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cesium nitrate in 9 | of deionized water, and 30 g of powdery antimony trioxide in this order. The resulting
mixiure was concentrated by heating with stirring.
The resulting slurry was dried at 250° C for 15 hours, followed by grinding. The resulting particles were
55 welied with water to an appropriate degree and then molded into pellets of 5 mm in diameter and 6 mm in
length using a screw type exiruder. The pellets were dried and calcined in air at 400°C for 3 hours to
prepare a poliet catalyst (1).



sri ng~shaped catalyst into a reaction zone functioning also as a materi al
gas inlet and a pellet-shaped 5 catalyst into a reaction zone functioning
al so as an outlet. The starti ngER@W4#i3d2Bdsed in the present invention is
at | east one conpound sel ected from nethacrol ein, isobutyl al dehyde and
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‘The resulting slurry was dried at 250 [err] C for 15 hours, followed by
grinding. The resulting particles were 55 wetted with water to an
appropri ate degree and then nol deEP D44b312Blets of 5 nmin dianeter and 6
mmin length using a screw type extruder. The pellets were dried and

calcined in air at 400[ errEJACfor 3 hours to g are a pellet catal él)'
5 EP & %l'e'elfﬁeaBih""rrFéa \ éP?'éﬂa °I')b'"ﬁ‘5’a of e cg YSF Bhp “?:‘Eﬁ‘?ﬂYé%‘FW‘G a\!\‘H
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t he oufyl q:_txa,mgil on of the sanme reaction tube. Into this catalyst |ayer was
i ntroduced a m xed gas having the foll ow ng conposition, obtained by 15
subj ecti ng Asebutiory wasndfettad iyaise ama srantan adiinyBxarapl® X iegbapt then as the tchtely (H ashthe of
a mul ti - chielge ), thad vergsedothoshivbtaigiad b hadinxinde ring skiape havingfah @otsidaidisrestetof 5n  at
a reacti onm,ta tepgth af 6r mmodnd 200ndider digni@Stest(a diamptac el the [ttoaugh-hole formhed? BOthélengthr r | .

Met hactsoldigeation) of 1 mm. : 3.5 % by volune 20 | sobutyl ene
0. 04 % by vBleuesuits\ase shawn ip[Teble dci d + acetic acid 0.24 % by vol une 25
St eam 20 % by vol ume- Oxygen
9 % by vcﬁ_mﬁe’_m';ﬁm_b 67.22 % by voI ume 30 The

resul ts are shovvn i

ef f ect®d g}tfll ar atlve pg{%@ ;Ermwﬁ 8pt agtlon vvas
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I n Tabl e rrﬂ'a"r?a Ve eﬂr (e} Mt rmﬂ'é'c ee

manner as | qfhat no cat aI yst (1) was used and only the
catal ygt (2 @F&fﬁ@@%& S’%G@g i1led. The results are shown in Table 1. 45
Conpar at i gsgpkrXtRE Bkdinpi® 5 peI | et catalyst (3) was prepared in the same manner
as for the catatyst (1) of Exanple 1 except that the anount of antinony
trioxide UsgebatiRh wadlafeeRél inlthe S4d rBannek 26 iCEdnipaatie Exahiplé) 2 @xdeptandt @b the\bathigst
CONPOSi t i@Nthdve Was R¥dAr @8 VBRINES by Molding it a A EMAPE K&Ang Ch Ytsiad Y@MBter 816 mm, a

80 length of 8 mm and an inside diameter (a diamster of the through-hole formed in the length direction) of 1

mm.
The resulis are shown in Table 1.

Comparative Example 6

35
A reaction was effected in the same manner as in Comparative Example 3 except that as the catalyst
(3), there was used one obtained by molding into a ring shape having an outside diameter of 5 mm, a
w length of 8 mm and an inside diameter (a diameter of the through-hole formed in the length direction) of 1
mm.
40 The results are shown in Table 1.
In all of Example 2 and Comparative Examples 4-6, the use of ring-shaped catalyst gave a higher yield
and a lower AT. However, the combination use of the catalyst (1) and the catalyst (2) gave better results in
yield and AT than the use of the catalyst (1), (2) or (3) alone.

