1 METHOD FOR REMOVI NG SCOLI D CATALYST BACKGROUND OF THE | NVENTI ON Fi el d of
the I nvention 5[0001] The present invention relates to a nethod of
renoving a solid catalyst after use froma fixed-bed nultitubul ar reactor
whi ch includes a reaction tube filled with the solid catalyst.

Priority is clainmed on Japanese Patent plication No. 2010-200019, filed
10Sept enber 7, 2010, th@mmr@mmirwf@\qma ?()LH?@rAﬁWL&i’tS‘?d herein by
reference. Description of Related Art As a reactor that is used upon
perform ng a contact gas-phase reactlon |n t he 15presence of a solid

catal yst, for exanple, a fixed bed mul titubular reactor is known which

i ncludes a reaction tube fj | such as a
shel | -and-tube type fi xed- ?ﬂﬂﬁ§pg%baféiﬁ~@ﬁ%?@ﬁﬂB%he shel | -and-tube type
reactor is_a reactor having a structure in which a plurality of tubes
(reaction Figkk@)the vewitnai ned within a shell (a body). 20[0003] in
such a reactor, the solid catalyst is filled in the tubes (the reaction

t ubes) o performw@ﬂe reaction process, and during an exchange tinme of the
catal yst, renoving of the used solid catalyst fromthe reaction tube and
filling of a newWlsgirednciavaltiaticla®s tepmathedby rgpevigy aRdid 2BHST aftdrake r eason,
when the solid catalyst is sanpled, there is a problemin that a 2

di si nt egr af;gg dcmcﬁlaeatmmmeulgf aeaabla@hfeﬁti@éhy&g a%mén m% Pille@WMiRGhe wdh a
tube inner surface and is gradually attached to the tube inner surface,

t hereby mekjng.the inner diameter of the tube thin. \WWen the tube inner

di anet er becones thin, a substantial decline in the catalyst filling

anount, an increase.in [ess ur | 0ss i by the
5schedul ed opergﬁﬁﬁﬁyﬁéﬁ HQ%?QQ?Qﬁ) P%ﬁ@ﬂ%h%oﬁﬁﬁﬁgﬁ@eﬁﬂgﬁid reaction
cannot be erformed means of solving such a problem Patent
Docunehft %’@%ﬁsz% %ﬁ’@ﬁ@ﬂwﬁﬁ‘ Ofd’t’lb‘tfhér%qoﬁ@orﬁthg hergin Ry Tégftf%ﬁc?st , then

washi ng the tube i nner surface with water and then drying the sane and
maki ng the tube inner surface uniform 10[0004] Furt hernore, Patent
Docunment 2 suggests a nethod in which, since when noi sture condenses on the
t ube i nnerDsuripaceotipdmepard or m ng the catal yst exchange operation in the
at nosphere, there is a concern that rust nay be generated due to the

noi sture, condernsggijon of noisture in air on the tube inner surface is
prevented by 15supplying water into the shell (around the tube) to raise

the termerature&sfagea@%goa{ M eﬁ?rr@@glﬁ'cgﬁ%t ggg?gg%gfac%ﬁ i fEper ature

by 2 to 40C. Prior current unent's [ Pat ent

pocuneht oS apancee kiehdn 5 Sl ﬁ%ﬁ #’faeﬁ g r%%e?r s g 5

PROBLEMS TO BE SCLVED BY THE 1 NVENTI. ON [ S|nce t he

met hod desWhicB&wlydss pagastion e diedhvith th%%@\?@?‘%%‘?‘h@ & e‘Haﬁ%lebeﬁwq i on of
the tube with water whenever the catal yst is exchanged, there is an 5
acconpanyﬂm@ddaﬁpHMUbﬁeurU@@matfﬁwShthmhﬂmﬁdﬁxﬂﬁahmwﬁBe@mgﬁbewagalncrease
in cost. Furthernore, there is a concern that if the drying is insufficient
af t er washitngturdia whibien plunsigy o tubta@eactibt tubestie tontsinsd withinla dhell gener at ed on
t he tube inner surface, which may danage the reactor. Wien a plurality of
tubes is igghyded, confirmng the respective dried states and washed states
is extrenely conplicated and is not realistic.

20 [0603]

In such a reactor, the solid catalyst is filled in the tubes (the reaction tubes) to
perform the reaction process, and during an exchange time of the catalyst, removing of
the used solid catalyst from the reaction tube and filling of a new solid catalyst is
repeatedly performed.

25 For that reason, when the solid catalyst is sampled, there is a problem in that a



10l n the nethod described in Patent Docunent 2, although the noisture
condensati on on the tube inner surface can be prevented, the attachnent of
t he catal yst powder cannot be prevented, whereby the tube inner dianeter
may become thin. Furthernore, in a high. tenperature state, since there is a
need to supply water with a higher terrp%rature to the inner portion of the

shel |, thelil HAASRIARE ¥ ofhnll-FBaDU AR Ao (R Yitte bl A0 drtee — The

pr esent | nventirron was he apove ClI rcumst ances,
bj t th t t hod of id t.al h t
ot B et Rh B RIRH B e OBt ARG sk pBage) a&fﬁ?gﬁﬁ%@tﬂ ner

surface ev h| ng operation i s not pe ne enever the
solid cat aﬁgf;émitgmsaﬁﬁﬂ ¢ RURHTRE dpster P %q?r&eaﬁaﬂ&s"@ mmqfé\évfgmsélaﬂw

mul titubul ar reactor. I\/EANS TO SOLVE THE PROBLEMS [ 0008] 25As neans for

sol vi ng t healgysdiliéng amonat andserpase iimpeptirolss eidhebliesiscaescasyedety the 4

bel ow. [ 0009] [1] A nethod of renpbving a solid catalyst after use
froma §i xsdiedhded opdrationygeribdof rimadt ion redohahori the iasgesd acaceactdnaot icube fil | ed
with a solid catalyst, the 5nethod conprising: a renoving process of

renmovi ng thef@@kid catalyst within the reaction tube in the state of

mai ntai ning the tenperature of a gaseous atnosphere within the reaction

tube in the ranggs ﬁEanJlsg)%?ﬁn%%gcmég%biéﬁ? Pra{f‘eln?‘bbé’tﬁn&'t”l"sggée){ts amdith& §@nge of

40 %to 60 % [0010] removing a solid catalyst after use
froma fix Ltit n d t be filled
With a sol |§ gch% a%q%gn}l!le 50l 4" b alﬁgtthg wa V\ﬁleqn)e un(’fcrlsl S%Céaswﬁl ﬁgicr gndi ﬁ? P‘lg t he

t enper at ur n at m)spheiv th| n the iactl on tube to the range of

15C to 28 rYH’rgd PG 0pRjRe H%‘P&ﬁ‘tskb‘i@‘}‘?é‘“ﬂ qHe of 40 %to 60 % during a
removin operat| on of the solid catalyst. 15[0011] [ 3] The met hod of
rem)vih(g t he sollPB04at al yst described in [1], wherein the tenperature of

t he gaseous atnosphere within the reaction tube is adjusted to the range of
15 C to 28 C, andirthhenarel Ztén ©ochumneidi2t spegsstsadinethve dh whichhwmoearige of 40% to
60% by supplying a tenperature and humdity controlling gas, in which the

t enper at ur @olsfr@ Oaidienset 64 thetubhidntagRcOipohpetiotming Shdeapngkt thehangd at i ve
hum dity is adjusted to the range of 40 to 60 % into the reaction tube in

the renovi 8a-RAGKER athOPhele, there is ; dc[)ﬁderr;rﬁ%lWlﬂ%db@éelfeﬁa’f@i"ddégottﬂ%e solid
catal yst described in any one of [1] , Wherein; as a part of the

LEITPRT Al Ul R0 QH@&&E J0on SR i Gl |Rg1r%§%he t?x éﬂl‘{’(emfﬂ ?é sﬁjrr%ﬁted% > used

which is ob arne eating gas coo eeu I"ess lyhanOCto
15 Ct ' C 0013 5 r.enovi n he sQ | i d.cat

descriBed AP igto *{ﬂif OA‘]‘%WB%?F?‘WE Ll hgeLFyel e o
conposi te netal OXI de catal yst that contains nolybdenum bisnuth, and iron
whi ch ar e wafeutoihe haghea thapibesar amarajure byRdadfi@n of propyl ene, | sobutyl ene
or tert-butanol. [0014] [6] The nethod of renoving the solid catalyst
described in any one of [1] to [4], 1Owherein the solid catalyst is a

het eropol yacid (salt) catal yst that contai ns nol ybdenum and phosphorous
whi ch ar e mM$§hi Dodu@ss phase catal ytic reaction of methacrolein. [0015]

Patent Documents
20 [0005]
[Patent Document 1} Japanese Laid-Open Patent Application No.
2006-159197

{Patent Document 2] Japanese Laid-Open Patent Application No. 2001-38196

25  DISCLOSURE OF INVENTION



[7] A fixed-bed multitubular reactor including: a plurality of reaction
tubes in which a solid catalyst is filled; 15a reactor main body that
houses the plurality of reaction tubes; an upper cover; and a | ower cover,
wherein the upper cover has a reaction gas outlet through which a reaction
product is discharged, and 20t he | ower cover has a reaction gas inlet
through. vhpRUS K ITAESORYEIPE Y151 HOPLNG o Of _ the upper cover has
a reaction gas 1 nlet through a raw material gas is supplied, and

t he | ower cover %@@Qa reaction gas outlet through which a reaction product
i s 25di schar ged, t he react or main body has a heating nmedi uminl et
t hrough whi ch a heating. nmedi um heat i olin luraljty of
reaction tubes igo‘i"‘ﬁ‘fef c%éﬂf@glf 6d QC%HE‘TCPQ’SP aH’é“ tHY “%l @éé’faéi’mﬁai n
body, and means for supplying a tenperature and hunidi ty control ling gas,

in which t He imcsppioatlie thee widh wetcewhereventhiecanbyst isexdBngsd depgis@nand t he
relative humdity is adjusted to the range of 40 %to 60 % into the

reacti on t alengenyingcanpleardiopgabme vdticlomdesirdbivelesdd todn ciatredsy st caaf.t er use
in the reaction tubes. Effects of the Invention 10[ 0016] Accordi ng
to the net h@thgphofceon DG chR@nsdki i et fing 3¢ niffitRA Acesattiing heantidron, even
if the washing operation is not perfornmed whenever the solid catalyst is

sanpl ed fromet Hgrteakh W&rtx’dgﬁwnﬁfbetglaﬁméﬂe&%Hti&%@b@hﬁh&ﬂ duviaed, %hléhefﬁs%or’ it is
possible to suppress the attachment of the catalyst powder onto the

