgsent PatdvBnbagebusc ef fect $.cah =hé attai ned
control 1 g Thes pr Sssud b Bion Saa t ek e 6 Besenttihventron s o
advant ageodsidrvt@y the ngmbaboés valuegfll pae ity £los spaeeiscNGxpidkdlonof solid
particles d%figrentéfronépqaﬂ;i cle dianmeters and shapes so as to control the
pressure dPeptafdTFePVHRXi “Eeﬁé*sse_ solid particles uniformy. In the
breseg | TVent | @naL6ss L% SOld $BRILIE B L0a25 6aat Bbking e
For - exampl oxidaatby afspricameer fiscber yiameeaCth anno el i bhygen t hout
or exanpl extigaalbby D er fis YUk @nm at bRyeenw t hou
the thernoneter. The usually used solid particles have accumul ated nany
usef ul t echRY RRSSENBY FAtROWEoMeRAPdt he'dk TG EaReHRl AU v £6Ei | i zed.
| n contrasty b0y seekA,suby Bk & CarRINARLEIBAOf  RAT LGl Gt ANBI £15 sand
shapes for }égn?rofleél&ngptﬁ@presscure (Iri\rop V\Dll:ll| %nnot l%e g?np e yg%gans of
experinment &s in 88e rank®® dASCH 1IZ0041 Fur,t hhe, ratnid bé mabkscwliameaydaenng t he

tenperature of solid particle |ayers, in particular the hot spot,
di sper’si ont8f theaREPPHEE Tt Fé’t"lﬁ?tee?fg&n e rsGPFr 686 SRRGBHSINI y by

equi ppi ng LhR-+heLHONBE S5 { s SN NG SAY i ik MBAN 4,0 JIQsi tion the
t her nonet er a? the axial Tenter of the reaction tube inserted. Nane it can
excl ude adver sebhyreis ectvaralgeousliyonszdnaal t¢ afecd evduwad fiog the reaction

tube axis frgm ogter sides tg the centerﬁgortéon, on the plate. Even if the
filled sol FALBSPLRAEI Y HE WHPhOFERADT TR ERE r bt t4%h A FeS*¥Y§S8nd newl y

ones are rgnbhldeddhereiflohe LBeqiReLaRE! efneanReyRASELERERA R the
prescri bed position by enploying the sw ng-pr evena ng neans. Accordingly,
it carkheasorethhentlmamperat oxggeof 1 hempbénen pad thx|thd ayer-pass or
accurately (see.in Tabl e Exampl es, 1-3 vs. Exanpl e _As aresuylt, 15 it
can ror e AECCRSLLNG TSP RESLREAPIEe VI & B SASThE SFESTAT At ton with
time or thenlike rifes iy 26hec td g oat, Whehe-dde {44 I aaldd ipakhiecl es are
to be withdrawn and hewy ones are to be re-filled can be grasped

preci sel y. rengehefpnesanl pnesstrentopboduwbsphsreachaad 2be( spekeacrylic

acid and/or_(neth)acrolein can be ective er d in a single reactor
i ncl udi ng Hﬁif’?é 3?1 ARd-owWRR ¥ &t ga({Oal“yﬁosc!é/ ncggﬁrg%ure control ling
partici®s are neheASCERS FPYodddt LANIRAHor WIRN dd1ieq st Yieeg ceedP oy €am
catal yst, inert, and downstream catal yst particles are 25 inserted into a

reacti on tpbeking phethwldsd geacononothbag ihetipr edstirle réegpcar @fenpl oyed,
and the respective particles for controll.i t he, pressure drop_f. t he
above thregg?y]ﬁ)ﬁgt Rpnges Eéj’ﬁfr%ﬂc?%gb%h%g]x'é@dﬁﬁ T 1399 'Oﬁ:gf"’ﬁ%ﬁ?e smal | er
particles tQe pkeSSL S Q:%Qtarlg'slt' PoWREt fe ShaPat M Ps i N dceBneBQnkayer, so
that pressure control would be difficult. There i's a fear that the pressure