45 Example 3

A reaction was effected in the same manner as in Example 1 except that the catalyst (1) was molded so
as to have a ring shape having an ouiside diameter of 5 mm, a length of 6 mm and an inside diameter (a
diameter of the through-hole formed in the length direction) of 1 mm.
50 The results are shown in Table 1.
As is clear from Table 1, Example 3 using a ring catalyst (1) in the inlet portion of a reaction tube gave
a higher yield and a lower AT. That is, the combination use of catalysts different not only in activity but alsc
in shape gives better results.

85 Example 4

The reaction of Example 3 was effected for 4,000 hours. The results after 4,000 hours are shown in
Table 1.



‘[ERR} A reaction was effected in the same manner as in Exanple 1 except
that only the catalyst (3) (1,500 m) was used. 55 The results are
shown in Table 1. In Table 1, WEBO4BBBY 1 is conpared with Conparative
Exanples 1 and 2, Oorrparative Exanple 1 using a single Iayer of t he
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Conparative Exanple 3 except that as the catalyst (3) there was used one
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hesul t SCon{Eaaratlve Example 10

40
A reaction was effected in the same manner as in Comparative Example 4 except that the concentra-
tions of methacrolein and nitrogen in the material gas was changed to 4.0 % by volume and 66.72 % by
volume, respectively.
The results are shown in Table 1.

Comparative Example 11

A reaction was effected in the same manner as in Comparative Example 6 except that the concentra-

tions of methacrolein and nitrogen in the material gas was changed to 4.0 % by volume and 66.72 % by
50 volume, respectively.

The results are shown in Table 1.

The comparison of Example 6 with Comparative Examples 10-11 indicates that the combination use of
the catalyst (1) and the catalyst (2) gives a higher activity and a higher yield even when the methacrolein
concentration in material gas is increased, than the use of the catalyst (1) or (3) alone. Increase in AT is

55 fairly small in the combination use of the catalyst (1) and the catalyst (2), as compared with the using the
catalyst (1) or (3) alone; therefore, the above catalyst combination is thought to be effective for minimization
of catalyst deterioration due to thermal load.
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yield and [ERR] T than the use of the catalyst (1), (2) or (3) alone. 45
Exanple 3 A reaction was effected in the sanme manner as in Exanple 1 except
that the catalyst (1) was nol ded EP@® 48 318 Blave a ring shape havi ng an
outside dianmeter of 5 mm a length of 6 mMmand an inside dianeter (a

di ameter _of the through-hole forned in the length direction) of 1 mm 50
The resub@@PR%e shown in Table 1. As is clear from Table 1, Exarrple 3 usi ng
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t he cat athasdedds@00 hith afcthe@acion iempdfataramhechdnged th 2801€.0bl em in stability. 10
Exanplie 5 Ahe waults porshawmdn Edbfec-t ed in t he sane manner as in Exanple 2 except
that the reaction tenperature was changed to 300 [ERR] C and the space

vel oci t yCompparatyefaample 1% 1, 500 hr[ ER] Rl. 15 The results are shown in
Tabl e 1. Corrparatlve Exanpl e 8 A reaction was effected in the same man er

senh i?fﬁw Frnia

The resu ’tyg W ”me ° g sPace ¥
was effe%htal B(g to a%ﬂg

anpl e 6 except that the
reaction terrper ure Was c nged to 300[err] C and the space velocity was

changggi mé 00 hrferr]1. The results are shown in Table 1. The conparison
of th Conparative Exanples 8-9 indicates that the conbi nation

use Of the ACRAGRbY Whs &ffobted Mthb REmME Mardel 84 in BlamPle L 8xcpt el BRFe Wist ds¥d, ta¥ tand a
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sane BENadthesaction thxpamiire was changedio 8ted. t he concentrati ons of 35

met hacr ol eiThe mauls adetshawpdmTdble & he nmat eri al gas was changed to 4.0 % by

vol une and 66.72 % by vol une, respectively. The results are shown in Table

1. ConpagemsapiverExampié #4 10

35 A reaction was offected in the same manner as in Comparative Example 4 except that there was used,
as the material gas, a mixed gas consisting of 5 % by volume of isobutyric acid, 10 % by volume of
oxygen, 10 % by volume of steam and 75 % by volume of nitrogen and that the space velocity was
changed to 2,000 hr~! and the temperature was changed to 280°C.