reacti on « yhe LINELRSHE 36y 45, BRLETPRSSR PTLEN S i, RRANANGR, 0017

FIG 1 is as
| titubul 1 MBODI MENTS OF THE | NVE 018 A
f1 xed- bed ﬁ‘miﬁ?ﬁgﬁo%dawasg%fwa% s eﬁtr@ﬁ%'wfé@ﬁmteq W%HPPU{‘?OI N nel ude a

reaction tube filled with the solid cataly and a known fi xed- bed

nul ti tUbul ar r ed8tls methad ﬁﬁczg%iﬂtl’a’flﬁﬁﬂy%ﬁw}l?*@@; although the moilyreg schemat i ¢
di agram t hat shows an exanple of a shell-and-tube type fixed-bed

mul ti t ubul a@mdessatioroor theutbet ihecrpnda@nianibapenvented, ths attwhmienimittedcatdlestet 0. A
reactor 10 of this exanple is schematically constituted by a reactor main

body | fdEwdenaindpobs pevERas; wherebl Wikembd dinef diampletimal btaonef thin. nes, an
upper cover 10b, and a | ower 5cover 10c. The solid catalyst 11 is

filled in Ftﬂﬁ]ehﬁ&@eﬁ;ﬂd Mh [BRREHAR sttt SBicd thereBs RBePRABEPIG Mafdr WhillCa T €aCt i ON
is perfornmed while passing a gaseous raw material conpound (a raw materi al

gas) tnr oUglnbGnEGAGH O G phfior OSHEMEIORLA! DLAGks iy hGRGH baRePERIUC!

15 aworker

[0007]

The present invention was made in view of the above circumstances, and an
object thereof is to provide a method of removing a solid catalyst that can suppress the
attachment of the catalyst powder onto a reaction tube inner surface even when the

20 washing operation is not performed whenever the solid catalyst is sampled from the

reaction tube of the fixed-bed multitubular reactor.

MEANS TO SOLVE THE PROBLEMS
[0008]

25 As means for solving the problem, the present mvention includes the aspects as



10In the | ower cover 10c, a reaction gas inlet 13 is provided through which
the raw material or the like is supplied, and in the upper cover 10b, a
reaction gas outlet 14 is provided through which the reaction product or
the like is discharged. In the reactor in body 10a, a heating nedi um
inlet 15, through which a heating nediumfor heating or re-heating the
reaction typg,l2 is introduced to the shell 10d side in the reactor main
15body 10a, and a heating nediumoutlet 16, through which the heating
mediumi s dischag%§§’fron1the shell 10d side in the reactor main body |I Qa,
are provided. [O The plurality of reaction tubes 12 are netallic
tubes of substantially the sane shapg, havi ng_an inner dj ageter sel ected
fromthe range OHHgHB%PWQ@”Fﬁogﬁgﬁﬁpﬁiﬁwéyﬂ%ﬂﬁb“ H@?éﬁ%?ggP t he same
shape” means that an outer dianmeter, a thickness and a | ength of the
reaction t Omditabdanieagierivhipfeinchideea rctiondule fhedwitha solidhcadmstithen, the
permtted design error is generally within 2.5 9% and, preferably, within
0.5 % 5 method cPmprisiegct icowvinglpeodk®s ofaymhewe i wdidlcaslyapeithibyhe a st rai ght
tube of a straight shape is generally used. The strai ght tube may be any
one of a hamtd@Nibe inthé MAGTRMINIZRING (Re MaTPbiatat ods panoe ®mosihetc wrinar al |y
has a | ongitudi nal shape that is placed in a 8 vertical direction to pass
t he raw mapgr.i.al: d g0t hepd o di b Q. - Lpg, the
shape.  t ho iy oRiof SPEA I et TS CIHPE o] SERUR iR diffintt OF
particularhggjkgb% d. The solid catalyst may be a nol ding catalyst or a
supporting™ 5° al’yst. The nol di ng catal yst may have any shape such as a
circul ar shape, columar shape, a cylindrical shape, and a star shape, and
may be nol ded byl’8M neans such as a tablet presser, an extruder, and an
oscillating granul ator. Simlarly, the supporting catalyst may use
any caltier such2hé nsithedel rembuni napliétdtilyst/afleunierfeone odipodibed, magnesi a,
and titanium di oxi de and nay have any shape such 10as a circul ar shape, a
col umar shapeybudaraydctsrdriicainchildapercacionaubd Allal whiapeolid catalyst, thBe present

i nvention can be applied to the renoving of any kind of solid catal yst, and
i's particugihod compFiaR & fffesfofAl@iMs thdBmbadnde beiPdtnb§iird QWvainiengt h
and contai ning oxide in which disintegration and the col l'apse easily occur.
For exanpl _ i nventi | riiculanly effactiy r th

catal yer  sr RERT LS s kS BR ARG EAEEL e MokienBHL s At i gt e
or conposite metal oxide or heteropolyacids or salts thereof The catal yst
that cont atth% Ro0ysduritsR remavirteeratish of diessid catglyebnposi t e metal oxi de
catalyst (Cd) that contains nol ybdenum bisnuth, and iron, and a

het er ool yac' d (I88ik]) catal yst (C2) that contains nol ybdenum and
phosphorous or the |ike. 20The catalyst (d) is, for exanple, used in a
gas- phase cont adB} Ohé chathiod of reeawingohe eblidcatgdyst daeribed oljul, yWiersn drd
tert-butanol, and the catalyst (C2) is, for exanple, used in a gas-phase

contact oxicHpbiaQitc bEME thRBuPhtniHRHACH AR (Re rdafshlilibe is adjusted to the Fageiet hod
of renoving the solid catal yst of the present invention has a process 25(a

renmoving p e Vi 5@l i VS it hj jon tube
nthe ot are C B2 Sah§IRIAR, MR R she MO A R " o
the reaction tube at 15 Cto 28 C and the relative humdity in the range
of 40 % t cUBBIYERE CHBPRIPBE arbhupiddy canfgling eisni yhish HirdCapsBYphEr e
tenperature within the reaction tube is 18 Cto 28 C. Although the

t enper2é urastjenta 1o hles megael Me®thierd8diCt anddhe tdasivgdeoodity iadmision by deSwigehi n t he
reaction tube in the present invention is a tenperature and a relative

hum dity off 49a6 6p35sSh@ghé RaeighubdR theasidvag frob&si n the state in which the
catalyst is filled, if it is difficult to performthe neasurenent in the
state in which thggatalyst is filled, and the tenperature and the relative
hum dity are replaced with a tenperature and a relative humdity that are
neasured in the r C ) VELr. whi cl _ space
portions after 6gggﬁﬁa&ﬁﬁggﬁéﬁ“Wﬁglbg%g#H%%$Y¥g%%%P&$EBM@é§Q f@ﬁ[?ﬁﬁe, by
sending air with a control|ed tenperature and humidity fromthe reaction
gas. out! otoiciyy sy By fegiveat rd by onollins EidA 10w P biaiegs fve
humdity" is indicated by a generally used ratio of an anount A of
vapor contained in air at any tenperature to the maxi mum anount B of
15vapor that can be contained at that tenperature.



Rel ative humdity % = A/B X 100 [0022] According to the findings of
the inventors, when the tenperature of the gaseous atnobsphere within the
reaction tube is within the range nentioned above, upon renoving 20 the
solid catalyst, if the relative hum dity of the gaseous atnosphere wthin
the reaction tube is equal to or greater than 40 % the catalyst is not too

dried, and,it. at al : 6.4l skt egrat A i, ' easily
att ached t & PRAiEh & ERincoth I AL EERIEH. 2R R P B R Ve
hum dity ii gqual to or less than 60 % on the contrary, the catalyst
absorbs not8ttre and the adhesion is not increased, and it is prevented
that the 25catalyst is easily attached to the reaction tube. Thus, by

mai ntai ning the KEl3kive 10 hunmidity in the tenperature range within the
range nentioned above, the drying and the npisture absorption of the solid
catal yst after uggThs neupdofsaneingihe selhycdtilyitslepodsd bl eytamesdi{ijsbagiorily
suppress attachnent of the catal yst powder to the reaction tube during

removi ng SHREANEMERSIR cadIfst LI MNAitO RREALLIAR cRhlybNBartBhiaths GRS P dRliml S
normal Iy perfornmed in the atnosphere, but a workér generally perforns the

operati on Miﬂuﬁx‘ﬁﬁ@mﬁ%hﬂﬂl%@& isig)lp%ggs's‘—]%@g@ | lzﬁl(?;%a@t?m n“ﬁ)gw -Ién(gUSt sui t and

a protective nask as an anti-du . nthete tureé of the
gaseous atmosphere within the reaction tube is within the range during
removi ng oﬁoﬁﬁgﬁg%P¥%ﬁgﬁﬁﬁP st, the operation is possible under the
10operation circunstances adjusted to be within the tenperature range, and
heati ng and cool i’ easures are preferably easy. [0023] In the
renovi ng process, neans for maintaining the tenperature and the relative
humidity of the lgadboumsthar wbspietirg iha selikcatalzg Wessnibed beanyi ankiofi [ tlHe [4lange i s
not 15 particularly limted, but it is desirable to sanple the solid

cat al ysl whhtreirsthippblid cugnlgst tseniperapolyeidpditheamlght that camnhinohlolybdegas, in
which the tenperature and the relative humdity are adjusted to the ranges
nmentioned glPMRsphddd® Wiieh h@agéd P dadBBaselAIFtRITBRI B OF the@ifadrodin di ty
controlling gas should not affect the renoving solid catal yst, and al t hough
it is not partiqybpgly limted, air is preferable fromthe 20vi ewpoi nt of

t he operation en irJnnent or the like. [0024] A preparation nethod of the

t enperature and it ontraol lin as i,s.not particularly limted, but a
known tenperatngngﬁ?p%fﬁpﬁl"H@PWb ?ggHﬂdHﬁW$dity controlling nethod
can be used. For exanple, under the conditign that a_vapor anount 25of gas
i's constant, m&mlvwgﬁg%fsm%fé&?ﬁ&%mwﬁw 5ol FealytinGlsd  at i ve hum di ty
rises. 11 Furthernore, when performng the humdification by the known

met hodlS t he r el at ieeetonhmpindiody thsdhouses thaipbwalityiof esgtion kes:i ng t he
tenperature of the gas. Meanwhil e, upon raising the gas tenperature under

t he condition thatuppervaper, andount of gas is constant, the relative humdity
is |owered. However, in order to 5prevent the generation of noisture
condensation on fla@ct fRef surface of the reaction tube, it is desirable
that the tenperature of the gaseous atnobsphere in the reaction tube be

equal to or les t Sl i on tube,
and to do that, e oePREF A RaRlomadr ot B eI S RAE P e

