;e3es p ~*6 T.: REACTOR FILLED W TH SCLI D PARTI CLE AND GAS- PHASE CATALYTI C
OXI DATI ON W TH THE REACTOR BACKGROUND OF THE I NVENTION 5 Field of the

| nvention: The present inven to a shell-and-tube heat exchanger
type reactor filled with sol lmmmﬂmm Imml and a net hod for

produci ng(nmeth)acrylic acid and/ gr{neth)acrolein 10 with the reactor.
Description of Related Art: Exothérm c reactions such as an oxidation
reaction in an industrial scale are perforned with shell-and-tube reactors

ffilled W i pGaigH ﬁ%L%ﬁbdwﬁ réoﬁ@ﬁﬁ&ﬂzs'ﬁg%w Hafe ¢ at IPraeR b aREivdiRcexi st s

anong the reaction tubes in t a reactor is used In the field
of chem cal industry for ex@XPPATRONhhGUTH fBHE pRBACEPRg pht hal ic an hydri de
fromo-xylene, acrolrin and/or acrylic acid from propyl ene or propane, and
met hacrol ein and/or nethacrylic acid from 20 isobutyl ene. Any eval uation of

conditions of the shell -anagaoxerowaciorr THE ITENTTONCat al yst particl es,
the selectivity ‘and conversion of the prescribed products is affected
remar kabPy by the tenperature along with the reaction tubes. This 25

t enper at ur e @IAfd | ARG Wddt #die; axis is neasured with thernmonmeters. The
thermoneter is inserted into the reaction tube in the case of fixing the

t her noneter i tsel'ﬂ‘heapr&ssn@scmvgeulpmIrﬂlatcms thea (ﬁh%lrl-rmt@%)maéct ive
tube for the r th 3
- e ard{m e rﬁ{% Sr[en ??D lﬂe%dw% ori %’t ttJ% S, &n

reaction tub s inserte pr'ot'éc i%e tube
in the case n@‘th&a:sur pngdhb&n@qm}@tw@w@dci@amybs (m\thngctrhﬂem
t her m)rret er Wail ohnq:hvg trhe‘;tchteora.xi S.

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.
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Howewer, such a thernoneter has a drawback that the thernoneter occupies a
certain volune in the reaction tube, hence a pressure profile along with
the axis is generally affected, and accordi ngly behavior for 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 reaction tube with thernoneters is required to be coincide
w th the reacti oHolevRtQCeathofa tiermeandtiean Habea drablbatkt hdvatoreteers.

JP- A- 10- 309457 describes, in ,order to fulfill such robl em and
r equi r enent FRETERBELEZNACPUBLCF 1 QSHT AT VRGHAG AR *?Ié%s?eaﬁﬁ)l%ﬁél%act i on

tubes filedpuhda aobirdsBakk g&%ﬁ@t@d adbnbea3tnoRBe’ @34l A Iqehras 2
t her nonet er wherein both 15 the ratio of "the solid particle weight to free

cross secti @fdlecheda, apdraceetdingly inphavisy, faxdthrepperessueelion st
measur ede by ARAlT, Of I NELLoA A5 MLER ik LAkeLALL Y I OANEEd B uod.

proportion to Fee Cross sec nare col nci respectively, in the
whol e react itanchahge . 2Ad rhaceeadaime, Wit A st irepabdbantrfer ttempadestutde

reaction tubes are filled in such a that the rati,o of the,soli
barticle welBRSSEETERE 19 BE SUMTEHE Skt A CRAGSERs Ariseche ORI BRSPS ne
suppl yi ng a fjasdr@ .t henkl Il didtepridce i 181 gieat abackespesiibechyitr he
tenperature can be accurately neasured even 25 in the reaction tube in

whi ch the tHdememederss isnseaudgedHbreber codarddq Witiudher resaqtdion
particl W | ff I Gl.e si eRAS fill the
reacti o%ét uﬁ%%%stsh%;fﬁaﬁegge%ac%tl%c é’i’l%t%hs:r%&t%e soﬁ?{dé/%@%%ﬁ?%% filled, for
controlling the piregsiiOe3dodp.7 Sesthdibgls ,sdquenrtdead tchahgdesilof sguassar e

OO0 PO B QYEL AL PRELAN) P13l B AL UBP 5 Lla Y

ther monet er ds leAskhews asgndfreseitiiond tRbessfi BedBABYS | 1§ T \HaS dIdw t he
reaction t u%en% at least one reaction tube has a thermometer wherein 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 £ill 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 equipped with or without a

t hernonet er and/or a pressure neasuring device (hereinafter it is sinply
referred to as "neasuring nmeans” ) , which are capable of accurately
grasping the tenperature and 10 pressure of the solid particle |ayer for

t he whol e reaction tube by neans of neasuring the tenperature and pressure
of the solid particle layer in the reaction tube in which the nmeasuring
nmeans is equhepfemede dsmBihathd Wad¥ asitiCs &gt (APt prassibécmagkdrang/ or
(meth)acrolein with the above 15 shell-and-tube reactor. In view of the
above probl éaricee have &hei geactjomedesgat ed shel | - and-tube reactors
wherein a nmeasuring neans is equipped in at |east one reaction tube, and a
met hod for producing (neth)acrylic acid and/or (neth)acrolein with 20 the
above shel |l - and- tube r eact orSUMMARY r@S U'HE mvmmn ound that tenperature
Or pressure neas nt can rformed in st ong reacti.on tube as
the representati J¢%k \ﬁ%gl gg?eaﬁ:{?%'?tmt u&é“’s;r/‘ 6‘?@pa??né’rscl}b]§{]%nfai ally
the sane SOlshdlmaehuclteeef taéaéeagtwgfh triehRs 1Wnt BubesVediDbbe dRAIH bRg
means, 25 chan thef|II|n ime for the reaction tubes with or w thout
t he neasuri Wgtgﬁﬁgs 0% e PrEFPRER] PEASHRLBE dR¥iSS i d

particle in (()ﬁé% lheette'r% tl@@lh?ﬁ.gox}'é‘féldféﬁ o aé‘n‘i'neca%”tf){]q{d hBankhs ,

pressure dr the solid parti ayer 1 n supplying the gas 1n each
reaction tuwelt:h dee apstae pélaqc@ﬂa’c@lm@r@emalg the e quues@attuteneadt i on

has be achi eved. Th resent. 1 nve e ta.a shell - tube

react o(ral avPﬁSsﬁuﬁgaggrﬁﬁ% Sr?gLaJh% p&f g‘gdlia legcs < grl?é)le %ggctclroelacti on
tube, in whtabesbpsheahbabtyméheusin® sind |tdax¢;mrﬁamim§ aaice plrielslsed-d @ ft he
reaction tubes Wlih or W h ut _the rreasurlggqﬁrreans t he sollgld_l%dt

| ayer | engt KPEnSQALH P@ﬁEtLF fi t8BETaME he 1 F G lﬁ?&rtl cle
layer in suppb¥LRGny Gnddss &l & éijiFB@H' alany Goimeci et abr pesBaetingel V.
Further, the present” invention rélates to a nmethod for producing

(et h) acryl i( @egdi)@cxiyd/icr qoid haadr orei(mewl) Rcred edbovel Hhet he agovgbe
react or-, Insﬁ(égq_rgelr&c%u\ge t}eatg:etfot}resent reactor, it can neasure 10 the

t enperature and pressure drop of the solid partlcle | ayer accurately. In
accordance wth time \prmentf rtemctainovetpdobiemet, nee dhsval kiellls_;elnrtdy
particles far_caontrolli so as to cut the fi tinme.

d
15 I n accor d3NEE TGRS %}kﬁmgs Srﬁli{lﬁ%d"[g%b?ﬁf%o‘ﬁk}g%f%n aW&a§8Fé&| vity

to the obj eglkiang P& GHICTSoERANbEL AldaHthede r'rés@ceb@:veumd ahed mehjheet s,
features and advantages of the present invention will becone c|ear fromthe

fol | owi ng déSETPHPABRLIBE (ML) IFEY 6 aGH0ANFERT s(MeXt g 19 SESHRIYBTI ON OF

DRAW NG The naCeosparndld Hiaiiithd peaeratat eds bhn-adich oL Hdv & fdilq of the
specification, illustrates several aspects of the present i nvention, and

t oget her wi tthatthéeg@ggrratpmeo@rs@(r\p@sure 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



25 to explain the principles of the invention. In the dramngs: Fig. 1 is a
summari zed partial cross section of the shell-and-tube reactor of the
present invention having the reaction tubes equi pped with novable or fixed
t hermoneters, respectively, inserted through the top of the reactor; 30
Fig. 2 is a sunmmarized partial cross section of the shell-and-tube reactor
of the present invention having the reaction tubes equi pped wth novabl e

and fixed thernoneters, - 4 respectively, inserted through the bottom
of the reaCEQactEbgtd%ésa@wauaﬁwub@%hﬁﬂ£HMEyﬂh@@am@gamprarex@mésng
means are equi pped wth the thernoneters; g 3Ais a front view, Fig. 3D
is a side vAS®IMHE®iR heweactiondabesvikb oF Wik hAguptdemerRETiBans,

respect vel yeobLg. BB ot @ bERDL cYbethy &l GerdfEr Snd Gl RModhErgi N a

slight shorter plate materi an the inner anet er o e reaction or
protective tudepresssed, dreppmttthﬁequlm@amtg.cmmyear ﬁnoanppﬂ.gwngFl g. 3F
is a si wew,él “wher ein rg"gs art.er g\r?o%s- | at e materlﬁl 10 than the

i nner di"amefef 2Bt aFﬁesPBEE?PB FYpFOLREEASE Pdse TEEPTSEd V Sidspect i vel y:
and Fig. 4is a Fuﬁﬁﬁérzeﬂhélpﬁéébﬂ%“ﬂﬂﬂdhﬁﬂdnﬂQeméeéentbngnﬁ&&@@ gbe

equi pped with the pressure protective tubes s a front, view wherein

awire is ubEQINSipHe(RGFMIRPFBVERETG §5dﬁ€£n(s‘ge%1hba°€ﬁ%l%+%t"€c?tr} 8t ube' s

tip has a shibyehaper128daFkdpedBebstdf.ront view wherein a wire is used as
t he swi ng-preventing neans, and the protective tube's tip has a notch

shape. 20 DETAI LED mmccewmme PREEERRELE &/BTDI NEtl\l'Pgnl\@ﬁlaSHre
prefer el SRRRM RN, Al L0 R SSEnL. OVend 98 o Lobeasnlaarlugino 2

t her nonet er measuri ng ans .
pressure msas:umragedgvi ce or pressure gage. The present |nvent| on i s not
restricted 25 to_the thernoneter. The shell -and-tube reagt or of the present

invention i s chalBASFPLRRAGH itk the BFGSRSTef 8RCFRY pridvPa8s 19 aPefeast

one reactiogmauber seRstaphi-akkyekheosapeneebidingr thel predtark Bered in
the reaction tubes with or without the thernoneter, 30 the length of solid

particle | aper 8si foeqeh tdgctildd ingbdimed the pressure drop of solid
ggir LIC|C| n![ Z?/e; ZSggﬁ%{:%%?géﬁgggﬁiﬁy%lﬁeaﬁrébén@rrﬁeéﬁ@é; HdkbYversion
and selectivity to the objective products can be attained.
The above and other objects, features and advantages
of the present invention will become clear from the following
description of the preferred embodiments.
20
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 thedescription serve
25 toexplain the principles of the invention. In the 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 reactor;
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,