The results are shown in Table 3. '

Comparative Example 15

A reaction was effected in the same manner as in Comparative Example 6 except that there was used,
as the material gas, a mixed gas consisting of 5 % by volume of isobutyric acid, 10 % by volume of
45 oxygen, 10 % by volume of steam and 75 % by volume of nitrogen and that the space velocity was
changed to 2,000 hr~* and the reaction temperature was changed to 280°C.
The results are shown in Table 3.

Example 9
80
To 40 | of heated deionized water were added 8,830 g of ammonium paramolybdate and 731 g of
ammonium metavanadate. The resulting mixture was stirred to obtain an aqueous solution.
To this solution were added 523 g of orthophosphoric acid (85 wt. %), an aqueous solution obtained by
dissolving 337 g of potassium nitrate and 569 g of cesium nitrate in 9 | of deionized water, and 43.6 g of
§5 germanium oxide in this order. The resulting mixture was concentrated by heating with stirring.
The resulting slurry was dried at 250°C for 15 hours. The subsequent procedure was the same as in
Example 1, to prepare a pellet catalyst (4).



40 A-reaction was effected in the sane manner as in Conparative Exanple 4
except that,the concentra- tions of nethacrolein and nitrogen in the

mat eri al gas was changed to 4.0 ER®44ndi2Bte and 66. 72 % by vol une,
respectively. The results are shown in Table 1. 45 Conparative Exarrpl e 11 A
reaction was effected in the sane manner as in Conparative Exanple except
that the JBﬁE‘%?‘XsF {41 hagthellowing cRmPARSition vhen %p'a??&dﬁ’fﬁnr%m??le"t"%"%Y@M al gas
was cha % by vol une and 66.72 % by 50 vol une, respectively. The
results ”’%‘ﬁf)%ﬁ ®hble 1. The conpari son of Exanple 6 with Conparative
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conbination is thought to be effective for mnimzation of catalyst
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are $Hoy. b%rdfgﬁfﬁsgﬁf Hries! rbeséfﬁggawf" %"é’é Pﬂa'" Baed ﬁ'@?? n the
Sane  MeENRking's diaethitiB @,{,,ag,;d\éqe &, 6 except t hefe was "use

t he mat er iThé cdifst (6PhalltheQ6loBiAPc B§ﬁoﬁ%§i’&x ss3d 36 dMVatonR! rdiiTox@licid B.y|
al dehyde, 12.5 %(b)f/h vol une o d(I?;rgg’ygen 10 g}f)aby vol unme of stea&]gzﬁ 72.5 % by

vol unme ™Mby 2Pl bV GEJIRRBELsSMgL t he space vel ocity was changed to 800 hr[err]
and wdhe reaction tenperature was changed to 280 [err] C. The results are
shown i n Rgslle c@alys V) wasprpdpesdSn the saaeciharner asds tref catalystde) ekdopt tha treameurianner
as i n BEcoppeylogid uses wepthangedito 661y endvibesanpmatcbf the subidiven hyeltoride ased grasschamgettita e d
gas con¥424ta- ng of 5 % by vol unme of isobutyric acid, 10 % by vol une of
oxygen, 1dhegatalysi/(3) hadihe dellowingcompesitign Whenexprgssodaa amatontic rafiorexelyring oxygdnt hat t he
spacé vel omt\y was chan%ed to 2,000 hr[err] 30 and the reaction tenperature
was chaMgebroVooSuaRhsiaesSn@  The results are shown in Table 3.

g‘w‘ 750 ml of the catalyst (6) was filled into the material gas inlet portion of a stesl-made reaction tube of
25.4 mm in inside diameter, and sucessively 750 ml of the catalyst (7) was filled into the outlet portion of
40 the same reaction tube, to effect a reaction in the same manner as in Example 1.
The resuts are shown in Table 4.