drop devi atbs dezchor dper aiked, ganprepavedsbynadding e ammaidary ¢iand

selectjyvity to the product - 40
éO gecondaryp oxygen, or steam, when necessary, to the
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18 March 2004 are lowered. (Meth)acrylic acid and/or (meth)acrol ein can be
effectively produced enpl oyi ng the shell-and-tube reactoqgohégy% RIggent
invention. 5 In addition, enploying a pressure neasuring device would prove
simlar effects to the case of the thernoneter. - 41 18 March 2004
Clainms: 1. A shell-and-tube reactor conprising at |east one reaction tube

with a neasuring. neans al ong the is of the 5 reaction tube, substantially
the same s%?‘?%{]%laf?ch%rf%asl JeI??laaFiCﬁ? G497 PRENSORTPER FHBRECRCEROSr wi t hout

the measuripg mRaRs.ich kepgbhaelirbhechi! { edhsphig-pas it%'eec!a@é%psta“d a
pressure drop thereof while passing a gas through the reaction tube, per

each reactimrthabwadiaimg of0 19066tam 3@,y prisdesaimdy 188P@ct iAo, 2. A

react or accordin oclaimlf Qer C ri siin Wi ng- preventing neans to
be attached fo°F ggrr‘éeglls%crll% orégh . fB%g.% Er egéﬁgf'ﬁ%gﬁi’: grte™8l aim 1 or
2, chapactgfé zegetdrtdadp theasoldifl, particles are two nore types of catal yst
particles or a conbination of catalyst particles and inert particles. 20 4.

A reactor accordihgl t®Trany lonkhefcad aiods tvot se@uenhba hotesdtoed ifort hat t he

reactor h f r artitiqgned with a tub heet, a heat nedi um
bei ng cir ﬁﬁ%@%ﬂ%oﬁ%r&q?h@%ﬁéﬁi ﬁ%é%lﬁﬁaﬁﬁt T\%I:-’ Zﬁoe%(?n rrs’?%toﬁ%'@efnoPrpr oduc: ﬁg
(et h) acr yé ¢ €am e if chetiil Qir f HBY Beatd 0l €l dh Y1 yRaAS d Ve tArBdSc b ages¢at al ytic

oxi dation reaction enploying the reactor according to any one of clains 1
to 4. 30 -m@actor and second reactor, acrolein being mainly produced

N D DA LU LU L LY/
3j Ut xsni d_#7] cetle o ead o] eed epdca] cahealioa) eaheakcaheabealeal sakeakca] cal cal
ca] caj cal C?e;gg’ggf]rga%; Cbas-! Ctalllegas],fn?ﬂlca%:! lJcoE tohose of chamber B.

In the case of gas-phase catalytic oxidation of

isobutylene, the isobutylene concentration in the raw

15 material gas is in therangeofl - 10vol. %, the concentration

of molecular oxygen 3 - 20 vol. % and the concentration of

steam 0 - 60 vol. % respectively relative to isobutylene,

and the remainder comprises nitrogen, steam, carbon oxides,

etc. Air is advantageously used as the feed source for the

20 molecular oxygen. An oxygen-enriched air and pure oxygen,

when necessary, are also usable. Preferably, the reaction

temperature is in the range of 250°C - 450°C, the reaction

pressure in the range of normal pressure to five atmospheres,

and the space velocity in the range of 300 - 5000 h™! (STP).

25 The production of methacrylic acid is performed by

packing the bundled reaction £ubes in the shell reactor of

the heat exchanger type second shell-and-tube reactor with

the oxidation catalyst (downstream catalyst) containing

molybdenum and phosphorus, feeding into the reactor the mixed

30 gas prepared by adding secondary air, secondary oxygen, or
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REFERENTIAL EXAMPLE 1

30 Production of Upstream Catalyst
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N 10%& ()-F ! 10%& ()-c 10%& ()-109%& ()-10%&' ()-!10%& ()- 10 10GK} 0}~ <niN!,
4" 1099 T& () -
| 109& ()-!y, 4" 139l Y Lidags §f purifiedogaise Fephehetopepdmmn rred,

 Lo%& (- 9 H U098 ChimohAUR Ty § )3 @LYBKird s dom F2 200& {42 ZEECH " SHH!