The reaction process in the reaction tube wth the thernoneter can be equal
to the reaction process in the reaction tube wi thout the thernoneter, so
that the tenperature can be neasured for catalyst particle |ayers as the
reprtsentative 5 reaction tube equipped with the thernoneter or nore . In
this nmethod, no snaller particles are mxed, and thus the filling tinme can
be reduced. Furthernore, all reaction tubes can be equal regarding the

i nside diameter of reaction tubes. Suitable shell-and-tube reactors may
include 10 reypetivng), rasfd@ied ithddidih $0d baidn dexHldeasgat al yst
or inert or inactive partlcles can be filled into the reaction tubes, but
for exarrpl e i nclfige & &9 rﬁglsemmeaetzeﬁi £ HBATE HRRIR LY Frig RISt 1AW

mat eri al p 8 C ed i t id
parti cl es on t é%gt ﬁéfﬁgég V%S a ﬁ%a?@énglgla%%ne?s%é%é‘i c?lg delsw dt{kqﬁg’l fl owed
t hr ough therm\p, mngngmhesrea&id@nriiembesrr@am aowieeosize tlnead 4s arheor
-supply to the reaction tubes. In the sentl D_:(ra d- tu? actor t he
shol1 /SO RS A AT DS SRGRRCEIVE LYk a 1 oF nEA e 20

two, of chmb;ersE ﬂswaeelefé@f@ﬁmeheralh@b1m§dtwndmseioplaedmmr&1y
circulated. In the top and bottom chanbers, a first reaction is perforned

in one, andhadytdn daney disEessy péakhe OFERGt HRR fOF RIPEIFEHE YRS . I n
this case, jidfdagy rg@%}:h@&ﬂﬂé@ 8h8 Fid! efh the of gféhtcfliéév)’sﬁ’l ar:frs cles 25

corresponding to th rst rea fion and’ the sSecond catal yst' par
cor r espondiisgatpidehwiews orerehe i mql‘lﬁehmm@emr@eaepbatesnaattmamlageous

in that ~t he heat .nmedi of,.di fferen t ature, nd fl ow
Dte ob DT A0k Ak CaE hOGe Rttt IRRALUE B8 L o0

per a 30 chamsyedancdspeonivelyehandhe installation nanner of reaction
tubes to the shel]-and;tube reactor js not restricted,, but %gproprlately -
6 det er ni ndt-Srefehdi h§HWPET ized hhapee Wl'éﬁ‘f%%‘f@eﬁ’fﬁfﬁg B W10 anet er

of reacti orméalwse%ret BgudBpeaNy Ofh itHEbraksAue! gkoeéeelbetwees Feacd i on
mediums ( it nmay be réferred to as "tube side . and heat nedi ums (

it may be rleigmerfgorbviswwirieimagiide s used as thelwqﬁpnm@rﬁem medi um
to be ¢ Frc e d, e fzjo%‘é*c%'lb%‘?‘cpﬁa gf tE.E ?Qsaa ?«% éorar%i‘a”p' €

paral | e[ or counter I ow agai nst "t he ow dir Fon o dact ion

medi um . TIRLgnsdHe idi aerrefeonbf vuewctwlrcaretzubes wiitrle tiee ﬂ@edhelsrrwm er (
hereinafter_it may be referred to as surlr]%[reactl tube }_} may be,
or not, thé EHNEREETHREN TSI YA 'arﬁﬂde Gonv'g € \F tHiRitta

t her nonet erss fdwediei stpdper it may be referred to as "non-neasuring reaction
tube".). It is preferred to be the sane in view of that the conventional 15
reactor including reaction tubes can be used, it prevents the inside

di ametgp of NMeasHiA kD SHSIOPIIEOF MR tﬁ?ﬁfﬂﬂlﬁzﬁ aEgopIfERTgVent s the
reactor frombecomng large, and it prevents an increase in costs. The
nunmber of the r Wi @Rm)’r'e%rmd g@?@@lﬂ%ﬁﬂ el HheEresrpt cingenioomto 30,
000 pi eces,_ 1 i.n I I 5 to 50
mm and the' ie'ﬁbtehé}!t{ﬁgrg% ené1 a %h%ggno?‘%r{%rrg#éﬂo m%?‘gﬁggﬂggn%%néooo nm
in an i ndusmhlsainaane}:e_s :Alsrepenfongedeadtngmptebeuren@taslueamtg derei@@ong
them but the ratio thereof prﬁferabl in.the ranﬂe of 0.05 to 2%2d5 and
most pr ef er¥bIRFH Hie $2fe & eoPEGF%ﬂWB‘é%%HlB IR RES i n the

react ops MegsUEh& Ot i@arbhebet Ubes are preferably uniformy arranged in the
shell so as to accurately grasp the tenperature profile of the who]e

reaction tube. SHMRhflilaandtieesgpacssriaf fra PEessndr énveRrkéanidt o 30
the ”Easu“cf}ga@é’éité‘:?{‘zé‘&aﬁ%'h%& Ee@%fr{?&néH@P%s Pliovildedenanse dde | ength
and pressure drop of the solid particle layer iIn supplylng the gas are set
to be substene izgdgtior tube, substantially the same solid particles
arefilledinthereactiontubeswithorwithout the thermometer,
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.



s sane, respectively, by changing the filling speed or filling tine of
solid particles into the neasuring or non-neasuring reaction tubes. To
usesubstantially the sane solid particles are very advantageous in view of
omtting times and equi pnment 5 for producing several types and ki nds of
solid particles for controlling pressure drop and m xi ng these particles
uniformy. The term"substantially the sanme", which is used for the solid
particles, in the present invention neans solid 10 particles belonging to
the sane quehbktnesdtiniippdocdEstiet Y lealor ivhatass ¢i thahexhaphemappear ance,
conposition, particle size, true specific gravity, bul k specific gravity,
and strengt faaf beregupli kg she EPpE§ionnPrAESEEseNoFDRi XPAGLAPHr ARPEy of
solid partigl he e SHaS 1S, W Lhi 0 S.ggﬁ?g¥ e typoint in
weight. In %%gﬁgygsgﬁfirnmuﬁ?%ﬁ#éﬁheg§iprﬁg%%%%sta tia f&?hgégaﬁg solid
particl es i meestrednfars & tregl yeatd paott-icBas Layeys rasatheonepubesntay ive t hat
for exanple,_ as, set farth below,. the reaction tube is_divided jnto.three

bl ocks. Th, ESARA1ER BT RIUIPRECT et o "I TRERY O BEF g pelst Giis

subst anti al mgthba, Sedenedlliet patticles dvre Rhided , Candetius ek ganieagh

bl ock. More than two types, particle size or shape, of solid particles may
be used unl &38€j¢aR KA FEEECEResSTRELRPEROr SuidldpFE2SERPR ?)%P?gcﬂ%bﬁsual ly

i nclude cat gbysh ZeqR2ulingl eheadaite calplotel B! eblalachs diilds as inert
particles made of |ﬁert terials, Ich do not react with the raw

materi al s and pr SddtebleHer sheflleapst-glupst paegactPEsgenspl | y ingdldge

non- de it t .catalysts or_ catalys LE riher. i red with
catalyold cobByERR SRt e e RIS BRE Balef Fulerpls PRRILEENG &
conbi nat i ono@findwet breiiapeite phetdred esadat et f fdldd cheo tier eecathdon

conbi nati on ans a conbinati OEsof one . or npre_of the iner

1
barticles alliPGie BYE AeCEATPAE 1T LR DARYIETERACHRE: COIbEAZEESN of

solid parti ghesndepeREdsodPOoRat &RstéPNal T%‘@sé@%cﬂé Pasised RereheiH =akd t ube
reactor is not restricted, but includes the conventional reactions of

exot her mal #8ach iendbuheriial ledadthonel idarntaialias, an e dthesn haagcti on,
a dehy genatiLan, aydr I QF b datd vie dehy ds i re cited.
The oxidf at i gnhlﬁggcﬁggr}}iﬁﬁs?ggrg??cgpg???hgﬁfejglésu@h as %ﬁ?ﬁ’% t&ﬁg&% de
from o- xyl emreongctbeerend toon priped eweas aory yemovachdat rionemprapguppd yand/ 10
or acroleint an netha%pyli% cid frommethacrolein. This oxidation
reaction is & eF@@g &00s %ﬁ'yst reaction, which is perfornmed in the
presence of cat aliystheaplreglett ahelhe and-itdbeateaelker, Thaer eaellilomay
performed in the shell-and-tube reactor of the present invention is thus 15

sui tabl e foPeyddvpAgdevwithapytihe cSheRE ii0HT RIMEadAt 18FapdQror @ 1Eat al yst
particlgs argd)olof eHdid.Ad, B 400 UdGadidr EXANRE £ SREQE Bm &AUDBY

cylindrical, Raschig ring and ring, and preferably cylindrical of Raschig

ring in vi ewngepensieaddivng iriva ledesl .ysinaehée viay adeopdonyghemd@ngol ume
t hereof. Th ' - alys ' [ 0 [y |y idef4i ' it
depends upo‘r%1 %Jh%&r gtEg%f[E :';Lgh Jtssit %‘ggg{)hﬁégéﬁ %r}]@’ggrslgss ,e %%é})s{: sl(l%qu'el %%%E?o{ah(a:

i nsi de di anetearct ioh nen-peedkumiad) iandeasirdmg Tfeathienchskes int lthe
structure and shape of .catalyst articles,, but for example_in the range
of 1510 20  HREGhARL HESS [ AtEhe TR s iy oo Sata YaE neer s abl s
in the gangeddresgondiido thetfer St 2@ adct ilo@ssnihgie EdBBnd cadaSqgat i ve
reaction increases, thus the yield of objective products is apt to
decrease, amPHHE L HeSLFesHPRBinpIto thersapand gganhiensel The Prasedtsi ze is

hore than 2%&8@%&&@#9&&@9&@% ¥Ralr OGS f Re@Phin!Pr dFHRASH 1SI NCe

the contact efficiency o e catalyst particles and reaction gases drops .

Here, the - kg.n_ds 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



f size of catalyst particles neans dianeter in the case of for exanple
sphere and columm, outer dianeter in the case of ring, and a nean of the
maj or axis and mnor axis in the case of ellipses. 5 As the nol ding net hod
of tHe catalyst particle, it may be appropriately nol ded dependi ng upon the
structure or shape of the catal yst particles, but for exanple cited

deposi tion, extrusion and tablet nmaking. In addition, the deposition of
refractory inorganic carriers with suitable catalyst 10 materials nay be
cited. As tdeténethedaddperding dpuﬁﬂthheﬁanEnryasnhsgameat ilemgyhpe cited
particles inert for rEM/naterlal gases nd progducts t he shape  of inert

particles, FtaRayehHeCti FRACELPN 18URSS npERe %%+%ncﬁfuﬁﬂlﬁ§l?ﬁd? thet mnre

netting, pl ajfed W& vt 8e a bk § 8N IRQESHRY &%@%@feﬂafraa € bad- suts

Raschig ring, interlock saddle, bell|saddle,ceramc ball, macmahorn, and

Di ckson. S@%é@lféuéﬁémz)l ard beatHeed Hens (F-éﬂfraétb@rrﬁf@}ti%quhéésrrﬁ%h?hbl ude CY

-alum ng, gg%maﬂ L ﬁﬂn&%@%‘é”ﬂ'é@t agaamnega ﬁé?@lrc&iét&?n

carbi de,” steatrte, eart BnWar e porcelain, iron vari ous sorts of

ceram cs. Thmdshe&lﬁw4dmredﬁmdnpﬂthaﬂeﬁtmedrmm(dbmaxdmpkk@éneﬁlslnceit

depends upon the coo g efficiency reaction _gases i.nc| udin .

oLyt 306 CRHErShI A ASTATHE S B o5 3eTmEEn S FERGE MR r ¢

particles, hbégiimylde dianeter of reaction tubes, and the structure of

shape of inert particles, but usually in the range of 1 to mm

preferably in t hEheanies bie 2 dipmetedm Qﬁuﬂrﬁ§§¢lﬁmef§ﬂé§ﬁy Whtbhethﬁnge of
to 1 e S mat e 30

| n the%é)gTsn %ﬂrlérg&tﬁe?%zc(lﬂoezreé t Ee %{%?ﬁén gg}rkl)(?s Péggf)?gggﬁ}% dr@%gfﬁﬁ% ses.

Adver sel y, réacheosltp@eé'xdsmbec) ormnot tBe sanieeas tbkfind istwcgibmeees not to

achi eve cool heating. Her 1 S|ze af_ i ner ar.ticles

di aneter in° ié%%ﬁéﬁp?ﬁtéﬁhséyﬂﬁ%?% 5ﬁ%?@m§ﬁ r@o“hﬁ%eln gFrdgg %%r in

the case ofbéi pgfesnddatseas OhohhficBBh19ingXireadndon Rabeaxi)s intthe 5 case

of ellipses. ¥ the term"substantially the sane” re ardinﬁ t he Iength of
solid partikFeieayefstpePechlf FoBBt tBNVieWeOt | ChdkahewreRYARtORAT and

preferalyy %éBBtBr ﬁnleé%ﬁQ 98a&9§oHE€ﬁbé§n9£H BE ﬁBédSOLtdpPéﬁéh€£e
layers. 10 By the term"subStantially the sane” regarding pressure drop of

soli d partithe ingisisdiamstpplofi ngasheigas eantdarheubeadiiasnbeapings neant

11,105 00, ETBEROLA I o SRR M spute oo

of solid par case sequentia urality of
solid 15 paprevéassian01nbeeaeacunoaosubes in layers, the length and

pressure drop arg, set t ubstanti al | e, sane espec ely, per

cor r espondi ng fi&FSan 3Fs°§ gﬁ?drﬁﬁF¥F§Pegu9?§ %F|988gFﬁﬁbythﬁ Fgﬁction
tubes a9 forhaye dﬁtﬁmoltbmﬂ)oo@@lm 1eh&alrigh pardiistled e rat Redeyt ded per
each reaction tube_based on vol une. di vided solid particles are filled

into the reSBREERY&Ynbh tHEA8BRPRF elécizpow fieand & leasdd bheisofo 100
sec . per oggnbihehyofn ttI?Fe ghmgge&lf $0biod P&y Cdo%smm Thed !thihBGrh.élusual ly

performed by means of a 'Tng machi'ne 25 not’ to be di spersed on the
filling speedaper e&ma@mn%neagbeonsnéqﬁ 28 afl'lieaIS@nglnﬁ aaeh g hhepr essur e

