EP b 475 351 B1 Description The present invention relates to an
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anpl es’ (Eat al ysts 17 and 18 and cat al ¥st 22) of the forner reference.
Further, when these catal ysts cont ai nERS47585tBY atively | arge anmount of a
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| ower ed as decntaining catalfstsystensiapot prefeired dsiiescibedat JPHEB51-26592° Kowgvbraithab ovaligeh end/
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present i nventonescompeneftsies i n one aspect an

i ron-anti nmony- ndh phinyentioharevides i gnather aaeeqsapwwgtnm@mmﬂw@mowymywenum-
oxi dati on r eafoniaigiig oxidgfatalysticamposition.ipr giidatian tepctions, wiish comprisay,Prepaping asagyeops durry
iron anti rmna‘f°é‘”i‘@9 b)ﬂra\'/m*f@m&tec V&F‘?"P’Pé“"sﬁ* ?@5‘ gre %"tAelwdﬁ‘BP‘éh‘ %BF@S‘E‘H‘S%
by the fol"f’o A prRRoRpNs of an aguegys siuzry containing

PEpriPAk
sel ected fro ? § 6;8{%“ gwwﬁﬁ?"\egﬁfgﬁ ;f%“ f;fefgééﬁ:
sel ected fronffHh"
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conbi ni ng t h e oeasm component the atomic ratio of PIFe is not higher than 0.3, preferably not higher than 0.2
§ by atomlc ratio. Further, it is preferred that the atomic ratio of P/Sb is not higher than 0.15.

Several iron antimonates such as FeShOy, FeSb,0,4, FeSb,04 and FeSbs0,, are known, and FeSbO, is
most widely known. The invention includes any known iron antimonate, but the iron antimonate in the catalyst
composition of the present invention preferably includes FeSbO,. The structure of iron antimonate is known
by X-ray diffraction data as described, for example, in J. Korinth, P. Royen, Z. Anorg. Allg. Chem., 340, 146-
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ti oned Eorrponents. The present invention provides in another aspect a
process for prepari ng an iron-anti mugomspmaenum cont ai ni ng oxi de
catal yst conposition for oxidation reactions, which conprises prepari ng an
aqueous sl ur gy (ggeB)t @i ning (i) iron antinmonate, (ii) nolybdenum (iii) at
| east one el emﬂ'ﬁé pﬁﬁh@&f@@stﬁm@%ﬁ BtimBR=RIR tHeQBEN ormidsifth oBlhe pREdITdAtiGA2EN be
tel lurium agdififred by Redyaftactich. Tfe téHn "Ergdtdline irGrOdRBMGHRAIE S5 REEKbrekiYeRRUS ndt by pure
cont ai ni ng t iish aptimonate,bel alse G entvasHate i the form dfiaisdlid sélitioh ontainihg Vdridys| eleriants Givsgolved
| easti\_pne el thewint Fusthéraitis aal nécessatyithut allud the|Fe canheht and the(Sb coryiahént torr crystalline iron
conponent s r apimesatA gatt dfthe Fp cdmporignt drthe St compoment iy ezittdntibe frhe form pilietde fonmofiotheal
formul a; dryeampowrd® aqueous slurry; and calcining the dried material. 35
DETAI LED DESCRITherprezencgof orysitallingipgrigniin@mata can hesonfirmadby Xaqyadiffraction as mentionedzabovet It
conposi ti®8n (gPreferred fhptesusigliiteinag asine wbigh is aatismaller then 4 gleen sipghesize ol theorysialitn can be
position coné WM“\QI’Q?H‘?M%’%#“P&“”S!)S“%’S'P_“XH Affesgribed, for pyample jp Harold PK.
el enent of Bi @ &y nemew York, P‘FP@W%%) desmaing
Dgon [\l ofthe ctystallter s 100 Aor nore

Wil
above and i r Bk ?ﬂ'?é:% qta, 8 %
40 nust be pr €S2HY g’%&“ %%??‘?z“ﬂﬁg \ ™'%0n antinonate I's not

pr esent a€ the crystalline phase I n t heDgat t conposition, the yields of

the desired pp Hﬁmﬁsﬁé& [Ri’@(h%@)%ﬂ PeezQ the rgstatd SHRfehdicuRitoPlle (11 Ftace): 1 is o

catal yst are femeaditi ,&9%&?&? pi thnQﬁ:‘Sﬁ-Beerad diaf)of ©
defi ned above,ff,.a ﬁ-l}n ngda h,% gﬁo,$ conponent I's | ower than the | ower
limt, thg sel mis\ﬂeﬁéﬁrdﬁfent RIRT ¢106 maffhoRifed BY/K. Rigakh SHURDERatioN Bittware oS Etalitd Size
rati o I's hi ghRiLafiee@traih AfiysiSydtemt Wetb iissd, SR idsburéiidnt wis inddd under NP ingabiditions.
physj cal propertaspe:éb becone poor. A catalyst having a proper activity

cann be obt ai neditatirevditigestonat i o of the Mo conponent is |ower than the
lower limt or hEgitetion durrant: 40 upper |imt. The L conmponent (Si or Te
conmponents i ncr eMeeghreneborylised d of the desired product. Unless the catal yst
conposi ti on cont Bacaivingslitof oongshrmater; 0.84venf or nat i on of carbon di oxide gas is
i ncreased. The BPvemgamaéht and the To conponent can be simul taneously
used. Wen the r$gatgingdlitiihe K conmponent is lower than the lower linmit, the
yield of the desReeMng#iBQI8I™ s | owered, while when the 50 ratio is hi gher
t han the ¥pper I?‘?WP!'“Q"EW'TOé’&Btlon rate is remarkably |owered and the yield

of the desired ?rﬁﬁa ‘"?XQ S'ﬁﬂe?’ 0 I S charac er str s u |que to
pot assi um but % E?%"p’ b & more
ther M Nh ? Ato%ﬁ ]ﬂé é?{ '§r|;] rt bove size, the
choosing Js € Bibis & gxdufcgl n els
formati on of; hysr ca pr oper |es o cata ES

