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.UNSATURATED CARBOXYLIC ACID 5 10 Technical fiel dj%ﬂﬂﬁmm’wmmm i nvention/ .—
bel ongs This invention relates to catalyst for pr unsat ura ecb
al dehyde and unsaturated carboxylic acid; Mre particifary, the invention
relates to a catalyst which is suitable for use in production of

met hacrol ei n and rMRARAIYSTI AR BPRIBPARABION CENUNSATURATEED by

vapor - phase cataly whi ch
hereafter may be |%mh£wmﬁ*m%mmgﬁ ion al so
relates to processes for producing these unsaturated al dehydes and
unsaturated car boxyl ic acids, using said catalyst. 15 Prior art Many

proposal s hakechnienl feld tioow high b dhesinventipa bﬁ%‘@@gsn t he occasi on of

vapor - phase catal yti nol._or pyl ene to
produce rasz:\spectl vel y?@ﬁr%g%gﬁg‘?r%elasc%g%é a?c%@séclfggﬁg;%gagﬁglo&ﬁggt ur at ed
Cﬁr boxyl : C amsﬁatuzat@& awelhyde &n&i uﬁaldlyukarwmmﬂb@txyﬂi@eaoidel (:Mblﬁ@r oves when
the catalyst s ome ets to rin r .exanp

Loair detapartitiariys (e Tgvntioh TRieste arcate)y fohisla s SSembladoRer: t s

of adopting u%esﬁﬁﬁi‘éd&cﬂibﬂQ)ffrﬁéﬁﬁa&fbleﬁpﬂﬁﬁrr%'e@l@aéfWE@M@ﬁ %‘feaér%léﬂi‘lcr ease
in geonetrical surface area, (2) | d i nproves because the reduced

catal yst waland arediessidhinanaper- @éreﬁser@m\lyﬁg oxidation qfzsopnéslomes | oss
decr eas C mal
oad. ra < EEftiaty HARR It DerBatraRel b WEeA ARRRUL AR RROT L™, o
prel;] erredI Bedpgiexﬁm i Theheviehitmabsn r%i?\bey% prb?e!s&tessfoﬁl@foda&@n nf e
mechani ca rengt ens, as or .when finishe
T rgeTor med thaPayBEtIEaRah AT Eieh ARACHRoR A e CAT Oy b AEe potinm of
the can bregki@edtPgeeme usel ess, or they may break when they are charged
in reaction tubes and scattering mlmnmmlmm,w | oss anpbng the reaction tubes
|ncreases ,r.. . As a nmethod f mmstrength of catalysts, it is
35 knowny %.r gibrous nmaterial. kegoexanple, JP 51(1976)-20357 B 2
Iu

rel ati ng to vana m pent oxi de catal yst, copper-chrom c acid catalyst,
ni ckel - di at omaceous Manlsr aipeispds have bmamamaimfmhcaﬂalys’e&:tcdbeatmdym

di scl oses a th do din i brouys teri for bl ue

asbest os, ?t?&c?}%]t% 9€Ya§3€m&388b(ia§iaké @%‘Bﬂ oqf)} 5”8411%? cal ci nation
and subs equemuﬂ@uio\lefrl pdpydsne |'U©M‘(ﬁﬁlce&fés@@btl@%Iﬁddrﬂ&p@nfcﬁlhgOUS mat eri al
to catal ysts conpri m(ggl%cfden m and bisnmuth as the ential ingredients

i s unknown. URS@bupate ’é%@%ﬂ EIICKY 9&1 fi brous materi al
gi ves “zge to a proml‘é%%iréd&ffﬁﬁé% %éﬁ%ﬁé g“@ldﬁn §hediaadn gheengt h

anong i ndividual 10 catal yst ir mechanical stren th can be

i mproved. Jpa’@@ly@whapelmém@ef qm;palm teoringp. dilor eysmpde P of
using whi sk {@8%&6@92%3‘?@% $1g6f‘ﬂe 15'%2 f‘Atg ﬁsaFQCTE?S%reas

rei nf orcene prepar yaC| ase
t o cat al yst ncexips oﬁadgpnnigybda@remﬁ@mmgtﬁomnsﬁﬂtctomsemtm mqamrealdue to

ot ovi ng. RIS 18, BeAmE T pe Brfece gt D Kidld ioSERe bRunER tiie
574, 895 941) r@'aﬁéé&ésﬁa@swmQh@ékm@sswgnhaﬁw@hle@tfﬂeb@mdga@ffagt 4B) aver age

di ameter of 2-200m as assistant carri.er, nH parin Orlled
pressure loss decreases, and (4) catalys ife 1s ex en ed due to

as

decrease in thermal load. For still increasing these effects, thinning
the ring thickness is preferred. Reduction in the thickness, however,
invites decrease in mechanical strength and causes such problems as,
30 for example, when finished ring-formed catalyst is kept in a drum
can, the catalyst at the bottom of the can break and become useless,
or they may break when they are charged in reaction tubes and
scattering in pressure loss among the reaction tubes increases.
As a method for improving strength of catalysts, it is
35 known to add a fibrous material. For example, JP 51(1976)-20357 B



20 catal yst contai ning nol ybdenum and bi snuth as essential ingredients.
This nmethod ains at preparation of carried catalyst in which the carrier
carries a large amount of the catalyst, and for that purpose a nethod of
preparation nmust be such that a slurry f,orned by dispersing catalytically
active ingredients and inorganic fibers in a 25 liquid is deposited on a
carrier andrelatifig tearmmdditen tpeatbkitld datslystpesp padclarsiney aptd abdysThi s
preparation nﬁagng however, is BOt nﬁgessarily easy of operating, and the
catal ytic abi¢isligiafapmaceoys rarihf@tahyiad ndtn3neRReEe ChaORICHF180ndi t i ons.

