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[ Technical field to which the inventi ofilli This invention rel ates
to a process for producing neth acrylic aciggdgMre particularly, th JUN 2003
invention relates to a process for producing nethacrylic acid at hidgh

yi el d, through vapor phase cata |ytic oxildati on of nethacrolein. to

[ Conventi onal technol ogy] A | arge nunber of proposals have been made in the

past concerning the cAtPROTESSIORI PRODPUECINGMBETHACRYUIacACIDC acid
t hrough oxi dati on of nethacrolein with nol ecul ar oxygen or nol ecu |ar

oxygen-contai ning gas, in the presence of an oxidation catalyst. 15 Demands
for inprovenents in activity, selectivity and life of the catal yst,
however, have still |ong been pending. [Object of the invention] The object

of the pr ese['l‘ech@fié’é‘fﬁ@m tS V&F}gc?rﬂl‘@ Hﬁél%@%%m%ﬂcv\m ch enabl es

production of nethacrylic aci hrough vapor atal yti c oxidation of
met hacrol®i n, at hi gHl'hislmveartiomirehatesabi a prycdssrfor grodhuemggdopthi od.

[ Means to achieye th bj ect] 25 The reaction to praduce nethacrylic acid
by vapor pha&dy t%ﬂlét ?M%ﬁiﬂi’éﬂ‘ﬁ&agly; rﬁg?H&YﬁBP@iﬂqf%ﬁt‘P@t@ 2xeepaseg for
shel | - and-t i : g hSes: | J

eacti ons ad pd ik e Tadilic Ao dERAR TR, LB RERGE IR ACH,

sel ectivity liytic ¢xidazivry bf enétiadraledni N consequence reduce its yield. The
side 30 reactions al so provide causes for transfer of used catalyst to

undesir abl e oxidation-reduction condition and cl ogging of pores in the
cata *166166% - 9. JUN$0Q3 .lysi, leading to shortening of catalyst life.
V¢ have ﬁidg%oéh‘éeé?&?’%_ﬁ tﬁe&’s’l‘l}ahi how to effectively inhibit such
undesirabl e si de-reacAilapse aifinbewofliprepveaRdhiPé@bekbhemiade 1 theopaspul d be

achieved to inprove nethacrylic acid ﬁl_ eld, by 5 dividing the catal yst
| ayer in eadtoncexvingthedadalyate usefubin preparatignrof methaexylircagidur al

mnner ¢ hat O WERoRdanoR aE iAol Wit Bt ERE dvda SE gty °
vol urre of t NariddldriBoh H15iHe HakBe thbsrBcbhiee 87l DkRIaths theflysoar d the

gas outlet portion, and also That to whereby catal yst deterioration can be
i nhi bi t et t dDeaands faibimprevémaents linadividy psaddativitynand lifeqif theel d over

prol onged peri,od. Thus, according. th resent,.i nvention a process for
pr oduci ng ne(iaﬁ&g)’% ?’(9“&%‘!'%}" gﬁ“r"&u%illﬁaﬁﬂgﬁ’%‘?aggn W&%ation of neth acrol ein
wi th nol ecul ar oxygen or a nol ecul ar oxygen-containing gas 15 using a fixed
bed shel | -and-tube reactor filled with catalyst is pro vided, which is
charact eri zef@bject bfith¢ invehéioedt al yst |ayer in each reaction tube is
divided into The object of the present invention is to provide a process
20 which enables production of methacrylic acid through vapor phase
catalytic oxidation of methacrolein, at high yield and with stability

for a prolonged period.

[Means to achieve the object]

25 The reaction to produce methacrylic acid by vapor phase
catalytic oxidation of methacrolein using fixed bed shell-and-tube
reactor is apt to give rise to such undesirable side reactions as paral-
lel reactions or sequential reactions which reduce selectivity for
methacrylic acid and in consequence reduce its yield. The side