109& () - 7169 {31 kgl 16006 Bityate Rb4e MR Vd ./ 10URHE) r&d} LaSEE! v

109 ()-Y '1Q%& ()- 'Y 10%& (
11109 () - §?8<?&‘1(0§“l f@/&qtl?ou%z‘%@%f@}&t(l)on P@em%ﬁ@fgmlxano%F&:yé‘ )- !
|$I005 WSO ORI LIS (1cbss llelod 10
109&' () - 7108k er), - laxe@11A%PR&of) 19! k8" @0%FE8r {¢-ntdAHR 1) -30 r1itdFOSH=! K,
4" 10902& () of pﬁrfgz:}gﬁ-g%‘e@,_aggc{ a solutionof 27.5 kg of bismuthnitrate
in 30 liters of purified water incorporating therein 6 liters
of concentrated nitric acid was added dropwise. Then, a
10 solution of 14.2 kg of an agqueous 20 wt. % silica sol solution
and 0.29 kg of potassium nitrate in 15 liters of purified
water was added. The suspension thus obtained was heated
and stirred till vaporization to dryness and then dried and
pulverized. The produced powder was molded into cylinders
15 5mm * 10% in diameter and 7 mm = 10% in length and calcined
as swept with air at 460°C for six hours to afford a catalyst.
The produced catalyst had this molar composition: Mo 12, Bi

1, Fe 1, Co 5, Ni 1, W 0.5, 81 1, and K 0.06.

20 REFERENTIAL EXAMPLE 2
Production of Downstream Catalyst

In 500 liters of purified water kept heated and stirred,
100 kg of ammonium Iﬂolybdate, 12.7 kg of ammonium
paratungstate, and 27.6 kg of ammonium metavanadate were
25 dissolved. To the resultant solution, a solution of 20.5 kg
of copper nitrate and 1 .4 kg of antimony trioxide in 50 liters
of purified water were added. This mixed solution and 350
kg of a silica-alumina carrier having an average particle
diameter of 5 mm = 10% were evaporated together to dryness

30 to have a catalytic component deposited on the carrier and
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<<=}"?2{\=11r109B& ()-, L4" 109BENERT! YARTICOE 8i 8&' () -

!13%2%2?sl@g%?gé%ﬁgg%o@‘?%é%zgﬁgégs 11%%% 8 (@ 19Be ()-1t @

3"10%1dé& ( inASAAEBER it d OB, 6 mh0YB8&. % )mh &l YBSndh | (available

O%B&'()-IIlO%B&f&;-'lO%B&'() 108 108CC\ DEl F* GHxWbK= 108'y"10968l8&f() $
"10988& () fyom IWAO JIKI K.K. in Japan) are used as the inert particle.

"10%p8n8& () - $! B' 10988& () - $! r" 10%H8b8& () - $! r" 10988&' () - SHHHHHHHHZI ~\ : 08! !
1 109 () -z!1 109 ()-!10% ()- 108 108 108;
CLO%B& ()-!"10%88& ()-$ZI | JKNLLLWkAM®IER , P 109& ()-!, P" 109%&x& ()-!, P'10% ]

& ()-1,P"10% ) & ()-!109 -1 1109 zLMNIVN[ NNQC} ~\ 08! 610%& I'PI2"10
%&S%) FllO@%gj gertlcga(ghell and %Lbe reactor waé adopted, havfggy

[ 109%& () -! k@é%@e@[@u&és |4 @ IO WM 1 ( b QOKEYEZEL 9 PR\ 1 O3 P& () -1
3T 10 g% %gsiéogggfgé)dﬂéééier with an intermediate tube sheet
’

15 equipped at the middle of the reactor. Upstream catalyst
particles, inertparticles, anddownstreamcatalystparticles
were sequentially filled on the bottom of reaction tubes per
each reaction tube as follows:

Filling manner

20 The upstream catalyst, inert, and downstream catalyst
particles were divided into 14 pieces so as to be the same
volume, respectively.