Hence, therggf I+ i rﬁgﬁ{' y i
exhibits unie?%a?%gg”gd %g%d;s%?{l E‘%@hﬂ g(?{in%%%ieﬂg IBDr obl gniﬂ%aggggilégérvé\%é@% he
i nventi on Abbug dshgstos, tadhefatalystiwderobtameadthymegedryimyention is to

solve the a .qbl i h Lon.art by previding ascatal.yst;.35

sui t abl egf o‘?gl\ég?%ﬁ%i %ﬁék@’ﬁgﬁﬁsgép@?’%{zﬁ%@bf ﬁ\é/’%‘{ r8ﬁ%?£ Pipddipg s
or propyl ena filsrquotiuterdrivasipabyhts gomnp Aisin @ redl yddehyden ad dismaghur at ed
car boxylic aci g i.e.,. a.catalyst which excels {1 nmechanj cal, strength, is
capabl e of Bféd ?cﬁsﬁﬁnﬂ:ﬁ’z TR e SN G g%s,%%a?rmf@w little
 deteriorati @é\cdlgsﬁaé&diﬁdxfopﬁbEQﬁg&tﬂﬁﬁeﬁawfginst 3B t !\@g%gf&n%@ ve the
probl ens Through our research work we have cone to 19| nd that a catalyst for
product i on bicrgased scattering denypdehanttalrstuength etnang ¢adbadyialc aci d,

whi ch i s,0Dbf.ai 2 i . iLti.en co Lnin active
nor edi Ie CaEFEL Bhd MM Reho kR RTRAR B AL B Al if

afldi ti ](c)nzgl ly contai néf@ﬁéﬂ(MBL@F!I&B@?B?WSi%ﬁGﬁl,Q(ﬂbA@&hS@loﬁbbﬁrs such as
gl ass fi ber u Jdber, .sili i ber, carbon fiber, an e like, can
acconpl | oh ehadslassigonhiSire e visthan SR dieghe et okt Baced on
the above kmeid 86Gereihfisfoen?6RB ifll piEbY £ dtheh b HRRbFWblyackPbakygt for
production of unsaturated al dehyde and unsat urated cargoxyl ic acid is

provi ded, watadysts cWarerensr pgda gatalysitcamprsasgsnelydidenwy- andped bodi es

Cenet bl yoisHERE M theCattRatldl R LRS! YISk SRR T ™ 2
i nventi on, Yietd redotien, aviprlecegsrovin groatajed, stwbngth.i s characteri zed by

i th b t i {i 5 i i f, 4\sobut yl ,
Lert ary butanol or Brobdi PRl R a Rk fan ERATARYS Alatcing
respecti veldiselosesrd asqthind olbusieichaoirglagiio firadsieiiags yxhizvereigd or acrol ein

and acrylic,acid. The r on why the addition of inorganic fibers according
to the preé@ﬁ@@ﬁﬁfe?fgbi&@lém ayessisig \Péxfﬁlrﬁrsl%é’treﬁﬁgﬂng ﬁalflﬁégcat alyst's

mechani §@l Stb B dorlindh S g b1y bR GALA Y biSmRAN! £ BBOGSiaBO as well as
inhibition of catalyst's deterjoration with tine is not fully clear yet.

Presunabl y, inggedients: helkis mefbod admpo ot tireparation o carngd gatakystasr gani c

fibers th . ; : . it
react ons oY DR HRERELEIE LGS 1aREe BRATE BE o BatRE/st And BEH ©
i nhi bit ed. pAugmsiena methad of peeBaratisrrmatst e ek thhe ai stproy doemted n t he

catalyst's meghani cal 4 f}’t r%ﬁﬂ% h j.s achi eged when,t he added .{)nor ani c
fibers hav«vbya LRFE cafalytiq 'g‘ci)‘P’&s‘EPﬁéa {%fts Ry INARFHANG ProEr & are
adequatgy y 1§l Sidefss@Ep bsitéddncalcakyieh 410d PR thiedd Amartiadethi@li)juidnisxed and
contacted condition wth the catal yst, conposition. 5 Enbqdi nents of the

i nvent i on MaPorazed pad %Yaﬁwtﬁflesé%isi PRARATAGHOR amefthady 1y pEehHdphaAt v
referred t %@éﬁ&gﬂg%&g@ Hdrat s A i Thiee AtA%y fie W@ Rfity vagisthaped

catal yst ma atal'yst ‘conposi'tion contal ning .
depending on variation in preparation conditions. Hence, there is a
problem of difficulty in preparing catalyst which exhibits uniform

30 catalytic performance.

Problems to be solved by the invention
Accordingly, therefore, the object of the present invention
is to solve the above problems in the prior art, by providing a catalyst

35 suitable for catalytic vapor-phase oxidation of isobutylene, t-butanol



t o .mol ybdenum and bi snuth as essential ingredients, and inorganic fibers.
It is not a so called carried catalyst, formed by carrying a catal yst
conposition on a carrier. As typical exanples of the catal yst composition,
those expressed by the followi ng general, formula (1) may be nanmed: 15 Moa
Blb Fey Ad Be Ox ... (1) (in which M i & nmol ybdenum Bi is bisnmuth Fe is
iron Ais abr';ﬁ%%:&rlé&@@t&'p%@&%e%%k?@épﬁﬁuﬁ {,ﬁ&h%tearaldeﬁp%taﬁi' s at

| east an 20 el'enent seleCted anong al'kali netal elenents kal 1 ne earth
net al el emetsatunated garbgudipacidud,e.t alcatalystwhiah ﬁm@ls inin, cerium

| ead, ni obi seni anjum

| ead. bl il ST SR 501 Bpa BB RO Rl MTHE) WA
respective highiydellyrsred shotwsMittlBidet&xiordtioB ianchtalyeaserferinantd, b 25 is
0.1-10, c is ghk 20, dis 2-20~ ais 0-30 and x is a nunerical val ue

det erni nad B¢ UM&tents of oxidation of the other el ements). The catal yst
conposi tion expressed by the general fornula (1) can be formlated

foll ow ng those nethods generally used for preparing this type of catalyst.
As the starMegnadoeal HBsﬂ@fP ®$ 30 the |ngr edi ents, oxides of the

| ngredi ents or Salts’IcHrotu ﬁ?&@géﬂlthsw‘%k% JE@’&%@% @Hﬂe{h hceg“”gz
such as nitrates, ammoniu organi'c aci d carbonat es | kal i
met al sal tscatuiy’shéoﬂ pkedudtngntuﬂf mettahb}ze&eﬂléehydefand usgatéeatatbr gani c
fibers | ass ,fi ber rb 35 fibers.and the like nmay be
used, oflgt hEREPOX il éckqeﬁ’gﬁﬂ’sc(h Qeﬁabde?@apﬂsg ArfRtalyseePPpRsHion,
preferred. b@nmmhgtasaéeu@é aﬁglédleew a@ﬂ@agpmﬁpba@hm WsRPbidaGeht han one
ki nd of inorganic f| ber s maé{mdswta used i n conbination, or those of

different a Hiona g confaie r @wgtwsmwmpwtmn
combi nat i on; n%r fic Qi@e%%a%é’ﬂ 1S Seladd ﬁbE?eg'lurM}?é %b%s dhi %eﬁBB} R