30 reactions also provide causes for transfer of used catalyst to undesir-

able oxidation-reduction condition and clogging of pores in the cata-

TR
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at least two layers in the axial direction of the tube to provide plural
reaction zones, and 20 (2) the catalyst is filled in the plural re@C}UNOZDUJ
zones in such a nmanner that the anmount of the catalytically active
conponent per unit volune of the reaction tube decreases fromthe gas inlet
portion toward the gas outlet portion. 26 [ Wrking enbodi mrent of the

i nvention] According to the invention, the catalyst |ayer in each reaction

tube in a fi Ill)&ﬂj 1?5'& Iy be used in the process is
di vi ded int oﬁgﬁ’ easlﬂéf:dv?los ayg?lgﬁggrf%rﬁg{ilgggq'g?'ur al reaction zones. The nore
the nunber of reactioiWednrss nidthe teiciritiotistabies3hon ayveffeedvelye t he

side reactions, but fromindustrial standpoint it is econom cal to_ provide
2 to 3 reactinhibibaush umdesirgble siderrascsions am@ now dgsepvareddbatiheeact i on

zones i s variable, dependi on, €Q ition and ape pf catal yst.to be
o ed Tn EhiAr DR etk SR e i B ?ﬁaﬁ%ﬁf’f%‘%é{& P89 It can
be suitabky : ) i LpdisMi I i t he
opti mum act i o by e RS SRR TavRs I AR 4 A @R al RN et
i nvention, chiydngsto providelpddrahrehetigph aoaks,raad tfilhngzdresatalysuinhthe manner

that the anount of the catal yticcally acili ve. conponent tﬁr@ unii vol unme of
each react i oReR¢/BRN JOBLEABSUGH dinanBegdhat the@ipepnt \iatalxtaealdy s

outlet porti getivé%ol(ﬁﬁoﬁ%éé‘béﬁ%rﬂ%‘?Jo;i'\llrﬂenofﬂfe Péae&fd}i 8?%%%@?8%;@%\%)( to

oxi des whi ch are express e folT'ow ng genéera ich

cont ai n nol ythiephaesnier pertich dodardoehey gas eatley portidn; MyaPakeBgaOx (1) 15
wherein M is nol %g'denum P_is phosphorus; A is at |east an el enent

sel ect ed 19r omharebyreatslysrdeteriona tein gan g whibitednionglloyestadle ongth-

bi smut h, zir¢gniq Sgel eni . Al [, L ni.. ni ckel ,
manganese, ngg}lk'c”hﬂaﬁpﬁgélk'%?ﬁ%ztl}ﬁgh %‘%?(P‘QH?ﬂWB%&é%ﬁ?{}%@and tellurium
B is at least an el emfihyss@lce6idishg tPRd Pﬁe@rrﬁqﬁav@mﬁnﬁhlmceés Yewadi um
tungsten and niobium C is at |east an elenent selected fromthe group
consi sting opredueing methasryle kaid tleraszgh Naper abaseraxidnasion efmeshd O i s
oo an0 Berdeis wiheRe r SRR i B OB b o Bertne ey
0.001-4 gpd ﬁsiﬁ%ﬁ-ﬂ%d pedhell-anh BtibETBEA &R ARIAIitRatAlyseds Byodegr ee of
oxi dation of each of the elenents. Preparation nethods and starting

mat eri al s of vided, cuhaily st chardadenized innthdte present invention are not

itical, but f t hod d starti terial
General |y onpl oybd fof Dar BYf SAIBHL BV PCCAGpE B aPg 36 REeRL0cq
Form of use gt 14h& 66 %3?/&}8' id‘tﬁé‘_ﬁxﬁ’él%é%tibﬂ‘bﬂh’e%t@ﬁi ?rovide%)lil'fb‘l 2003 4

IS subject to no criticadl limtation. ed catal ysts obtal ned by nol di ng
t he conpl ex pedcteonvizonks,; gndxpressed by the earlier given general fornula
(1) and whi ch cont ai ns,,nol,ybdophosphoy.j,c ,acid by, any of conventianally

bt hctt cedbnet hode. - subh ARGCHAIZSOR RUEdiAghed kit etarfgngonasam i ko or
carrier- suppeqtR® ARdStIRat the'infidudDr ARTPAGHYPKANG dHIFALOMIbrittht
conventional [y used carriers such as silicon carbide, “a-al um na,

si | i ca-al um par wiit vohime akiloereadctiamitube diecoxéake safrdom tthelgasanletain be
used. Where a carrier-supported caiﬁatlfﬁ/st.is used, the ampount of

catal yti cal I905@PP\FQW@dﬁp R&S QU PULIhe to weight of the catalyst from
whi ch the weight of the carrier is subtracted. Shape of the catalyst to be
used in the present invention again is subject to no critical limtation.
Shapes sabt apVerking iemlbodithieht of theiinventivah as pell ets, spheres, rings,
tablets and the like can 15 be suitably sel ected. Exanples of typical neans