W t hout rajsi.ng.t as tenperature. For exanple, after gas Y having a

t enper atur%r%fi%qa(m?%%ﬁ?g’ Ef'né?nge of 15 Cto 28 10 Cis cooled to a

tenperature | owe han t he tenperature havjn he relative hum dity of 100
% wherY heating t["h Wyh §O¥eT igs ‘%&Ctb‘i}‘ %?S@‘Q@ thiélg‘ﬁt%ﬁ’ﬁ‘&h ¢ R Ppigal gag 15 5
possible to obtain a ow hum dity gas having a vapor content |ower than the
gas Y at tH@pkethertenperature X C as that of the gas Y. Wen the relative
hum dity of the low humidity gas is lower than 40 % it is possible to
prepare a tenpertbt upper aotr hana chiattyorcgmtiwlel thioegh gdschhasamngateha ghis
tenperature of X C and the relative humdity within the range of 40%to 60%
by m xi ng $uppliédwhdum dity gas with the gas Y. Specifically, by
heating the gas, which is cooled to be equal to or less than 0 C, to 15 C
to 28 C a | ow Bfmetlich Yol Rad@MabiGbrPods St ti@ub WhtbhtreRliof Bestiucle % to 30
%is obtained, and it is desirable t0 maintain"the tenperature of the

gaseo a“ﬂgﬁﬁﬂﬁae 20 within the reaction tube in the range of 15 Cto 28
C and the relatiVve humdity in the range of 40%to 60% by the use of the

|l ow hum dity gas as a part of a tenperature and humdity controlling gas to
be supplied to the reaction tube. Furthernore, the |l ow hum dity gas
may be prepared by the nethod of using a drying agent such as a silica gel
used in general air drying as a nethod of |owering the



12 relative humdity wthout raising the tenperature of a gas. [0025]

A direction of supplying the tenperature and humdity controlling gas is
not particularly limted if the gas can be supplied into the reaction tube.
Gas may be 5provided froma parietal portion (the gas outlet 14 in the
exanple of FIG 1) of the reactor and na$ be supplied froma | ower portion

(the gas inlet 1geidclhsnAEom ifs §hedil nibNBrohSRGhra heating T 18
desirable that t ert e:rrpe]r at ur Sg Cﬁen%rlgﬁ;%%rﬁ\;ne hurmugl ty of awd ln%aseous

at nosphere h [ f t he

t enper at ur eﬁ@gnzﬂ %6?1305“1&0?%&1 ¥iﬁ:g’l’]J)]ilarg’8(%{&5}1 t@%g’ls m%%f 25?#‘[6%%38& urality
of places. .The ow rate of the tenperature and hunldlty controlling gas is
pr ef er abl ys’gﬁf"”éig‘ @Iﬁﬁwwég‘dﬂbl%%diy 4% Wi thin the range in which the

at mosphere tenperature and the relative humdity in the reactor can be

mai nt ai ned wi t hi Re4Mor AP N2 AHEMPEAYI? éﬂtbluwmt)éaolmollm gxcagdiidetty | ar ge
flowrate, the catal yst powder is bl own about, whereby the working

envi r onfrentempeyatdsd deddudtar tattiee rapSO@B]S °C to 28 °Candighthtivt homewndbtyiing t he solid
catalyst fromthe reaction tube is not particularly limted, but known

met hods capdiifcd'®ade rdngk o?mmlb%o of, BtoTRE &@azdmﬁb@@tﬁﬁlgia ﬂémobmé, dpbraglbpectly
inserting a suctlon liRe into the reaction tube to suck up thé solid 20

catal yst, Is line in the uppernost portion of
the reaction ﬂgts@?cpca?%yhrméﬂpe 1,?913??&%86 H?’g%\n ng air into the reaction tube
to sanple air by a spout-up type and a nethod of renoving a plate
supporting the catalyst provided in the | ower portion of the reaction tube
and dr oppi n%the catal yst fromthe bottom portion of the reaction tube to
per f or m t hETednplihRdvepHOmddi ti on, upon blowing air, it is desirable to
25consi der the tenperature, the reI ative humdity or t he supply amount so
that tHe 13 tenip€t@ture and the relative humidity of the gaseous

at nosphere do not deviate greatly even locally. [0027] In the case of
perform ng the raaovdingtopehathicdofeémbtieg gelsbidd cahlabtyd thd predeheinvéntion,
atnmosphere, if the tenperature and the relative humdity of the atnpsphere

are W t hi nefdnqf haR@shink Bﬁerﬁﬁﬁﬂ)ﬁlnagpd?fcﬁl@l@§s\’h@lfle\/%h@lc@61@(5%5]%(5'[%’%[1]&11 can be
performed, but it is desirable to always supply a tenperature and humdity

controllin h he
weat her or TR .f*f%é‘l ?‘zﬁ@?"&’nﬁkﬁfﬂbég@ﬁéﬁ%ﬁ% o P e o

t he cataly 1 er al V|em10f t he average
tenper at ur B ash U T Gy Bhfherdni s rRligfh BBt sbfhekont n ot

met eor ol ogi cal observatlon in Hroshima announced by the Japan
theorHioglcal Agency, 2009, it is considered that the only period of tine,
when the tenperature of the gaseous atnosphere in the reaction tube can be
mai ntained in the range BR“ﬂSUﬁsﬁﬁﬂﬁﬁﬂﬁﬂéﬂﬂfﬂﬁéﬂhﬁwaﬂﬁﬁe humi dity thereof
can be maintained in the 15range of 40 %to 60%even if it is not
positively contr[001Hd, is April or May However, in view of an abrupt change
in weather or the like, even in this period of tine, it is desirable to

al ways supply a gignpeyAlcbfa@n@atidim tHatsYo RO ERIMPIOEF SBLedd Maltthalar
removi ng operation. [0028] 20According to the renoving nethod of the solid
catal yst of, #Qe present invention, it is possible to suppress the
attachnent of the catal yst powder onto the inner surface of the reaction

t ube e¥ a sinple method of suppressing the tenperature and the relative
hum dity of the gaseous atnosphere in the reaction tube to a specific
range. Thus, even if the reaction t b is.n ashed whenever the catal yst
i's exchanged 25t he attacHHﬁﬁ%nﬁﬁﬂ% $E%tgﬁ§i¥$%6H§§N can be suppressed,
whereby the frequency of the 14 washing operation of the reaction tube can
be reduced. Furﬂﬁ@ﬂﬁnre it is possible to suppress the attachment of the
catal yst powder onto the reaction tube inner surface by a sinple nethod
even in a fixed-dédedvbitd intiitibubudar reeaatio thewirédensiavanah ntdyausiadda reaeiddn on

t ubes provided thereon. S [Enbodinment] [0029]

tube filled with the solid catalyst, and a known fixed-bed multitubular reactor can be

25  suitably applied.



Herei nafter, enbodi ments and conparative exanples of the present invention
w Il be further specifically described, but the present invention is not
limted by the 1lOexanpl es described later. [Synthesis Exanple 1:

Manuf acturing of Solid Catal yst Bl] Sluzry containing a catal yst raw
material was dried to prepare a powder catalyst A (conpositional formula:

Mot 20Bi | oFel OCD?KP%nyaéﬁmﬁéeac éﬁhﬁh%&h@%?ﬁ%avnﬂﬁeQfaQ%MgﬁHAﬁ@Q%géed for

sati sf y| ng an atomratio o conponent an aver age rticle

di amet er OF]X?CPI)%]UEQU]) \%%?Ceﬁ‘,c %@g\%ﬂff‘e gﬁ l@d%%h ﬁ%r 1teH1tl)1(§8EW' th 1 kg of

met hyl cel 0Sé ure 0 and Kneaded and

then was subjected to t.rusion nDIdl a col umar shape hayi

oUter i amet er ok T AG IEF NG POPE R Dres TS A B RO OBRat ed 26
times, the extrusion-nol ded catal yst was subjected to a hot-air drying to
evapor at e &B@%@U?%ISCWM'@WU@Sé%pi[dpk’;'a@lé]/%lm@ﬂﬁ URPET GO0 kP, asdplawdrn a
gas- phase contact oxidation reaction of propyl ene, isobutylcne,

t ert - buf anobvend8c.obt ai ned. [0030] [Synthesis Exanple 2: Mnufacturing of
Solid Catal yst B2] Slurry containing a catalyst raw nateria

was dried to prepasplid chaWderl ©alial ytsthe 2&pective oemrasnh tubendl, afgasphha: Pl oMou
oVosCuo i Ko6Cso, 5Bi 03Sb0o3As020z (z is an atom 15 ratio of oxygen required

for sati sfyimoii@nashan balbhthaalwifRGAsS @AY raliaNAtBgal BmBYEIPRE@Sabar ticl e
di anet er of ZgujtﬁlAfte? 760‘&9 3?8 ﬁgpgomde#acata | yst AEUVéggn$xed W th

84 kg of g _ t ression
havi ng an %ﬁ.phfﬁagﬁwgg¥nggﬁﬁm. thgﬁ%ig ?ﬁﬁﬁkﬁﬁﬁgﬁﬁmﬁgﬁg %R%ﬁ%%ﬁﬁ%ﬁ

cat al yst 13% of aé 780 kg usable in a gas-phase contact oxidation reaction
of met hacr bl B s obtained. [0031] [Exanples 1 to 4, Conparative Exanpl es
lto 4&) A solid catal¥st BHE%QOO g) obtained in the Synthesis