COI'T'pOSI tions pe sul t I n coibinati I norgani c I bers,

t hose haV| nfg,ban sacethe dilfe, to:an ammgmpheh %ﬂmbo@m’pm@ftef &}Béapyeﬁﬁm | .

and an e fi.ber. dia ref abI m15m are

convenl QR ds cPey %%g‘él%ﬁs@ﬁ %n%ﬁg)qvﬁ %Q/"g ®fiber length falls
wi thin t he abovef rgnmhum atcber@@igoﬁceﬂ?dmh@ﬁrﬁdncat@tﬁ%slt o ﬁfdifcglorbeSI des
usi ng |norga ic fibers age le vancedl y. ust ed, t

50, m | . 5nm Of pngat ‘ﬁ@ﬁﬁd\s,\ﬁ%%éf ﬂg%ll?%?g%@éﬁ?‘i carbexghﬁ&ﬂqﬁgs RKO%

I engt h eXC@@@hBE ib chEFaWdrizéd PRtha®hit EbRs1MObE rif %h%?)eﬁa%édi}é‘s' c

conposition and break the fibers under vigorous ag tat on to eventually
render thei ¢oramfmge a éagalwttcmqmpbsmqmpﬂntatnéllnar@eaomveongre@mtsﬁte

atter o acidee mBRIEKSTum! SEDILA AIOHERLE D SRETRIRL! |y of the

I nor gani Ber s |norgan|c avérage fiber length and
average fiber di amet Accdedingt & th@iMVémtlﬁﬁ farthesnodre; & processmsand

2~m 20m respect.i ive rls uch,as th t.al yst of
ni T or m perPUTdRde WSS SheTaE Lo e EOAH G S PBPEC G OB e onabl e.
Sui t abl e i neyt@gdptie \fdﬂlﬁf%BQ@é emdmsﬁdafdsobﬁ@lmeghért@ér}t betﬁﬁbhbyst is
0. 01- 30% preferabl 0%. inter ali 00/ the 25 ercerit ages

bei ng by weP¥MHY e%ﬁe‘f’@hﬁ’é’ eGimlegIxygen, ahem}py Pﬁ‘é Bemeregteqtialyvi ng t he
cat al ysE S (Birhe ngbﬁ&in trﬁ@ﬂﬂitc'i‘ole? Iﬁ&?{%éﬂiﬂ icdy leeé«?rdl i ﬁnﬂoo hi gh,

the cata yst conposition contal ne e cat yst ecorres ess and the
catal ytic paefydicacide i s degraded Those cat al ysts of the present i nvention

can be prepared 30 fghl ow ng ) r aring
known catal ysts for @:hgd{?(?ts é&gﬂé?lgd)? %//Id gﬁ ﬂg‘gqrgﬁgged
carboxylic w@ctlse pﬁé@@rpﬁ mngaﬁﬂﬂ@n mhmév@sf 1m¢dom@rm§bmegﬁm (ml]I:yI 1bet}$et 0 cat al yst
conposi tion shapi n ystem ngs re speciftic

sat i sfactorcgat@iyewgree iga 5?1@@@'*}2@ g lseinh e 65 @ﬁfi}cgaﬁr rp{dRee 1o,
for exagpl &5 ¥ARLRINBELRVIPBE At &Y st's deterioration with time is not fully

clear yet. Presumably, because the catalyst composition is diluted

H

with the inorganic fibers, the heat generated during the reaction is
dispersed, sequential reactions are inhibited, and thermal
degradation of the catalyst is inhibited. Also in view of the

35 observation that the improvement in the catalyst's mechanical



6 expressed by said general fornmula (1), and then shaping the systeminto
rings by a conventionally used shapi ng nethod such as extrusion nol di ng,
"pressing or the like. Manner of adding the inorganic fibers is not

critical, and any nmethod nay be used so long as it is capable of 5 securing
uniformy dispersed presence of the addéd inorganic fibers in the finished
catal yst. FoirS¥AIPlLachid9edaRhenfthRes d Y n by ASdehE R tta%e% Shéing
conpounds for a catal yst conposition and the resultin urry | Jtled and
shaped, f ol Biggedt by preswmest § Imtsthe)mca"gaana|f;kwtrsmrep@§equat\elwsdmpeesled

cal ci ned an ver [ [ re.added.to, the resulting
powder , thogtl)ﬁlégi S taﬁgéjcat %#E@rﬁ?ﬁt eeqqusteiﬁﬁe%deﬁiﬂg ﬂtﬁgfﬁ’(g t he
former met hodndstufnamnhbtlte bepdystecompositésna cat al yst exhi biting i nproved
mechani cal strength, yield of object products and catalyst life, wth good
repr oduciobi | i ty. The calcinations treatnent is normally conducted at

t enper at ur eghpodRRFNIS HOGSPNentidn | Norganic fibers may be added all at
once or in divided portions. For exanple, a part of them may be added to a

slurry containing st dhe eatadpapolibhie prasenhinvessiontis of hediyiped and

cal ci ned po si0 | ¥y _used bi nder
such 20 as %@?WWFE@%%% és %@%ﬁ’?%gg%%’%aﬁ%ﬁﬁ&%\lﬂ%ﬁ& aphite,

wat er, al cohnig ahdpetienattalgstmmadleeoﬁ@edtaﬁysbeoﬁmtmOnT&tmﬂamméOr med

cat al yst gral Breferab each Has an @r d|a ter of 3:10m 0.1-0.7
time t hdOoulIYRASRUR ATE bigmpth il ingradeesisy an KRBt er

di ameter of fl%et@ng![f‘ls?ﬁof Qeéc%‘é]ledzﬁﬁrl‘éﬂt@&tt‘élly& YERATPHR 8 r By I on
reaction accordi ng to the invention can be perf ormed follow ng eneral ly
practiced ned tedars éﬁnmsatlytn@ @ml@hase oxi dation of isobytyl ene,
t-butanol or propyle r I r ondi ng 30
nmet hacrol ein and EFS wlggl g?élgﬁ)%é‘of?ﬁ)é%%,@ab}s?ﬁ Iﬁg8?%%:Ocrgcﬂl}ltti)%%except| ng
t he poi nt thnpr@dmviebjdeherfohedxmggmréraé.tfatmmﬂal(i) nseyl besnaheedat al yst. For
exanpl e, _a gaseous m xture conposed of 1-10 vol.% of isobutylene, t-butanol
or propyllf’ene 3-20 vol . % of nol ecul ar oxygen, 0-60 vol.% of steam and 20-80
vol . % of an inert gaM(gtElkgmA’ﬁgmt(roger(l)car bon di oxide and the |ike may
be introduced over said 7 shaped catal yst at a tenperature within a range
of 250-450C, under normal pressure to | Ma and at a space velocity of