drop. of 111 h68 LAYGA 2 @ IeaRY e Sl ot o4 TG, BLUE D D% Gngsh, shoul d

be within ase I the nea va ereo If at
| east d@te oantlrmosalpnesfesakbbycmd ttﬂmralnqeeofa@ge tallls pfhased binl thd solid
particles are uhtNGrBYY (oM NEl8ast ! Ot ing 1 actibn tubes are
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



re-frlling is perfornmed if necessary by changing the filling speed. The

|l ength is nmeasured with a neasure or the like. Step 4 : The val ue of the
presgure | oss should be within 10~ preferably 4~ based on the nean
value thereof. 5 If at |east one of the values is beyond the above range,
all of the filled solid particles are withdrawn fromthe reaction tubes,
and re-filling is perfornmed if necessary by changing the filling speed. The
pressure drop is nmeasured at an inlet or outlet by a pressure neasuring
devi ce whi | same1p plepiped td vEQ yprog atidied ragrabet £ 011 g epedbraSiBiing St ep 5:
A thernmoneter is set _at a PreSﬁribed ointmger each measuring reaction

tube. The pre&AHERLAE RRLFRGHES tHED SR MSASHALR PR PRTRLIT N MArt of

t her nonet ersed St 564 thBekhe T6asLisABsURR ilal 1k enL3aRe @18 dpatt ik les
t hernoneter, and 15 the points at which the tip of a protective tube for

t her nonet erdreyesysadvapbageeas tinonievied andthingHiises padiRgeipnent part of

th ‘ A iy L o of
t hor momet or: sPEs e BEVEERE bt (G InbB P R 1 R EREI 05, 1 o
measuri ng reactrohlindeppysweach dregact eod tmbrihg rohgbéy pdwet S@lbees poi nt,

preferably to,fhe farre poi nt, of the nean value of filled layers for the
non- neasur i My T8ty on tubes ( at the point wherein the mean val ue within

10~, preferably the t@ah vahveramtidIy 4hed sarhd” | RisSi€Rses ddeaffdting per
25 liter of the solid particles is perforned for a period of tinme 1.0 to 50
times, prefer@biglidpaptieles ekt dpgyetent AnveEoien meang owpbidd to

the filklyin J t - ri ti e oli icles

may belr?ang?a%lf{;@??%? egdgbéslﬁ%ﬁa%?l %?gaé%rﬁléﬁgl%ggh?ﬁ%gg\%?éh zg%gggdé can be

changeabl e, g3l it tpugtt asedaedal kondexwinplleer appeteascer e ¢om@rs Bdiomi 0 t he

reaction tubes.. Step.7. The val ue .qf. the pressure .drop shoul d be, set - 12

Wi 1058ne T hE Bk, R B i d IR B BT R BBB TSR R s o

t he non- measnd istggmpt ad@RerUb&Blind sde keast.onenafhd ke seabBariksndeyond
all of the filled_soli articles are vvi_thdrav_\p fromthe

t he above range, d ]
reaction 5 gb‘%@%}l%@fr%‘?ﬂ‘ljIH%&%csle&erFlang&quCtﬁé’cee%a‘H/tW chatdf ng t he
fillingsspeggsednen tERE DERLSEi 4O DR WeEgnt N the neasuring reaction tubes

; :

is not restricted, but inc udqs t he conventi o_nal t her nonet er.ssuch
ast her nocoupl e ahe thespseaant inventoest,ctbe fidl INovg sybstieng isdilyotke of two

represent at j t Ll 1. be | ne j I

dr awi ngs. Aé%ﬁ?i%]s{f?%%ﬁ%c%\éémvg%? 3@%}2{}%@0%9 erIEJ,ﬂ %rﬁéeer(déégg?%érh}oﬁ%i ch
can be freergacoiableildompywbehthae fod exdmdles, esaseitofiotthebébme, Figs. 1
and 2). 15 second t s a fixing thernoneter, the detectaqr of ichis
fxed at o Ehf RAF I EEE dretiEddefor Pon (ee S BGRY Bon Barbd A« The
det ect @0 Mmayn bex DAB, dbrécpiom pl ddd eshed et £t ©FSedriyr bouisetamt i gl 1§ er ent
axial points in the reaction tube so as to gain_|nformation of

, . a
t enper at ur e} SRS PRlaf Gy e las A/ thenfdadmeohi i Led R8T sachitedti ve
means such @sr& tRaANEM t¥BelRR AN 18 $OVEDr shape, of solid particles

may be used unless it regulate pressure 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



for protection may be set in the reaction tubes in any of two types of
thernoneters so as to prevent the thernoneter fromfriction and shock by
means of function of the thernmometer 25 in the reaction tube and the solid
parti‘cles in the case of filling of the solid particles, and routine or
speci al renoving and packing thereof. The outer dianmeter of thernoneters
including a protective tube is as small as possible not to affect the 30
reaction, but for exanple not less than 10 mm preferably not |less than 6
mm If the phatet Bésexfgedfie l0rmbret obeenarsadalyseuphrtaelee pressure
drop of the neasuring reaction - 13 tube to coincide with that of the
non- measur i ng rBBEGABR NS on ahEOLALIRAF it dPPBRAE HPATERRFBRORUbeS i S

usual Iy in ﬂ? ayer aogIﬁ&iﬁeosgélmlﬁ bé &edBURY £s R Péé‘fc?féﬁé&' ency of

t he catal yst eat medi um e outer diameter 5 o er ronet er s
grows so | adpoge, inbdudep bbemeenvenELOQabtr@nCtubasamﬂ enethennaéranéduces,
1 her eby th $ ght on, of tht qu:so |qﬁ§§rt|c es. 8h? g g lis a
partlally s%% e Sfme}eﬁf%ﬁ %P%%éll-é%ﬁf% é’r@&c?ﬁi Bt Her%?% R
invention ial udepdrggéhatiomyable 1Byandgeinstiont, her gamet exsdateveet in
the reaction tubes, respectively, which thernoneters, are led fromthe top
of the reactehyd FPgenétilQna 356 t CatPE-secTRBnAX It Gt  e@R&iionandst ube

reactor of Lsgftpesis%yl&veéa 5QBhidd gﬁtthatlllegamfari@é@%% 804 iéfiéng
thernoneters are set in the reaction 15 tubes, respectively m%

t enper at ur e@cmbeLedfr@mnpmpyb@neena@rylh@ peidt brom| mr@ml@aseand/
measurhpg { SPPRLALYLER And ARSI RLAFES. Ole %M BEIRALALT Lube phegt 115,

a protect|ve tu [sintro uce Form the top € reac ( Fig
1) . 20 Adgridetyoni reseadon ng Eemmﬁéﬁag&neausI¢ntﬂ1yéacesaotlbhe

nt er nedi at e, t upe, sheet_215, g protective tube 211 i,s introduyced fromthe
bot tom of - { HBLFBabt e SirrTiad G 5he L angacs e At aIyet BBRY LELaF0pSt he

i ntermedi at enéubgoshget pddbicPdd, rapReckuekYonNOpet@orfiar senaf £get the
filling by means 25 of introduction of the protective tube. As shown in

Figs. 1 andspeliuendptybectriepstoibeaf 14he PIEsaPs paysad i ckyhtheszl es
for ”eaﬁsu”gg%’c%gﬁér? wr Gﬁsegﬁ Eega‘é‘ai tﬁelg%%%%ﬁﬁ' L.eAead 107 or a | ower

shel | head el | e reac partition roons 30
105, 205; and i n§brped pﬁtbheeaetabmstupesticzes2®2efma9dre@trhetepper

fixing tube_sheet f|X|n t ube sheet2Q3 respect ver
They insertb galrrb ‘f‘i %Oﬁt%}ﬁﬂéﬁr Fé’tner lf%bs?lbfg sfiff"gazllS ?%S &8tivel y.
The protectfyﬁgtubaskhhg,ZiﬁdnpyeﬁesablpreyghnHBEc@Dp031Reseheblrhﬁgd or
one tips of ,the, protective tubes are stopped at far tube sheets, cl osed,
and set at bPegéngQE bBFﬁF@SlPSSEBEtFQEggYSB ?ﬁElﬁbEKbPEe?hB?ﬁDHBEErS 121,
221 arggd nsgblgfle kBEere%anpl e as shown in Figs. 1 and 2, through nozzles
109, 209 into neasuring reaction tubes102, 202, preferably protective tubes
111, 211 to the Fheeswediaf catalasshparsicles pamotTHEreRsArDAREERSd12],

221 are uni ¥§B§g| 5.¥ J@@@l%§ L@o%ngh\éﬂ £Qténglon 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 lto20mm, 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, theyieldofobjective
products is apt to decrease since the contact efficiency of

the catalyst particles and reaction gases drops. Here, the



10 axial directions of the reaction tubes 102, 202. One or nore wiring
materials of the fixing thernoneters are gathered and fixed at the nozzle.
Further, a switch lid at which the wiring nmaterials are got on and off
fre€ly and with a sealing structure may be adopted to the nozzles so 15 as
to prevent the air outside frominvading into the partition room This can
be al so applied to the novable thernoneter. Further, a sw ng-preventing
nmeans is installed preferably in the novable reaction tube, for preventing
the horizopigk sMiditQlysiebhetliicQRsohebhs danieeetier thencade RF Fbegul ar the
detector thereof, against the axis of the reaction tube or protective tube,
or the war XeRBLedciPhengangdire it SHtRPE HANQ R 15 Be F3§PtQoRéRTat t he

center of LHE ¥ehbhfdbe EREMLTP aRIOIEM Iihd iR BPlhSEAkkogery and
novi ng states by nmeans of the Sw ng-preventing neans so as 25 to excl ude

t he adverseléfipbeess of the tenperature profile to the horizontal direction
-of the reaction,tupe. This. neans .na pliged,to the praotective tube,
e dioh a moanche WTHEASI e serra i ePe R e 8ok he

SWi ng- pr evbatdpigrdmaiss e 1 modveded epé edli g sbbuct e € t3Acthat desngpsai npl e,

does not give adverse effects to filli ng of the solid particles, and snall
not to redBéethEaSFAIS toPAFEAELPEN RbESTI BYAFRI §& 1 it IEBREAELENY t he
conventiongktryulIon adtadlidt méki‘ﬁg.v!fﬂ"%d%fl‘%".’éd?ﬂ_ ENE MY LM Bg Means
attached to the thernonmeters; Fig. SAis a front viewof 'a wre as the

swi ng- pr evesfiragtewsans inprgandb | csaxrieds vwawhof suigablei r eatRilyst3B is a
front view . t rial _slight |ess than the inside dianeter of the
reactilodn ofngtﬁ?% %b:‘ i\%gg?}f%e,cqﬁe?' BE is a side view of the plate materi al ;
Fig. 3Cis a frast theewnetrtaperaislel akeinmetrer raf rakitght kebstthas,t he
inside dianeter of the reaction or protective tube, and Fig. 10 3F.is a
side view Of PA¥ BPGSLERT R HHELES a1IenE HomAY Aatey 1o YREeFsaBRt ed the
pl ate nmatepiralud?s.(Figs. 3B and 3E) and the cross plate material 327
(Figs. 3C and 3F), which are slight Iess than the inside dianeter of the
reaction or profsctheeshabe, ods inertt parthelwisye itbaiaygbescabedt fohe sane
| engt s or._less than the inside dianget.er .of the reaction tube. and

ver £ o Ty SEATRIRAPAT S neo BRbe o TR ST et B e? 14T S EBFs of (he
axial dir e%h'a%@.( K186 gocts andtBE markedNflap e ditfd BaeH! £ RegLAEHI Ons
attached to the cover of wiring material of the thernoneter. One through 4
20 pi eces &fing rigtterloglasadadeeriallssaddler seaagisiobalt i apheaahornhe

t her nonet er__vert.i agali e axis,int se,of att i e

swi g prevERt: T TR { oot hethiPecRibBrel O O Hier forararctotd

Mor eswi ng- pudgeahnicey mMadNs iaiclaite placealayihe, at ktachadmynl easltilkey do not

disturb the filling of 25 the solid particles. The sw ng-preventing nmeans
my be?@ spﬁﬁépaﬁl@%@fnrbatﬁgu@@%ﬁ toteRi, ol hhgoRaRBLBLESH r G¥LRR S,

t her nonet er i ar e 4 h als di LQn f

t her nomet er 8 'rfé—’rlll%%gl\%%%\ia%?}égg¥%§}ﬁd Jt%er}’agflgx‘% elrcgeuo% g%ﬁ_:iltg,.c?%%%r %R\?}Fg\/\s

show ng sw ng- pmMéaeesizag hnthesiaétraghec 31 d 0 itshroprdai st i Me dedibeetior a
pressure neasuring devi e Fcigﬁ 4A is]t%frg?t view of_a vvi%e as _t he

swi ng- pr evEATCHg WESRENAS R EREP N D b LELPREY QfbES 2T hECR PB5ERer eof
being a sliihcludifig podRtheliidapd® matarfib®at iMi £Wdh acéM;fee:aiﬁﬁé'\EK

SW ng-preventing nmeans, attached to the protective tube, the tip thereof

bei ng 4 noMeRnsSARE dhGwhnerRt marticles sthe Uiy digmenes3af rgagtaPdr abl y
attached t Qe ! ROkl Qhetldafd WS HbbL L I haris Swishopateventing

means 423 is attached. The shape is no ricted unlFess the soli
particl es Misyel lyhenptbeecange efibe toTRé mmi guhe ferakpthoth dfhe enge

SW ng- prevent i,n ng to e tective tube.is rep ed me
et hod as s%oanquﬁgiém’Biég mB5L pgéferabfy 15tk §§%ge 5¥;§Iy% 13
mm. Ifthesizeislessthanlmm, solidmaterialsandsublimate
30 in the gas are apt to close the tubing, and the pressure drop

increases. Adversely, if the size exceeds 20 mm,
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10 The pressure neasuring device can be attached in the simlar way as the
thernmoneter. The pressure neasuring devices 123, 223 are set at the tip of
the protective tube as shown in Figs . 1 and 2 to neasure the pressure of
the solid particle layer. 15 The method for producing (neth)acrylic acid
and/or (neth)acrolein is perforned by nmeans of the present reactor. Now,
the present production nethod is explained by neans of the reactor wherein
the shell is divided into two through a tube sheet to formtwo chanbers,
and a heat hesdi<efifiisiZhay rlomeatse cdiathrteugie htileyec ltndiamg e peedaintd y .