Exanpl & | was uni fadhgdopenranss 10 tpeation gaoniard3 irprgvidedisoushnilige thgray of
SUS 304 of a filling density of 0.82 10kg/L, and the m xture was filled

i nto the rmateriaber theibke & 2upgflie hdsh éid upprdeavab B0t ypencfipx eab-dadldt Muist i t ubul ar
reactor 10 having the configuration shown in FIG 1 The reactor 10 included
37 st ai nl eppvikadirotghoebich eatidton pradvesortly likayidighaped. nngthakicasr®t er 27 mm
and a length of 6 mm Specifically, the solid catalyst Bl was dropped and

filled int ﬁ.atmd;y%gtd @ﬂlzﬁg’%dl%%%chS Itﬁroag@whycihwwauﬁgﬂ@@m;féf ReAing
hunmidity controlling gas having a tenperattre of Cand a relative

vody ‘100 at" 3G Pt B LRFREAER GRS llodyoh CERET e
sol i I r S
supp o R et o B 6 2 i T i AR S e,

the shell side 10d in the reactor main body 10a and heating the reaction
tube 12 fréisshapgeddipms fhgshelh{Odiside mtbafqdh@r mdrﬂ hadlyd Opyrae proaidedon t ube 12,
met hyl cellulose in the solid catal yst was renoved Next, the raw
mat eri al mi xtur0gHY i ncl udi ng i sobutyl ene of 5 volunme % oxygen of 12
vol unme % vapor of 10 volune % and nitrogen of 73 volunme % was supplied
from 25t he reactTieplgakty dflretctidd nibles &2 flearetslfit entef oDAILSAOtIANY thesanhour .
After reacting the raw 16 nmaterial mxture gas by allowing the sanme to

pass throughp@nsah@hy whel B¥gEtet RidcRQ FERM z@ﬂgetéi%oa@lsf@rsomo h@é%én% the
supplying of the raw material m Xxture gas was stopped. Next, the

heati m@uﬂ@m& aii&hl?c Spg!d ﬁlae]?f"’qﬁed}:?ﬁla{ 2 biE: HiBAGEL lﬁ‘f@fc&s??xw a ljcggt[llv(\f?s

sanpl commercilaflly crea air ylng |nstfunen ts was supplied at a

fl te of 518 5 f h t t 1 dth
catal yat 1 B eRhatBeore.Witip W foust (R A RulehRF oo BPaRasPe Bt The

condi tions of each exanple shown in Table 1, a tenperature and hum dity
control | i ndesigmeserinads genpilly adthi & 3.5 Yooapds axcératly.18IB0G ML %per hour from t he
reaction gas outlet 14, it was confirmed that the gaseous atnosphere of the
reacti on gas 10iTHee~t:acﬁ3nm I2ndsy haviee codnblagel, bnisa wfaighhtibe @X anfphight and 1t
was confirmed that the

shape is generally used. The straight tube may be any one of a horizontal arrangement

25  oravertical arrangement but generally has a longitudinal shape that is placed in a



tenperature and the humdity of the gaseous atnosphere in the reaction tube
becane identical to those of the supplied tenperature and humdity
controlling gas The measurenent results are shown in Table 1. Next, the

| ower cover 10c was renoved. Next, the plate supporting the catal yst was
removed, and the solid catal yst was dropped 15and sanpled fromthe reaction

tube bot t omyRRAldiRBtiod PF3E iht RAhMRHECHNRUNOH hoveskhstfioPper ations from
the filling of the solid catalyst to the reaction and the renoving was

repeated three thﬁﬁé by the nethod nentioned above, and an average
20filling length o lhe catal yst layers of 37 reaction tubes after each
filling was neasuy ed. The average, filling length o he catal yst was
obt i ned by meastPs NSnEEEPh B PRRCEARK bl T ARk o« be 15
froma tube plate surface 17 over the reaction tube shown in FIG 1 before
and after PR&CRlarly fipytedneThg sobidicaislystmay B¢ & Modding catplastr RESEPRMERE as t he
average filling length. 25The depth of the unfilled space can be obtained
by insebti ngalyblor Tg ampding catalybtmeay hdpe eny shagpe bidbers arndrcnieashape.rnglunimar | engt h
of the wire. Mor eover, an elongation of a second average filing

| engt h rel alidpeea ¢ydintitieal alvapcagel 4 dtdd shivg, bech@bh be bickdedéd ahiy msdkhysuchngdaan

el ongation of an average filling length obtained thirdly relative to an

average fi kdbidd@rds@NOinbx0E@ HRGSRGANM Y MRIIRopbt ai ned by a fornula as
bel ow. Table 1 shows that, the greater the el ongation of the average

filli I th, & e i I ' # ta: Lhg i
Slul’f:'igg 01? n? he r%%@itaﬁg%ﬁgg 053” Ig;c‘rata?)g%gl\?%{ﬁ%e %rﬁ/e&glj(i)ﬁq? &gaéc’tsgalfgﬁ’sgghﬁ]ﬁgrresul ts
oreorone ShalRihtl oy oRRPE DLy B R0E Pl Rehifi 48
PTG | et RS HarsopcelsBnacBepsestindbs! Sove 08 R0 ae() (CFO o

The present invention can be applied to the removing of any kind of solid
catalyst, and is particularly suitable for a catalyst having a relatively low strength and
containing oxide in which disintegration and the collapse casily occur.  For example, the
present invention is particularly effective for the catalyst that contains molybdenum

15 among the catalysts containing single or composite metal oxide or heteropolyacids or
salts thereof.  The catalyst that contains molybdenum includes, for example, a
composite metal oxide catalyst (C1) that contains molybdenum, bismuth, and iron, and a
heteropolyacid (salt) catalyst (C2) that contains molybdenum and phosphorous or the
like.

20 The catalyst (C1) is, for example, used in a gas-phase contact oxidation reaction
of propylene, isobutylene and tert-butanol, and the catalyst (C2) is, for example, used in a
gas-phase contact oxidation reaction of methacrolein.

[0021]

The method of removing the solid catalyst of the present invention has a process

25 (aremoving process) of removing the solid catalyst within the reaction tube in the state
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of maintaining the temperature of an atmosphere gas within the reaction tube at 15 °C to
28 °C, and the relative humidity in the range of 40 % to 60 %. A more preferable range
of the gaseous atmosphere temperature within the reaction tube is 18 °C to 28 °C.

Although the temperature and the relative humidity of the gaseous atmosphere
within the reaction tube in the present invention is a temperature and a relative humidity
of gas passing through the reaction tube in the state in which the catalyst is filled, if it is
difficuit to perform the measurement in the state in which the catalyst is filled, and the
temperature and the relative humidity are replaced with a temperature and a relative
humidity that are measured in the lower cover 10c¢ or the upper cover 10b which are
space portions after passing through the inner portion of the reaction tube, by sending air
with a controlled temperature and humidity from the reaction gas outlet 14 or the reaction
gas inlet 13.

In addition, “the relative humidity” is indicated by a generally used ratio of an
amount A of vapor contained in air at any temperature to the maximum amount B of
vapor that can be contained at that temperature.

Relative humidity % = A/B X 100

10022}

According to the findings of the inventors, when the temperature of the gaseous
atmosphere within the reaction tube is within the range mentioned above, upon removing
the solid catalyst, if the relative humidity of the gascous atmosphere within the reaction
tube is equal to or greater than 40 %, the catalyst is not too dried, and the catalyst being
disintegrated and coliapsing and being casily attached to the reaction tube is prevented.
Furthermore, if the relative humidity is equal to or less than 60 %, on the contrary, the
catalyst absorbs moisture and the adhesion is not increased, and it is prevented that the

catalyst 1s easily attached to the reaction tube.  Thus, by maintaining the relative



Sc

09

10

15

20

25

O s O 04 CE (as) atnutedurab O 5Z Sr Ci

10

humidity in the femperature range within the range mentioned above, the drying and the
moisture absorption of the solid catalyst after use is suppressed, whereby it is possible to
satisfactorily suppress attachment of the catalyst powder to the reaction tube during
removing.

Furthermore, the removing operation of the solid catalyst is normally performed
in the atmosphere, but a worker generally performs the operation while wearing
protection equipment such as an anti-dust suit and a protective mask as an anti-dust
measure. When the temperature of the gaseous atmosphere within the reaction tube is
within the range during removing of the solid catalyst, the operation is possible under the
operation circumstances adjusted to be within the temperature range, and heating and
cooling measures are preferably easy.

[0023]

In the removing process, means for maintaming the temperature and the relative
humidity of the gaseous atmosphere in the reaction tube within the range is not
particularly limited, but it is desirable to sampie the solid catalyst while supplying a
temperature and humidity controlling gas, in which the temperature and the relative
humidity are adjusted to the ranges mentioned above, into the reaction tube.

The temperature and humidity controlling gas should not affect the removing
solid catalyst, and although it is not particularly limited, air is preferable from the
viewpoint of the operation environment or the like.

[0024]

A preparation method of the temperature and humidity controlling gas is not
particularly limited, but a known temperature controlling method, and humidity
controlling method can be used.  For example, under the condition that a vapor amount

of gas is constant, when the gas temperature is lowered, the relative humidity rises.
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FFurthermore, when performing the humidification by the known method, the relative
humidity can be raised without lowering the temperature of the gas.

Meanwhile, upon raising the gas temperature under the condition that a vapor
amount of gas is constant, the relative humidity is lowered. However, in order to
prevent the generation of moisture condensation on the inner surface of the reaction tube,
it is desirable that the temperature of the gaseous atmosphere in the reaction tube be
equal to or less than the temperature of the outside of the rcaction tube, and to do that, it
1s desirable that the relative humidity be lowered without raising the gas temperature,

For example, after gas Y having a temperature (X °C} in the range of 15 °C to 28
°C is cooled to a temperature lower than the temperature having the relative humidity of
100 %, when heating the gas Y to X °C by a gas heater or the like, it is possible to obtain
a low humidity gas having a vapor conient lower than the gas Y at the same temperature
X °C as that of the gas Y. When the relative humidity of the low humidity gas is lower
than 40 %, it is possible to prepare a temperature and humidity controlling gas having the
temperature of X °C and the relative humidity within the range of 40 % {0 60% by
mixing the low humidity gas with the gas Y.

Specifically, by heating the gas, which is cooled to be equal to or less than 0 °C,
to 15 °C to 28 °C, a low humidity gas having a relative humidity of about 15 % to 30 %
1s obtained, and it 1s desirable to maintain the temperature of the gaseous atmosphere
within the reaction tube in the range of 15 °C to 28 °C and the relative humidity in the
range of 40 % 1o 60% by the use of the low humidity gas as a part of a temperature and
humidity controlling gas to be supplied to the reaction tube.

Furthermore, the low humidity gas may be prepared by the method of using a

drying agent such as a silica gel used in general air drying as a method of lowering the

05
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relative hunudity without raising the temperature of a gas.

{0025}

A direction of supplying the temperature and humidity controlling gas is not
particularly limited if the gas can be supplied into the reaction tube. Gas may be
provided from a parietal portion (the gas outlet 14 in the example of FIG. 1) of the reactor
and may be supplicd from a lower portion (the gas inlet 13 in the example of IFIG. 1) of
the reactor.