for filling the catal Heeoidinge vheymnvantionide eatalyst nweeauction in

reaction tubbeddEn EhBedhet Rxed B pHBUARETAPE veRE 0 be e Fufls on'
i ncl ude the pabdeeiiaGivaf i@ AN aRelyrseb dadvads PIsdl reacsion 1 i ||

the gas inlet portion with %glletized catalyst, and the gas outlet portion,
wi th ri ngf or nexesaildieymore Thei humbarooioean ctwmazanes, ihehmione reffecsivelgr |

e.g., fi the gas, inlet portion with undiluted.catalys angd t.he.gas
outl et pdbt i BrevORed 1 Weridd PeAtsiontdutitaRy AWt selitaaptil 5
change speci {4 it de St hb s g%?ft

portion wt héé(::‘gr%a gés%l %f&g)r\gg%grﬁ)sgée}%?w%hgzr@#f y’I,‘Bgrgiévﬁ}g gasl%% e%
portion, with the catalyst of |less specific gravity which can be readily
obt ai ned, for exanple, by increasing the amount of water 30 used for the

preparation of the catalyst; wuse nolded catalyst in conbination with
carrier




- 9 JUN 2003 5 supported catalyst, e.g., fill the gas inlet portion with a
nol ded catal yst and the gas outlet portion, with a carrier-supporLgd 2003
catal yst; 5 change the anmount of catalyst carried on support, e.g., ¥W|P
the gas inlet portion with a support carrying greater amount of 5 the
catal ytic conponent and the gas outlet pa3tion, with that carry ing |ess
anount of the catal ytic conponent. Operation conditions of the vapor phase

catal ytic ox'éit,{a(}l.]t' (el :Tes oo} - i not

critical, buft %@gzggggrlgﬁ;lhy used&jérg%%@gta%ggteeg. E%Phglg@r%:hg?)etaﬁg vapor
phase oxi da dstalyonts ecfiiled inathebreaion 26inesitnldycd midsobeaimmdifiédst i ng
gas contain ing 1-10 volune % of nethacrolein, 3-20 volunme % of nol ecul ar

oxygen, 0- GResi{igd. chtofans besanibablyde Bomisednn each indendugheceaninnas

ni trogen, carbon di oxide, ,etc. .into the catalyst,|ayers in each reaction
FUbe. “and 1 SHLBRY SAe P U PG T o SbteREER b $8%leLr et angi ng
from 250-450C, pressupgcetditrglfd ,QQ&E@ﬁl\aé}ﬁiéﬂ,a@z?ta\lgétoﬁ' filed SN tHe
300-5000 hr 1. [Effect of the invention] According to the process of the

present i nvephirad reactiosn zoes ablsachi almarener that thaanveunt df the calty-
inhibited a obj.ect nethacrylic acid can b rodyced at hj.gh vi.eld. The
o bt o oy tEiET helve Gmbanent pesuntd volu ot cack aearbidn b adat | on
and extensi of_i i f . i i j e

o oduned ot RedaSRETLIH the bs iNIEpaPIRFIAWIE AR fak OuiRich AP

Hereinafter the preseAls ﬂh@/@lﬁdlﬁgt usefdnhaiHeegreau inegitiorcabmplexef erring
to working Exanples, in which the conversion, 30 selectjivity and one-pass

yield wel@ cexicesaybichare expressesibygthefediawing general foomiviaod)and

Conversion (. 9 I .10f cl hac i nunber of
supplied mtﬁ%&?}ﬁcgpﬁ§{}gn1€]&@%§g%gg?‘?)\?}ct§&P;%1£e ggﬁfélﬁﬁ&t{yngg%%r of forned
nmet hacrylic acid / nmol nunber of reacted nethacrolein) x 100 One-pass yield
(ml % _ to (nol nunber of fornmed methacrylic acid / nmol nunber of suppled
met hacrol ein) x 100 ENMogpeArBgfte040 liters of heafBd ion-exchange water,
8830 g ofs 15 ammoni um par anol ybdate and 531 g of ammoni um net avanadate were
added and di ssol ved under stirring. Into this aqueous solution &5 g of