Example 11

45 4,770 g of ammonium molybdate was dissolved in 18 | of water.

234 g of orthophosphoric acid (85 wt. %) was diluted with 1,350 ml of water, and 20.1 g of arsenous
acid was dissolved threin. The resulting solution was added to the aqueous ammonium molybdate solution
prepared above. The resulting mixture was sufficiently stired with heating to effect aging, whereby a
reaction product of phosphorous molybdenum and arsenic was obtained as a precipitate.

50 234 g of orthophosphoric acid (85 wi. %) was diluted with 1,350 ml of water. Thereto was added 184.4
g of vanadium pentoxide. The mixture was stirred with heating to vaporize water, whereby a yellow complex
was formed. This complex was added to the above precipitate (reaction product of phosphorous molyb-
denum and arsenic). The mixture was added to an aqueous solution obtained by dissolving 34.4 g of silver
nitrate and 120.6 g of zinc nitrate hexahydrate, to effect sufficient aging. Then, there was added an aqueous

55 solution obtained by dissolving 370.9 g of barium nitrate in 2 | of water. The resuting mixture was
concentrated by heating with stirring, to obtain a slurry.

The slurry was dried at 250 °C for 15 hours, followed by grinding. The resulting particles were wetted
with water to an appropriate degree and then molded into rings of 5 mm in outside diameter, 8 mm in

10



‘Conpar ative Exanple 14 35 A reaction was effected in the sanme manner as
I n Conparatijve 'Exanpl e 4 except that there was used, as the material gas, a
m xed gas consisting of 5 % by vdER@G#4b812Bbbutyric acid, 10 % by vol une of
oxygen, 10 %by vol ume of steam and 75 %by vol ume of ni trogen and that t he

space veI oc s chan ed to 2, 000 %nd the t t

hanged ﬁ@"\ﬂtsg ey o8 el 3P 98 dsncinn sipg o
Exanpl e tf ﬁs é'“%sf‘f’"é% o GBI 1 ?egr%a NOWS {0 RSB E TR,
Ex |

coﬁg.p se| ng 'X}‘@’% ee{°'?°“‘°‘?%.’§°§°§9"'?‘?tg Footff il o8 pRulihd 5682

gen M 5, PMs Y, ggogAH; ﬂ;z st eam and 75 % by voI ume of nitrogen and that the
s ace velocity WAS changed to 2,000 hr[err] and the reaction tenperature
was changeda biam2®ss dbfined inGhe 4R mdARdtlak for Ble@aBiRAE) okdapthA iR athourdi e itbfoud 50
To 40 1 obid hesatwasl crbageand 7400 g\@He @molie biEvarkshil Ailats usdd Wadictiahged 1153, 4B 1,100 g of -
par andioy lpghidire aAdne2 Y hiti: oid (PO R 1L.88) Wekd Fewd sade togethbhwithafsentut bdig M Xt ure was
stirred to THatshirp was driod e 2SS CIw@| 18 thbws) folldwedt Byi gindiny. Tkd @sulting partidaddett Badd g Of
or t hophowith estercto ag iapbrgpBate viégresidnd than maljadbiptespelietd of t5i nom inodidngetan @l ®ymdn tesgth vi ng
337 g of ugiog asaewtypeextruder.clhe nelles3®@regdried argla®icined inither nittogen at 400 “[Cdor § hayfs and
dei oni zedhepr the air ai 400 “LIore3 hgurs fo MeparpearnelighicalalysH@®)-de in this order. The
resul t1ng nThRtcatplyst (@) adthmieliowing geraresitign whem expragsedias An aemie ratie ercludingoiygedul t i ng
slurry was dried at 250} err] Cfor 15 hours. The subsequent procedure was
t he same Mps2FeYiAfos 1‘°=to prepare a pellet catalyst (4) 9 EP 0 441

312 B1 The t e fo ow n co osSi ti o presse a

R ﬁs% 1 %E}%% '?'v °[an gl § s, ﬂ?mﬁ&‘aﬂiﬁ °£r;z ;

PP b bl i ek, s n°§§§ i u
T ghd 't he amount of

pot aSSI um n|trate use vvas c anged to 126 g. The cat alyst (5) had the

fol |l ow n%ﬁ%.%' ti on when expressed as an ‘atomc rati o excludi ng oxygen.