It is desirable that the temperature and the relative humidity of the gaseous
atmosphere within the reactor be more vniform, and, for this reason, the temperature and
humidity controlling gas may be provided from a plurality of places. The flow rate of
the temperature and humidity controlling gas is preferably set as small as possible within
the range in which the atmosphere temperature and the relative humidity in the reactor
can be maintained within the range.  When gas is supplied at an excessively large flow
rate, the catalyst powder is blown about, whereby the working environment may
deteriorate,

[0026]

A method of removing the solid catalyst from the reaction tube 1s not
particularly limited, but known methods can be used. TFor example, the method includes
a method of directly inserting a suction line into the reaction tube to suck up the solid
catalyst, a method of installing a suction line in the uppermost portion of the reaction
tube and inserting a line blowing air into the reaction tube to sample air by a spout-up
type, and a method of removing a plate supporting the catalyst provided in the lower
portion of the reaction tube and dropping the catalyst from the boitom portion of the
reaction tube fo perform the removing.  In addition, upon blowing air, it is desirable to

consider the temperature, the relative humidity or the supply amount so that the
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temperature and the relative humidity of the gaseous atmosphere do not deviate greatly
even locally.

[0027]

In the case of performing the removing operation of the solid catalyst in the
atmosphere, 1f the temperature and the relative humidity of the atmosphere are within the
range, the removing process of the present invention can be performed, but it is desirable
(o always supply a temperature and humidity controlling gas during a removing operation
in case of a change in the weather or the like.

Furthermore, generally, the removing work period of the catalyst requires
several weeks. For example, in view of the average temperature and the average
humidity of a day for each month of meteorological observation in Hiroshima announced
by the Japan Meteorological Agency, 2009, it is considered that the only period of time,
when the temperature of the gaseous atmosphere in the reaction tube can be maintained
in the range of 15 °C to 28 °C and the relative humidity thereof can be maintained in the
range of 40 % to 60% even if it is not positively controlled, is April or May. However,
in view of an abrupt change in weather or the like, even in this period of time, it is
desirable to always supply a temperature and humidity controlling gas during the
removing operation.

[0028]

According to the removing method of the solid catalyst of the present invention,
it is possible 1o suppress the attachment of the catalyst powder onto the inner surface of
the reaction tube by a simple method of suppressing the temperature and the relative
humidity of the gaseous atmosphere in the reaction tube to a specific range.

Thus, even if the reaction tube is not washed whenever the catalyst is exchanged,

the attachment of the catalyst powder can be suppressed, whereby the frequency of the



Enbodi ment 1 Enbodi ment 2 Enbodirrnnt 3 Enbodinent 4 | eccittruira
atonmeduno Z Rdurnea a'llalarlarop Conparative exanple 3 | Conparative

exanple 4 19 [0034] [Results] As shown in Table 1, the elongation of
the average filling |l ength was suppress$? to be equal to or less than 0.1 %
in enbodinents Ito 4 of renoving the sofid catal yst 5while supplying a

tenper at Ur%fglﬁgggggk%xi Mitﬁ@ﬂata&‘?&hn' tbﬂ@c&;‘}%.r@@ﬁ@e@.g Pu&lf%ﬁﬂ?ﬁe%ﬁ’sg}oﬁ@ts%iﬂg € range

of 15 Cto a relative humdity in the range o Yo In
contrast, in conparative exanples.1l and,2 in waich.the tenperature of the
gaseous at ﬁﬁ%%%me fl’%‘i’c]?iﬁgﬁrozfg S SE H%%d%a?gpootﬁ?gﬁiaa%&{yﬁgé %nggbseur%f% ﬁ%ac to 28
C, in conparative exanple 3_i ich.the relative hum dity was higher than
60 % and iSH“P'%‘eEb’ﬁﬁé{?lét“i %@%ﬂ%ﬁv‘g“w&“ﬁf WﬁF‘@h“’itHéc‘E@&ﬂﬂé%a%{%?‘éa g | ower
than 15 C and the relative humdity was |ower than 40 % the el ongation of
t he aver agduties pravidgd|tedig'h was equal to or greater than 0.2 % I n
addition, in each review of each enbodi nent and conparative exanple, the
fillingSwas repeated three times so that the catal yst attached to the
reaction tube inner 15surface did not affect the next review, the average
filling | engtbBodasn@gcquired, after renoving the catal yst, the reaction tube
was washed with water, dry instrunent air was supplied at allow rate of

18,500 NL per hopjpoand was dried, and data was acquired in the state in
whi ch attached natter did not exist in the reaction tube. [0035] 20

Eodttencs, S R RAOR R SHE TR iR Seflus gt sl Y5

of 3,000 g obtaine esli m Xed W th

400g of sili. | ym na l]s having.a filling.density of.1.3 [L, and the
rxture vadil Pr Rt s RAl AOZbRE RS hrarsdt aheiie ndl itiduoPlbe type
fixed-bed nultitubular reactor 10 by the sane nethod as enbodi nent 1. Next,
t he m %9 ur éxagapies described later.

[Synthesis Example 1: Manufacturing of Solid Catalyst B1]
Slurry containing a catalyst raw material was dried to prepare a powder catalyst
Al {compositional formula: Moy oBi gFe; ¢C03.0Zn0 5519 50, (x is an atom ratio of
oxygen required for satisfying an atom ratio of each component) having an average
15 particle diameter of 50 pm. 30 kg of the powder catalyst Al was mixed with 1 kg of
methyl cellulose, pure water of 15 kg was added thereto and kneaded and then was
subjected to an extrusion molding in a columnar shape having an outer diameter of 5 mm
and a height of 5 mm. This operation was repeated 26 times, the extrusion-molded
catalyst was subjected to a hot-air drying to evaporate moisture, whereby a solid catalyst
20 B1 of 800 kg usable in a gas-phase contact oxidation reaction of propylene, isobutylene,
tert-butanol was obtained.
0030]
[Synthesis Example 2: Manufacturing of Solid Catalyst B2]
Slurry containing a catalyst raw material was dried to prepare a powder catalyst

25 A2 (compositional formula: P ¢Mo12.0VesCuo1Ko.6Cso sB103Sbo3A5020,(z 1s an atom



25baked under the air distribution at 380 C for 10 hours. 20 Next ,
in the state of supplying a heating nediumset at 300 C fromthe heat
mediuminlet 15 to the shell side 10d in the reactor nain body 10a and
heating the reaction tube 12 fromthe ouytside, the raw material m xture gas
I ncl udi ng nmethacrolein of 5 volune % oxygen of 12 volune % vapor of 15

vol ume % ang &Y dxe8fiRq@itedBr ?a‘(i‘t?%%%an‘yﬁtm%t%&mabﬁE'oﬁlﬁcﬁmnt) RGvihgagt i on gas

inlet 13 at a flowrate of 92 per hour fter reacting the raw

' the 1 ead TR R ?%n?éae'fof%%% bur Cro R, iy B B AR e 2

was st opped Xxt, the catalyst |ayer vvas cool ed to an_anbi ent
t enper at ur @854 Vil 84 k! gmm PRYYeadh %Wb‘eereﬁﬁﬁtsumected to a tablgeeamprIgsiandes t he
conditions shown in Table 2, the dropping renoving of the solid catalyst
was per f or heding anoligr dipmetsr &mindndre height ofnam haewbng solihentalyd i athe
eval uation were perforned in the sane manner as enbodinent 1. The result is
shown i & T&8E k2.usdtB§ B0B&ds-phade dohedel exidjtichlremgiath indmethacaldr ageobtainkd.ng
length (%9 910 VCO ZzZCO VCO FE 0 CEM ZE 0 VEM 660 901 8'0 080 80 980
10" | PC 1 Averagm3fjlling length
[Examples 1 to 4, Comparative Examples 1 to 4}
A solid catalyst B (900 g) obtained in the Synthesis Example 1was uniformly
mixed with 600 g of Raschig rings manufactured of SUS 304 of a filling density of .82
10 kg/L, and the mixture was filled into the reaction tube 12 of the shell-and-tube type
fixed-bed multitubular reactor 10 having the configuration shown in F1G. 1. The reactor
10 included 37 stainless steel tubes (reaction tubes 12) having an inner diameter 27 mm
and a length of 6 mm.
Specifically, the solid catalyst B1 was dropped and filled into the reaction tube
15 12 while supplying a temperature and humidity controlling gas having a temperature of
20 °C and a relative humidity of 50 % from the lower reaction gas inlet 13 of the reactor
main body 10a at a flow rate of 18,500 NL per hour.  The filling amount of the solid
catalyst B1 was 900 g per the reaction tube.
Next, in the state of supplying a heating medium set at 350 °C from the heat
20 medium inlet 15 to the shell side 10d in the reactor main body 10a and heating the
reaction tube 12 from the outside, by distributing air into the reaction tube 12, methyl
cellufose in the solid catalyst was removed.
Next, the raw material mixture gas including isobutylene of 5 volume %, oxygen

of 12 volume %, vapor of 10 volume %, and nitrogen of 73 volume % was supplied from

25  the reaction gas inlet 13 at a flow rate of 92,500 NL per hour.  After reacting the raw
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material mixture gas by allowing the same to pass through a catalyst layer in the reaction
tube 12 for 100 hours, the supplying of the raw material mixture gas was stopped.

Next, the heating medium of the shell side 10d in the reactor main body 10a was
sampled, commercially created air for drying instruments was supplied at a flow rate of
18,500 NL per hour from the reaction gas inlet 13, and the catalyst layer was cooled to an
ambient temperature.

Next, under the conditions of each example shown in Table 1, a temperature and
humidity controlling gas was supplied at a flow rate of 18,500 NL per hour from the
reaction gas outlet 14, it was confirmed that the gaseous atmosphere of the reaction gas
inlet 13 was under the conditions of each example, and it was confirmed that the
temperature and the humidity of the gaseous atmosphere in the reaction tube became
identical 1o those of the supplied temperature and humidity controlling gas. The
measurement results are shown in Table 1. Next, the lower cover 10¢ was removed.
Nexi, the plate supporting the catalyst was removed, and the solid catalyst was dropped
and sampled from the reaction tube bottom portion.

[0032]

[Evaluation Method]

A series of operations from the filling of the solid catalyst to the reaction and the
removing was repeated three times by the method mentioned above, and an average
filling length of the catalyst fayers of 37 reaction tubes afier cach filling was measured.

The average filling length of the catalyst was obtained by measuring a depth of
an unfilled space in the reaction tube 12 from a tube plate surface 17 over the reaction
tube shown in FIG. 1 before and after the filling one at a time and averaging the
difference as the average filling length.

The depth of the unfilled space can be obtained by inserting, for example, a wire
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or the like and measuring the length of the wire.

Moreover, an elongation of a second average filing length relative to the average
filling length obtained firstly, and an elongation of an average filling length obtained
thirdly relative to an average filling length obtained secondly were obtained by a formula
as below, Table 1 shows that, the greater the elongation of the average {illing length,
the more the solid catalyst is attached to the inner surface of the reaction tube after
removing the solid catalyst. The results are shown in Table 1.