300- 5, 000h- (Jln(v'siﬁéh M8 i85 'eﬂ%rhhelqe%etm th i-retta%ﬁls%t P@éébton

according 5to the present 'nvention, obvi ous y suc
as filling eaelelewesnnti saleth@ldeamong nm&ecbrand)c@aadttnlesoat ldastcam aI ysts

composi EPortlafbhY sblest e Astond 1R g3 sBl ERIREN QKA da B metal
stacked i n ¢éRyreentsahalbium, hehessladnis, ¢e Hatriwmt, mrﬂ;u@@@ﬁysltuelqermmes from lo

t he gas inlf?taéiowa d the as outlet of .the rea |on tube 1o inhibit heat
accumul ati o THEPTE WMo 18- ngﬁn§ﬁ9 BFSERUE] BIS, SEANIHBMRIBIHDp FHtaRiuUMm,

met hods. Ef tﬁ%ant Qﬁd't (\:ﬁg@té@ﬂolé osgﬁgerrgwga tco dt téeaha\éteetaxpd\ forghal ysts

whi ch are high in nechani strengt capabl gi ving unsaturat ed

al dehyde antesnRedivg ataniCaBYSH of M, B, s, ef’h ﬁreé‘-d 93 \BbFé@ta Wrbduets, at
hi gh yi gkds;s gnd 1epy etsLU'ﬂf Q t??'?ﬁ' ClspGr%@tl neﬁqs%hﬁﬂ‘ng%lbéf {,Meué;iecrease

in catalytic ac |V|t uctlon prepared with
ease. Accordet@"mmetdtbypt&mstmﬂemtnwérmbmdmtmhmfttﬂimr(mhee* e]m:m@mm)n and acrylic

acid or nethacrol ei nd ne lic.acid can be oduced _at hel ds
over |ong peri ods. Exrg f% Cﬂiﬁl@?ﬂgm?xl?#éseﬂx%h?%@%n& @iéﬁggp@ﬁ nor e
speci ficall §1) d=8{ Bérfbﬁﬂldlaté@mlmlﬁg(@h@éemetmscgéwefaqtyamea%ryl el ds as
given in the Exanpl es and Conparative

xfa |l e re defined as fol]o
conver si on phepaging s tipe ol wabalyss &Eeat%ttalag imgtemats Pﬁﬁ?c}(lr?gﬁ
number gf st Ehgﬁbmhfé,'(ﬁll)ieé ofRedRgredients or salts of the ingredients

which form oxides under heating, such as nitrates, ammonium salts,

used

organic acid salts, carbonates, alkali metal salts and the like, may be
suitably selected for use.
As inorganic fibers, glass fibers, ceramic fibers, carbon

35 fibers and the like may be used, of those, glass fibers, alumina fibers



8 yield (mol% _ (total nol nunmber of forned unsaturated al dehyde and
formed unsaturated carboxylic acid) x 100 5 (nmol nunber of starting
material) The perfornmance tests and shatter strength test of the catal ysts
were conducted by the follow ng nmethods.; |0 Catalytic performance test-1
One- hundred(100)m of a catalyst was filled in a steel reaction tube of
25mm i n i nnemddsidivat bers are pabfarired. gdnepastioubary gbasxofibesedref 6 vol . % of

i sobutyl ene, 13 vol . % of y . vol . % of .steam and. 66, vol. % of nitrogen
was i nt rodueea.veﬁ%?f«fs Gesitr | radbatomnded Qiﬁngrgﬁaacegbér%émwb@r

1600h- 1 and saifRAGthY heEBRIALYER O orddise B ERGE 21988 (ﬁééxﬁr 30 hours
was anal yzed. Catal ytic performance test-2 20 Fifteen-hundred(1,500)m of a

cat al yst wadengihsar fibex dinsestersanaydre vaed infcopshinationnndVhedreghiss , and
into whigh 2 i xt f j | .1 |. %
of oxygen, LSRR e ATIRGInP'e) fad ChulooHabATHAY LEEui AR Orive

reacti on wasisednducdmbimatianspace vel ocity of 1600h'1 and a reaction 25

tenperature of 34DC. ,The reaction. af t 8, 000.hours was anal yzed.
Catal ytic perfor mancé St B ?%—I}’lggﬂ?‘*gﬁ( %@5 YN AL UPLARC HAST i |l ed in

a steel 30 I&sgefH ep50UBe- PEnZRPriefeddB19150LAMEE Bihm 2RHJT 4% Avehhel a
gaseous m xture conposed of 7 val .%ofw{progg ene, 14 vol.% of oxygen, 25
vol . % of st shanmetey af Yy 20 opeeferahly ppaet 1 mwagecommestientlyt a

dhe aft oY SHERAT, IEEREUGRAS et RE A AR EEE AN R Ll Wigh i Eb 0001 0"
of a cat al yabowesadigepmethd comﬁlbhed shaptdaadiapestpertherdfard,ybagides ed

SRR T T 108 YRR AT, Ty O IONE N
si eve was nsagmemm,tihes plaiissibie rt@ﬁﬁimi@érgtd}ﬁoc@?é@syﬁévmﬁgsaﬁet erm ned,
applying the foll o ng.equatign: Shatter .strength( 10 (wej ght of
cat al yst r eABFYARF gt}heegmiﬁpgxl@wn( Wéﬁ?gﬁ-tp%lft @W/%%é@%]@t 1g/st)

15 catalytic composition and break the fibers under vigorous agitation to
eventually render their average length to fall within the range of
50um-1.5mm. The latter practice, however, tends to aggravate
dispersibility of the inorganic fibers. Use of inorganic fibers whose
average fiber length and average fiber diameter deviate from the

20 ranges of 50um-1.5mm and 2um-20um, respectively, gives rise to
problems such as that catalyst of uniform performance cannot be
obtained, and therefore is objectionable.