P i's el oyed g, s@ﬁf’ cob A ekl o mumnsutﬂaﬁrer. b KRBl
than 0.3, prgf odiidh is mﬁsddn popfi ééam&rysxa.h GHditHe%Lﬂn&meFddé SR8 aluntida,
S DT el o 100 T D e by v 0= 100 avEra)
i ron antigonat qas srehedifiat teatalyst cordsitidna fhb prakaht KVEANYR is @sﬁm&eﬁh%ub@ pléBeig
W deU knomayg&m,erwm/mmﬁahmmbmﬂaﬁgawo&mmw ron antinmonate, but th

I ron ant i nonat erhé Gryitdide Gor antinychbte CanHe P pdréd by nmfnghhmonrmmmﬁdwuhrm&nhbwmpound
pref erably i aelhasglingthieeBbilio reditthesit Cancrbtely exatiplesiotthe merarationviithe criygallioa bowantinon-
X-ray di ffr aeteingindechrteihad{1) sherein fetris dxidef ipmixeswitinahtimony frioxide aktithe mixture isalcied;in Alr
Z. Anor g.4Al bgdescrihedafor exgmule, inMawJ. Kgrinth ang P Rgyefy& Amog Alig) ChipRig Ve '1336-5'y 14$F§,7 (1965);
presence of em@mrwm-nrimwmmmwb@ﬁmﬁnvrtmidmarwru i8 pRirined injals #p deecribade
present i nvefof P@mPie.dH- &FE-SCE}H'F'?Y"W‘H?Z"R Wr‘-’a‘iﬁﬁ-o %H%z?'é'fﬁ?ao)amet""d

‘crystal |l i ne@\"?ﬁﬁei'é p'e'i“
iron anti rm '6 "P 6§%§$va*@&‘ é‘" ’?5 %"ﬁ?% F
t
contan mﬁﬁn& ST el ke o L
ant i monat e. ,Pf QL tHo oQbeoliPeicely i FUARRIRRA WniSHiaifid b oM of S
free form or sllnj?y &u iBF ﬁéatmg temperature is about 40 to about 150°C, preferably about 80 to about

85  100°C, for from about 10 mmutes to 50 hours. Preferably, the pH of the slurry is adjusted to not higher than
about 7, preferably about 1 to about 4 before heat treatment. In this method (4}, the calcination of the mixture
of an iron compound and an antimony compound is carried out at a temperature of 300 to 1,200°C, preferably
500 to 1,000°C for 0.5 to 50 hours. Among the above described preparation methods, the method (4) is par-
ticularly preferred. Small amounts of other components than iron and antimony may be allowed to coexist dur-
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cof'rpoun':ds. The presence of crystalline iron antinonate can be confirnmed by
X-ray diffraction as mentioned aboveEP0#75361B1s preferred that crystallite
has a size which is not smaller than a given size. The size of the

crystal I ite iﬁ%{.\ Qgpaqg{mq&li,aﬁﬁﬂm{,,{gm the results of X-ray diffraction by
Sherrer's met SARE rdnX8MpouhPWhidhcaABY Khed hdthé Btar@hg mdteridt indhidél irdrFdxias suckas
X-Ray Diffr aﬁmraxui’d REMRCHIE Bnd t-REH tettkki6 Yirosali® B iloRfanic adii\VsuchCdsiferrad@ Gioribe), ferric
(1954). The ¢nride, pfri2hitrdl afd ifon arbohkie;irod Salts f@RyaMitAdide B aLirdnDxalft€shdliron cliftd; Be)
size\[err] iadn diskoived nyntdicakeidi t . The crystallite size can be calculated from
the fol |l owi ng fEgamples af thd &ntimony compound include antimony trioxide, antimony tetroxide, antimorfy @entdxide,
wher ei n [ er r4ntingnid 4vid, polyamtimorie adid, eddiumtastinuangte.t patabsiumeanfiménatesantimony frichltrisle and anti-
crystallite penypentathloddear to the (101) face); [err] is a wavelength [err]
of the nm#Bsuri Kganeapitype contiemed by wm@m thasqeysjalling iggn eptimogate |s forinert as gota|
| i ne breadth (Aaaquaﬁ)sswvennmn bigine o ystall °‘T°§"B'F"8@ﬂj°a “@*Q!?F'W“‘emdyb'
di ffraction. °2€]“°°mP°W%t'9ﬁF’§‘aFPEﬂ§°6WSH@?FFi“mR?WP" mdhggroup

Ri gaku and A%TT’E%%F%W‘%‘F‘P bﬂ'selected

A

cond! o &Sl B g %*\ga gf"agggng e gx};@a ay %E
m[% S

% ‘na_. noc ronator
D|vergent slﬂﬁ'l % G Adef £

8Te e?tjuhcrl Rol e e, molybdic acid,
Sanpl i ng_i Nt )idbias Glch SbandioAl an aﬁﬁ.? ;&6 '.ﬁaw ﬁqc. dand
size of 350 ;aqh@g,gofrres was use as the standard sanple crys
size of iron agkdmpiesithe mw maBial ©FRe tlué?rfutﬂd&ﬁ\ﬂonlﬁ@rdhﬁei&mnﬂﬁ:@ﬁu@th&J&Wth'&i&ude bis-
smal{ er t hanmef Qitrkte,'blshuth¥@fal, BénfkiPdariohdte stidBisuthBydtaxd@0 A. \Wien the
crystal lite si ERan@pleslof 188 redithdteiaiNG tite tbiRrid1EInp6iient ifbhide blBrRentdd @ItPiuS, t@ikiriunt Bi6kidé)
yi el d of t hetetl@tm triogidepteiliiciadid dnd tefi@mmiddey | ower ed, and the formation of
carbon di2exi de Ezantples afitierraw matariakibrdie potassiuntcompanent inclidecpotassiuid oxidé, patassjipmdiydroxide,
of the pr eseprtassion eitxste and poassivrecatberate. Wi t hout a carrier, but it is preferred
that the cat al yba startinguatarials fonthedd, Su@,fdandddn the empiricehformwarareused bdher foray of oxides,
Exanpl es of hydexides; nitrates, carbonaleser saits of oeganiescideni na, silica-alunmina, titania,
silica-titani a%ﬂ%@fﬂ‘&@ﬂ@@?‘lquémaﬁﬁﬂm“@e 5"'<f§rse*f iea Bydpogeli fumedsllica glumina sol; ¢
i s pref er¥ ecalmisa powder tianle splaad tANAROWIST i on of the present invention is
prepared by &lﬁ?’ orteHipsly “ﬁf’éﬁ)%[??aﬁﬁ°w3}2qda?ﬁt??@qy?@ﬁm%ﬂﬂﬁ?ﬂ?ﬁﬁéf preseitjnvepfion are the
on