or t hophosphoric aci d (36Xety Meiighnply aderayme s shosphanms; dk aedt byast
2430 of " ant g IHELSbEAER the, BRI D908 S oter TatA e,
243 g of ant r r Y

fol | oved byog&ggﬁagﬁﬁ{,imenv@ﬂ?rziﬂ%iwg, 861 n3hh, [dePfum] RpppeRl @bfcd slurry

was dried f urs at 250C and pul veri zed. G Preparation of Cat al yst
(1) > Mi st whranmenmiokel, aapgasesef cobald, tin, sbyer, puicy palladiam,ti on was

i di At B0 G Or L 1 8 EhICAPLEN PUSRERLAEIRARY FRBhife . The
rni oh pel | P OEEQAPE T, OFIARARAL RrlestbhenM Aol Lol ct ety ©
Cat al yst (1)eleerenihisélecobdifeom the group consisting of alkali metals, alkaline
earth metals and thallium; and O is oxygen; and a, b, ¢, d, e and x
represent atomic ratios of Mo, P, A, B, C and O, respectively, where
25 whenais 12, bis 0.5-4, ¢is 0.001-5, d is 0.001-4 and e is 0.001-4 and
x is a numerical value determined by degree of oxidation of each of
the elements.
Preparation methods and starting materials of the catalyst
to be used in the present invention are not critical, but any of the
30 methods and starting materials heretofore generally employed for
preparation of this type of catalyst may be used.

Form of use of the catalyst in the present invention again



30 of the reaction tube was about 1.20 g/nl. - 9 JUN 2003 < Preparation
of Catalyst (2) > Mdisture content of the powder formed by above pul veriza
tion was adjusted with water and the conposition was nol ded into ri@gﬁ 9@3
each 5 mmin dianeter, 1.5 nmmin inner dianmeter of the through-hole %
mmin length with an extrusion-nol ding maghine. The rings were dried and
thereafter calcined in an air streamat 400C for 3 hours to finish

ri ng-formed g:at ab@tﬁz%. Tk%e%érﬁunk of tm f‘ tive io%tgo nt oé Cat al yst
Y8R perficlimitation. Mefdadiatayes ghiaimed by

CompOS! 100 gl oo RiA2h HER U ALY an T o

rati os excepting ogygen: . % X I%Yg &1 rg%%4 '§< (S%icfg":éign reaction

> The gas i nienepal foranudéd (8 shdiwhidsced ghs mealtbdopbiosphoficnaridrby nner

dianeter was filled with ?50_ mM of Catalyst (1), and the gas outlet portion
thereof, wi t Bsof genvenganagllyspracticed meshods, seel asextrnsionmelding,ed

vapor  phade PavRitsiRBE ThE RS, A PR s APREREY MG BobRidR ey O
nul ti-el emnboﬁ?l@kﬂid@%@ﬁr@d M'CBhV@ﬁtiﬁ’xﬁqlﬁiﬁhé'&%arﬁegs ghleegll%s eous

m xture conposed of nethacrolein 3.5 vol. 25 isobutylene 0. /ol .
met hacryl i ¢ adicon-carleide; caaluimin2dsiich -aktreima, 20 reaniumoxgde, tamiumand

ot her conponents. .G7. 2 ol... 30 was introduced and reacted at a,te rature
of 290G and BeDAEAGEhE e oran Decsec: Whte § EahTicT S BAr e GARAIS LTabl o
1. - 9 JUN; 8 L i din the
sane nmanner é%gggd&}g@mﬁggﬁﬁ?ﬂt\é)?(g%@#%%lgggv%%agﬂ%eﬂ@ggmg%"E]%-% al one,
whi ch wasioobwadighd dfrthexeaallpstifronasviiichl €t weightof thecarriefhie subsul t was

as 5 shown in Table 1. Conparative Exanple 2 The reaction was conducted in
the same manfE3Ct84-in Exanple 1, except that 1500 mi of the Catalyst (2)

al one, whi ch was obt ai i L i . The
result was as 10 shoms}?#érgﬂﬁéé‘%m%a’#ﬁém @%égﬁgr%%}%gﬁgﬁﬁeeg% 1|O?);n was
conduct ed i naghén S@subi@ct iy nagriticdXamitatidn. Stegs dwisableforfindividy sites

of the Catalysts (1), and (2) were reversed fromthose in Exanple 1, i.e.,
the gas out| 8algscasion, smuchsas pelletsandrergasrmas, sablgts mudsthedikercagat al yst

(1) and tl?)emg@ssdi%ﬁ%,mﬁ&%ke%gbof the reactor, with 750 m of Catalyst (2).