Elongation of average filling length (%) = {(current average filling length - last
average filling length)/last average filling length} X 100

[0033]
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[0034]

[Resulis]

As shown in Table 1, the elongation of the average filling length was suppressed
to be equal to or less than 0.1 % in embodiments 1 to 4 of removing the solid catalyst
while supplying a temperature and humidity controlling gas having a temperature in the
range of 15 °C to 28 °C and a relative humidity in the range of 40 % 10 60%.

In contrast, in comparative examples 1 and 2 in which the temperature of the
gaseous atmosphere in the reaction tube was outside the range of 15 °C to 28 °C, in
comparative example 3 in which the relative humidity was higher than 60 %, and in
comparative example 4 in which the temperature was lower than 15 °C and the relative
humidity was lower than 40 %, the elongation of the average filling length was equal to
or greater than 0.2 %.

In addition, in each review of each embodiment and comparative example, the
filling was repeated three times so that the catalyst attached to the reaction tube inner
surface did not affect the next review, the average filling length was acquired, after
removing the catalyst, the reaction tube was washed with water, dry instrument air was
supplied at a flow rate of 18,500 NL per hour and was dried, and data was acquired in the
state in which attached matter did not exist in the reaction tube.

[0035]

[Embodiments 5 to 8, Comparative Examples 5 to 8]

Asolid catalyst B2 of 3,000 g obtained in the synthesis example 2 was
uniformly mixed with 400g of silica alumina balis having a filling density of 1.3 kg/L.,
and the mixture was filled into the reaction tube 12 of the shell-and-tube type fixed-bed
multitubular reactor 10 by the same method as embodiment 1. Next, the mixture was

baked under the air distribution at 380 °C {for 10 hours.
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Next, in the state of supplying a heating medium set at 300 °C from the heat
medium mnlet 15 to the shell side 10d in the reactor main body 10a and heating the
reaction tube 12 from the outside, the raw material mixture gas including methacrolein of
5 volume %, oxygen of 12 volume %, vapor of 15 volume %, and nitrogen of 68
volunte % was supplied from the reaction gas inlet 13 at a flow rate of 92,500 NL per
hour. After reacting the raw material mixture gas by allowing the same to pass through
a catalyst layer in the reaction tube 12 for 100 hours, the supplying of the raw material
was stopped.

Next, the catalyst layer was cooled to an ambient temperature by the same
method as embodiment 1.

Next, besides the conditions shown in Table 2, the dropping removing of the
solid catalyst was performed similarly 1o embodiment 1, and the measurement and the
evaluation were performed in the same manner as embodiment 1. The result is shown
in Table 2.

[0036]
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[0037] [Result] As shown in Table 2, the elongation of the average filling

| engt h was suppressed to be equal to orzLess than 0.4%in enbodinents 5 to
8 of renmpoving the solid catal yst 5whil e”“Supplying a tenperature and

hum dity CORYQ0 ﬂing gas having a tenperature in the range of 15 Cto 28 'V

and a relative humdity in the range of 40%to 60% In contrast to
this, in comrparative—exan S—5@ht-6—i-i-whireh—the—trepperat-ur-g-—of—the
gaseous at nosphede in the jreactijpn tjulde jwas fout |off the fapge pfi 15 |C to 28
C, in conparative \exanple in ijch tihe rleljat/i ve m djity wa ower than
40 % and ifn #Qc aratijveilegxdnplig 8 iim |whi gh |t he npefiat ur e was; great er
than 28 C and the rel atd g {unidiltly: was |griedtier |thans 79| % - thE! e jengat i on
of the averjage i ifl | i\ng| 4|engt P Mgs| |ITi g1 \artd “gqual| ~tja |er= prpater | fhan 0.8 %
and the atta%hﬁe t of it he [catal yist| povidgr (wgslicongiiderapliy prpgressied. In
addi tion, inzseach rewijew of \leacih enbodi rent |and cgnpar ajijvel exanpl e, the
15 filling mds re¢peatgd |t hree tijmés isq tihat |t he |atjit achefl {cat a] yist| di d not
affect the ll?c)\t revi-ew, —it-he-taveriage-f-tit-ing-H-engt-h—was—achgur-redi—afit er
r enovi ng thegca&ilyst, tlheg rieactii an [t ybe wag washged |with watef,| dry
i nstrunent jaiy s supplligd jati 4 fil qwirate 4f |18, 300 NL| per| hpur |and was
dried, and dé_tg NS qUidied dirg ithed | tiati & |icn owiai ¢h Jagt ached apt ters di d not
exist in the¥r a:tlon*rub%f’ZGF@OES]“[§ynthe§i§ Exanpl e} 3; " Mapufactiuri ng of
Solid Catallyst BB] The sane |priegariati dn [ngt hod, (kneadi ng et hpd, |and
mol di ng nmetlhédd a$ thosle joff syntHedi s dxanpl ¢ I| wereireppated fhirty tines,
t he ext r usifon=Trofded=catiahygt=Wwas subjfegtedTto—a ot =i Iy o to
evapor ate rnoijst.ute, wheriely la |sqlijd|cdtal ystf B3|offi 900 kg 25upaplie in a
gas- phase gont ac{ oxi dat|i dn |rgagtijorn df [progyliene, isobptylene
tert-butancg 23|was gbtlaijned.| [10039] | _ . . . ~
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[ Synt hesi s Exanple 4: Manufacturing of Solid Catalyst B41 After 2,000 kg of
the powder catalyst A2 obtained by the sane preparation 5nmethod of

synt hesis exanple 2 was m xed with 240 kg of graphite powder, the m xture
was subjected to a tablet conpression i?%a col umar shape havi ng an outer
diameter 5 nmand a height of 5 nm whefeby a solid catal yst B4 of 2,240 kg
usable in a gas-ﬁg?zﬁ contact oxidation reaction of nethacrolein was
obt ai ned [ 0040] anples 9 to 10, Conparative Exanples 9 to 101 A
solid catahg;%HFB (900 kg) obtained in the synthesis exanple 3 was

uniformy with 600 kg of Raschig rings simlarly to enbodinent 1 to

obtain a m xture Dl of 1,5 of the solid catalyst and.the Raschi

P, The m xt upesksmmaeiipiad B digrenio St afesrod s RDRBOR AR Rl nt |
the m xture DI was filled into the reaction tube 12 150f the shel|l -and-tube
type fixedibeicdqudl iardgseten Ordk%cin smbedingings 5 Q@rd of regowing i solid catalysiNext |

nmet hyl cellulose in the solid catal yst was renoved by the sane nethod as
enbodi n&nt while supplyinjex¢mpdraiutehrad dtmtidityi conubiliop gahleavingpd ienpernéde imhset  at
320 Cis supplied fromthe heat nediuminlet 15 to the shell side 10d in

t he react ogaEBioNn 1 HedyYo 39C b P¥@iRRMuntidie, RARERAEE SN whe 60%, from t he
outside, the raw material m xture gas having the sanme conposition as

enbodi ment 1 wasy.suppli.ed f . i i pl. 130 Af . i ng
the raw mat or | 2l "rREiet i AL ARE R R0 Bnd B Ehndh un b Bk FEGH
catalyst layer in the reaction tuhe 12 and anal yzing a, tion rate of

| Sobut yl endiecEsfous gBNasBRE 1ﬁé€3§uw@fﬂr\r@58fﬂ i el el 27 A e gas
was stopped. 25In addition, the reaction rate of isobutylene is defined as
bel ow 24 Remparhtbve axameleot in wliybuthelreadve iggmidity Bagjower tlom 40 %, andHerein, A is
a nol e nunber of the supplied isobutylene, and B is a nole nunber of a

react edo i sobupthereexahipr § RaclhitiPthenapdrituiswanoumed thal2OPE add thblexbtivd he
heati ng medi um was sanpled in the same manner as enbodi nent 1, 5air for

drying in t in r.Cj ) , i.eq .

cond 0 one HTER BB At AP Sl A dort Frn S AP THANIRREN oI 1RO
nbi ent t At ), X t he condi ti C ach I h i
Tabl e 3, 2o Reotalend Slino ROhohe L uGRRPeh P RS ShoSPESEISI c”ar The

sane flow rate, as enbodinent 1, it was confirned that the gaseous

at nospher e YPGB RREISSA: gas inlet 13 was under the 10 conditions of each
exanpl e, and DI was dropped and sanpled by the sanme nethod as enbodi nent I.
[ 0041] [ Eval uat i bradiitonod]cagh sarves! aath gmév@meowdfqowmﬁée exampleghof t he
solid catalyst to the reaction and the 15renovi ng was repeated three tines
by t heljret fibthgrnesstrepmacd thfeo viencs anthat the abBaclfeid|catahgt dsdinghbfledt e okt fevlehi ng
reduction anount, and the reaction result of each tinme were neasured.

The D1 fil{Hengeragt ghinguaguoibabd@dedafistiRhioraio tRE cati9st! SiREAtiog 1BE wigi ght
after the filling fromthe |ast remaining DI weight to calculate the D

wei ghts fi glig%g :“gﬁlh?wg@?ég)' BaRIhaR aﬁ'ﬁ%ﬁ%wlgd at a?bwfriaﬂeloif 'T?,ISPﬁI\%gﬁer fiofhe | ast

remai ni ng remal ni ng ht after the
Moreover, the first. DI, filling weight, the .second DI, fjlling.weight,.and
the third BV i M dn R e S84 S50 Pl i i RSBt
anmount was_cal cul ated by subtracting the current DI 25 filling weight from
the last DIPeEs3HPRYbEei ght. [0042]

20 [0038]

[Synthesis Example 3: Manufacturing of Solid Catalyst B3]

The same preparation method, kneading method, and molding method as those
of synthesis example 1 were repeated thirty times, the extrusion-molded catalyst was
subjected {o a hot-air drying to evaporate moisture, whereby a solid catalyst B3 of 900 kg

25 usable in a gas-phase contact oxidation reaction of propylene, isobutylene, tert-butanol



26 [Table 3] Isobutylene Reaction rate (/c) 94255 --------------------
94240 39 95.7 CS6090896 94285 95.8 S

L S6ifl

| Zt6 L. S68Z896 8. S. 66LZt 6 .

SOSV WWt.) CS6Qx ZO6LE6 94276 95.8 t'S. 6] ESS6E6 . Lt EBO9E6 DI filling
reduction amount (F..) Di Blling wei ght (Q)

10

15

20

25

was obtained.