m xi ng ot her rstalllnelron antlrmnat l@ e r are

c

h

mxing an ir

to react ghem & E%g" Wzaun so Htgre gmup %\'%\T' t?‘ﬁg
iron anti m)n- g‘da Eo ﬂ‘daﬁ“f’"’g"g@ﬂ

ant i nony trlox a' ’ S ca al'r escrl
exanple, In Vo gﬁ. clfne mxaﬁnmzméwaus@ fbrn el am ..av.ng
pP. 146- 157( 196%3}i1 ofnoliBis hifd Smbdufd'br fhb tHustbiSpdrs cRjstaib iNh bRtimonate with a
anti rmnyta.I OXi GriglyBdaturh pmnawsﬁtdnsc&%ﬁHMmumhsa&p@a&ﬁﬁﬂgm muthlcompound
exanple, in |. afbdlellufum dopéiisd \&Potasdium SamipdaRFand Bisfionklly aval Matsal forthe daftedls prepdfild,
64, pp. 29-37 (@AsHGAQ calghetiEt hOd (3) wherein iron nitrate is mxed with

ant i noni ¢ aci d (3Achethoé whereir aicrgstalline banl aniirmmalte preastiogstyrprdpereld, afiddn aguenngdh@ry having
U S. Patent 3, @dBpfhdBoweathah Gandedniaining (hé thusdreparederystaliisegjoe sniimonate, a mylybdenum com-
cont ai ni g a mnipsaindratieast ofiercomponnd selatted fronrthe group@onsistingref/a hismubxdompoundiand a tellurium
optional |y nit céroponnd, elpqt@slpmemnow- aehdlatingagentiandpptionally 8 raw materialfor therpgrrier is pre-
cal ci ned as degemrd.diad and gflcinedkanpl e, in U. S. Patent 3,657,155. However,

met hods for pr &Amethgd hesin agmy ﬁ'&"é"‘Wﬁ“ﬁB?"’Y’WP@Eﬁ’?‘ba’tﬂﬁ'ée"&bﬂ‘!)'@' having a pH

not lower than 6 and containing the thus-prepared crystalline iron antimonate, a molybdenum com-

80 pound, a chelating agent and optionally a raw material for the carrier is prepared; at least one compound
selected from the group consisting of a bismuth compound and a teflurium compound is added to said aqu-
eous slurry; and the resuiting aqueous slurry containing the abave described components and a potas-
sium compound is dried and calcined, said potassium compound being added at any one of the above sta-
ges.

55 (5) Amethod wherein a crystaliine iron antimonate is previously prepared; an iron compound, a chelating
agent and optionally at least one compound selected from the group consisting of a bismuth compound
and a tellurium compound are added to an aqueous slurry having a pH of not lower than 6 and containing
the thus-prepared crystalline iron antimonate, a molybdenum compound, at least one compound selected
from the group consisting of a bismuth compound and a tellurium compound, and optionally a raw material



menti oned methods. In the method (4), it is preferred that the aqueous
slurry is heat-treated while retaini EBo#tsssiBim of the slurry under uniform
stirring. The heating tenperature is about 40 to about [err], preferably

about 80 to ab‘ﬂ‘lﬂhe@ﬁrmr Lrﬁirtﬁg resuitiig adueBsib %n%gﬂme&ﬂbeﬁ%mw&rﬁs and a po-
Preferably, thQashiinmpbii islibd drid chidined Hald poiBeiiuin@omisdund be Sddel Bay GHaGtthe above
preferably abogfagde. t 0 about 4 before heat treatnent. In this net hod (4)

the cal cigati Olvv&ﬁﬁaﬂibesdns)éiddl’aea Eriefinatbrial) the GRPFMIA FletActt1)(3), @Ydr (5Y18 PisfefablyistidN d
is C&Ui ed OWhertthe slurhyedigobistaing eochelbting @gbnt 5 i the Ipfepariition metheds! (3), @Y dhd (5), thegelation
for 0.5 to S6rtheciurry is idhibietant thas thb elurey il maiotaindrbatiop viegdsityahd thia propdries dithe sty are
nmet hod (4) | sahiized. At & esitthé vatgiystdbined ks ldigusstrbngthiount s of ot her conponent s
than iron and Aastatedabovesspidtbe mbdhanimwiofitie affectx producefl hy-addition of the>cl@lating-ag& is nBtl
i ng t he pwepeleanmihetis imporfantdgthat gelationofshecslurry is-inhibjtedWhileqotslesitirigdo herbound dtmayaelhik
whi ch can bethgtdhechgigting agentwhen presait servea g ametaliigdan mpking agept tiphibitavetalig ions fem neu-
ferrous oxi d@"Z‘FQa‘P?F't?’gGi?fG'@sﬂ‘ Rartlﬂe?on tetrOX| de; iron salts of inorganic

aci ds such as fFeemRA3of lpqu-ge amiges, ¢.g., ﬂmﬂqnaqlgni% ime-
iron car bonaih °"°P'F H"' F'F§°"’l5'f'"° °"i'sr 91 %'32’5 Ef”?"’raﬁ
citrate; Bnd® ﬂﬁ' %% W’@‘? lacu @I' mlcac
;ﬁ{r}oﬁgﬂgcl 22 ﬁ Jn' °°ﬁ'§{ f 83" "°§ Y*ihcgc fa%gﬁglica (ﬁg W&e
ant i nonat e, %ﬁ “° 83 m o id or %e. phosplh?mc
can easi |y be Bra ﬁﬁ&l@fwlﬁ@?toqa%%%ﬁh't%d&n%h