Suitable inorganic fiber content based on the weight of the
catalyst is 0.01-30%, preferably 0.05-20%, inter alia, 0.1-10%, the

25 percentages being by weight. Where the content is too low, the effect
of improving the catalyst's mechanical strength is insufficient, and
where it is too high, the catalyst composition contained in the
catalyst becomes less and the catalytic performance is degraded.

Those catalysts of the present invention can be prepared

30 following those methods generally used for preparing known
catalysts for production of unsaturated aldehyde and unsaturated
carboxylic acid, excepting the point of adding inorganic fibers to
catalyst composition and shaping the system into rings.

More specifically, a satisfactory catalyst can be prepared by

35 adding inorganic fibers to, for example, a catalyst composition



Exanple 1 Si x-thousand(6,000)m of water was heated to 40C, and 15 into
~which 2118g of ammoni um par anol ybdate and 530g of ammoni um par at ungst ate
wer e di ssol ved under stirring. Thus a solution (liquid A was prepared.
Separately, 486g of bismuth nitrate was,di ssolved in aqueous nitric acid
sol ution conposed of 60nl of nitric acig (concentration: 65wt% and 240mnil

of water toeRPresseoaby saidigbaerabformoln (1), auidltl®n shaging sheaiyatehy, 2912g
of 25 cobalt nit.ratﬁiand 4049 of ferric ,nitrate vverg al ssq%l ved in 2000mL of
wator to folMOTBEsRY areqnvediienaly ushd Sherigeonetbed ek £ sKETUEON

di ssol ved i lori1® of a s |3 AU e t he
liquid A ungleég%eq%ftﬁeé%% Ogtt?lrerli?%g], ﬁghﬁﬁﬂﬁ?gﬁglﬁgi%ﬁ%oé%ﬁgc ll%tgglsd D
were added npt‘/vicsm@a, ahd aryienetdraat vy hadiseidkenllormiashbis ¢apgbbd ofowt %

silica sol -9 f_ahkal:L- fi S 1om.in average fiber
di anet er ganggtgbtg.g% 1?1}\81892‘}%?«%&? %%s%ﬁ Ilgxclaeﬁ% e\,@?cllea%g%%gtlgq FAH @?‘Eﬁ%,

fol | owed byirt bhe dirgisheti datahgst. THEsr exdmipledirrgaens fivervas aldns addudder
stirring to, 3 ev%\gor.ate t he sg{at?mtoé&r ness, and.,.the Eﬁs ting solid
matter was thEped ’_Fﬁlﬁgrqoﬁ%%o‘b 8 1 Gaya e‘?OrHPQ_ﬁJé%Qﬂ,a . in inner

di amet er angbd1fiHB tsxglﬂr%g_td}i@&%d mhﬁédm_?jrl]ﬁ)v@@a Byed catiBRS 605 6 hours

whi | e passing air, pirovi de a catal yst. e conposition of this catalyst
excl udi ng tertadyaksomipesitionss shdedxsaleinathand pulyenprezl, \am dBinorgsanicol O

CS0. 4 .3 i ' 0 . Lye |
perfor ?réxer{ceﬁpgg a E\:&Zdn egﬁg E%ér)?éf'g@%ﬁg? %%t‘%@ ’ @%@%@%ﬁ%gé}%&sma this
caéI al KSt ) Thﬁ'xtnareais/hshfappﬁ; f dinrmmtl mular,eﬁwf]@megmg}hhﬁmlﬁgabb?ti og g i me
shatter, strength .of this at t, . are shown | abl e 1. a S Z-
o o et Eives L eat Al e R EnE RROPERl A Geh R S THE T ne used
gl ass fibergiedd &%&F@cto[ﬁrddt@ct@?ér@d ¥atalyet ﬁfé,hﬂrﬁlﬂ?égaé 1@pe¥Aukibikepl e |, to

prepare catalysts. The catalytic performance test-1 and shatter strength
test were cbh8eleimationytrasdmenhiangenallyreendueiedaaytempgsateremance, 15

| . . oA .
Fabte 100 ngide 160 8000CRCIIRNAJAR A0 HEERSLMAY I ARACHHIERE otlednn 11
of Shat t er Prassudevidessportuons.of Hor exadgnpleptaepart of them may be added to

i h | ei nst t hdur i ngl i Ci i Ci i. t +
hethat ryl S ELIES GHRBrLE PRRHETE RN AR ARt By P THEMA Y (kpa)
Exam |l e 1 pfdlafased pberdez, 06.0 x 1.0 x 6.699.189.198.516.4(10 m- / 500

m | ong) Exanpl e 2d a f.i bers2..06. 1.0 x 6.698,989.098.116.2(7 nS | 500
m | ong) Exanpl e 3G 2dh #h%eﬁgaf_lea.cg‘ shapipe; C@n%%tle@@.llzfgvseﬁgméﬁe SHEB/ 500

m | ong) gxanpl Eoé@iﬁ%@ all 6416818 3t i 0 aéidL,-é&n%n&aﬁﬁﬁ-xﬁ%?a@eg%r%%@liﬁé,]@aﬁ@r,/ 150
m | ong) Exanpl G ass fibers2.06.0 x 1.0 x 6.698.988.894. 917.2(10 m~"/
3mm | ong) Bxalerhel enddhesikeimaydJoe geed ik necessary. 699. 088. 795. 517. 3(10 QS /

500 m 1l ong) Exam | e .of ] S/ 69 0] 6.4(10 m~
/ 500 m |l ong)d ass zll‘}géegfﬁ%rﬁsﬁltjl?gﬁx%&%&&ﬁ%g%&e?e%IHere?‘fcglng‘gi%ba 0x 1.0
X 6.698. 981122 diatn 8tEY ofi-3+1Gmm ) 0,1-0). 2 thiearid eut:d éi%ﬂnéi_:éleoéﬁnOS. 0 x 3.0
X 5. 599. ZQQh%%?"(fﬁ%%lét(elroar%.é—é (%Pmrgslt?lré 3uterT(fi%|n(1§etler(c():fo A tlér&]gﬁg )

25 (height).