However, t resent inventi.on is not.restricted .0 this preferred

enbod: ment | Tofk” SRE| FLPR Gl APESROT EHELER SR e YT, R T e

t hrough an dmtrernedamb e tdhierehaat aslemnvbiteriddsmekeindn2bne.casaunber

of reaction tubes, including the neasuring reaction tubes, are installed in

the interi ¥ &ingr 8ae: poreehbshamedRThasis aRACHERPT cRH5s Hedtheon in
“hori zontal . reEactd tubes are fastened at their upper ends to an
upper t%be Csé}-?'eﬁ%ts&f( %8155%%) and at their lower ends to a- |ower 30 tube
sheet (Fig. 2) By bh&hewn ‘retbeichsuicl lasthe sarepeesiodizgtherl emgtdi ng
techni que. The shell of .the reactor is - 1 hqri zontally .partitioned
wth an i ntoe]{]rﬁeozlijaci EFE ené‘eatyeﬁc%i eironeea(f%sfbes cg-‘n Sl uy Sh Thé&SRdl e

bet ween t havitipiar & ubes sheet paafetrplionthinbe $hepddadent barthé wearhanber s
A (the upper s ide of the reactor ),C;?ﬁdle# the lower s ide of the reactor

) . 5 Furt hgn9thet ddhg oiokid Rasttey YA ded in the central part

thereofiow th a paf Rnak 4k "@ﬁﬁé'ﬁ‘éh'ﬁgatlﬁg O8&1s RM PEYHPURRE dreyBied ow
wi t hout installation of the reaction tubes with a view to énsuring

ef ficient tdzesiad soflidhpahbheleckhyenrevian suppliyd ngerheagapainto therhe

reaction t inter | e t mde. of the
Came ot or et sibe oL I LT BTSN, 258 BECLELABLY RS
expansi on atid4&gritasact dorohhbneaeah regs wrneldeopldfngol 1d palraibées svearsdl B,
donut, disc, and donut type baffle, 1 | gt.es,. for _exanple, are alternately
i Sposed soteths” GRsserdh sRaurpEL e el diibin e FAFEFAEY dBFocid i and
reduceithe gerprdpddirietd shel PelicODoh Ntddss liaf ebgerdl,r eBei Déngdiesdeact i on

tubes may be packed with a catalyst for the purpose of a reaction and

enabl ed to REGIFYRE t & Pat 8F§stSS&D & abri xedbpeantialile HrOJFEAR®ON of
acrylic aci ctd - s phage ytic oxidation of a
pr opyl ene- c%%?%%éég%,é%gr%aé ée%%??i%fl on C%it a %t S generally used
for produci ng act®l & pantidies exet fddlefl gasophhsereactaon ormds as aw
material g nt ai ni.n ropyl ene, 25 can be used as an upstream cat al yst

A downst reg?n?@g b y&terg%spngt%p:}r]h cularly restricted, but may include, for
exanpl 0 oxi datistegadt:al gelsgeperaldyessa dividedipergeach Wdartaiom by the

gas- phase oxi dation of a reaction S, i nj ontai ning the acr.al.ei
obt ai ned ont4PR PESEL FANPEYERe %g%dﬂ%d gﬂi-lgt@&%“d'%g‘é%@ﬁﬁ Jceof?al ytic
oxidation. ind@the iragpéaé%am%ﬁwmﬂbaetﬁaﬁtw@énichnéhé d eam

cat al yst beds each do not need to be a unique cata ¥St . For exanpl e

several ki rRfE 15ft@a08ISea sparfana Lagermiathpdivided spdiddmartiiG8sy packed
H ont o . o . Ty bact
Choh s on ThERHRL LB, UREESR0er folln 6 AL B i 3R il g o

such as an i1 nert carrier true wth o ysts, which
wi || b@5spendt i toaldey ddsperisieddohetbenf bl ing SBeéedepehecactactéantiabes are
packed with abcatal yst, a netallic net or support plate is set at the
bottom of tHE°90 reaction tubes for preventing the catalyst fromfalling

down. Before thesegpalysthé $efgth diitetli€pebisenreuhass opifan leeCkspary, are
packed with a refractory substance inert to the reaction and then packed

with the up%’f?e‘&%?%‘élf%ﬂlyst . Then, they are packed with the downstream
catalyst. An inegi{ef@f:r a8LQr¥1ue of the length should be within * 10%,

30 preferably * 4%, based on themean value thereof. If atleast
one of the values is beyond the above range, all of the filled

solid particles are withdrawn from the reaction tubes, and

- 11 -



15 substance or inert particle may be interposed between the upstream and
downstream catal ysts. On the | ower part of chanber B, may be filled an
inert refractory substance to forma first inert particle layer, filled an
upstteam catal yst on the first inert particle layer 20 to form an upstream
catal yst particle layer, filled an inert refractory substance fromthe
upper part of the upstream catal yst through the internedi ate tube sheet to
the entrance portion of chanmber Ato forma second inert particle |ayer,
and then fréetédldidgvispesdoroedal § Nteatssegivt by dhandi@Sheefhil himg regi on
of chanmber A tqQ fqtm a downst.sream catalyst..particle |ayer., Wen,the
terrperatur%p%?gcha %?leélqs Iﬁsglﬁ[}eerast%a 'E"ﬁéclt% Sfmgﬁgﬁﬁ%rgﬂt?%?f}ﬁ%rml e, the
raw materi al gastép 4goar tthal Yyl wxicH 2Rd gnedimraipstsagiouwiad beyeithihen
cooled in t+he (forti on of the _;econd inert refractory substance, and 30
t her eaf t er Tpak ﬁ'alﬂﬁﬁftﬁﬁatﬂli’ed—fﬁ%t hepsGfi PR FRE Miedthi YRl Yhehenert. | ower ed
- tenper af ur e£i & e JIOBHE0HE Hnd RR IdRMNIL BaPbsatEly Shove Fh¥gea gesired
product. In the region of chanber A the portion of the second inert
refract or yofiist finddedm@aoleishpadsirdes avphilnydrayerfzon thkerpaction of the
downstrea ly cQr.respon td I r....Jni s s because when
pol yneri zgkﬁgggasge%d %reo— ulclg'cfﬂlgjq% hégﬁg?éﬁglgolntoi%r? c’%%ga&gvmgt?ﬂé%rlﬁ]é%? al yst
| ayer keptthé filliigly seepedr.at Dhe presduatk Epophies fleasatredan aatahyst | ayer,
the yield of acrill ic acid tends to reduce. éo The wgoie Ia¥e of the second
BEL AR FAPPY

i nert refr8EtSry %Eb‘%ﬁ_f dhd¥ 9 e e aty WaCk¥d “Su fit PR thefdrmy for
the purdoosgreéceifaeat hMelLvtCceel yRdekhguehagki girgas and of starting the
reaction at the same place on the downstream catal yst |ayer in the whole
reaction tube .SYRPs® ta® bhespRMetred by Seonstanmnesrs ihgd pagntheesol i d

particles | ek i 3 e j : S nd inert
r ef ractoryégﬁgstan(:L{ar%ﬁgjégg?%glggzcs%b@vme%kfﬁtﬁ%dny&egrézﬁjgéléggfﬁgﬁgnﬁgg Ais

| ower thanpohat at whiartbeartheBdeitecadjonspany @heheompenegtanse iesf séheimeact i on
gas to a leyvel in a.range proper, for the oxidation 20 reactjon in the
dounst r canthst spgefipay S B e Hiare o8 Fn i8I oF SRTEOTEERT ai Py gas
emanatisng themgdihdsheearnicat atyet .ciheosecongrotestivel ragleor gosubst ance
| ayer is required to dispose in a |ength enough for the function to be

sati sf act oFPPY RBAFLESt 841558 LR thEsTPAGEAPRORUPEhRNd eRbtniFlerEhe

refractoryygulgt28aesatt Sk SPASERbhd&rd SO SUhl tabeRbabPior0QLLEY the

reaction gas fromthe upstreamcatalyst layer to a tenperature proper for
t he downst iBakhearakgspi| aympvabhe ithexmemster.such that the catalyst in

the outl et pa”s%pg?? RSt e 88&?@?%@%@/%5 and Etﬂgégﬁtﬁé’ﬁ in the

inlet part - 20 t he downstream ca ayer are I ncapabl e of
subst &1 i alihy omeeaius ingy te@adhiomeabesfdruenceréaonidheubetter nedglate t ube

sheet . The,shell may.be divided jnto three chanbers jf necessar t he

Unt or medi abBeCRANBePOIBEd RECEREABIYnEPt ChSr FAEF cPPLYE!  Chntha TEBTI ng

nedi um ci r gellakedt Ao 1Re rsnEek MEKk: aich -alerEeringlheasesendt b pest
refractory substance layer is only required to have a |l ength _sufficient for

cool i ng t héateeh] PEANgI IR K LR HeRD HBhAS tHiddincat di0Fst PYaf@FaPtem t he
second 10 bcﬂer&leaﬁfqué)mtmbﬁtiap@#ﬂﬁﬁrthﬂg@éye,t%er €aghiqg gas in the

inlet part to the downstream catalyst layer, to a tenperature of" not nore
t han tdfe i dieert edpehet epéidf peneibées AedpentpruedlsCr aheerive dEat

mediumi s nced in.co-current flow,t.o th a terial _or ed gas.
15 Anot her%fddtg%cfi@rFoofsgtE%m%%cﬁﬁF#%ﬁl% éf'Saé?\éxri}géﬂlﬁgt’a%% e‘?%%g?? t hr ough
whi ch the reaci edimgas comswmiedigo fthent 1 Tiei npsineamtigacdh omebsyeingasses,
resides not only in preventing the substances contained i tgﬂfﬁﬁ%@“ on

gas, i.e. CRECKBPPOERAGRT c oSOt BBEFAELCE (TBRY tbr?emGBEFEé t al yst

and hi gh bgishiand yBs) a76a3 iSHhAid&! FRNERBbEEd8Ta%h B cRERGEEETe N the
production of acrylic acid, for exanple, from causing pressure drop but

al so i3 pr &henghngevhsad Wendsiaf thaonemetsrs eam dnsesteyd énterthy the
downst reamr(égtc@ligﬁt thgggr. and degrading the catal ytic

Step 7: The value of the pressure drop should be set
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25 piroperty thereof. For the sole sake of this function, it suf f ices to
reduce the void ratio of the second inert ref ractory substance |layer . If
this reduction is unduly large, the excess will be at a disadvantage in
aggravating the pressure-rlrop. This invention nay set the void ratio of
the second inert 30 refractory substance at a level in the range of 40 -
99.5k - 21 preferably 45 - 99~ The term "void ratio" used herein is
defined by the formula: Void ratio (g) - {(X - Y)/X} x 100 5 wherein X
denot es t heitblinned df0¥ hemsmmablnett 4% efbasedron sulies eace viadyer ofnd Y t he
real volune of the ﬁecond ifngﬁt refract or¥.substance Ia%‘g?éth term"real
vol une" neRRESSPRe REOPEsBToFRG PPRGNCFIP LRANTEC TR i V& @ke minus