ant i nonat e |§e,§,{p gcmul&;mﬁgw s?urry contai ning the" thus-obtained
crysgal l'ine irafe eitiysi8pine pRssnBinveniivn ¥y 66 ksl eifer in & fdd BBY of bra rlARBIBeaONPONENT
a raw mat eri al wnes ammmrasesn 1187160 B0 IE bé prodabed| fhagleoeRirry Praftivdd iftAé MarinGiGnen-
from the gr otithed &bd%d is tiiedor Afied antcdldkiod, dnd tife réstitindrhatérial iimoldedl by @rlebnsrof péMbtizing or
conponentz aedrusigpt i onal | y at | east one nenber selected fromthe group
consi sting of Mhenavedtalyst fal use ihdive fividizéd be@is tdbegprmaiuced didswefereaditivat arsaqpecegsiure par- -
Subsequent | yficulatheanidqueaus glunry/contginitg i ellicacattiepaterial) prdpares inthe anannen meatiosddyabove is
conposi ti on. sprayarieditp darmdine spherigaltparticies: ini thig case, anaqvaousislustytprepared by therphovernethed
of about 400(H er (Rlevw iaptiop of the BetbedAB) with sheauathog @4) ot (5) ibrefatred. Eherspray diyingpfdhet
10 mi nut €% t Yurgisanbe cagied eyt pyusingsany pasventional spigy drier gicimasadotary disntypeohighprpsayire nozie
Exanpl es of WPRRerifiuidnogae type drigs Fluidizad badjcy! Hmm’ﬂfﬁﬂemhha‘m& hegie of the catalyst

nmol ybdenum tPﬂ’ﬂ?Jﬁ“G‘é"e “Hﬁb ghpsen aggqrqg\g B%WE’E“‘&MW xerhhed have generally
par anol ybdat &Pagige fi '°’W%Hﬁ%%f@%?@%@t%'“'dmd
salts thereoP®d onen

i ncl ude eﬂserrglnt i y§ f:% on ﬁ" d,:x% Jgezzgﬁ ﬁ‘i‘?:? mﬁ?lcmndls'
sul fate, bis °x % seof'gg a "s | Bt D '?"ﬁ § By euarnty
mat eri al for nfc$ re&cﬁ&rls%lh p&%l‘ o, Wb
di oxi de, tel ith thd?ﬂarIoi ImQt’ﬁb E‘dimJt hHr.lt&tle@ﬂ Hibt1 iR Wuter ethacro-
Exanpl es @f fofiSrornaltietlad Sid ddbtallidhidel T dBféspor tnymdaga@qma; add'?feh n BObtAsinel tHM

oxi de,, pot assgmdawém&mﬂe acriléh &%Sé sbBinab by thb Sidaitd ofprippel MéthdealehRBmiedbtaiRbte
startTng nat pythédxidafiolof ibdbEtend or tirt-bidandR PRRGNC dcid dan w@mwthsahméxﬂaﬁm bfmetiafol.
used in the Aot canbeoiained by yiblatmbikition ohéthandit Atsylonitrie dapbebRed by ttaminsxidition
or gani ¢ aci def.acidsinndtiegryohitrievan beabtainat by tha bminaidatidnef methacrotein. Acrglbnitde can Heioba
sol, sili#a tipedbydis amnioxidation of plopybene. Methacryingitrile odn be 85tainestiby the aampddatiarof isobutene
titani a sol emett-butanginThe aoaxidation ¢Fanethylderk-butyl pther giee metbecrylonittie andt irsaic geid. [Bulds
of the cat al giene cenbrrmesueeddn the ofidetivedepydeogenation repgtiontof butenar e t he
Further, acrylonitrile and prussic acid can be simultaneously produced by the coammoxidation of propy-
lene and methanol. Methacrylonitrile and prussic acid can be simultaneously produced by the coammoxidation
50  of isobutene and methanol.
Thess reactions can be carried out under conventional conditions. A mixed gas comprising 1 to 50% by
volume of a starting organic compound and 1 to 50% by volume of axygen is reacted at a temperature of 250
to 500°C under a pressure of from atmospheric pressurs to 5 atm. When the ammoxidation reaction is carried
out, the starting mixed gas contains further 1 to 50% by volume of ammonia in addition to the starting organic
85 compound and axygen. Contact time is 0.1 to 20 seconds. The reaction can be carried out either in the fixed
bed or in the fluidized bed.
When conventional iron-antimony-containing oxide catalysts for use in the oxidation, ammoxidation and
oxidative dehydrogenation reactions of the organic compounds contain a large amount of the molybdenum
component, catalyst activity is lowered, while according to the present invention, the iron-antimony-containing



fol'l owi ng methods. (1) A nethod wherein a crystalline iron antinonate is
previously prepared, and an aqueous BPOATS85hBYi ng a pH of not higher than 5
and containing a mxture of the thus-prepared crystalline iron antinonate
Wth 35  cotlyditompsiRibi BB AN 2 kREvelydrgel afid orit ol AREMdBEENAM BSinpoR&nE &rld ReVirg'gesd doh e
group consi skwtygs vl afigdatl pyaical prosbrties BABE Broditléd, dhd tHRlchtilydt LMpBEIBR G4h 1 produced with
pot assi um coggea kpsbdaciblityppt i onal |y a raw material for the carrier is

pr epar ed, 5 dr i ehecathlysbdompasition of 1id)predentiniéntich ghlae theidesirad produsts ai Highseledtivityrand high
ant i rgnat e | sagipenieevs| whepthe palacratio ofwigigens thea startieg tegasitc tompguridantheyedigap id l@af, thabt
| ower than 7isztheicaneantratiomefithe starting otganiecompounk & indmassdphceprdingha thercytalyst bdmpasition obn
ant i nonat e wihepregentiigvention exhihith hibiripreductivitydnthe industriabpricicabusene conpound

sel ect edf r om t Tbe preesntinveation jssew lustrated in greatondetai with refemnerito thedoliawing:¢xamples which,
conpound,a fruews te Beprotriad atimiting the dwentipyin anyway; nat eri al for the
carrier is prepared, dried and calcined. (3) A nethod wherein a crystalline
I ron anti rmnﬁ&“—&lprevi ously prepared, and an aqueous slurry having a pH