The catalytic vapor-phase oxidation reaction according to

the invention can be performed following generally practiced method
for catalytic vapor-phase oxidation of isobytylene, t-butanol or
propylene using molecular oxygen, to produce corresponding

30 methacrolein and methacrylic acid, or acrolein and acrylic acid,
excepting the point that above-described shaped catalyst is used as
the catalyst. For example, a gaseous mixture composed of 1-10
vol.% of isobutylene, t-butanol or propylene, 3-20 vol.% of molecular
oxygen, 0-60 vol.% of steam and 20-80 vol.% of an inert gas such as

35 nitrogen, carbon dioxide and the like may be introduced over said



AddedCat al yst shapel sobutyl eneTotal yield of Shatterpressure | osslnor anic
ganount of outer di anmeter xconversionmnet hacrol ei nstrengthduring reaction

" Fi bersi norgani ci nner di aneter x+ nmethafcrylic
tinefiberslengthacid(kPa)(mﬁ@@(nn)(nDI@@(nnl@@(@@Cbnparative - - 6.0X10
X 6.6 99.0 88.2 90.4 18. 1Exanpl e 1Conpar ati vegl ass powder2 06.0 x 1 0 X

6. 699. 188. 4&9&1%@@@@555@@'5& 2 (4R eTRthre GAERA alrathsd bf 280-280PCI8AdRe X 1 0
X 6 6 699.088.399. 115."4Exanpl.e 3(0.4um- / 40p.mlong).. . arative - -

. Co
5.0 x 3.0 Xnermadpresgure tgdMpasanEaimseace velgitmxahB08-3D0Me cat al yti c
perforrranceggrPPB-Z was conducted using the catal yst of Exanple 1. The
results were: 1TSobutyl ene conversion, 90.2npl1% and total yield of

met hacrol ei n pl us nehhpeaglicmeathel catal§2ic3vaxiss-phanpardtnvienExecqrdéng
5 to the present invention, obviously such a method may be used as
filling each reaction tube with two or more kinds of the catalysts
differing in activity levels, which are prepared by varying the
composition, calcining condition, size or shape of the catalysts, as
stacked in layers so that the catalytic activity successively rises from
10 the gas inlet toward the gas outlet of the reaction tube, to inhibit
heat accumulation at hot spots, or any of various other known

inhibition methods.

Effect of the invention

15 According to the invention, catalysts which are high in
mechanical strength, capable of giving unsaturated aldehyde and
unsaturated carboxylic acid, which are the object products, at high
yields, and have uniform catalytic performance showing little
decrease in catalytic activity (yield reduction) with time can be

20 prepared with ease. According to the present invention,
furthermore, acrolein and acrylic acid or methacrolein and
methacrylic acid can be produced at high yields over long periods.

Examples
25 Hereinafter the invention is explained more specifically,
referring to working examples. The conversions and yields as given

in the Examples and Comparative Examples are defined as follows:

comversion (mol%) =

30 (mol number of reacted starting material)
x 100

(mol number of starting material)

35



The. catal ytic performance test-2 was conducted using the to catal yst of
_Conparative Exanple 1. The isobutylene conversion was 85.1nol % and the
total yield of nethacrolein plus nmethacrylic acid was 76. 6nol% Exanple 11
Into 6,000m. of water heated to 40C, 20Q0g of amoni um 15 20 25

par anol ybdat e and 50g of ammoni um par at ungstate were di ssol ved under
stirring to forma sgol E‘il onl%l)i_qui d A). Separately, 778g of bisnmuth nitrate
was di ssolved in an 338 3{?30 tTic acid solution formed of 100ml of nitric
acid (concentration: nEyi de a solution
(litquid B). Again se({r %tﬁla%iaS .40 cl) ni ckel
nitrate and 572g of ere g olved s QO 0f waj@gy to
forma sglution (liquid O, (adll nGBBePbf ROAASELUALDEIABL € Was di ssol ved in
100mL. of water to provide a solution (liquid D). Then into the liquid A
under heating and stirring, the liquids B, C and D were added by the order

stated under conti nuBhe Yerféihngnaddestsxand. shaitdet VErdRith24ds oFfthe0wt %
silica sol and_151g of alk I'-fcﬁ)ge %I@e]l SI fibers Omin average fiber

di anet er antRUSdVRES Were spRgaCtehSY é%}P‘V\Jé}?enlﬁ&é’é,s-fol | owed by t horough
stirring. Thus obtai ned suspension was heated and stirred to be 30

evaporated to dryness, and shaped into rings of 6.0min outer dianeter,
| . Om i 0 nbataljitaepesformangesiastii | engt h each, which were cal ci ned at

480C for 8 hours whi Ssihn [ 210) ' t t.  Th nposi tion
of this catal yst exc ﬁﬁmﬁgﬁgdgdgg?%?@%?ékggsgﬁ&ﬁo%glrbﬁs&egp14 1U1012
#}3 2 Btlli 7t1!%aot£orfwébélb$ @@iglﬂngﬂdﬁé{rﬁeth&?ﬁofmt@mh acgt‘a@@hswas th E/Od

e catalytlC ertrormance - S er streng e wer e nauct e
usi ng thi_s%xﬁpgﬁsﬁowogﬁdeoﬁﬁ%%}%@%wﬁi@%i V@f%s.%gw, 18tal yield
of acrol ei “vél'.%fsoia&re\é %xﬁPBéx@l‘%%f%ﬂ?ﬂ@@egﬁwﬁlseﬁﬁ%&ub@&.s q¥d ng the

reaction tine of 18.9kPa and a shatter st % of 98.9% 10 Conparative
Exanpl el® Beagsian waseendegies: 2ilaspasptvalpeity md I8y pngea reastivsed, to

T d h ; h
Post 15 wer SRBTRREEL AR TR AT 068 A8l a0 G HRY, or <7 on'vas

98.5m1% tahalyzedel d of acrolein plus acrylic acid was 90.9np1% pressure
| oss during the reaction tinme was 21. 6kPa and the shatter strength was
94.1% 20 In the follow ng Exanple 12 and Conparative Exanple 7, two ki nds

of catal ystgaexRithe perforinbirectdistagtivity level s were stacked and filled
in the reaction tubé_in such a marener hait he g{gﬁyal yst g&@t&;e | ower
activit§Owas | ocat eoFlafteqm'bundr@_d Li%0)i! el cabalyst srag Hyatstgel of t he
higher actiyid¥iotubborPsihfl i idReP TidNRtELAGLE Mtd Wich a gaseous

mixture composed of 6 vol.% of isobutylene, 13 vol.% of oxygen, 15

vol.% of steam and 66 vol.% of nitrogen was introduced. The
reaction was conducted at a space velocity of 1600h'! and a reaction
25 temperature of 340°C. The reaction gas after 8,000 hours was

analyzed.