10 [esr of the catalyst (4) was filled into the material gas inlet

portion of b st hodlBMORichiBCHeS Wefe daBed04,320% & nBiPolidhum Ndxids, 237 2 3B Qdnedidn d
sucessi Vebitoxide Gndrksxd g bh@th6ihbsphyretackiGds Wes).f1nb Irésdumgrmmutehas QtitfddQér 22 Moidirk ON
of the sait® héatifg: TThéréto iwelacaddddos3af biqivdeny tetiamioxias) 11811 § loecacifeniiald Brir258.9 of N
Exanpl e ZTubidium nitrate. Thecresuttingl iniitude veas sbr@enraied byl Bdating with sfiiagopl e 10 To 40 1 of
heat etsodei Ofhezesiliting clay-likacsubstahces wes e at,aBG2 100 W fond| holod cand ithenrgramd.did, th@ 76 g
of vanadiresaititOpapiiclas were ddsled 238.71g ¢f zindonigm pitrete auk72Beg of £dhalt nifyatefand theywers miked
41.9 g ofsuffigiently;Watks vwap @ddsd Shetiete ansk sufficiem dperding wes pifscted. The (kedert subgignce Wae
resul ti ngnoifed jsiorrinphef S,1prm insquiside dligmptsy. 6 a1 ntlengthiend, i-& mpy infinside diemefey. (digmeter, of
427.3 g Thigeahdiolarippd i draticdiredionle thearifgs whe drigd and eaeesinrupiecugs at
stirrell 18} Cipraifours. to gblpia a fipgeatalysti®yxi ng, to obtain a suspension. The
suspensi on Wﬁ§a‘@¥ﬁﬁ £8HeA e delloyipe samppsitiog when PPresspd 23 3ngtomicyratin expuging axyasp-yy 1y

The sl ur (rg%\ﬁgael %arét'fz 250 [err]C for 15 hours. The subsequent
procedur € vms®t 2( % Exanple 1, to prepare a pellet catalyst
40 A pellet catalyst (11) was obtained in the same manner as for the catalyst (10) except that the amount
of cerium oxide used was changed to 387.4 g and the amount of zirconium nitrate was changed to 66.8 g

and that the kneaded substance was molded into pellets of 5 mm in diameter and 6 mm in length.
The catalyst (11) had the following composition when expressed as an atomic ratio excluding oxygen.

45 Mo12P4 5V Rbo7Ca52C00.9Zrp.1C00.1

750 mi of the catalyst (10) was filled into the material gas inlet portion of a steel-made reaction tube of
25.4 mm in inside diameter, and successively 750 ml of the catalyst (11) was filled into the outlet portion of
the same reaction tube, to effect a reaction in the same manner as in Example 1.
80 The results are shown in Table 4.

Example 13

To 20 | of heated deionized water were added 5,088 g of ammonium paramolybdate and 306.2 g of

55 ammonium metavanadate. The resulting mixture was stirred to obtain a solution. To this solution were
added 301.8 g of orthophosphoric acid (85 wt. %), an aqueous solution obtained by dissolving 254.1 g of
strontium nitrate and 55.3 g of palladium nitrate in 3 | of deionized water, 116.5 g of powdery bismuth
nitrate, 188.1 g of powdery ammonium tungstate, and an aqueous solution obtained by dissolving 24 g of

1"