P
of not |ower than 6 .and nt ai. ni t he thus-p r ystal line iron .
antinonatg, a %ﬁﬁ#ﬁ ﬁ‘gﬁf\q&{mﬂgﬁwmm E?)‘b%‘fﬁ'?“éﬁ‘%@g‘gﬁ% 5 Wep ReReEed it g
from the group Consi St g o a bi snut h conmpound and a tellurium conpound, a
pot assi um co%%ati ng agent and optionally a raw nmaterial for the
carrier is pre- ; red and cal cined. (4) A nethod wherein a
crystalline irQgospbrnifah @spsomcara% 26) Wifs tik&aRith 845 miFwaldl ROHRturS Wek Fiebted and
having a HH a7y elbcoftic ifoh Péiwdbr vtid ddded BirBdnieB thefettflo LilBddRa RI9202 § Sfhntimony trioxide
crystal line pdwasr wasivbighen aidiaddéll t61Thb WiB1S 8SW10R GrirEA prifared above.TRélisLiting siGimPvadtnbatal
agen{_and oOpiti100valfdri2 hdurs aklle ¥Ry well| The QblidlinRe Gidrry Wad exirfindd'by Xasedifrackdmetr s it
one CONpPouNdwasdéund thatbryistalling ifoh ntigd ity was GRtieds A sohfordf 1612 §éf Séridlabid 18 AR Wrwhter et a
tel |l uri um coaddedtn theisturrp ditiesiirring, andi8.8lg ofGhn 85 WIS Ruadlisisolusion of phibsihibi acld wes themalided
aqueous s ur thyretooThe dhusiobigined shurylway eprajediied bynatig @ aatgrp disctypse spragl dder (inlétasmpeturam
conpound i s @&hdioutiet tamplerature wiena cehtrolied tad32p 6t and $600Crespertieiyh Thdresulting pattibiesd wate heaty
one of the akreted ab256°C and salcifel at 950°G ) 3 Hourse409chf thiesalcined partigies wasaldded ie600m) of
anti nonat e i Watgfapderughed ip abalbmitifor1$ hours to prepare @p AgHeRHs lurry (48 Wih)athe regultingesrystatiined

opt i onal IC% alfon|aptiponatey, HgSHY i referred iy as@iury @k t he group consisting of a
bi smut h npound and a tellurium conpound are added to an aqueous slurry
having a pH n han 6 and contai ning the thus-prepared

g;y:gagl [ mraolr %pt lggo te f’a u%% en}i@cco ouag(g, glﬁmég %@w%n iﬁcﬁgo r1dn
e opi e e fipoty éﬁyg&@fg ”ﬁm
a n t

0
oniul
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carrier, ang‘iaéa i of Jiom%n%%%o %%dsm ahméh : E&ks
conponent s afiedySin ik mibfsd ok Hitrc BEPR LHaGk e ailldaBhbratd) e M o tn Feduitiny Blufly Wa 5 The M
conmpound bei Ggy R6ht- Fhatédf Liidd? Rt 1809€ 0P PROLE TR BSLRiAg sictry is refer 3s Slurry (B]. €2
sol is used as gg.{£abfthéérystaling frorPentimdnata-cBieAMAY shiriyQR) Wit laddad td the abovesiurry (B) wifll
(5) is pref estedhgyrhbmikbire Wik Sftay.diBd 5y uding X rofinpdlec®fp8 kthy trierdinfel trhpbkdiuidland Gtat tedS

I n tihe pr epaperdtirowersTntidiesio $20)C anki460°0,Mébpdciely). TherediRhgpaltioies Wére hieatireatel st250°CS

i nhi br t ed anehicinadiat 4061e o R téurd/and Sindiiptaltingd 5t5d0°6 or B Gurs! Thepytallile sB8 6f ilof éntimonate
properties offthelvetalgdtwrs581d e stabilized. As a result, the catal yst obtained
has | arge strength. As stated above, while the nechanismof the effects
produced By BXAMPALE@n of the chelating agent is not 10 clear, what is
inportant is that gelation of the sl u;qr% I's inhibited. Wile not desirin?
to be bound, _| Acaipyst hving thesameepmpesition asfoataf the, thives\preeeredip thespme manngies ing s

a netal |ic i BAMAARPIEPtthtaquecupammoniailSwiteiovag peded tothaslurry () hefore prat freatment to adjust

the pH there: 9.5 (Catalyst 2).
50

EXAMPLE 3

A catalyst having the empirical formula Fe,ShgMos 5Bi; 5Ko.2NisM3o.s5P1,0071.2(Si02)s5 was prepared in the
following manner (Catalyst 3).

§5 An aqueous slurry (40 wit%) containing crystalline iron antimonate and phosphorus was prepared in the
same manner as in the preparation of the slurry (A) of Example 1 except that the calcination of the particles
was carried out at 300°C for 3 hours. A slurry containing the molybdenum, phosphorus, bismuth, potassium,
nickel, iron and magnesium components and silica sol was prepared in the same manner as in the preparation
of the slurry (B) of Example 2. The slurry was mixed with the above crystalline iron antimonate-containing
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tralizing the charges of the silica sol particles. Exanples of suitable
chel ati ng agents which can be used | ER0&S35tB1 nes, e.g., ethyl enedi am ne,
trime- thylenedi am ne, triethanolanine, and pyridine; am nopolycarboxylic
aci ds, e. 0., guiphyile@Biah iliyaEibis 3hpBhrbackbiiifh to 3 nfatray biaAsN parilichk ElapRa St i C
acid, and nitrilotriacetic acid; polycarboxylic acids, e.g., oxalic acid,
succi ni ¢ acigkaMMREgi ¢ aci d, fumarl c acid, and digl ycol i c acid;