[0039]

[Synthesis Example 4: Manufacturing of Solid Catalyst B4]

After 2,000 kg of the powder catalyst A2 obtained by the same preparation
method of synthesis example 2 was mixed with 240 kg of graphite powder, the mixture
was subjected to a tablet compression in a columnar shape having an outer diameter 5
mm and a height of 5 mum, whereby a solid catalyst B4 of 2,240 kg usable in a gas-phase
contact oxidation reaction of methacrolein was obtained.

[0040]

[Examples 9 to 10, Comparative Examples 9 to 10]

Assolid catalyst B3 (900 kg) obtained in the synthesis example 3 was uniformly
mixed with 600 kg of Raschig rings similarly to embodiment 1 to obtain a mixture D1 of
1,500 kg of the solid catalyst and the Raschig rings.  The mixture D1was filled by the
same method as embodiment 1 until the mixture D1 was filled into the reaction tube 12
of the shell-and-tube type fixed-bed muliitubular reactor 10 similarly to embodiment 1.
Next, methy! cellulose in the solid catalyst was removed by the same method as
embodiment 1,

Next, in the state in which the heating medium set at 320 °C is supplied from the
heat medium inlet 15 to the shell side 10d in the reactor main body 10a to overheat the
reaction tube 12 from the outside, the raw material mixture gas having the same
composition as embodiment 1 was supplied from the reaction gas infet 13.  After
reacting the raw material mixture gas by allowing the same to pass through a catalyst
layer in the reaction tube 12 and analyzing a reaction rate of isobutylene over 100 hours,
the supplying of the raw material mixture gas was stopped.

In addition, the reaction rate of isobutylene is defined as below

95.7
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Reaction rate of isobutylene (%) = (B/A) X 100

Herein, A is a mole number of the supplied isobutylene, and B is a mole number
of a reacted isobutylene. The reaction result is shown in Table 3.

Next, the heating medium was sampled in the same manner as embodiment 1,
air for drying instruments obtained commercially was supplied under the same conditions
as in embodiment 1, and the catalyst layer was cooled to an ambient temperature.

Next, under the conditions of each example shown in Table 3, a temperature and
humidity controlling gas was supplied at the same flow rate as embodiment I, it was
confirmed that the gaseous atmosphere of the reaction gas inlet 13 was under the
conditions of each example, and D1 was dropped and sampled by the same method as
embodiment 1,

[0041]

{Evaluation Method]

A series of operations from the filling of the solid catalyst to the reaction and the
removing was repeated three times by the method mentioned above, and the D1 filling
weight, the D1 filling reduction amount, and the reaction result of each time were
measured.

The D1 filling weight was obtained by subtracting the remaining D1 weight
after the filling from the last remaining D1 weight to calculate the D1 weights filled into
37 reaction tubes.

D1 filling weight = the last remaining D1 weight - the remaining D1 weight
after the filling

Moreover, the first D1 filling weight, the second D1 filling weight, and the third
D1 filling weight were calculated.

The D1 filling reduction amount was calculated by subtracting the current D1
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filling weight from the last D1 filling weight.

[0042]
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[ Resul t] As shown in Table 3, the filling reduction anpbunt was
suppressed to be equal to or less than 60 g in enbodiments 9 and 10 of
removi ng the solid catal yst while suppl X% ng 5a tenperature and humdity
controlling gas having a tenperature in“the range of 15 Cto 28 C and a
relative hum dityyjsgthe range of 40%to 60% and a decline in reaction
rate was al so suppressed to be equal to or less than 0.1 % In
cont r ast tm{gﬂilt , in conparative exanples 9 and 10 in which the tenperature
and the hu ]ti of the gaseous atmosphere in the reaction tube were
outside the rang Ot he duct j on anmount was equal ,t reater
Chan 240 o ana dkehare hils & WehlnEss Pl 3 S PdegoudiBat or
than 0.3 % 2‘1‘2044] EExarrpI es 11 and 12, nparative Exanples 11 and 12] A
solid catalo 69 eanombgyimsBisH andd O q{ r@rn@wggf Hicrsebd §até1>2(%iﬁ’bﬂ"8‘f ApplEg
15uniformy mxed with 268 kg of silica alumna ball simlarly to

enbodi nént aSemperaloteaam fannig comeroDhgafas RabnBa kgnjetatsielin thecan gl of St °@hd t he
silica alumna balls. The m xture D1 was filled by the sanme nethod as
enmbodi nent »% o b, efor 1 2 of
t he shell -a%d@%lgél I%leg‘ém?%ﬂgc}?b‘% m%tl E/?id dqo/gadtg? %rdc?g&sllhﬁ‘l&ldle{?%u;
enbodi nent 1. Ple d{nb 1vvaslba§’ to/380 C for 10 hours under t he
air 20di st Bt 8W§presse £, OPhITHE é’ in which the heating nmedi um
set at 300 Cis supplied fromthe heat rredl uminlet 15 to the shell side
10d in the react 8 CORERH D EHS iae%ln%alb\(?eqxﬁ@akww&drleéwht?g the, SEPELRYIE om t he
outside, the raw material m xture gas having the sane conposition and
amount as whédw hemidiboldhererreo® avmesphgppinitesrenetnm thhrewee aotsidsrihg e si nl et
13. After reacting the raw material mxture gas by allowi ng the sane to
pass 28 t ihooftitihg sednati@l yadunt apeequahtd drerésacharodt g hed #i2 &olineinal yzi ng a
reaction rate of methacrolein over 100 hours, the supplying of the raw

material  nMredetb@reway@so SfuaPRed crdafer gl ¢.3 9, the reaction rate of
net hacrolein is defined as bel ow.

[0044]
[Examples 11 and 12, Comparative Examples 11 and 12]
A solid catalyst B4 (2,240 kg) obtained in the synthesis example 4 was
15 uniformly mixed with 268 kg of silica alumina ball similarly to embodiment 5 to obtain a
mixture D2 of 2,508 kg of solid catalyst and the silica alumina balls. The mixture D1
was filled by the same method as embodiment 1 until the mixture D2 was filled into the
reaction tube 12 of the shell-and-tube type fixed-bed multitubular reactor 10 similarly to
embodiment 1. Nex{, the mixture was baked at 380 °C for 10 hours under the air
20 distribution.

Next, in the state in which the heating medium set at 300 °C is supplied from the
heat medium inlet 15 to the shell side 10d in the reactor main body 10a to overheat the
reaction tube 12 from the outside, the raw material mixture gas having the same
composition and amount as those of embodiment 5 was supplied from the reaction gas

25 inlet 13.  Afier reacting the raw material mixture gas by allowing the same to pass



Reaction rate of methacrolein (%9 = (DC) X 100 5Herein, Cis a nole nunber
of the supplied nethacrolein, and Dis a nole nunber of the reacted

nmet hacrol ein. The reaction result is shown in Table 4. Next, simlar
to enbodi nent |, the heat nedi um was sangl ed, the dry instrunent air was
supplied under the sane condition as enbodi ment 1, and the catal yst |ayer

was cool ed ‘ e, . Mﬁﬁ?‘ ; conditions of

each exanpf%ggﬁgﬁﬁﬂ@gaiﬁgfglw%?%gﬁéﬂ%@%z%S%Q a dﬂ%%%gﬁﬁ#%ﬂggﬁgrolling gas

was supplied at the sane flow rate gs. enmbgdinent | .it was confirmed, that

the gaseoud HafgREry P hofe- W&é&?@%ﬂgg’gﬁ’cirﬂ\”é‘ﬂ“%ﬁ‘&Bé‘“LFr&férwatsﬁE’pped-

condi tions of each exanple, and D2 was dropﬁed_and sampl ed by the sane

met hod as enbodi Hedldition, fsresagy rateobmethpgraisinve dpdend as below. A serjes of

operations fromthe filling of the solid catalyst to the reaction and the

renovi ng was rep8etatigntrdie eemethaesldiy(“ohe (IpghHod0ent i oned above, and the D2

filling weight, the D2 tilling reduction anmount, and the reaction result of

each tife were 20er#as 8c.mole numberldiehddRipplidd meiameicghindvBss albidd ned by

subtracting the remaining D2 weight after the filling fromthe last

remai ni ng REmvei @hhe fecte@hetaglofin herfdeiog hesalié s thntBle3? reaction

t ubes. D2 filling weight = the |ast remaining D2 weight - the

remai ni ng D2 wei .S af SRR ! I I fi D2 filling
R s R R

wei ght, the secon e wei ght were

| cul at ed, The D2 il ducti op. | b
Gt r act | ndpsAmen i i et piRE SRR R R ST R Rior B % Pyt g

5[ 0046] 3? [ Tabl e Zla] Met bacrol ein Reaction rate (% Z1g8 1 g8 t. g8 g8
g8 VES gslayespyas cooled to the atmosphere temperature.
10 Next, under the conditions of each example shown in Table 4, a temperature and

humidity controlling gas was supplied at the same flow rate as embodiment 1, it was
confirmed that the gaseous atmosphere of the reaction gas inlet 13 was under the
conditions of each example, and D2 was dropped and sampled by the same method as
embodiment I.

15 [0045]
[Evaluation Method]

A series of operations from the filling of the solid catalyst to the reaction and the
removing was repeated three times by the method mentioned above, and the D2 filling
weight, the D2 filling reduction amount, and the reaction result of each time were

20 measured.

The D2 filling weight was obtlained by subtracting the remaining D2 weight
after the filling from the last remaining D2 weight 10 calculate the D2 weights filled into
37 reaction tubes.

D2 filling weight = the last remaining D2 weight - the remaining D2 weight

25  after the filling
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Moreover, the first D2 filling weight, the second D2 filling weight, and the third
D2 filling weight were calculated.

The D2 filling reduction amount was calculated by subtracting the current D2
filling weight from the last D2 filling weight.

5 [0046]



it n OCE8S1CE81

CLCEI CLCEL
Supply gas Relative humdity (%

09St 09St O

humdity (%
Tenperature (O

30

[Table 4]

5¢8 88¢cl 0i10¢1 p “ 0 i £ i
71 adumxa
L'78 LT81 86¥ISI 4 a " " [# o
anerdwe)
7 E8 £T8TsI 0¢ 81 0¢ 31 I "
HA %) 3931 coi6pl P u o a £ P
11 ajdwexd
FF8 6GL1 3v0IST 5 W u “ [# 0
anerdue)
F'e8 L18T81 0L 0t 0L 0f I .
0¢s Lty peLICl i a 0 i £ "
i
758 9L TE2L8T 0 4 " 4 z u
USWEPOG I
F'$8 1G8z¢! 09 8T 09 8T ! “
% 80t FOTTST " “ " a 3 i
758 £0¢ TIsTel " p " s [4 a
i1
133 SI8T¢T 0¥ ¢t oF ¢t i ¥
WALIPOGUIT
oduwmxs
SIS G
(%) ) (%) Apray {30 (%) Qprummy {e) 1aquinu
(5) aday,
218 UONOEZY TNOUR BATIR[Y CHVAEIBET NN amprading Suifsg
WSTen Sumy 1
LI uonanpar Sy 1 aqny o sed areydsowyy 23 A[ddng 354D PHOS




Tenperature (O Solid catalyst Filling nunber 1

10

15

20

25

31

[0047]

[Result]

As shown in Table 4, the filling reduction amount was suppressed to be equal to
or less than 600 g in embodiments 11 and 12 of removing the solid catalyst while
supplying a temperature and humidity controlling gas having a temperature in the range
of 15 °C to 28 °C and a relative humidity in the range of 40 % to 60%, and a decline in
reaction rate was also suppressed to be equal to or less than 0.2 %.