Catalytic performance test-3
One-hundred(100)m]l of a catalyst was filled in a steel

30 reaction tube of 25mm in inner diameter, and into which a gaseous
mixture composed of 7 vol.% of propylene, 14 vol.% of oxygen, 25
vol.% of steam and 54 vol.% of nitrogen. The reaction was conducted
at a space velocity of 1800h! and a reaction temperature of 310°C.
The reaction gas after 30 hours was analyzed.

35
Shatter strength test



25 and the r eaction was conducted. Exanple 12 [Preparation of Catalyst 1
to be stacked] Catalyst 1 for stacking was pr epared as in Exanple |, 30
except that the amount of cesiumnitrate was changed to 136.4g and the
rings were shaped to have an outer diameter of S.Onm an inner dianeter of
3.0mm and a | ength of 5.5nm each. The conposition of this catalyst

excl uding the glass Th‘i’ﬁryfi3@)?o?é%ﬁ%ﬁl}yﬁswa§@rop$5d'\ﬁbﬁl ¥Be Bop Jfed  Coi 0 Cso
~ S1135 and its glass fjber content was 2. Om % “The results of conducting
the cat al yt Perpedisiianivecrasied stainlags sheelk pipesel 2pgitn 1ndsmersi ng t hi s

catal yst arg: LN qTabl r ' f t al yst 0 _be~sg.acked]
The pr ocedug%a%gg\ggr %ﬁgp%lrhl ﬁlg?earb%evﬁé%@{ g%é/egg}eg V\Vlvlecé?leglrlj‘e eggle%il%é’%:e;[ﬁh? hat the
amount of cewight of thateatabstaleangarbd on theldebg,whe npeeparer] gatlaest 2 to

be stacked. ;The conposif. on of thi at al yst excl udin he gl.ass fibers and
oxygen S shafteragranetigf the cateist was feseraeng dagﬂié’l&iga@tefi ber
content wasfdldwiPe edbatigesul ts of conducting the catalytic perfornmance

test-1 and shatter strength test are shown in Table 2. 20 [Reaction] The
reacti on was conducted under the same conditions to those of the catal ytic

per f ormance test-2, Lon tube filled with 750m of the
Catalyst 1 at the ga%ﬁlglﬁ%ég&t%?ﬁ%ﬂgﬁ@ 750mL of the Catalyst 2 at the gas

outlet side, formng (aveighd:lofcﬁhaly&tmlnyﬁirm&_Snpt@refsienahce after 30 hours

of the fABaction is—s-hw@?&b%&—z.—e&ﬁﬂp&h&%ﬁfe—%ﬁﬂpkeﬁl[a@reparation of
Catal yst 3 to be stacked] 15h§'§ﬁ‘~'d3‘0w§§dpﬁ‘3§9é¥%‘a In the sane manner as the

30 Catalyst 1 in Exanple 12, except that no glass fiber was added.

Example 1
Six-thousand(6,000)ml of water was heated to 40°C, and

15 into which 2118g of ammonium paramolybdate and 530g of
ammonium paratungstate were dissolved under stirring. Thus a
solution (liquid A) was prepared. Separately, 486g of bismuth
nitrate was dissolved in aqueous nitric acid solution composed of
60ml of nitric acid (concentration: 65wt%) and 240ml of water to

20 prepare another solution (liquid B). Again separately, 2912g of
cobalt nitrate and 404g of ferric nitrate were dissolved in 2000m] of
water to form a solution (liquid C), and 78.0g of cesium nitrate was
dissolved in 400ml of water to form a solution (liquid D). Then into
the liquid A under heating and stirring, the liquid B, liquid C and

25 liquid D were added dropwise by the order stated, and mixed.
Further 406g of 20wt% silica sol and 68.9¢g of alkali-free glass fibers
of 10um in average fiber diameter and 500um in average fiber length
were added to the mixture, followed by thorough stirring.

Thus obtained suspension was heated under stirring to

30 evaporate the system to dryness, and the resulting solid matter was
shaped into rings of 6.0mm in outer diameter, 1.0mm in inner
diameter and 6.6mm in length each, which were calcined at 500°C for
6 hours while passing air, to provide a catalyst.

The composition of this catalyst excluding the glass fibers

35 and oxygen was:



The.- results of conducting the catalytic performance test-1 and shatter
strength test using this catalyst are shown in Table 2. [Preparation of
Catalyst 4 to be stacked] 35 Catalyst 4 was prepared in the sane manner as
t he 16 Catalyst 2 in Exanple 12, except, that no glass fiber was added.
The results of conducting the catalytic performance test-1 and shatter
strength test using MysW tfﬁllml GbHH CHPMBiip Table 2. 5 [Reaction]
Filling 750nl of said tal yst at the gas |nIet side of the reaction tube
and 750m. of said Catal yst 4 at the gas outl et side thereof in a stack, the
reacti on was._pe: e tlonstothose of the catalytlc
perfor mnceapgsﬁg%rlg%ﬁ% tC%’Pt;FF per or mance after 30 hours of the
rfeacti onis shovvnbl nThetdatalytic Fﬁﬁﬁimﬂn%&éﬁi—ﬂsahdm}mml e%@éﬁk&@l thnt};ussgl

of com osi ti on pFi sln ani c.f.i bers t 1Mol e Bil Fe 0]
Coo. ~ o1, sBEraconduRipd TSI s ca A ﬁﬁm %f’éy@k’a{?ﬁ}lf@r@?néﬁt al yst 2
Mol e V& Bi | pEgksusel l‘bs%x‘mgjﬁhe%c%ﬁﬁl fmsrm 1Ra0Rr dirBABLITLE Ollis
) 2. OReactlonCataI%/st 1 miCat al yst 2 : 750nilCat al yst 3Mol e W2
Col 0 Cso. ~ eatalgst asapshoxtn iedableylst 4Mole V2 Bil Fel Colo Cso. |
S11. 35- Exanpl e 7ReactionCatal yst 3 ~ 750nilCatal yst 4 : 750nil Table 2