hydr oxycag boxyT1Cc acids, e.g., lactic aci d, malic acid, tartaric aci d,
citric acid, aAdatgstibaving theampidcal ferriutalfecStoMogBI 618K, MNisgWo.sBi J0GHFISIDE ) Was prapsrel,

t hi odi gl ycol inthedalipwing mandert@atdyspd)opr.o- panol ; am no acids, e.g., glycine and
al ani ne; ketones, e.g., acetylacetone and acetonyl acetone; phosphonic

acids, e.g. Mﬁﬂmﬂane 1,2,3-tricarboxylic acid. 20 The anount
of the cHel at i ng agentto be added pref erabl ran es fromO0.1 to 10% by
wei ght based 0 W%@? Tﬂ°f6F'°PPié(sB%-F'aM%lt Pt“f Fhapler, g scliienef A 8o of plee-

catal yst of ?Q?ﬁé?“"?‘fif”&z MH’“B"@B"%W‘“F“H‘ a

‘EP"“'\%EE‘H"‘&"‘Y! 9 "I"’"PB ”ﬂ
on'aquong <1t %gegl ;3“ i %Fﬁ%@ T,
dried ancf cay, Eﬂe dou%g ?Qeop?;%‘ t b rYEﬁ\ o p

pel l etizi ng Gr® rusron. €n a catalyst for use in the fIU|d|zed bed

is to be proﬂg&%n&%m].;mﬁireferred that an aqueous slurry, par- ticularly

an aqueous s ng a silica carrier material, prepared in the

nmanner mgpt i on@doidHRNAsA. §g§fﬁﬁ|ﬁ\¥mm pafftholybtiate® 452 it &%atérﬂl&@&dd@@iﬂ,@@d‘&dfﬁdmsm&d"
t hl S case, adbl EHLRMAHG Sabsdddedtlyd SREEIA13Mg Srlammanamy 415261 in (282 miQdf witet) a $futiéh

| pati on &rfies.Ngorickdnmiatd it 164rhilohwdidr @ soRiidA@E62(0%) of Rén nitade in 62 nid bEWaldr, la@6lution BE
s pr dr yi ng2.0§ of gotasshih nitdteli 1y me ofvaleLarial dolutich 0P 4.5 HHF bishuthGiit@te)in LB WIRNT0 wexal
spray dri er saifiiaciiin érdér e/ agided tifotd. 4Pof cibtic géid WeseisSiive intiterdsulting sofutonDtind aqueous
t wo- f | ui &5 noararhaniat(15ve%)wds@dded Fietetotto adjat thepH of teclurrg toB.0C The slvery wasitbatf-treated under
cal ci nat i on. reflixat 02foicfhothe cat al yst particle can be suitably chosen
accordi ng to piethesiury Bhwasladdad 1.343.1 g ofthesabbyercrystaliing iron adtimofdtecendtalnibg sliray/@) with
general | y a giieringiand the topylting glprrpwasdrie@ndyeaicinpdiacagrding teithe metidd qf the prepdration of Example
spherical fokm Catalyst particles for use in the fluidized bed have
generall)?"a article size of 10 to 150 [err]. 35 The catal yst of the
present i nve&fﬁﬂﬂ-ﬁs suitable for use in the oxidation reactions of organic

el %ﬁ@ﬁ%ﬁ o 38 reE@"?%ﬁwﬁﬁﬁfﬁﬁﬁ%%ﬁm SELI20S (@Sl was pre-
reactions, ofp a""e' ih
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tert-buty ’ch Erfas fn@&gparaﬂ&{@ hﬁhlﬂrry g 'wgcsm S WitRlt %f

acet al dehy ea RffnoR&ts-Edniiitg Sl atal{st s préparoddtorh ﬁﬁnﬁﬁa@d i
obt ai ned gn Jﬁ)lngh yi el ds. For @ggrrpl e, acrolgyltn can be obt aslﬂged by t mee

oxi @l on of propylene. Methacrolein can be obtained by the oxi datlon of

| sobut ene orgxaMmpLBBt anol . Prussic acid can be obtained by the ammoxi dation
of nethanol. Acetonitrile can be obtained by the amoxi dati on of ethanol.
Acrylonitril e ézatalpst haingabhermupiriosl fompulmFedhictesBiqih.NbLagsds.ellieDa.7se02)s0 Was prepared
Met hacr y|4Bni i thelfellowingmanserdBatelysh®d by t he anmoxi dation of methacrol ein.
Acrylonitrile éAnpavseusglyrry @9 wih)eoniainingsyystafiipe iamentivtonale. lithiymend o pglhameyng of molyb-
Met hacr y| oni 4anpm waspseparsd indhersamp manngtastn the prararkipnph the SHITHA) of et axcept that the
tert- butanol °a‘°'PH'é"‘3ﬁ‘HbRﬂ'EP&P V‘Gﬁ‘”&‘?e"ﬁﬁtﬁ’h 0°q f@’r‘ih"ﬂﬁt Ayslurgy aqptpini *\'7'%5”'3'“"9““"" vana-

net hacryl on| iy, nickeb iay rfill ppared in
oxi dat i vé® 5‘!"’6 t ° ﬁ“g‘ﬂl% g‘%( 5? Iy ':ﬁh ‘?T ve
prussi c aC| 559" ey SaLER (T‘é 5'ﬂ -
| ene and rret Met hacryl onitrile and prussi c aci d can be simnul taneousl y
produced byt pnoxi dation 50 of isobutene and nethanol. These
reactiong, caﬂ%b'h@ggar ried out under conventional conditi ons A m xed gas
conprising 1 tQ  agjRiing ebpinedi fofmdid B, Jsbiio, I&RJLN rf ¥
by vol une ofthgwmfmnﬁmﬁd)at a ter1rper atgére of 0 to '?JF er aa
pressure of fr AnkqieblRSRAP (40WtR) Ofailigorjstiline raanmhﬂrwhaa aﬁcf&ba‘ﬂm&bﬁk?édl ithe same
reacti on i S mannérda® th Exéthple 1. Aelus¥ cohtainingthe msipbtetas nickel) Iréh), putaséiiith, ipliRtiurh ahdbigmiern
by vol une of ammnia in addition to the satarti ng organic