All of non-measuring reaction tubes were filled with
the above particles, and then measuring reaction tubes filled

25 therewith in a way that the length of filled layer was the
same as the mean of the non-measuring reaction tubes. The
volumetric measurement was performed by means of a plastic
volumetric measuring vessel. The length of the layer was
performed with a measure. The pressure drop of the solid

30 particle layer was measured on a differential pressure gage.

Reaction tube Neos. 1-3:
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1 & () - LOVWAMAAMA : 08111 1" 10%JU& () -1 r" 109U& ()-!y10% U& ()- 10 U 10 U 10
U : C10% U& ()-! f 3" 10%Us U& () - 1\AXXYYYZz[<~\ 08! 111810% W& () -c" 10%

e 8If’!r9(io%& z’éz)zfiﬁlfesI e e FALS S BRRA R TS - B®R10%
u& () - s$l(l%6l§l&il(c)ntuhewsgl(])l-ddw%@&h(e)reza\c&\l\on]‘cH]k}e}]z{esﬁzeatiﬁewj{ C10%
ve () -1 Y”I%e filled layer was measured in length, and pressure drop
for the filled reaction tube was measured while passing air

5 through the tube at a rate of 15 N liter/min.

Reaction tube No. 4:

A thermometer of 1 mm in outer diameter with a
swing-preventing means as shown in Fig. 3A was inserted and
stopped at 800 mm from the bottom of the reaction tube (here,

10 the thermometer means the detector in the tip thereof.).

Then, one of the divided catalyst particles was filled
into the reaction tube for a slight longer time than the mean
of the £illing time for the reaction tube Nos. 1-3 so as to
coincide with the mean length of the reaction tube Nos. 1

15 +to 3. The filling result is as summarized in Table 1 below.
The value for pressure drops was the same as the mean value
for the reaction tube Nos. 1-3.
Reaction:
The synthesis reaction of acrylic acid from propylene
20 was performed for the reaction tube Nos. 1 to 4, respectively.
The raw material gas contains 7.0 vol. % of propylene, 12.6
vol. % of oxygen, 10.0 vol. % of steam, and 70.4 vol. % of
nitrogen. Therawmaterial gaswassetatasSV (spacevelocity)
of 1,600 hr'! against the upper catalyst layer. The
25 temperature of the upstream catalyst layer (the inlet
temperature of heat medium for the reactor) was maintained
at 315°C, and the temperature of the downstreamcatalyst layer
{(the inlet temperature of the heat medium for the reactor)
maintained at 275°C. _
30 The test results are shown in Table 1 below. In Table

1, the conversion and selectivity to acrylic acid for the

reaction tube No. 4 was almost equal to those for the reaction
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5 A protective tube of 4 mm in outer diameter, 3 mm in
inside diameter and 2,900 mm in length from the bottom of
the reaction tubes, withaswing-preventingmeanswas inserted
into a reaction tube No. 5 from the bottom side, and then
a thermometer of 1 mm in outer diameter inserted into the

10 protective tube.

Then, one of the divided catalyst particles was filled
into the reaction tube No. 5 thus obtained for a far longer
time than the mean of the filling time for the reaction tube
Nos. 1-3 so as to coincide with the mean pressure drop of

15 the reaction tube Nos. 1 to 3.

The reaction procedure was repeated in the same manner
as in Example 1, and test results are shown in Table 1 below.
In Table 1, the reaction results and the temperature of the
catalyst layer were almost same as those of Example 1.