(continued) Catalyst shapel sobutyl eneTotal vyield ofShatterPressure

| ossout er dExmmhplesx2-o\aerd Conned iwdye Fsiamplengtdduri ng reacti oni nner
diarreter x+ met hacrylic a i mel en nol 9 |, 9 k Pa alyst 15.0
x 3.0 x 18.596. 088, 39@"&?’&"? mgeﬁ%&%mé@p %1(330@%‘(1@& Tads fibary

5. 599. 588. 188 5R4 eQR%féé%@?st5%%r§ ch%r%%@ﬁé!ﬁbwﬁr?n@%kﬁeq %0 prepare
5,597.186.976. 417. 9Conpar at i veCat al yst

5. 599. 886. Aqatadysts4Exanpl e 7Reacti on99.790.2-18.5 19 Caims 1. A catal yst
for preparation of atur n id,

whi ch is characteri ;’2 Cﬁt?h&? ? gﬂ}mgn?%ge#orﬁ%fg astrh?‘%gfj&g élgtgct&%%
conposed of wareabaldyzted amgingithiesa oamall}mtm nﬁ‘lmlr Icaaahrt[mpyhﬁbenwnmd

bi smuth _as the actiwve ingredients and i fipers. 2. cat al yst
ncoor di b tBrease 1pSs KRR ERe e thinst G2 80 mer ok Speth 8% one

sel ected frgmpywhassThbRens, alum na fi bers SI l'ica fibers and carbon

fi bers, and have an average fiber length of from50.mto |.5mn and an
average fiber dianmeter of from2pmto 20m

Bil Fel




3. A catalyst according to Caim1 or 2, which contains fromO0.01 to 30% by

-wei ght,

based on the weight of the catal yst,

catal yst according to any of Clains 1-3,
an outer dianeter of 3-10mm 0.1-0.7 ti

dianeter and 0.5-2 tines the outer dia

elle

ne

of

i norganic fibers.

4. A

in which the ring-shaped body has

the outer dianeter of an inner
r of a length. 5. A catalyst

according to any of Clains 1-4, in which the catal yst conposition is one
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Comparative Example 5

The catalytic performance test-2 was conducted using the
catalyst of Comparative Example 1. The isobutylene conversion was
10 85.1mol% and the total yield of methacrolein plus methacrylic acid
was 76.6mol%.

Example 11
Into 6,000ml of water heated to 40°C, 2000g of ammonium

15 paramolybdate and 50g of ammonium paratungstate were dissolved
under stirring to form a solution (liquid A). Separately, 778g of
bismuth nitrate was dissolved in an aqueous nitric acid solution
formed of 100ml of nitric acid (concentration: 61wt%) and 400ml of
water to provide a solution (liquid B). Again separately 1100g of

20 cobalt nitrate, 824¢g of nickel nitrate and 572g of ferric nitrate were
dissolved in 2000ml of water to form a solution (liquid C), and 7.6g of
potassium nitrate was dissolved in 100m! of water to provide a
solution (liquid D). Then into the liquid A under heating and
stirring, the liquids B, C and D were added by the order stated under

25 continual stirring and mixing, and further 242g of 20wt% silica sol
and 151g of alkali-free glass fibers of 10um in average fiber diameter
and 500um in average fiber length were added, followed by thorough
stirring.

Thus obtained suspension was heated and stirred to be

30 evaporated to dryness, and shaped into rings of 6.0mm in outer
diameter, 1.0mm in inner diameter and 6.6mm in length each, which
were calcined at 480°C for 8 hours while passing air, to provide a
catalyst.

The composition of this catalyst excluding the glass fibers

35 and oxygen was'
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were conducted using this catalyst to give a propylene conversion of

98.3mol%, total yield of acrolein plus acrylic acid of 91.8mol%, a
pressure loss during the reaction time of 18.9kPa and a shatter
strength of 98.9%.

10
Comparative Example 6

Example 11 was repeated except that no glass fiber was
used, to provide a catalyst.
The catalytic performance test-3 and shatter strength test
15 were conducted using this catalyst. The propylene conversion was
98.56mol%, total yield of acrolein plus acrylic acid was 90.9mol%,
pressure loss during the reaction time was 21.6kPa and the shatter
strength was 94.1%.

20 In the following Example 12 and Comparative Example 7,
two kinds of catalysts exhibiting different activity levels were stacked
and filled in the reaction tube in such a manner that the catalyst of
the lower activity was located at the inlet side of the reaction tube
and that of the higher activity, at the outlet side of the reaction tube,

25 and the reaction was conducted.

Example 12
[Preparation of Catalyst 1 to be stacked]

Catalyst 1 for stacking was prepared as in Example 1,

30 except that the amount of cesium nitrate was changed to 136.4g and
the rings were shaped to have an outer diameter of 5.0mm, an inner
diameter of 3.0mm and a length of 5.5mm each.

The composition of this catalyst excluding the glass fibers
and oxygen was:

35
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1. A catalyst for preparation of unsaturated aldehyde and

unsaturated carboxylic acid, which is characterized in that it is in the
form of ring-shaped bodies composed of a catalyst composition
containing at least molybdenum and bismuth as the active

ingredients and inorganic fibers.

2. A catalyst according to Claim 1, in which the inorganic
fibers are at least one selected from glass fibers, alumina fibers, silica
fibers and carbon fibers, and have an average fiber length of from

50um to 1.5mm and an average fiber diameter of from 2pum to 20um.

3. A catalyst according to Claim 1 or 2, which contains from
0.01 to 30% by weight, based on the weight of the catalyst, of

inorganic fibers.

4, A catalyst according to any of Claims 1-3, in which the
ring-shaped body has an outer diameter of 3-10mm, 0.1-0.7 time the

outer diameter of an inner diameter and 0.5-2 times the outer

diameter of a length.

5. A catalyst according to any of Claims 1-4, in which the

catalyst composition is one expressed by a general formula

MOa Blb Fec Ad Be Ox

(in which Mo is molybdenum; Bi is bismuth; Fe is iron; A is at least
one element selected among nickel and cobalt; B is at least an

element selected among alkali metal elements, alkaline earth metal
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