55" conpound and oxygen. Contact time is 0.1 to 20 seconds. The reaction
can be carried out- either In the fixERIOSISHB1in the fluidi zed bed. Wen
conventional iron-antinony-containjing oxide catalysts for use in the

oxi dati on, ajgmperiehtsbrid@iicaddfivad preplifddiiifie She YahieB A Withd SBparatadr the BifrrP(B) érERample
or gani ¢ CONPPskosHthaItns gH &t tiid du&&%h?fdm héaf rdatiRnt 1 THe SIEHE Wal hiked Wit BrRAbove crys-
cat al yst act taiieliidn btimofiteéontdining/Burry; arthe Bebiretcatafystiwas plaparsdciatording\te thie in@thod bhe
I ron- ant i sTorgxamplattai ni ng 6 EP 0 475 351 Bl catal yst conposition
containing a relatively |large amount of the nol ybdenum conponent and havi ng
good ac- tiVEXAMP&E8wel | as good physical properties can be provided, and
the catal yst conposition can be produced with good reproducibility. 5

The cat al yst céepigyst having thefempinjgal B’F'E‘%Fmosbﬁvm%n% sy iNiZao.sPines (s Wasprepared in
product s "t the Blowingmasner (Gatalyst8hd hi gh reaction rate even when the nol ar
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antirmnate %ng slurry is referred to as slurry (A) 30 Preparation

resu cry @MY ne i ron
of Slurry ( of an 85wt % aqueous sol ution of phosphori c acid was

added to 1,915, i ’ P Js00
par anol ybdatﬁt@%%ﬁﬁ&%ﬂ%ﬁ bikchgﬁ&magh?/\a&gyy&mgg&%%%&&r g; ﬁséﬂa ove soPﬁﬁr‘g’n

with 35 @&tirriaARgquestd BIGRFHEWRE) Yontafhing Erysthlling Rorintintohte, kitefium and PhEdpRdrus Wes prapdred N
210 @ of Waih Gie sarfle Hatinétak MthePrepdration ofth@dlurty (RYof Btainple i @xciept tiabthertaloiation@t 1hé para
sol ut1on of t@leSwap cafriehait ih 2 firbgeh aimbsphére atiso°C for Shdiirs. Adlurtybredinigytbe riolybadnuin) nick-
of 105.2 g oél, zivcopiomi iton,potassiumeand bisrh@Bbcomporehts,slicasoldnd gltigonic ackbwas preparex inlihe savsr e
added t her et wann#tag in3he prépatefien of the glutry (BY of Eixemnie 8. Teessiutry Was Mived with(iher apovscerystalline
heat - t r ecff ediransptimengte-fontainingslurry.dhe Jesireshcatalysi was preppred apcossing to themethaghof Gxample 1.
referred to as slurry (B). 831.1 g of the crystalline iron

ant i nonat e- cEMMBLEg sl urry (A) was added to the above slurry (B) with

A catalyst having the empirical formula FeyzSboMogsBiy oKy.sNisCugsNDo sN8g250742(S102)45 Was pre-
50 pared in the following manner (Catalyst 10).

An aqueous slurry (40 wi%) containing crystalline iron antimonate, potassium and copper was prepared
in the same manner as in the preparation of the slurry {A) of Example 1 except that the calcination of the par-
ticles was carried out in a steam atmosphere at 850°C for 3 hours. A slurry containing the molybdenum, nickel,
iron, potassium, sodium, bismuth and niobium components, gluconic acid and silica sol was prepared in the

55  same manner as in the preparation of the slurry (B) of Example 8. The slurry was mixed with the above crys-
talline iron antimonate-containing slurry, and the desired catalyst was prepared according to the method of
Example 1.



40" stirring. The mixture was spray-dried by using a rotary disc type spray
drier (inlet tenperature and outl et EPoW7s3stBi1uUre were controlled to [err]
and [err], respectively). The resulting particles were heat-treated at

250C, calci %F[‘prr] for 2 hours..and finally calcined at [err] for 3

hours. The te size of iron antinonate in the catal yst was 581 A
45 EXAMPLE 2 Agahigd Naving hﬁ%ﬂﬂealf&%uﬁ&gﬁsﬁxmﬁ 1o IND 3351613 adHrephald@ inGel fallowS t
1 was .prepar gglmhrnef (Botalpst 3. MBANNEr as anple 1 except that aqueous
amori_a (15w %an mo@ddad(dommntshw&wlﬁa irdnahtinonath @AY prépamad intheame Mavidl 4sS t
t he pH t her erfthel prepBrafion(ofink alliy' (A) 2¥)Exaryile TetldédPinat tHe duniniatidn\otthe particiesvas beeried out
enpi ri cal f o#tri00G2C for § kours] A sluncysoraindgatientblybdentrh,micked ipbtassium@ndirn crenpodeGint diticestd,
3). 55 durcosicjanitiznd silich sol was pfep@redin el saaToanneriasip the preparation efithe slurrp (B) of Example
ant i nonatie asekegsthelihabismuthramponens pas atded tothe blarryaftecheatireatment Jihe slury was mixed with
prepar at i on the abdye crystallinejroq anfimerfatefopntainingsiurryeandda desired tcatalypt wasiresiared eegiding fo
the particl etheyathodefExareple but at [err] for 3 hours. A slurry containing the
nol ybdenum phosphorus, bisnuth, potassium nickel, iron and nagnesi um
corrponents aEE"EEELEa sol was prepared In the sanme manner as in the

e et yotat) @%“wﬁ?hw gﬁf B o o Mgy OnoBys “en Pt e
The desired Jé‘é ared according to the net hod of t he

preparation ?LPMISE"&; gEXAI\/PLE 4 5 A catalyst having the enpirical

formula [ d in the fO||OWI ng manner (Catal yst 4).