20 _
COMPARATIVE EXAMPLE 1

The procedure of Example 2 was repeated, except that
the filling time of the upstream catalyst particles into a
reaction tube No. 6 is shorter than the mean of the filling

25 timefor thereactiontubeNos. 1-3, and the control of pressure
drop for the reaction tube No. 6 was not performed. Test
results are shown in Table 1 below.

The values of the pressure drop, the temperature of the
catalyst particle layer, the conversion of propylene,

30 selectivity to acrylic acid of the reaction tube No. 6 were

lower than those of Example 2, respectively.
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111 r %" 10%08b8&T%¢ - pryFed e 8dB&EXImpld PB&d Jrepeated, except that
in a reaction tube No. 7, a protective tube of 10 mm in outer
diameter and 9 mm in inside diameter was used, and the filling

5 time is longer than that of Example 2. Test results are shown

in Table 1 below.

As shown in Table 1, the values of the pressure drop,
reaction results and the temperature of the catalyst particle
layer were almost equal to those of Example 2, respectively.

10
COMPARATIVE EXAMPLE 2

The procedure of Example 2 was repeated, except that
in a reaction tube No. 8, a protective tube of 12 mm in outer
diameter and 11 mm in inside diameter was used, and the filing

15 time of the upstream catalyst particles was longer than the
meanvalueof thoseof thereactiontubeNos. 1-3. Testresults
are shown in Table 1 below.

In Teble 1, the wvalues of the pressure drop, the
temperature of the catalyst particle layer, propylene

20 conversion, and selectivity to acrylic acid were lower than

those of Example 2, respectively.

EXAMPLE 4

The procedure of Example 2 was repeated, except that
25 a protective tube without a swing-preventing means was
inserted into a reaction tube No. 9. Test results are shown

in Table 1 below.
In Table 1, the values of the pressure drop, propylene
conversion, and selectivity to acrylic acid were almost equal
30 to those of Example 2, respectively, and the temperature of
the catalyst particle layer was lower than those of Example

2, respectively.

- 34 -



10 10 10; CLO% ()-!13"109R?& ()-0?|}}~xV7-\:0 1!' "10%

& ()-1r'"10%8h8& ()-!y' "10% 8i 8& ()- PP"10988& ()- ! XP" J}%%@C(fg 00
lyP"10% 8i 8& ()- 6rbC0 1!< 109%& ()-10% ()-v 10% ()-! 10%: 0é ds 10s:
CLOYB& ()-,e=}"?bC0 1!f109& ()-!, #4" 109%& ()-

S109%& () - 10%& ()-010%& ()-!!10%& ()-z}.kdEbCD 1!"cl0%& ()-v

0! 109%&' ()-10%&' ()-1!10%& ()-10%& ()-z10%& () -~0g}~?bC0

111 <. 1109 ()-, 109& ()-*c109%& ()-f)109& ()-!,s$4"10%j & ()-)!, s$4"109%& ()-)
XdYNCO 1! 10 10 10f; EXAMPLE 5

Cl0%&' ()-16!10% 4109 o0& ()+/ 109 ?/z[9YNCO 1!'!113"10%\ &
| 3" 10%(&')() us“%E%?a/esac?%‘i‘ug% Q‘é&%r&g e %llfo%é,%&t {pn. tube No. 0
L10% () - /ﬂﬁkskéﬁéﬁﬁeﬁ 1@xcept that a thermometer of 1 mm in out

109&' ()-,/4"109%& ()-!,/4"10%q& ()-1"'3"10%& ()-!1'3" 109 T& ()-|I 31098 ()-
TV 0 T %éleyﬂetﬁfo‘é/w &) s‘iB@@xPJ(e;V%n‘&e%@E@Pﬁl‘o@@&n@entf@%&omthqo

10\GaB”“V0upper side, and stopped at 2,200 mm from the upper ends of
the reaction tubes. Test results are shown in Table 1 below.