10 the centleaktedply ofaithe vhflulele i¥0bdyoad @hes abeve taaye}0al1lt be
shortage wll enl arge the pressure drop. Conversely, if it exceeds 99. 5k

the excesstifl Fibdedt saliddpant agkes| 3¢ STRFIGRAThE JQih Fhieo FeaC @Bt ur i ng
“the i riti .an afj s i f e ' t .i.on gas by
the second Ier? HarCieT e T oVl b PR i Ren (hecr o dfy i cheRGiRer 3T
subst ance tagefildingsepeedl.in the inlet part to the upstreamcatal yst for

t he purpose of eheating the raw material .gas, it brings the_20.advantage
of increasing t éeyl%g‘f"ﬁf &S ré)dri%' 8&&%‘[ %% %H& PERSHE iﬁﬁaﬁg %For a
reaction i supeppliednup- fdedtticddip, rpact dnclexeeseché hebaiventa ohlke

catal yst and allowed to give birth to the desired Eroduct, and di schar ged
fromthe r&REEBPTERCSFFHIGhES FHEEMOGRP LI EEES LA RRER S FBPTES e Sppl vi ng

the regstion 9asowthedt fE6ETRANLASTBY 08 2t Stbibia Ly kbl sequence of

filling the kinds of cafalyst so as to supply the reaction gas t

react or dowdlfl be explehiaesewiAh thefdmumgrdgdl drhedidsaveimgssl t hr ough a heat
medi um outl et pqrt.of.a nul ar _condui t _which is_disposed 30 .on the outer
peri phery of thg‘ %ﬁgﬂ: %ijf%\ﬁ Htéga%#ght%egrﬁ%eéerpl Gz?iIaldettyeco'lﬂ‘m:o gni ngs
conmmuni cat whdwhtdah be el pmolyabted lethdyiahat agks lvahgee reathdonool ed
heat medium s then introduced jnto chanber A through an annul ar condui't
which is dit8pEsd&SEn FEH9E ot & Perliphery of the shell and provided with a 5

pluraligy of openkBgsnaOEPHEI Lild FExWnEht hEEmbRAEES! M@ dethRAlorTeE UM
inlet with a knovmmgunp such as a vol ute or axial-flow pump. In the
H¥4e

reactor, tW8iKSats th ThtdeCeTR TS ROLNL! FBNE RO & AW ANITHS | SRRol e
ci rcunt eregﬁt%sqfltmd r'p !Eaahe%é%onméf%eerﬁﬁgt But FUA S fedypdl e of

reaction 1 ubes and anwhi | e recovers eal gen en the
reacti on i sleeectioesmay bedsvenh@tsdi Hierent xiednpeinod inhehe eaacdionand

ascends th ol e forped in the donut, ty baffl e ate. The, heat nmedi um
Further adbiReeso D1 AR ORISR f 1 CEPBRERE P RE TohiE A4PIE | o
plate 20 centadctkHeheebrtiwidltisyd dxgacti on tubes and neantinme recovers the
reaction heat, advances toward the substanti al lé whol e peri pheral part of

the reactor, an@TRE&TdYa REaGS BRCPeRT phoraiteFaiv S oFUbPRed it ¢ cover

Ther eaf t er £oih@ bgalctTRA Way e sReal Re e Ml R ThbeaIUANGRY ke the
annul ar conduit di sposed on"the outer periphery 20 of the reactor. Though a

gap nmay i nt&opsyecsePhethernemgsats s9pes bd firevsnh ddeardermenesast or, it
I'S Comm”d%qjgﬁ fPi%ch% Qﬁheslicaﬂfﬁg?r%afn%gpf ?ﬁnglﬂﬁ.ﬁﬂsoef Of e LERYGIRG tlehe
e héat nedi

tenperaturée distribution of umin e reactor. [n chanber B,
the hea$ nedi tirecresotabestsbaidmt Ihthe so25dchanbéclAs Thethe tdesaretthod f or

i | at i . h di when, ., al.l t he heat di. to b
i 1 oul at ea i od ShtBE So T RAL TIATSS, Brekarunat DERARD TN S B
From t he vigg\p@atiki®lg pHEE ng the punps, the heat mediumis preferred to

pass the punps after it has passed the heat 30 exchangers and has then
acqui red a rel atihgel PUtGF t af e 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
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- 23t As the heat mediumto be used in the present invention, it may

I ncl ude the conventional one depending on the purpose to be used, but for
exanple a nolten salt generally used, niter, phenyl ether as an organic
heat” medi um of Dowtherm 5 In the production of acrylic acid by the
reaction of two-step gas-phase catalytic oxidation of a

propyl ene-cont ai ni ng gas according to this invention, an oxidation catal yst
general ly used for producing acrolein by subjecting a propyl ene-cont ai ni ng
raw mat er i alubgaso toiacidenedith thatadf ghs nohase agxirdaly meacelobeubeed as t he
upstream catal yst. .S t he downstream alyst is not particularly

Simlarly, cat
Tbstri ot ed THRENREES ALATIRESE (OF WIEATBRSt IR BUPASLEDHSIA Y SM Fofer al | v

used in prodigen@aamny ki sacinth RY blke tgasmphase. thdﬁbbgnegffi%ire%%g”on gas
whi ch mainly I5 contains the acrolein obtained in the former step by the
met hod of tfotBeaqntgdergthaawesand ieias mediani odf Shetqudier diamesites of the

- upstream c / Logl ta r t .l

Voa- Bi b0 Fo Otat BEPCREREE R MG E B UFRE, AR SREMECCln olfe FBaP B o
nol ybdenumtuhies emidhthardomearyr Aedeoes gstidrelepsihemorelignmnt ofeldet ed from
the group cqnsisting .of nickel and.cobalt, B denotes at |east one el enent
sel ected f dﬁ'ﬁﬁ‘?e S&ﬂ&f{)m@ﬁ%fl’tﬁ“%ﬁ(‘al i metals and thallium C denotes
at | east one el enet 1568 834 {4109 EBetdbadR LR bstd B2 -Bhesph®EUS, 25
ni obi um manganese, cerium tellurium tungsten, ant|n02§i and lead, D

denot es at NeEOHORE EhenpreseRt ek ven o Y TR neb diadt PRy adlesi | i con,
o U ) LU, S GRALUTS DL st RO Be onDuybeg]. € 1
respectively, which thermometers are led from the top of the
reactor. Fig. 2 1s a partially sectional view of a
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 protective 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 filling by means
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 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. They insertnearbythe intermediate

- 14 -



30 C D, and O satisfying the ranges, b = 0.1 - 10, ¢ =0.1 - 24 10, d
=2- 20, a=0.001-5 f=0-25, and g = 0 -30, on the basis of a = 12,
and x denotes the nunerical value fixed by the states of oxidation of the
rel evant elenents. Suitable exanples of the downstream catal yst may incl ude
5 catalysts 10 15 represented by the formula, Ma-Vb-W--Cud- Ae- Bf - Cg- OX,
wherein Mo denotes nol ybdenum V vanadium Wtungsten, Cu copper, A at

| east one el enent selected fromthe group consisting of antinony, bisnmuth,
tin, niobitwe Sorrts 116 @5 nfekeectavdly hr diaproBeativeasbesrd lgl enent

sel ected fzrlclm“gg,etp%lrs%u hcro&s ﬁsttlh% qog seﬁleaetl ;s&] t]glrﬁse{ | kal l?gle art h net al s,

and thal |l i"um eas e ele condst | ng of
silicon, ajMme‘ptHcltaw meaadecsafdpmd and @ ﬂm‘sﬁ&eesygﬂmSe&i b, c, d,
e, f, g, and x res ectlvelﬁdecpotethe atom c ratlos of M, V, W Cu A B,

C, and O &9 S5 fif BHES pPints, pespectivelyq2 d =0.1- 5 a =0

- 5, f5= 0 - 5, aRd flovaBle 28erfBmbherBashs, 0f2a arézlnﬁépcéﬁ dengtes the
nunerical value fixed by the states of oxi dafion of the relevant elenents.

As the cateaqa\}mlec @sphehgyadinnF bgsdukiang Ret hbépyghcng@zaeaol% %y the
reaction qfyf éé&Pi_H&%e% ® C@ﬁﬁ%é’tl'o‘é %n af18Re 0L 1 protective

|sobutylene t - but ano accor n {0 this invention,
an oxi dat itobesaft allys?l benethéllmummudﬁeubpsthm aatal ¥5%. i Imher odu0| ng

met hacr ol ere i O hase xi dat i of .a_raw, gas
cont ai ni n qesr(%clﬂegﬁ eﬁ?eﬁaﬁdrgégfr% XSHSB M%%I"a%f a&c?\ms‘ﬁ'g}grﬁ%teat al yst
i s notopardsicill alidersdidred esf tng f@a/ct:m‘d Uglebed D2 fagomn catal yst

general ly used in produci ng net hacrél ic acid by the gas-phase oxidation of
a reaction gas nRPRISF BBREANIFINY PRECREehaofcts fishRgiterNPatfE s or ner

step of thgJdTghRAdEAr ahdOr SEEP 42EnBNASE, £ AlRithe® dad Pfeh 152D

Sui t abl e exanpl es of the upstream catalyst may include catalysts of the
formul a, NFawbcBlthpedinensgf m@yeDha by, axthaod @nl\/Bndeénﬂfﬁly @gysect i vel y

denot e nol e u t i t F t.e fes ni ckel
and/or 5 (% Ci] {L a&éﬁ%sesg&a %qgel:aésjtré nebheel eaeo q-I&P os r om %%’ gr oup
consi $bi ngastogdeatentnehalesir elikalidpef rean tthaﬂtLatgs:,ntanﬂhtet;aiﬂﬂnﬂﬂorC denot es

at | east Qne e.!e ntS sel ecte fr%m ég%dgrou consi st n%é’ge&n{)hos horus
tellurium Qﬁﬂlnﬁg}, ££h, P 1130k ﬁPo YI%P’I:,Q% D
denotes at |easturther, a swing-preventing means is 1nstalled
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.
Astheswing—preventingmeans,itmaybecitedastrdbture
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
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10 oie el enent selected fromthe group consisting of silicon, alum num
titanium and zirconium and O denotes oxygen, a, b, ¢, d, e, f, g, h, and
X respectively denote the atomc ratios of Mo, W Bi, Fe, AL B, C, D, and O
satisfying the ranges, b =0 - 10, ¢ = 0.1 - 10, d = 0.1 - 20, a = 2 - 20,
15f =0.001 - 10, g =0 - 4, and h =0 - 30 on the basis of a = 12 , and x
denotes the nunerical value f fixed by the states of oxidation of the

rel evant &™ents. The downstream catalyst is not particularly restricted

but may conpri se at .l : L gl y: f.al ni | yhdenum and
phosphorus as frﬁgic‘ﬁ %g?n%?)‘?%%?%?ﬂéggﬁg%g}r%p %%&&%ﬁoﬁﬁqggﬁgca%c%&eﬁpe
het er opol ycadilds Ehatrmometiersy] tBid.haPedfs pr duendad warwa gedo us .wiste teadl e

exanpl es qf_ the .downstream cat al yst . incglude catal ysts of the fornula,
NOn- Po- P, 15 R RV TS e dtds RolFbderdie I ifshAes s
phospher useirk denat.e3B ats hepBdnORA &) BFRNb1skerbedri A0 1 hen griQuyy
consi sting _of arsepic, _antinony, germanium bhisnuth, zirconium and

sel eni um Badehdetn et cHaMehfE Of chhs L eseTtdONear fRERR el Y@ duiPonsi st i ng
of copper rid Or G @Msykle 0L eke %91@@ O 47 . th iy, Sid VAL .5 21 NnC,

pal | adi um 13% rhodi um and télgl%ulrbifuﬂ]ﬁg den%tnés at lehs%%n?%l%rreant

sel ected -fragt vigwmf e apaamp ats geitey iefl wddadituhessundstrertheand

ni obi um ) lLea e_el | e fromthe g .consi sting
of al kali q‘rrrgsﬁ' %sfaigﬁ%gﬁgné%etar ﬁgﬁgggp}sl,&gﬁg%ﬁ%%tﬁvt?%ugﬁd %ggenl(ﬁ'es
oxygehp a,3i,is,a dgide Wievanf xtlte respectpMtley nibeteien he atom c rati os of
M, P, A B, C_D, ,and~Q satisfying the ranges, b = 0.5 - 4, ¢ =0 - 5, d =
0- 3, a=0 -5 sheyrin g?‘@l 2 oSt AdtastRe plate makenipl B afenot es
the nuneric@igyalie dnd izeed dha tthee Fralses pafateXinddldraniofidhe FigjLvant

el enents. 10 Conditions for the reaction of a gas-phase catalytic oxidation
of propyl elfe a4 i3Fohuiiiche akpt ALaTHBI kRIS drhaskyideh imdidee damasiera known
met hod. | f e | tration
o the raw mrer B gt PEH SR |08 sBE8 PP ueh R ARV 08, SR UF

nmol eclbar abougertiies gameg Hengridpydene ilestshéhaandgheofink i-de3 diamk tdre

remai nder ¢ rises nitr n, .st.ea carbon i_des,, propane, etc. Ar is
advant ageo?fglr{@euggacgéoil ﬁcgaeqéeggds%%@qufy ta%g:ar?gﬂeéicgfaa %ﬁ?gae%t.loﬁh

oxygen- enrdutedtain apptopui &t @XydetvaMiedf dheessarlydireythenyseidyd nst ead .
The supply, of su source 20 for the nol ecul ar gxygen is in’gl enented by the

h
one- pass ot Pé‘&/g?i) nfHePHOF 2 lpPEr Rt embts PreAgcteROs 8hteehFE R dE is in
the range Qve2dQz wit38G mhbErigaCE# UhPLEESHPRBr N€One through 4