‘(6) having a diameter of 5 mand a length of 6 mm The catal yst (6) had
the foll ow ng conposition when expressed as an atom c ratio excluding
oxygen. [err] 30 A pellet catal \BRO#N312BI preapred in the sane manner as
for the catalyst (6) except that t he armunt of copper oxi de used was
changed d,l ym hydr oxi de used was changed
to 142. %I‘; r&'g‘%ﬁ%d'%eaﬁﬁ ZBE i} Eﬁg&f 8 dﬁ'@"‘@& E?é'l"f fW’%eWeéiﬁb'F'ﬁ%sed
as an atorm fhe vl gﬂ( 603%“%? dieh 20 the cat aI )
vas fil [ngdn Hﬂﬁ\&ertl%% s'?ﬁ& eaﬁ@ﬁ;d doter ﬁc i ns Ir%(: §§ﬁ iﬁ)‘éal rBam(-) %
tube o sbferfind o bt et ™PloSsor tﬁéhcc%rirﬁ b é glyst
(@, V\B.Stofdb{ainQCLup,jahgh dabefy Qi) | et portion of e sane reac |on

effect a rma@EsmMpdInd dxidb hethﬁétaﬁymwﬁdd tﬁ&fohdvvuﬁ&aﬂpdsﬁ nlwheh R%présSsy aa'io‘?n hOW“
i n Tabl eticlexchiding@ygenll 45 4,770 g of ammoni um (r)m‘lwfbdg%re was di ol ved

in 18 1 of water. 234 g of orthophosphorlc acid (85 w. 9% was diluted with
1, 3500 MMowaP1 bV bolo.sKoa8T65BIB (5631 Op1Bdos ar senous aci d was di ssol ved threin. The
resul ting solution was added to the aqueous ammoni um nol ybdate sol ution
pr epar ethe:meynt of thieompound|oxidegppparted wass20vgerer $afrliotthepdrliey. stirred with heating
to effect Aasﬂji"ﬁql’ pearesy the sproey mennehasferdhieatalyst (12)leeesptibat dhesamuoit phshentism and
ar senl c"'Vﬁ%w'f?o‘t 2oae ip 305 ¢ andrthe arpauptaf @mmerium tungsteBiusgd whs chended ti¥988igoThec aci d
qb\%{'éP'HquH'Pé’ﬁ‘s\metﬁq"‘& asibanpipf Kakteip a pyles patalyst (18kof Sddmdn 0@sided g of
vanad| uﬂ? ‘?T?a?% g in ip xture was stirred with heating to vaporize water,
wher eby a I3 ?< 9reOPRStion Wien SxRERsARS) as o flarsic 3t xrluding PxYgembov e
reC| pi phosphor ous nol yb- denum and arsenic). The
p eﬁ(\g/\l'/ag"%d?ied’ b Y '°ae?1‘ d’u'g‘Léol uti on obtained by dissol vi ng 34.4 g of

vl ol e ﬁs‘q‘ﬂé@; e S

th
di ssol Vifia samdredction Rbe, ﬁe&mrsuc{i&n fhe 5dh aﬁ as Ut fﬁ" tur
was concemkd edulslarb¥horf@itaBEg 4qM th stirring, to 0 ta| n a sI urry. The sl urry
was ebied at 250[err]C for 15 hours, followed by grinding. The resulting

particlBempene wetted with water to an appropriate degree and then nol ded
into rings of 5 mmin outside diameter, 6 nmin 10 ~ EP 0 441 312 Bl

| engt h antio 30 Sofrhwrted deiorided evatdi aere tadded (achsaﬁaﬁ anmbiiunk Pararhdiybastg indsdia § e med

i n the dmmpgiun wétavarsdatonTheurssulting anidwe esas Stiread te btait iesolutidnh To Ithi$ gelutior weredr | ed
and #aladesedR3i71g efiorthaphospigic facid (85 Wt.o%), 8n haeous sblatiop obipiasdobyedissbiviag 812t3ag yst
(8). THREsium piffpte. 44 98’ theliym nitete, 1127.3 moﬁwgelottmpds% gohmaigerese Aipste srskcid5.49 an
at omi ¢ 9f Zodigmditeate gy 19, of 'é?'i’ walpr{ 138 g] of Aowdepyr teluriygm diodidet andr16812 g rof péveleyane