The resul S as'’s le 1. Exanple 2 The gas inlet portion of the

same reactor to that Uefmipledof Eygidal endan@for fillieg thetcatdBRtTh the
Catal yst (1), and the gas outlet portion, with a m xture of 600 m _of

Cat al yst (2) repretionzongs is achiese thel reduation va the anannt of dghamatalytiand
the react | on ouRS £3N Eugiind ) MCuSHTo TAALSE e AchoREATRISe Rrond e 5U!
gas inlet portion toward the gas outlet portion include the following:

20 @ change shape of molded catalyst, e.g., fill the gas inlet
portion with pelletized catalyst, and the gas outlet portion, with ring-
formed catalyst;

@ dilute molded catalyst with inert carrier, e.g., fill the
gas inlet portion with undiluted catalyst, and the gas outlet portion,

25 with a mixture of the catalyst with inert carrier;

@ change specific gravity of molded catalyst, e.g., fill the
gas inlet portion with catalyst of greater specific gravity, and the gas
outlet portion, with the catalyst of less specific gravity which can be
readily obtained, for example, by increasing the amount of water

30 used for the preparation of the catalyst;

@ use molded catalyst in combination with carrier-



< Preparation of Catalyst (3) > Pellets of each 5 mMmmin dianeter and 6 nm
in length were nolded in the sane nmanner to the nolding of Catalyst (1)
except that the ampunt of water added for adjusting the noisture (c—cgn][mnmﬂ
of the 30 powder for Catalyst (1) was increased to 1.8 tinmes, and the
pellets wer a calcined in an air stream ats 400C for 3 hours to finish

pel | et - 9 JUN Z003 9 ized Catalyst (3). The anount of the active

conmponent per_unit vqlu of the tion tu of ,this.Gatalyst £3) was
SooR arm < ettt B TR - BN BRe ot el MR e ) e S ane
nmanner as in t i - PO JaT=} i illed
wth 750 o ERPETRd the s BaRek DoRtioROWItA PriibE SupRorBd Bt St
Catal yst (3). The resufl vhsngs thecamountidfliatalysteamsddod suppropay.gat i on

of Catalyst (4) > 10 In a slurry fornmed in the sang manner as in Exanmple 1,
1600 . of spHbtheaBasmITIn HORBIOS WSt lhth SUDRATAROTEY Tt SR AT 4 BOUREOT

S, g ST R GRS, AR EAL oLl IS BN OB P B e
carri er- suppdmigeldskifiotat dfthe dathlyEe cbg?@{@ﬁ_ by calcining it in an 15

air streamat 400C for 3 hours. The carri amount of the catalytj tally
active conponent was 20pgrptienxomditionss efithecuapdyphasgicatalytie dxidataen

i ed t inth i Exanpl th i nl.et ti f
the reactor BERGGON FRRTURER0/DE hiessr cBvenyin aig At erivicaly Bt stidPer
portion, wit fgr&ﬁ&agiaycefse&?%éww a@@p‘éﬁ%ﬁFSP%xra%ﬂet, tHB Sy aPorShRYEe bRidAb! e

1. Exanple 5 The r tiron was carrie t I1n the sane nmanner as 1 n Exanple
1, exceptla hdtionhreagtisni cdrebempartrieshout biyhmtreduetiog assartihgeghsdrita®no m

of Catalyst (1) and th as,ouf | et portion, with 1000 5 of t al yst
(2). The resdPg ﬁhﬁﬂ yely thgsrqelﬁx%#’p‘fwo %e%@i@ﬂ?%ﬂ%és carried
out in the s 1 1 _ ] ortion
of the react %@ﬁlﬁ@om%%lﬁﬁ%%gﬁ&%l%@?B{ﬁ@%a%ﬁ%ﬂgrggggoutIet
portion, wtsudDasnitibgeh, Carbbystiokit)e, etbeintestie cavadysislasfererini eackabl e

1. - 9 JIJN 2003 to Fromthe resulths;qof t he rea}gtioas_as shown in Table
1, it is undéiedcson twhe, angreaehpg:t MURGECHEWEIR ¢l Hé@@ﬁd‘isr?& teaNpRE

process of,t - { beR. 5 ¢The nples 1
a2 and oy e NG 28054 50%8) pRednfeir PO ERRRERRRRE AT G 4000
hours. The space velocity (SV) of 300-5000 hr'.