20 pieces of wires or plate materials are preferably attached
to the thermometer vertically against the axis in the case
of attaching the swing-preventing means to the wire material
of the thermometer. More swing-preventingmeans 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-preventing means 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 being a slit,
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rangé of normal pressure to 5 atnospheres, and the space velocity in the
range of 500 - 3000 h-1 (STP). 25 Then, the production of acrylic acid is
performed by packing the bundl ed reaction tubes in the shell reactor of the
heat exchanger type second shell-and-tube reactor with the oxidation

catal yst (downstream catalyst), feeding into the reactor the m xed gas
prepared by adding secondary air, 30 secondary oxygen, or steam when
necessary, a6 FRE--4Bis a Lront yievcehtamiing 2§asbd sailnad oy viensiagmer - st ep
reaction a agti : rat | yst_in the
reactor) o?ne%é{)se SE%%%%égﬁFg%%ﬁéél%gg@ggé ng tg'fps%lg%%g@%%%ﬁ[gy of 300
- 5,000 hr-al (grH). a&sd shawrorin Mid. the kaslet- ¢Béporeaotichn43stiilsl nore,
in the cas f ti.al, rneactors .for_ prodyci acrylic i.d,
secondary gllr%fe?g(%ol d%&)e/t%oé)?)a/eéieﬁoo%%s ch‘r% iqforPercoeq‘s cargyehé%‘bﬁ‘ec‘ 23 i tConal |y
added bt weéridrhehtiswsing-gandwen ity meeardsp8aics attadteal ei Thdehagenai nly
produced 1Q in the first reactor and acrylic ,acid being mainly produced in

the second ¥ed®Pbr TeREALEESA BHETT ohReoFHE RRBIF FehcPbPChaFBe t he

sinilar togasewifvecharige.B. | ndhle caseaehigds- Phesgogat Ag/ti gpexi dation
of i1sobutylene, the isobutylene concentration in the raw 15 material gas is

in the ran§iG-PLevVERGAdY meansd o diee MuAeBH v tbleedsl Zeperygen 3 - 20

vol. o and a@%t@@ﬁa‘?ﬂ%%@ﬂkﬁﬁ ofs ik Q5 #9 vo§A ~ respectively relative
to i sobutylene, and the renal ncf'er conpri ses ?ﬁtro'gen, steam carbon oxi des,
etc) AL® is advdaiteagemssiurealgeth Ay irhe dearidtes amare e @t tdohe?) implt@eul ar

oxygen. An axv.gen-enriched. air .and pure oxyge
Y9 5111}/1%ar way 4as the t%ernpometer.yg 'Fhe pressure measuring

devices 123, 223 are set at the tip of the protective tube
as shown in Figs. 1 and 2 to measure the pressure of the solid

particle layer.
15 The method for producing (meth)acrylic acid and/or
(meth)acrolein is performed by means of the present reactor.
Now, the present production method is explained by means
of the reactor wherein the shell is divided into two through
a tube sheet to form two chambers, and a heat medium is
20 circulated through the chamber independently. However, the
present invention is not restricted to this preferred
embodiment.
’jI‘he shell in the reactor has two chambers A and B divided
through an intermediate tube sheet as shown in Figs. 1 and
25 2., _A number of reaction tubes, including the measuring
reaction tubes, are installed in the interior of a reaction
chamber which has a circular cross section in horizontal.
These reaction tubes are fastened at their upper ends to an
upper tube sheet (Fig. 1) and at their lower ends to a lower
30 tube sheet (Fig. 2) by a known method such as pipe expansion

and/or welding technique. The shell of the reactor is
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when mecessary, are also usable. Preferably, the reaction tenperature is in
the range of 250C - 450C, the reaction pressure in the range of nornal
pressure to five atnospheres, and the space velocity in the range of 300 -
5000 h-1 (STP) . 25 The production of methacrylic acid is performed by
packi ng the bundl ed reaction tubes in the shell reactor of the heat
exchanger type second shell-and-tube reactor with the oxidation catal yst

( downst reahpcétzehygtl)ch@ﬂmiimm%vat@emnn Jomicke phexd phroe usubef skeietg i nt o

t he react or th d ared .by a secondary air ondary
oxygen, orP9S2 lonegt %ﬁ? J%ﬁ &BY ml&&?%@%%&%l‘ﬁ?ﬁ%ai‘}%&l ni ng
gas obtai nQHeE‘f. bhe £ReMBEwELeRuBbEAHdAN R fRMERG @R a®ERer Al Yife( the
tenperature of the catalyst in the reactor ) of 100C 380C, preferabl y 150C

- 350C, at uapepacie;ia/@f sbetneagft@0and B (@eonwem sldé oSTFhe reaandroarryi ng
out t he5 st eptheact o)
ci

.S h |
react ors f PrBPSEu g ﬁﬁ?ﬁgeryﬁ‘cp abs-lé’(r:]é’:’f(?eﬁﬂaeﬁerm & Eoﬁﬁﬁggggxgen or

steamif nggessankredyY ketdddi bheRaklyyraddsdvhgtwRgnthBenbhkshehgant or and
second reactor, nethacrolein being mainly 10 produCed in the first reactor

andmet hacr ypwardcfrcem tresi Yy mthbytontaﬂﬁﬂelcﬁ’qmrt né shee erekatdant tubeReact i on
condi tions_of.,the sec nd react o ar t o those of .chanber B.
The reactol™ %gnégt rll?cYJt 8 r%s%elsr%:gr FggécéBB%q" Jfé’gl gh?g’re @ SFBH‘uctl on,
by the reast/eanigf tg@sc@lmsﬁlc@a@tytl c 15 oxi dat| on, of acrolein from

propyl ene; nethacrolein fromat |east one nenber sel ected fromthe group
consi stQ ng of i $HEUrgREhEONttesRald thadinkerpediabattubesiaet aakefic

oy S LEaRRERe Balhd! Lo NS HAS AT TG B ie gty o
nmet hacryl i énagbflsiaeraBbha6E Ot I hofaNlieC ekpang ildr ahdecpheddetion of
(meth)acrolein from (nmeth)acrylic acid and/or (neth)acrolein.
by heating and cooling.
In chambers A and B, donut, disc, and donut type baffle
15 plates, forexample, arealternatelydisposedsoastodisperse
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-phaseoxidationof arawmaterial gas containingpropylene
25 can be used as an upstream catalyst. A downstream catalyst
is not particularly restricted, but may include, for example,
oxidation catalysts generally used for producing acrylic acid
by the gas-phase oxidation of a reaction gas mainly containing

theacroleinobtainedontheupstreamby themethod for two-step

30 gas-phase catalytic oxidation.
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EXAMPLE 25 The present invention will be explained with reference to the
foll ow ng exanples, but not restricted by the foll ow ng exanpl es.
REFERENTI AL EXAMPLE 1 30 Production of Upstream Catal yst - 29 In 150
liters of . purified water kept heated and stirred, 100 kg of
ammoni ummol ybdate, 6 . 3 kg of ammoni unparatungstate, and 13 . 7 kg of
nickel nitrate were dissolved . To the resultant solution, an aqueous
nitrate sol uti ofhpr epapéisky whikrfhgfars tbeuvbshresmednd dowgsbfeswbal t

nitrate in_1 | Lter f rifi ter, a.soluti.on of 19.kg . of ferric
nitrate i ncgggﬂyts %?]'Dsg% epda#‘. f Peﬁgﬁav‘l?ee‘?cg tenk%a® s‘g}llﬂ"}eoﬁa%‘f"l?g% kg bf

bi smut h ni tkatplen severherkiplspufi Ehediyatser dineerpagathngctheiein 6
liters of concentrated nitric acid was added dropw se. Then, a 10 sol ution
of 14.2 kgma¥ ksgguentiardymackedprisiirhsentadyats owhandneceos&yy of

' ' Ny . .Of 1 fled dded. _The. '
Phue:obt i Red 8t hsedy seaad er a1 FER LRLER AT AR o JRa8H N0 T hen

dried and phhigerfiazedholkde RrO@UGEHEHWWIRIr wst aDy shedl, ivii ey indepe 15 5 nm
10~ in dianeter and_ 7 mm 10~ in |length and cal cined as swept with air at
460C for sPFrepéfiisaldyafiesryihedahgredn. beReWpr oduced catal yst had this

nol ar conposi ti gn. | . i , 29 K 0. 06.
20 REFERENTI AL E%ﬁﬁggéﬁep%%uc fE‘gné% € av%ﬁ]esgraé:(}fr% %gg?‘ygté?%a%gggri ters of
purified wateetkepichest et anbpirit peditellf kgt oit am®bottordb¥behke, 12.7
kg of ammoni um paratungstate, and 27.6 kg of ammoni um netavanadate were 25

di ssolMed. TPeCtAeeRAT ARE REGMAN MY Bhestaha o tof rop S lidgng down.

Beforethecatalyst isset, thereaction tubes, whennecessary,
are packed with a refractory substance inert to the reaction
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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of copper nitrate and 1 . 4 kg of antinony trioxide in 50 liters of
purified water were added. This m xed sol ution and 350 kg of a
silica-alum na carrier having an average particle diameter of 5 mm 10~

wer e evaporated together to dryness 30 to have a catal ytic conponent
deposited on the carrier and - 30 then cal cined at 400C for six hours to
afford a catalyst. The catalyst in a required anount was obtai ned by
repeati ng thiverpddummperatine indthe perthad athtbermddvars toegnsatadgst Mo 12,

V50 W1,0, Cu 2. 2 Sb 0, 2. | NERT_PARTI CLE Raschi [ f i nl
steel havi h§ B %2 o5 HRET RTOFISE -di ﬁﬂe’ﬁg‘?,rea%hoécﬁn%r{%ng’ ; O"nts"i"glrlgt ﬁss

(avai | abl eg&&@ﬁbh\@ptﬂb@eé%ﬂ‘d in@rdapaf)a ¢ SriysibAarddechpebtpBanki cle. 10

EXAVPLE 1 vertical shell-and-tube reactor was adopted, having reaction
t ubes nadetofa soedlingntayér @ns0bhenpant langtfht kadi@Gistmean casadgsdi anet er,

i th I nt diate tybe sheet 15 ' dat_th 1 dd! f th tor.
Upst 1 ofin CHOAFSEPODAPL I c, FREFELBAr LiobIs, anldouidt rRan 658 alpen

particles yeiemsequapleal fysds! |§N>dm:etd"eb80t tRE) Axigpcidon itubegeper each
reaction tube as follows: Filling manner 20 The upstream catal yst, inert,

and downst dewmstaeamycatphyst dlagembeptddviadbdghntempgerpteresarsoled to be

t he sane volu espectively. All .of non- suring,reaction.tubes were

(T oa M | RotFBe AETRSTHAT chrtVa 01080, TERR 1 0 | SAG G L BB Al P

25 therew tbnds aowagdubat, the length of filled | ayer was the sane as the

nmean of the non-neasuring reacti on tubes. The volunetric neasurement was
B

per f orh®d by nefZhe wioke prisriaf tbewaaand inegsure fitpaiasepubshancengt h of

the |ayer \Q.%Spreferably packed substantially uniformly for the purpose

of effectively cooling the reaction gas and of starting the

reaction at the same place on the downstream catalyst layer

inthewholereactiontube. Thiscanbeachievedbyconstantly
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 inarangeproper 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
required 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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performed with a nmeasure. The pressure drop of the' ~solid 30 particle |ayer
was neasured on a differential pressure gage. Reaction tube Nos. 1-3: - 31
One of the divided upstream catal yst particles per reaction tube was f
filled into the reaction tube, respectively. The filled | ayer was neasured
in length, and pressure drop for the filled reaction tube was neasured
whil e passing air 5 through the tube at a rate of 15 N liter/mn. Reaction
tube No. 4ofAthieerdawnsereanh Cammliystoltsgrendiamet bothi tincemabley- pfeventi ng
means as shown_in Fig 3A was, i.nser%edt?lnd st opped ?t 800 mm fromthe

bott om of THRSFBRELASAY BRI HEIE, TR0 tffe HGRT mbRELERPRBadE TPhetBBt ect or
in the tipjhbetRelirte e saeetQf +HE tievhdesh, gat @l YsdeRantiFLLREc WS
filled into the reaction tube for a slight [onger tine than the nmean of the
filling tiebanbershief memadsary ulbdeNdstetmadsataschantsar neiede agi thet he nmean
Iengthsof t he %’eactti.o t#be Nos., % 15 ta 3. The filling result is as
summar i*zed PRE T&SHE € el 8KEE THEY 81 T PFEsen 46 SaENTAR98anme as
t he mean vghdeiheerihbhgibeackth@mpeyhe Nos. 1-3. Reaction: The synthesis
reaction of acrylic acid from propyl ene 20 was perforned for the reaction
tube Nos. 1 to Zher espeed glert Tef nambargt enitdtagaze doagert nks 7001yol . ~ of
propylene, _12. 6 _vql. =~ of O en, 10_0.vpol. ~ of stea nd 70.4,vol. ~ of
ni t r ogen. :fﬁ%urlﬁﬁlgr};acf g;yaaéﬁ Ssgggl%%erét §9r(C%%§Jcrré% &31%’6??9}18? 1, 600
hr-1 agai nghst&pteppey €0é adowhst Byaf .cakhg v el aumetRE §B8oHASt ream
catal yst layer (the inlet tenperature of heat nmediumfor the reactor) was
mai nt dithed1Bergisefragtorkesvenpengeutayer  t hamgbynthe cegpenianygés| ayer
(the inlet.te r r f .th t diumfor the reacgt nai nt ai ned at
S75c. 50 ThE ERE: ikl Bery &L dls, Tl G Mgt 68 the
conver si ontafngesakaeti Bt jotOmaeeykhenachd {Rletheehipachtopet gbecthle. 4 was
al nost equal to those for the reaction - 32 tube Nos.|-3. The

t enper at ur BP8F PAEIUPsPIEaN 2 alWiAn &per hRas Reddumeds EXARPLEd2is A
protecti Vec&@ﬁr?&nﬁ: FTLLN £ QUL R q:'a@r”%%%érigl Ir'oﬁr'{)g%'ggg \%ﬂh?mt er and