nmanner "é"?'“f“d%e"tf”?'@ @é’l’%‘?’ ”'E’!G hgq;’ washeatos withatiringvtte efigtt agingenous aci d
used vva§ 841t H SUSE‘?I'G'° ‘” '"‘E'ﬁ@e%t P! ob# casier Pensisting of dngeshapse dilicapliminaanged
to orme d m dg |°P 'i' ﬁ'lé" 3 '2 "?’d%g‘lzmtebﬁd'aﬁﬁf”r ?féheﬁrp@fh(hgg gr.
at 1223)“‘" ?ﬁg ¢ Egr"f" m‘é ’%ﬁﬁﬁs}?@ wag ffign palcined i %gﬂ'rgarg?e?r A
at 2 [466 .v §Up CQW’W es

pel | gt s,atgfexgmd Wg % fﬁ'f“q‘ﬁ%f%mm%aﬁoﬁ d’thgn %"BF"éﬁﬁgtﬂx‘yﬁ%a‘@RFr uder .
The pellets were dri ed and caI CI ned [ n the nitrogen at 400 [err] C for 3
hour's  aumsF, @ beGsioTo!ib, i MRS T4QRNL err] C for 3 hour s to prepare a pellet
catalyst (9).
The amount of the compound oxide supported was 20 g per 100 ml of the carrier.
45 A slurry was prepared in the same manner as for the catalyst (14) except that the amount of thallium
nitrate used was changed to 111 g and the amount of niobium pentoxide used was changed to 55.4 g. The

subsequent procedure was the same as in Example 1 to obtain a pellet catalyst (15) of 5 mm in outside -
diameter and 6 mm in length.

The catalyst (15) had the following composition when expressed as an atomic ratio excluding oxygen.
50

Mo12P1.09V1.05C81.0Tlp.1NDg.1Nig.1Mng 1 Teg 2Rhg 4

1,000 mi of the catalyst (14) was filled into the material gas inlet portion of a stesl-made reaction tube
of 25.4 mm in inside diameter, and successively 500 ml of the catalyst (15) was filled into the outlet portion
56 of the same reaction tube, to effect a reaction in the same manner as in Example 1.

12
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atom c ratio excludi ng oxygen.

into the materi al

gas inlet portFBQ 44 342 Bicel

The catalyst (9) had the followi ng conposition when expressed as an
[err] 750 mM of the catalyst (8) was filled
-made reaction tube of 20

(9) was

25.4 mmin inside dianeter, and sucessively 750 ml of the catal yst
filled intg the outlet ﬁhQ{?H gn of the same reaction tube, to effect a
reaction i heRRRLARSNMNY 5 in Exanple 1. The results are shown

in Tabl e
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‘rati e excluding oxygen. 10 . [err] The anount of the conpound oxide
supported was 20 g per 100 ml of the carrier. A slurry was prepared in the
sanme manner as for the catal yst EPXPJ413I@®It t hat t he anpunt of strontium
nitrate was changed to 50.8 g and the ampunt of amoni um tungstate used was
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Claims

1. A process for producing methacrylic acid, which comprises

filling a plurality of catalysts of different activities into a plurality of reaction zones which have been
50 formed in each of the reaction tubes of a fixed bed multi-tubular reactor by dividing said reaction tube
into two or more portions in the direction of tubular axis, so that the activity of catalyst is higher as the

reaction zone is closer to the outlet of the reaction tube, and
infroducing into the reaction zones containing the catalysts at least one compound selected from
. methacrolein, isobutyl aldehyde and isobutyric acid to oxidize the at least one compound with

56 molecular oxygen or a molecular oxygen-containing gas,

characterized in that the catalysts are compound oxides represented by the following general formula
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Claims

1. A process for producing methacrylic acid, which comprises
filling a plurality of catalysts of different activities into a plurality of reaction zones which have been
50 formed in each of the reaction tubes of a fixed bed multi-tubular reactor by dividing said reaction tube
into two or more portions in the direction of tubular axis, so that the activity of catalyst is higher as the
reaction zone is closer to the outlet of the reaction tube, and
introducing into the reaction zones containing the catalysts at least one compound selected from
methacrolein, isobutyl aldehyde and isobutyric acid to oxidize the at least one compound with
55 molecular oxygen or a molecular oxygen-containing gas,
characterized in that the catalysts are compound oxides represented by the following general formula
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