In Table 1, the values of the pressure drop, propylene

conversion, selectivity to acrylic acid were almost equal

10 tothoseof Example 1 in the reaction tube No. 4, respectively.

The temperature of the downstream catalyst layer could be

measured.

EXAMPLE 6

15 The procedure of Example 5 was repeated, except that
a protective tube 0f 4 mm in outer diameter, 3 mm in inside
diameter and 3, 000 mm in length from the upper ends of the
reaction tubes, with a swing-preventing means was inserted
into a reaction tube No. 11 from the upper side, a thermometer
20 of 1 mm in outer diameter inserted into the protective tube,
and the filling time of the downstream catalyst particles
was longer than that of Example 5. Test results are shown

in Table 1 below.
InTablel, thevaluesof thereactionresultsandcatalyst
25 particle layer temperature were almost equal to those of

Example 5, respectively.

COMPARATIVE EXAMPLE 3
The procedure of Example 6 was repeated, except that
30 the filling time of the downstream catalyst particles in a
reaction tube No. 12 was shorter. Test results are shown in

Table 1 below.
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CL0%8&' ()-6! 1098& () -/ 109B& ()-<."109B& ()-, 1098& ()-kydEYNCO 10% 109%& ()-c

1008, O 1275 501006, MR LA RE LB g corrissin
O‘chl 109 Partied® tpmprto¥syé) pzﬁamw&o@w%@%aﬁa Selectivity
310% () CERDIRCTY 1T, 2Tholikkc] ) M aBBA0 16989k - Frample S,
1109 () - 1@%& ébt!v%@%& ()-10% ()-2z!10%& ()-G dESH=0
10109 ()-"109% ()-f109% ()-"109& ()-#109& ()-10%& ()-' >y~?SH=0
010%&f(§-!ff,"10%&f() z+10%&f()-'10%&f()-y'f$3"10%&f()-yL'lO%&f()-zy+ntuvmx
g?ga&}%9%?§|S%Q&}?)183i8%&'() 1109%?%?PL3L%an P"1098& ()-!'r, P"10%8b8& () -
'y, P"10% 8i 8& ()I‘heypﬁ'bme%lgﬁ8&f(ﬁx&mﬁléO@qﬂﬁw&é})eaté&lO&@&@B& fhaBl JKL} NSH
= 108 the outer diameter of the protective tube was changed to 10
mm, the inside diameter thereof to 9 mm, the filling time
10 ofthedownstreamcatalystparticleswas longer, and areaction
tube No. 13 was used. Testresults are shown in Table 1 below.
In Table 1, the values of the pressure drop, reaction
results, and catalyst particle layer temperature were almost
equal to those of Example 5, respectively.
15
COMPARATIVE EXAMPLE 4 '
The procedure of Example 6 was repeated, except that
the outer diameter of the protective tube was changed to 12
mm, the inside diameter thereof to 11 mm, the filling time
20 ofthedownstreamcatalystparticleswas longer, and areaction
tube No. 14 was used. Testresults are shown in Table 1 below.
In Table 1, the values of the pressure drop, catalyst
particle layer temperature, propylene conversion and
selectivity to acrylic acid were lower than those of Example

25 5, respectively,
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Swing-prevent: Swing-preventing means
L: Length of protective tubes
0. d.: Outside diameter
10 Position: Measuring position
F. time: Filling time
LL: layer length
PD: Pressure drop
UC: Upstream Catalyst
15 DC: Downstream Catalyst
IS: Inert Substance
URT: Upstream Reaction Temperature
DRT: Downstream Reaction Temperature
UCLT: Upstream Catalyst Layer Temperature
20 DCLT: Downstream Catalyst Layer Temperature
PC: Propylene Conversion

STA: Selectivity to Acrylic Acid
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10

20

25

30

reaction inthenon-measuringreaction tubes, and thecatalyst
particle layer temperature could be measured.