In contrast to this, in comparative examples 11 and 12 in which the temperature
and the humidity of the gaseous atmosphere in the reaction tube were outside the range,
the filling reduction amount was equal to or greater than 1,300 g, and the decline in
reaction rate was also equal to or greater than 0.7 %.

In addition, in each review of each embodiment and comparative example, the
filling was repeated three times so that the catalyst attached to the reaction tube inner
surface did not affect the next review, the average filling length was acquired, after
removing the catalyst, the reaction tube was washed with water, dry instrument air was
supplied at a flow rate of 18,500 NL per hour and was dried, and data was acquired in the

state in which attached matter did not exist in the reaction tube.

INDUSTRIAL APPLICABILITY

f0048]

Since the method of removing the solid catalyst of the present invention can
suppress the attachment of the catalyst powder onto the reaction tube inner surface even
if the washing operation is not performed whenever the solid catalyst is sampled {rom the
reaction tube of the fixed-bed multitubular reactor, the method can be very suitably used

as the removing method of the solid catalyst.
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BRIEF DESCRIPTION OF THE REFERENCE SYMBOLS

10049]

10: reactor

10a: reactor main body
10b: upper cover

10c; lower cover

10d: shell side in a reactor main body
11; solid catalyst

12: reaction tube

13: reaction gas inlet

14: reaction gas outlet
15: heating medium infet

16: heating medium outlet



Eo t40 al 0- EO O (-A o Nc) 31 100471 [Result] As shown in Table
4, the filling reduction anbunt was suppressed to be equal to or |ess than
600 g in enbodiments 11 and 12 of renoving the solid catalyst while 5
supplying a tenperature and hum dity con%rolling gas having a tenperature
in the range of 15 Cto 28 C and a rel abPve hum dity in the range of 40 %
to 60% an j l.n reaction rate was al so suppressed to be equal to
or |ess thgﬁﬁﬁqggéﬁ&%lb 111 contrast to this, in conparative exanples 11
and 12 in ich the tenperature and the humdity of, t as s .at nosphere
" the roadri nmedie APEO Gk 8ol Cuu atbeisC istng e PR IR on aount
was equal to or q[eaxer than 1,300 g, and the decline in reaction rate was
al so equal "eaIsVItglemelades higactipnulg filled with a pofidieralystdhe method sempriginEew of
each enbodi nent and conparative exanple, the filling was repeated three
times so that thergavungptocesstohudmeayingthe helid edayit ovithinuthe réastien ey idee di d
not affect the next review, the average filling |ength was acquired, after
15r enovbng staieofaninlaysig a tehperanae bif amatndpharagasvia sitedasiohhuveiheahe radgy
instrunment air was supplied at a flow rate of 18,500 NL per hour and was

dried, andgata m"@?&lﬂith@?lellitﬂcthﬂﬁzli&ihﬁi‘iﬁhé A0 %%%F@@d matter did not

exist in the reaction tube. 1TNDUSTRI AL APPLI CABI LI TY 20[ 0048] Si nce

the net hod of renoving the solid catal yst of the present invention can
suppress the attachnment of the catal yst powder onto the reaction tube inner
surface even if the washing operation is not perforned whenever the solid
catal yst i -sé\fﬁ?@&d\fﬁé‘?ﬁ’? ggﬁé%kfi%ﬂ)f%t&ﬁ%rwfméaﬁw BewHltighwart ubul ar
reactor, the nethod can be very suitably used 25as the renoving nethod of
the solid éectirydich inglpdes a regrioprulpEIEH vAth O lTR aRlELRRFERIBRCEOSYNEEL'S

[ 0049] 10: reactor 510a: reactor main body 10b: upper cover | Cc:

| oner d¢OBver 10d: aphekds cfiadmsting the teyetra@orerdian atmomphere gas witllin thotdactiozat al yst
1012: reaction tube 13reaction gas inlet 14: reaction gas outlet 15:

heati ng nmeditem kit Bhgeldi15h€ 38 200, aREinTRIANd BImidiRy to the range of 40 % to 60 %

during a removing operation of the solid catalyst.

3. The method for removing the solid catalyst according to Claim 2,

15 wherein the temperature of the gaseous atmosphere within the reaction tube is
adjusted to the range of 15 °C to 28 °C, and the relative humidity is adjusted to the range
of 40% to 60%, by supplying a temperature and humidity controlling gas, in which the
temperature 1s adjusted to the range of 15 °C to 28 °C and the relative humidity is
adjusted to the range of 40 to 60 %, info the reaction tube in the removing process.

20
4. The method for removing the solid catalyst according to Claims 3,

wherein, as a part of the temperature and humidity controlling gas, a low
humidity gas is used which is obtained by heating a gas cooled to be equal 1o or less than

0°Cto15°Cto28 °C.



33 What is clainmed is: 1. A method for renoving a solid catal yst after use
froma fixed-bed nultitubular reactor which includes a reaction tube filled
with a solid catalyst, the nethod conprising: a renoving process of
removing the solid catalyst within the é action tube, in the 5state of

mai ntai ning a tenperature of an atnosphere gas in the reaction tube in the
range of 15C to 28C, and the relative humdity in the range of 40 %to 60
% 2. A method for renoving a solid catalyst after use froma fixed-bed
mul tit uhul ich include e til o]
catalyst . the THERHSlpddBEey g he Sl FRT AR Ropghigue ﬁs%*ﬂal?%ﬁperawre
of an atnDsphere as. Wwithin the reaction tube to the ran | 5C to 28C,
and the rel ati ve“ﬁﬁlﬁfiathﬁsotfbcqlﬁ&ste%@éﬂwtﬁeﬁ' PES‘dBGa%Yé‘aff‘tﬁﬁ‘“'am}SenDV| ng
operation of the solid catal 3. The method for renoving the solid

cat al yst acedyilengnt Bisighéi m rO!tL‘BWﬁblaéfilﬁetiHbﬂg@nﬁl@t?faft&ﬁ*ﬁ“bﬂe&ftlh@ ®aseous

at nosphere within the reaction tube is adjusted to the range of 15 Cto 28
C, and fhe prglyaniyvieothtyteitti dryteri-bu@dplust ed to the range of 40% to 60% by
supplying a tenperature and hum dity controlling gas, in which the
tenperature is adjusted to the range of 15 Cto 28 C and the relative
humdity is adjusted to the range of 40 to 60 % into the reaction tube in

the renmovi gy ALERRARI fgpreﬂlol;h%nﬁ@g&ﬁ%a st AEORHADS afng%né@tcﬂma@t%xst

according to Clains 3, ereln, as a part of e tenperature ‘and

hum fj' ty control l %uftﬁggol?d ca(t)vl\ﬂlstkI alqetérﬁ%&ggal?]gsra“g a%:lwt 7 C(a%?glbt ai ned by

heating a gas codl e equa o or 28 C. 34
5. The met hoq for t he s d cat cor to a one of

G a1t Gy beRh S b B Btk e 1 § s Bon PR fefin S de

cat al yst that cont ai ns nmol ybdenum bi snmuth, and iron mhlch are used in
a gas-ﬂ)ﬂas@leébﬂcw §9i c reaction of Spropyl ene, |sobutyl ene or tert-butanol.
6. The nethod for renoving the solid catal yst according to any one of
Claims | to 4, wherein the solid catalyst is a heteropolyacid (salt)
catal yst that contains nol ybdenum and phosphorous which are used in a

gas- phase gat al{jielddbed edtiiubmapfeadOnedmaai:ein. 7. A fixed-bed nul titubul ar
reactor conprising: a plurality of reaction tubes in which a solid catal yst

is filled; a rea&bﬁx’iatﬂ?bf‘re@&ﬂiﬁ thh&tin Mk@xeasscﬁnﬁ%aﬁlyéf@ﬂlﬁeb{ of reaction tubes;

15an upper cover; and a | ower cover, wher i n the upper cover has a

reaction gas OUtg?éactth%wttdgfghmmasesmnp%ngga Geihy Libedl schar ged, _and

t he | ower cover reac gas 11l rch™a’raw material gas
IS ZOSzgplied, or upper cover has a reaction gas inlet through
whi ch a’raw mat efff ‘éﬁpeéﬁ%veirsanguppl i ed, and the | ower cover has a

reaction gas outlet t hrough which a reaction product is discharged, 25the
reactor mai n bodylaves cavdieat i ng medi uminl et through which a heating 35

wherein the upper cover has a reaction gas outlet through which a reaction
product is discharged, and

the lower cover has a reaction gas inlet through which a raw material gas is

20 supplied, or

the upper cover has a reaction gas inlet through which a raw maierial gas is
supplied, and

the lower cover has a reaction gas outlet through which a reaction product is
discharged,

25 the reactor main body has a heating medium inlet through which a heating



medi um for heating or cooling the plurality of reaction tubes is introduced
into a shell side in the reactor main body, and a heati ng nedi um outl et

t hrough which the heating nediumis discharged fromthe shell side in the
reactor main body, and neans for suppl yjé,f,?g a tenperature and humdity
controlling gas, in which the Stenperatdfe is adjusted to the range of 15 C

to 28 C anqnéd?ﬁ oerlh%%tuygg)lmdmugéalth}f glt&e\x}ﬁﬁbi"&%&ﬂntlﬁbésﬁ?}uﬁﬁ)ﬂg@edﬁlto l}%{t’[t 0 60 %

into the reaction tu g opera Ion o he so al yst

after use | rr}le u? ﬁqe reac or mam tbo(?y, and a heating medium outlet through which the heating

medium is discharged from the shell side in the reactor main body, and
means for supplying a temperature and humidity controlling gas, in which the
5  temperature is adjusted to the range of 15 °C to 28 °C and the relative humidity 1s
adjusted to the range of 40 % to 60 %, into the reaction tube during a removing operation

of the solid catalyst after use in the reaction tubes.