[Effect of the invention]
According to the process of the present invention, undesir-
20 able side reactions can be effectively inhibited and object methacrylic
acid can be produced at high yield.

The inhibition of side reactions also results in reduced
catalyst degradation and extension in catalyst life. Thus, object
methacrylic acid can be produced at high yield stably over prolonged

25 period.

[Examples]
Hereinafter the present invention is explained more
specifically, referring to working Examples, in which the conversion,
30 selectivity and one-pass yield were calculated by the following equa-

tions.



results were as shown in Table 2. Fromthe results of the reactions shown
in Table 2, it is understood that catal yst degradation is inhibited
according to the to process of the present invention. - 9 JUN 2603/ m X471 ~
CA H G000Cc~~0 .. o~ vUa ~'"'"~Cdo .i ~ t" ~~~" "UCrCrJdC-
JaIevQrc-tt~ O-"" y U~ ~L~~00t~ ~C-CfgJ ~tCQ ~diNNr-NLN I Led , ~Q0 ' a7
~~do tf~ 'd~ 00 OO cfl ~ Il pG7G-7G/,-1G7CrIG~G-7C~70
~OOOOOOOOCDOOOOOOOOCV8 . W~ "-'-~' N.QUO ~O0"""~ ~ ~G-1G-1 r1fJO
~G-1CVO ~C~100 p _(o onversion (mol /o) =

(mol number of reacted methacrolein / mol number of

supplied methacrolein) x 100

5 Selectivity (mol %) =
(mol number of formed methacrylic acid / mol number

of reacted methacrolein) x 100

One-pass yield (mol %) =
10 (mol number of formed methacrylic acid / mol number

of suppled methacrolein) x 100

Example 1
Into 40 liters of heated ion-exchange water, 8830 g of

15 ammonium paramolybdate and 531 g of ammonium metavanadate
were added and dissolved under stirring. Into this aqueous solution
625 g of orthophosphoric acid (85% by weight), an aqueous solution
formed by dissolving 812 g of cesium nitrate in 9 liters of ion-ex-
change water and 243 g of antimony trioxide powder were added by

20 the order stated, followed by concentration under heating and stir-
ring. Thus obtained slurry was dried for 15 hours at 250°C and
pulverized.
< Preparation of Catalyst (1) >

Moisture content of the powder formed by above pulveriza-

25 tion was adjusted with water and the composition was molded into
pellets of each 5 mm in diameter and 6 mm in length with an
extrusion-molding machine. The pellets were dried and calcined in
an air stream at 400°C for 3 hours to finish pelletized Catalyst (1).
The amount of the active component of Catalyst (1) per unit volume

30 ofthe reaction tube was about 1.20 g/ml.
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< Preparation of Catalyst (2)>

Moisture content of the powder formed by above pulveriza-
tion was adjusted with water and the composition was molded into
rings of each 5 mm in diameter, 1.5 mm in inner diameter of the
through-hole and 6 mm in length with an extrusion-molding machine.
The rings were dried and thereafter calcined in an air stream at
400°C for 3 hours to finish ring-formed Catalyst (2). The amount of
the active component of Catalyst (2) per unit volume of the reaction
tube was about 1.02 g/ml.

The composition of Catalysts (1) and (2) was same as

follows in terms of atomic ratios excepting oxygen:
Mo, P, 3V 09 C810500 4-

< Oxidation reaction >

The gas inlet portion of a stainless steel reactor of 25.4
mm in inner diameter was filled with 750 ml of Catalyst (1), and the
gas outlet portion thereof, with 750 ml of Catalyst (2).

Into the reactor which was filled with the catalyst layers
as above, a gaseous mixture obtained through vapor phase catalytic
oxidation of isobutylene in the presence of a multi-element catalyst
formed of Mo-Bi-Co-W-Fe oxides, i.e., a gaseous mixture composed
of

methacrolein 3.5 vol. %

isobutylene 0.04 vol. %

methacrylic acid + acetic acid 0.24 vol. %

steam 20 vol. %

oxygen 9vol. %

and other components 67.22 vol. %
was introduced and reacted at a temperature of 290°C and a space

velocity of 1200 hr'. The result was as shown in Table 1.