In accordance with the present invention, the
temperature and pressure profiles in the measuring reaction
tubes can be the same as those in the non-measuring reaction
tubes, and thus at least one of the measuring reaction tubes
canbe therepresentativeintheallreactiontubes inmeasuring
the temperature of solid particle layers.

Reaction efficiency in the measuring reaction tubes can
be the same as that in the non-measuring reaction tubes, thus
the present invention is advantageous in that the rawmaterial
conversionandselectivity totheobjective products are high,
productivity is excellent, and a certain nature can be ensured
(see Examples in Table 1).

The present advantageous effects canbe attainedbyusing
substantially the same so0lid particles without solid
particles for controlling the pressure drop, and thus the
present invention is advantageous in omitting labors or
equipment for producing plural of solid particles different
fromparticlediametersandshapes soastocontrol thepressure
drop and for mixing these solid particles uniformly.

In the present invention, since the solid particles for
controlling the pressure drop are not necessary,
substantially the same solid particles, for example usually
used, can be filled in reaction tubes with or without the
thermometer. The wusually used solid particles have
accunmulated many useful techniques and data, so that these
can be effectively utilized. 1Incontrast, to seek a suitable
combination of particle diameters and shapes for controlling

the pressure drop would not be simple by means of experiments.
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a horizontal plate vertical to the reaction tube axis from
outer sides to the center portion on the plate. Even if the
filled solid particles are withdrawn from the reaction tubes
10 and newly ones are re-filled thereinto, the thermometer can
be positioned in the prescribed position by employing the
swing-preventing means. Accordingly, it can measure the
temperatures of the solid particle layers more accurately
(see in Table 1 Examples 1-3 vs. Example 4). As a result,
15 it can more accurately expect the catalyst life by means of
degradation with time or the like, thereby the time at which
the filled solid particles are to be withdrawn and newly ones

are to be re-filled can be grasped precisely.
In the present invention, productions such as
20 (meth)acrylic acid and/or {meth)acrolein can be effectively
performed in a single reactor including upstream and
downstream catalysts, since pressure controlling particles
are not necessary. Incontrast, when three types of upstrean
catalyst, inert, and downstream catalyst particles are
25 inserted into a reaction tube, if particles for controlling
the pressure drop are employed, and the respective particles
for controlling the pressure drop for the above three types
would be required to be mixed. After filling, the smaller
particles for pressure controlling would drop into the lower
30 layer, so that pressure control would be difficult. There
is a fear that the pressure drop deviates during operation,

and conversion of rawmaterials and selectivity to the product
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jP6/1310% & ()-1310% & ()-!1310% & ()-!1310% & ()-!1310% & ()-!1310% & ()-!310%
\& ()-Z@] ! 310% & ()-!310% & ()-kP' | O #&0(3!310% & ()-!310% & () -] K, |310%&
'()-01310% & ()-!310% & ()-!310% & ()-!310% & ()-!310% & ()-!310% & ()-y
310%&'1310%&()-1310%&()-1310%&()-1310%&()-1310%&()-1310%&()-13
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1. A shell-and-tube reactor comprising at least one

reaction tube with a measuring means along the axis of the

5 reaction tube, substantially the same solid particles
being filled in the reaction tubes with or without the
measuring means, a length of the filled solid particle
layer, and a pressure drop thereof while passing a gas
through the reaction tube, per each reaction tube, being

10 substantially the same, respectively.

2. A reactor according to claim 1 further
comprising a swing-preventing means to be attached to the
measuring means.

15

3. A reactor according to claim 1 or 2,
characterized in that the solid particles are two more
types of catalyst particles or a combination of catalyst
particles and inert particles.

20

4. A reactor according to any one of claims 1 to 3,
characterized in that the reactor has plural of chambers
partitioned with a tube sheet, a heat medium being
circulated in the chamber independently.

25

5. A method for producing (meth)acrylic acid and/or
(meth)acrolein by means of a gas-phase catalytic oxidation
reaction employing the reactor according to any one of
claims 1 to 4.

30
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