2,900 mmin’l eng romthe bottomof The reac H a

SW ng-I® event i ngnoeasg WasntBs6ht edf | "Ik aseeadl onnkube Nofr&ctopyn t he
bottom side, and then a thernmoneter of 1 mmin outer dianeter inserted into
the 10 profBBEF@BCRUBBYESYhefhhronghoWhifE BNG| HRACEAPRI §3F PARRABLEBY was

filled int I b 5t by ai f ti
e, LN 8xbhCLhEaGhLORCLHOR MR 15l igeabhalbed, okadaldl nbongRly I 1®,
coi nci de wihhptdeeneing piies Subs whinkesotodbal hedr fraaiheopetuliéoogas] to 3.

The reaction procedure was repeated in the same manner as in Exanple 1, and
test resul ts€ar éPehF Yhderam compaeng JUP ARG fron hehe caetFbRafesul ts

and t hg, teg%%%%%éiﬁﬁ% {}E%E;%\)/%L[L@% LAKEEaNELE BLORSLs SAUE-BRthAPSE Of

Exanpl e 1.
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
sufficestoreducethevoidratioof thesecondinertrefractory
substance layer. 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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The procedure of Exanple 2 was repeated, except that the filling tine of
the upstream catal yst particles into a reaction tube No. 6 is shorter than
the mean of the filling 25 time for the reaction tube Nos . 1-3 , and the
control of pressure drop for the reaction tube No. 6 was not perforned.
Test results are shown in Table 1 below. The val ues of the pressure drop,
the tenperature of the catalyst particle |ayer, the conversion of

propyl ene, P36fgErbaYi 4Pty 9% acring degd d vefid Fatdedctised heFeimoise were

| ower than o] respectively. - 33 EXAMPLE 3 The
procedure 8%Q§§%P¥%ﬁﬁggggféﬁégt'ed, except that in a reaction tube No. 7,

a protective tube of 10 mmin outer dianeter and 9 mmin inside dianeter
was used, and the filling 5 time is longer than that of Example 2 . Test
results are shown i nVPa&Bl &atipel(w. =A§(ghcv\n¥)i/%}Ta%I1é)01, the val ues of the
pressurge drop, reaction results and the tenperature of the catalyst
particle | ayer were al nost equal to those of Exanple 2, respectively. 10
COVPARATI VizhEXANRLE Perldiee P radee thol emef o Exiaie s cbnibd neere@bettaceoespt t hat
in areaction tube No. 8, a protective tube_of 12 mmin outer_ dianeter and

11 mmin i f¥PgE2arenee¥rrWaRduleheangat nEolpmengf15he; geCONG R8T st r eam
t al yst L t h | f ti
catalys p%%?g%%%§gg?§u59@?35e hade O&ﬁﬂ?ag?gﬁlgﬁfggebgﬁﬁﬁfﬂ ?%b%sreac I on

t ube Nos . results are-s n | ow. e’l, the
val ues of tihetheessse eoflaopinghefbengesmble o tiie tave el &lojsimepaviniuel e

| ayer,_ propyl ene 20 conversion, and selectivity to acrylic acid were | ower
than tHbsethe ERRkpRE SMPE¥spaCtivel y. EXAMPLE 4 The procedure of Exanple 2

vas repeated exephe!P8La2Padif Al OddySLrdiPY oY, A At RYeNt | ng
means was inserted into a reaction tube . 9 . Test results are shown in
Tabl e 1 beleawarke fadlpereksuriredrapueCaivetme y pdifuie ekagrdpPopPiigne
conversion, g S8585H1T bY 40 AV AYEE 18 fode PR L Function
of capturing the impurities and degrading the function of
15 cooling the reaction gas by the second inert particle layer
as well.

When the first inert refractory substance layer is
inserted in the inlet part to the upstream catalyst for the
purpose of preheating the raw material gas, it brings the

20 advantage of increasing the yield 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 filling the kinds of catalyst
so as to supply the reaction gas to the reactor down-flow.

In chamber A, the heat medium discharged through a 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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30 to those of Exanple 2, respectively, and the tenperature of the catal yst
particle | ayer was | ower than those of Exanple 2, respectively. - 34
EXAMPLE 5 The procedure of Exanple 1 in the reaction tube No. 4 was

repeat ed, -except that a thernonmeter of 1 mmin outer 5 dianeter with a

SW ng-preventing neans was inserted fromthe upper side, and stopped at

2,200 mm frqm the li,pngg_ra ends of the reaction tubes . Test results are shown
in Tabl e 1PyéfFéwlH BPBL1RIF CORMCEEL NGFW 1 e thP ARt O © F o036y | ene

conversi onpysehestialdnarddd ACT ¥hicoiiet H@é@m@h%ﬁ@tiﬁﬂﬂé‘h 118 bg tagse of

Exanple 1 in the reaction tube No. 4, respective e tenperature of the
downst r eamicdicathsmbeaysrtoaigh e sraslieedcofkidMPLuh ol 5 sTHe spoeeddur e of
Exanpl e 5 was repeated exceﬁlté that _a protective tube of 4 mmin outer

di amet er, 2%t PHFUePAF LRREEY Qhdtee 666 1dmand | RreYRAeH oWithe 2upper

ends of 5t hg11.8aQ QN orUBBEn 1 Wiyk Ne Sl 1195 PLEY &R L NG HRANS, Mas kﬂ%efat ed into

a reaction tube No. 11 fromthe upper side, t hernmonmeter 20 of nmin
out er di amitesrt imesErumedinieto wheh paokeowhveumpbesuaindad he folhtagotri me of

t he downstream.catal yst particles was | onger than that, K of Exanple 5. Test
results ar éxé'ﬁdﬁ%t]ﬂ‘fyﬁﬁﬂge ll_rbéﬁ‘gvfe?ﬂt%lblté‘%Peﬁﬁem9‘3+ﬁ’§sertﬁel’tﬁ1§hﬁeact i on
resul ts an@h‘é@@'ﬂ’ﬁémZéh@aéhbgk:gnE%X@i%t%%qreatdﬁff‘cd}ﬁfér 5@8&6%&@' to

t hose of Exanple 5, respectively. RATI VE EXAMPLE 3 The procedure of

Exanpl e 6 \mg_irpéq@e:@_tlenélr‘ewep_hetmcm,t tentattsrmgbtuinddeaff reectdwnst r eam
catal ysr pargiel es | na reaciion tuhe No . 12 ves shorter . Jest fesul ts

reaction is exothermic, advances toward the center of the

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 bundle of reaction tubes and meantime recovers the reaction

heat, advances toward the substantially whole peripheral part

of the reactor, and ascends the outer peripheral part of the

disc. Thereafter, theheatmedium, byrepeatingthisprocess,

advances tothe annular conduit disposed on theouter 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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In Table 1, the values of the pressure drop, catalyst particle tenperature,
propyl ene conversion and selectivity to acrylic acid were | ower than those
of Exanple 5, respectively. 5 EXAMPLE 7 The procedure of Exanple 6 was
repeat ed, except that the outer diameter of the protective tube was changed
to 10 mm the inside dianeter thereof to 9 nm the filling tine 10 of the
downstream cat al yst particles was |onger, and a reaction tube No. 13 was
used. Test resuls sler desltomrdinmTadl/be tiskdl bnv.tHen pralslemtl intvBetiahyes of
the pressure drog, reaction results, and catal yst particle |ayer

t enper at ur 8 Y% 18F kY Eﬁﬁaﬁorf‘belfwjopn&gﬁ%?@d N9 QR A& PYEPPSe15
COVPARATI Vgo%“@égd‘l Jie PoPCedHnE18T 2 EXBIPLS ﬁa%sgéﬁeﬁéiw’ ugéﬁ‘?p,t t hat
the outer di ameter of the protective tube was changed to 12 fm thé inside
di anet er theteof ploedygl napheihead idd iomganime h2@tomedhandofinBowehetat al yst
particles was |onger, and.a reactign tube,No. 1 s used. Test results are
Shown 5 Tabl e AP bEPWEPALTEDPE BF EREVYAPURG Or BYnEhE: CEEGFLoRr b,
catal yst papblelépl ayesad epReEat Ur GcaiBPYiENe CRNVRISIAN angssel egtivity
to acrylic acid were |ower than those of" Exanple 25 5, respectively. - 36

' 88T' 06L' 8BZOPBLENESCO06LE8NAGY @85 GBI AL D6 DH(¥pvention, an

~| ZS' c65' L6' | '\|56fi ~! 6'1_68' 96Z' L6L' 965" Lg‘ %62' L6' |65, L6(af? .

~d86780TOS ¥ ~}og\c~§~%%§5§_ ly use or producing acrolein by

Si NSCZSCZSGEBeESEIR Z%Wﬁ@&ﬁ%ﬁ&@ﬁ%(m&terial gas to a
~aSTSTSTSTSTSTSTSTSTSTSI'STSTSt ST(: ~) s~Tnsa~ uoz~0~ag89'tLZ S8L' ~' S' C95- -
8~S- ZI1( ~Tr&8cBLo8L 'BHi-pitise- ' idatds® sgn. ba-djedas-gdeZEpSE8BAME' Z56' ZS
L' ZT' ZSL' 287, 7ZT8' Z88' ZQ6' Zf.~6'.Z58" Z06' Z( pdx) al | .

48057505 B85bE8 5005, SAEIELIA0n B08 A bEHE 2 SRR RS oS SBPES ssLssc
gg;g?légglagg%@)@iﬁ!@@m%@%@ﬁ@é@%@~b§k0ﬁ396196m659GEBQZQQZQ@Z%ZQEZ%ZO6ZS
Tl 5Z689SSSeZE39TH68ADSADYSSCBITNH 1S v- 9B ASER e XKB RSy SPIXIAA_2SZAS) S| 6826
i ~688T685SQZT888LZLSZAIT668826(,s) v¢cl ~ . . .