~ 1 r-~ONNONNOO-QL0___ ~cc ~Oa,04a,04a,0s~,04a,0a~ c~.,.U ~ncry~ru~ca-;
,--~~, C~~, nmm,cCc~.asaca.s~,~ a,~ a~ ao ~0 ~o XxWWWWWWWWMW - 9 *]#Jmﬂ@%ﬁ
12 TABLE 2 PerformanceMet hacrol ein conversion (nol % Methacrylic aci
selectivity (nol % One-pass yield (nol % Exanpl e 182.377.663. 9Exanpl e
282.177.863. 9Conpar ative Exanple 1 81,0 §4.0 59.9 9 JUN 2003 13 C ai ns:
1. A process for producing nethacrylic acid by vapor phase oxidation of

met hacr ol ei gﬁ tr_z EEJ ecEI ar %ygen or a nol ecul ar oxygen-cont ai ni ng gas

using a cat St= Ve ed shel | -and-tube reactor, which is
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portion tonal vx;)p?nglaafbl%uflet portion of the r eactor. 2. The process
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group cokfsi shomn oh Tdldali. netals, alkaline earth metals and thallium and

O i s oxygen; aIil b, g a arid denote the atomic ratios of Mo, P, A B, C
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the catal yt We8 {eaepddre m Egﬁarnalq lybeutBessas autlet portion elube

bort1 on 19- Fhp HegetAORRsHMLRUPRS I oot CHtaRe RP] bhAnd BFs fiRRE 1 01
wi th the ri portionnefiitlvaredotor, with A50rmé of Catalgef (2yedl'hy rebaltvasars 2 in

whi ch, as a ﬂeans,f filling each of the reaction zones with the catal yst
to achi eve SReWIe# d@ddeiln the anount of the catal ytically active conponent

per unit vo fo bhe reaction tube fromthe gas inlet portion toward the
gas outl et ., the gas inlet portionis filled with a catalyst itself

and the gas outlet pdite gas imletlpartivxbiitlee ehmid eegetor! tysth atngsedin nert
carrier. #A pr o eis as qu'ne_ by Cdaiml or 2 in which, as a neans for
} palc)
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outlet portgpheridad¢ cgahumihgofForimdn dirhétdrednd the aes@iehWeds having a
greater specific gravity and the gas outlet portion, with a catal yst of

l ess speci f cargedvautyin the paprovsiner aganilixample d. alTheresulowias athi ch, as
a neans for Li | ] i ng,legﬁﬁh of the reaction zones with the catalyst to achieve
the decreas&PW1H ﬁr'}t of the catalytically active conponent per unit

vol une o t@g(arrg?yé gon tube fromthe gas inlet portion toward the gas
outl et portion, e gas inlet portionis filled wwth a nol ded catal yst and

the gas out I@P_r@paratmn qﬁ(ﬂa}téystaf?.)ikr -supported catalyst. 7. A process as
oot 2 e 0 b oy s FacTToabelf andd i 58t 5
molded in the same manner to the molding of Catalyst (1) except that
the amount of water added for adjusting the moisture (content) of the
30 powder for Catalyst (1) was increased to 1.8 times, and the pellets

were calcined in an air stream at 400°C for 3 hours to finish pellet-
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toward the gas outlet portion, the gas inlet portionis filled withag@jy 2003
carrier-suppor ted catalyst in which a greater anount of the catalyst 1Is
carried, and the gas outlet portion, wgh the carrier-supported catalyst in
which a | ess amount of the catalyst is carried.
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The reaction was carried out in the same manner as in

CRYAAES

Example 1, except that the gas inlet portion of the reactor was filled

with 500 m] of Catalyst (1) and the gas outlet portion, with 1000 ml
25 of Catalyst (2). The result was as shown in Table 1.

Example 6

The reaction was carried out in the same manner as in

Example 1, except that the gas inlet portion of the reactor was filled

with 1000 m] of Catalyst (1) and the gas outlet portion, with 500 m]
30 of Catalyst (2). The result was as shown in Table 1.
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From the results of the reactions shown in Table 2, it is
understood that catalyst degradation is inhibited according to the

10 process of the present invention.
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Methacrylic
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p’ f 10% 0&

77.6

Example 1 82.3 63.9

Example 2 82.1 77.8 63.9

Comparative
81.0

Example 1 74.0 59.9
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