' 3bus- C © BSOS IPS R 2 eer S s 08 B08608058065 65 PE. “HLER BREPIYqy 1.
dCld~Its5 d~bon€ainsdHé dcrdléfH obtsdzess thd Hrmid T 528 OB t rd e hBd

' ~0000000000000067006200620062006Z- df | - ) i

dLl - df | - df PEdtwa-stapr| grsdphasel (catpyjtirMoxdatiay -~TMuOLI L~TM.( ~TM2~TM ~T

21" O-uoutiouoUS S AL 18T AT A S rs s B PR gy g e 1A =
"lueaur ~TTEEEA0F68EISt I - T£épelsented by the formula,

uoz~o2agt ~ZTL' ~3' ~3' ~9' ~5' ~| ~' ~3' ~3' ~' 3f| 3' ~' ~Z' ~T' ~ ~zs~rs wherein Ex.:
Exanpl e C. MEx-BicdigpaPat ByeCHPanfk ewhpreipnditor Bpasndst ¢pesreghd ey t

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 selected 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 ¢, D, and O satisfying the ranges, b = 0.1 - 10, ¢ = 0.1 -
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|, d': Inside dianeter for protective tubes Swi ng-prevent: Swi ng-preventing
means L: Length of protective tubes O d.: Qutside dianeter 10 Position:
Measuring position F. tine: Filling time LL: layer length PD. Pressure drop
UC. Upstream Catal yst 15 DC. Downstream Catalyst |S: Inert Substance URT:
Upstream Reacti on Tenperature DRT: Downstream Reaction Tenperature UCLT:
Upstream Cat al yst Layer Tenperature 20 DCLT: Downstream Catal yst Layer
Tenper at urld P@ =PropyRénee GonverGl 6n SSTA: =S6l echj vahy o=Acry30 £ dicid - 38
It is clear fromTabIe 1 that the reaction in the neasuring reaction tubes

coul d be ddHt EF&d Sa8tt 1fe “shfre A6hEidIPERS the PUREri6Ali vetwe fefedreasuri ng
reaction tképe&ae andy { e @tﬁ%ﬁ%%tdflt%é Qyéafe\;ﬁ@eé dpegoul d be

measur ed. | n accordance wt e present invention, e tenperature and
pressure pr of| ISasltablmexamgises|orfg;heedotmenréaM&stzBerdlemhyar&ﬂnmas t hose
in the_non- suring reaction tubes, and thus at |east one of the rreasurl ng

reacti8n t‘ifb ¥ be ther?@iﬁ'%@rﬁdatl ve Y the afh§ eacti FPEREy |
measur i ng Aol SERLLELE 00, 5UhOr B2 16 BehBYRES ndTeRd i, oY ci ency

in the neasuring feaction ubges can e sane as that
non- neasurvanpdaaci Wenngshes, Qumusppdie, paeﬁmnsﬂmeeﬂemenltss@chc&rdchgeous in
that the raw erial conversion ar%d selectivity to the, objective products

are high, %O%F&}&LHZIE?W EYNELSEIRBALH ELBORY o DUy FiPud Rt e ensured

(see Exanpi&said), Takhe, BickBie aheseﬂkoﬁﬁmntﬁg@e%@éé e Liahdi attained
by using subst anti al | y the sanme solid parti Cles without solid particles for

contr a0l i reelected ésgm@lejgnpupmaﬂmmghef 20 karlasmatalay erlthadniries

advant ageous i n ttln |.apor nt for rodu0|n lural of solid
particles eo?‘f‘f%r"%#t 1fs‘r'o F JeuIEH Mn‘fgaaﬁdoggaep]e@n% a% trol the
pressure dfagm altk f@oup Ebﬂglkhﬁﬁg &0/d 01 PAA | G Bt iU Orzrﬂﬂborlﬂnﬁ he

present invention, since the solid particles for 25 controlllng t he
pressure Rnd ceriurt amtéssiam,tesubsyaenu, abl ybt he, sédnee sof i dy paarntd cl es,

for exanpl e usual used,, can b ed in eactl n t ubes or. Wi t hout
the ¢ her noEREBECH T RISLaeR S e oRe ebiorichArFREReatndlts JeclimiFat du nany
usef ul st echni @uesnansl gatiasrySqdt f&ﬁte_thl‘l?ég 38 cap beigffectiyelyyutilized.
In contrast, to seek a suitabl & combi nation of partlcle di aneter's and

shapesf or &ontd ol 1+ nyr tehes gt essur € dr &p ~wdul @ngotg e Si-mAG BN Mdwhs of

experi ment,s_

8is c%':ga = 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 stepofthemethod for two-step gas-phase catalyticoxidation.
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Further, in the case of neasuring the tenperature of solid particle |ayers,
in particular the hot spot, dispersion of nmeasuring the tenperatures can be
suppressed stubbornly by equi pping the thernoneter with a swi ng-preventing
means 5 to position the thernoneter at the axial center of the reaction
tube inserted. Nanely, it can exclude adversely effectsabout a horizontal
plate vertical to the reaction tube axis fromouter sides to the center
portion on the Siitabldexandldsheffthé ebstitda parttalglsesmayeine Idds awn from
the reaction tubes 10 and newly ones are re-filled thereinto, the

t her nonet &2EYHS pRS t itdied TN pr dRerbeBiguEsaiPenBeyCe®brByi ng t he
SW ng-pre i ns.y ACGRIdi §9! j S e es of the
solid partic I'1eé]'1l{‘ha;/r§rgs nor e a((:jgur at 3eiieyég%esée:%!l’i n aEFgotlcgExrg%H es&i- ' vs.
Exanpl e 4)tursten esodbishhitit, Bmdenotesdoom,at deyoeepedickdicamdliat yst |ife

by means of degradation wth tinme or the |like, thereby the tinme at which
the fiPl eFXRRH Bé#?ri‘?:tr%%a&rlee?%t pae& ?ﬂﬁ%’%ﬁetatﬁ&tﬁ@v\f?r&ﬁ(Q? HPR o be

re-filled oo e Hasped aRk@qiiStlatald), t@ﬁmfﬁs%a&w dtQ,s Progiyict i ons
such as 20 (neth)acrylic acid and/or (neth)acrolein can be effectively
per f or ned tiheld 8imgl® degadtay atndleaditngnapel ememtaadldonadt f eam thae al yst s,

since pressure controlljn rticles are not. necessary. |n contrast, when
three typesYiP Lﬁ%ﬁlﬁaﬁﬁ%‘gt‘gfﬁf?sﬁh%wsﬂ et P AR ERRY ystiBarticl es

axe 25 i ns&Lifth | MEQJ2 d &L UR mhHB8nekE , RAId L Ehes O Qen6eBE @l 1449 t he
pressure drop are enployed, and thé respective particles for controlling
t he pléssuwre drlgmdandgr selectssl € o cbet gpespwoahdibeingqof retl ioobe ni xed.
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to thescase ofg td@ thergpngteryg = 41 andGhaknB: - 30 on the basis of
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of oxidation of the relevant elements.

The downstream catalyst is not particularly restricted
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,
MO,-Pp=A.~Byq-Ce-D¢=0y, wherein Mo denotes molybdenum, P denotes
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 oneelement selected
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1. A shell-and tube reactor conprising at |east one reaction tube with a
measuri ng neans, substantially the same 5 solid particles being filled in
the reaction tubes with or without the neasuring nmeans, 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 substantially
the sanme, respectively. 10 2. A reactor according to claim1l further
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packing the bundled reaction tubes in the shell reactor of

the heat exchanger type second shell-and-tube reactor with
the oxidation catalyst (downstream catalyst), feeding into
the reactor the mixed gas prepared by adding secondary air,

30 secondary oxygen, or steam, when necessary, to the
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109%& () 19&/&&& -r O | ) o £RTTCE, El@%’@dp%éﬁef@ﬂp%d% S@8EQYE, () - S10%&
"()-. 1 109%& ()--10%& ()- UMDI }~?2-, F10% " 10%& ()- @) 10% ()-

‘- 109K () _at d GRRCE) VE 209&Y (9 BORr 10099 hi aE@RL0emdopaforming

G e s - G (e 0o

"10966& () 10%8i1) -m&ddNi& theSeXse of two sequential reactors for
producing acrylic acid, secondary air, secondary oxygen or
steam if necessarymay be additionally added between the first
reactor and second reactor, acrolein being mainly produced
10 in the first reactor and acrylic acid being mainly produced
in the second reactor. Reaction conditions of the second

reactor may be the similar to those of chamber B.
In the case of gas-phase catalytic oxidation of
isobutylene, the isobutylene concentration in the raw
15 material gas is intherangeofl-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 tubes 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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y"10%¢ X" & () -, 1y"109& ()-,,- 109% & ()-T&MO0% & ()-t 10: 10: - D}#)*+, wXMB7 1
10" 10"
10" <109 & ()-'0y"10% " & ()-,!xy"109%"& ()-,!xy"109%"z"& ()-,!y"109K"Kk" & () -
- }A')lthelann,o WHEYR N(ECE SERI® /( JtoTIth@ Iedsiasi s (8 in-@dte@iing gas

A P e Y >a-f'ggeag‘z%owtgngg;altosﬁg €0-
100 0% (ke ety B! 408 cdt {1get )1 W& Ak or) of 100
Z109%&' () -9%0%& ()-</ 1 10! @"10%b& () "@" 10%b& () - leAb& ()
380°c, preferably 150°C - 350°C, at a space velocity of 300
5 -5,000hr™ (STP), and carrying out the latter-step reaction.
Still more, in the case of two sequential reactors for
producing methacrylic acid, secondary air, secondary oxygen
or steam if necessary may be additionally added between the
first reactor and second reactor, methacrolein being mainly
10 producedinthefirstreactor andmethacrylicacidbeingmainly
produced in the second reactor. Reaction conditions of the
second reactor may be the similar to those of chamber B.
The reactor constructed as described above is suitable
for the production, by the reaction of gas-phase catalytic
15 oxidation, of acrolein from propylene; methacrolein from at
least one member selected from the group consisting of
isobutylene, t-butanol, and methyl-t-butyl ether; maleic
anhydride from benzene; maleic anhydride from butane;
phthalic anhydride from xylene and/or naphthalene; acrylic
20 acid from acrolein; and methacrylic acid from methacrolein,
particularly for the production of (meth)acrolein from

(meth)acrylic acid and/or (meth)acrolein.

EXAMPLE
25 The present invention will be explained with reference
tothe following examples, but not restricted by the following

examples.

REFERENTIAL EXAMPLE 1
30 Production of Upstream Catalyst
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S/-10%& ()-! X@ " 10%b& () - $$$$SW & q({Y7 !"10%

& ()-1I\"10%t& ()-11t"109& ()-1!'k"109% ()-1 10b 10b
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10t <10% & () - ! " I0%F0R1 { Fersiofparifind vaser Kept hedoed a®id ptirreH, , - - "=PE:
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"10%JU&' () and ki3 . 71098 f ickdl n10EBB& weke d fssdB¥F& Tbthe resultant
3333334465~\: 11 DYz&10%&' () - GLl! " Yz&L0%&' ()-Gl! " Yz&10%&' ()- GLMLOY& ()- 10
solution, an aqueous nitrate solution prepared by mixing a
5 solutionof 68.7 kg of cobalt nitrate in 100 liters of purified
water, a solution of 19 kg of ferric nitrate in 30 liters
of purifiedwater, and a solution of 27.5 kg of bismuth nitrate
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 aqueous 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, Si 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 molybdate, 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 X 10% were evaporated together to dryness

30 to have a catalytic component deposited on the carrier and
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10@ S" 10%HHE! (N)N 1S 10965& ()-' 115 10900& ()-' 1 pS' 10%& ()" 1 pS 100& () -
10@ 10@.1 MAN nEYOL 19, 190 19-2, Sb 0.2,
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Raschig rings of stainless steel having 6 mm * 0.5 mm
in outer diameter, and 6 mm *+ 0.5 mm in length (available
from IWAO JIKI K.K. in Japan) are used as the inert particle.

10
EXAMPLE 1

A vertical shell-and-tube reactor was adopted, having
reaction tubes made of steel and of 6,500 mm in length and
25 mm in inside diameter, 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 Nos. 1-3:
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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 filling 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 gaswas setataSV (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. 1In 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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the reaction tubes with a swing-preventingmeans was 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 time for 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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in a reaction tube No. g, a protective tube of 10 mm in outer
diameter and 9 mm in inside diameter was used, and the filling
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.

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

In Table 1, the values of the pressure drop, the
temperature of the catalyst particle layer, propylene
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
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
to those of Example 2, respectively, and the temperature of
the catalyst particle layer was lower than those of Example

2, respectively.
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EXAMPLE 5
The procedure of Example 1 in the reaction tube No. 4
was repeated, except that a thermometer of 1 mm in outer
5 diameter with a swing-preventing means was inserted from the
upper 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 Examplel 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 of 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 thereactionresults andcatalyst
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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(%o acrylic acid were lower than those of Example 35,

respectively.

EXAMPLE 7
The procedure of Example 6 was repeated, except that
the outer diameter of the protective tube was changed to 10
mm, the inside diameter thereof to 9 mm, the filling time
10 of thedownstreamcatalystparticleswas longer, andareaction
tube No. 13 was used. Test results 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 of thedownstreamcatalystparticleswas longer, andareaction
tube No. 14 was used. Test results 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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&0 1@ 10051 oFrotgR Senplero s b tert P et 10se ().
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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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
canbetherepresentativeintheall reactiontubes inmeasuring

10 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
conversion and selectivity totheobjective products are high,

15 productivity is excellent, and a certain nature can be ensured
(see Examples in Table 1).

The present advantageous effectscanbe attained by using
substantially the same solid particles without solid
particles for controlling the pressure drop, and thus the

20 present invention is advantageous in omitting labors or
equipment for producing plural of solid particles different
fromparticlediameters and shapes soastocontrol thepressure
drop and for mixing these solid particles uniformly.

In the present invention, since the solid particles for

25 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 usually used solid particles have
accumulated many useful techniques and data, so that these

30 canbe effectivelyutilized. 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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1. A shell-and tube reactor comprising at least one
reaction tube with a measuring means, substantially the same
5 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
substantially the same, respectively.
10
2. A reactor according to claim 1 further comprising a

swing-preventing means to be attached to the measuring means.

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

particles.

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

in the chamber independently.

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

1 to 4.
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