Preparati 0” of 48l 4 réIBeroﬁ élxucﬂa@né\séﬁ%d%ﬁh tﬁé&’delveﬂ% hét dnb tHoroB§Hy hnikedRPL inbbeC
graw ty: 1. 3¥ie nikuirliwdsxdickidd 426007 Elin @muff fithtlch!fol PRbufaf The Galcined pRbucPNaCrushdd@hdér C
i ron"powder , aqhidéls slufly @b wet).comtmmdg drys@inél Pon2ANbREte ¥BSlprdpared irtkh®sandQhdnAdt @b ft Eb
234 m of waimgle And a sol ution obtained by dissolving 76 g of el enental
telluriumspowder in 259 m of 35 wt % hydrogen peroxide solution with

heat i ng wer ePppegtian ef@iurriuB)aqueous slurry (40 % containing crystalline
Iron antinonate was prepared in the 15 sanme manner as in the preparation
of the slurry Mplumoaoaﬁpluéamoekmmmolm!ateimmmfwatﬁa!aﬁedﬂeéhﬁhegp@o%lswaes

was carried siwithtirngSubsefuentyza $alitiensof 2085 nicket niteate i 2083 'E)ﬂ spigtion of 0.94 g
Asol ut i orseof of TS niratsrand fig af Rotessimn it iy W#‘?\'"‘&B’E’W ?’@P\ﬁaégatﬂﬁ@d
to 1,356 g ofcidwpsfissoived injtheresuling gliinry, and ‘?qF'?q"ﬁ 5‘““‘?&% dedafh%"ﬁf’ E?chﬂﬁ tFﬁ

13.1 g of anﬂ'ﬁ?f i“u‘rﬂ" &P&@u g'vrawsmt-med W“W&E@Pm

of ni ckel &E\" “'%j %o E'é ‘B‘T“iﬁqsd'ﬁ%h??‘ﬁ“ﬁ?'b
in 62 n cl 10

e e gy H'zs ning iy ) i
\rll\l?t rercagm d S"ﬁ" °\A€"§wasad a'{dh?‘r"oé A pae )f';{m r;g‘% was di ssol ved

In the resul (gqkution, and aqueous 25 ammoni a (15 wt9% was added
thereto to aé‘%—rh' e pH of the slurry to 9.0. The slurry was heat-treated

under. refyux ata chigiydt having the bmpifiddl formuta Fe;oSbgMog.oBizokosNis sWosPo7sB07607.7(SI02)70 Was prepared
o in the following manner (Catalyst 13).

An aqueous slurry (40 wt%) containing crystalline iron antimonate, phosphorus and boron was prepared
in the same manner as in the preparation of the slurry (A) of Example 1. Aslurry containing the molybdenum,
tungsten, nickel, potassium, iron and bismuth components, citric acid and silica sol was prepared in the same

45 manner as in the preparation of the slurry (B) of Example 12 except that the pH of the slurry was 9.0 before
heat treatment. The slurry was mixed with the above crystalline iron antimonate-containing slurry, and the
desired catalyst was prepared according to the method of Example 1.

EXAMPLE 14

A catalyst having the empirical formula Fe.SbsMogBi; gKo.1Wo.25P1O12.3(S10,)4s Was prepared in the fol-
lowing manner (Catalyst 14).
An aqueous slurry (40 wt%) containing crystalline iron antimonate and phosphorus was prepared in the
same manner as in the preparation of the slurry (A) of Example 1. A slurry containing the molybdenum, tung-
65  sten, phosphorus, iron, potassium and bismuth components, citric acid and silica sol was prepared in the same
manner as in the preparation of the slurry (B) of Example 8 except that the pH of the slurry was 9.0 before
heat treatment, and the bismuth component was added to the slurry after heat treatment. The slurry was mixed
with the above crystalline iron antimonate-containing slurry, and the desired catalyst was prepared according
to the method of Example 1.
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To’the sl urry (B) was added 1,313.1 g of the above crystalline iron
antinonate-containing slurry (A) wtEresrssstBy, and the resulting slurrywas
dried and cal ci ned according to the nethod of the preparation of Exanple 1.

30 EXAMPLE 5céiy Mg%@ﬁ_\ﬁpg the enpirical formula [err] was pre- pared
in the follo lyst 5). 35 An aqueous slurry (40 wt %
cont ai i Ng cry Alcatalydt RevirlgtAsafa chiiPoBifidnGas WP of theda w3 pteBtedi i FERWIRG Mmarker
in the prgpa(oaﬁ.bmwgbamm1.s)l_ urry (A of Exanpl e A slurry containing the
ol ybdenum  colieh,015 g6 2@WAGHCs solterédtideda.0 ¢ 6fanas mhamwwmaswspn&micm anda

bi smut h conpsutution of 6.6 giof bofiGackith 125wl ofiwatet. iIAGoialdh Af 212.5 g pf Prdhiadl paramblybdats MI620 mi
manner as i nofiwater wasadded g the resuting béhdios with stigring. Bubsafuehliypagnlution’/nf 21Dy of hickel nitratea S
m xed w th thetahoiwaten=salutivh bfi58%9 g ofiron ritrats imE84artl of waten & salutipmaf 2.8 g of potassiunrdirateh e
desired cat any4.6 mhefaler andzrsotitionof 4152i aof bismuth hitraterint 109 oMl of 10 Wideniti¢ acidif) orddr were
EXAMPLE 6 A addediihersto. ¥: R0-5 tef apiimeiny iriexide wag waighad apdaddpd theretowhiiqslirring wells The
the fol | owi nHUrREYASEredand ealgingd acceryling intheypatiagebths praparafion of the gatalystd oThe setplystwas
crystalline ?’iaﬁ‘ﬁe%l‘ﬂ‘t)f "ﬂbﬁﬁ'?@"‘?“iyt%’ iﬁl’ﬁ%fﬁ'ﬂ‘déh%m@"" mﬂwm‘lﬂﬂem%@"ﬂ?@num was
prepared in "g H‘?ﬁ ameypangpr as in
Exanpl e 1’5ex gﬁtt F?g’ff fa 'ﬁ@" pagkcles '"Weé’ﬁ? qnattheirrvf)

[err] for 3 H 8&1 m)l ybdenum vana- dium nickel,
| ant hanum i gGiip m MB 2d blsrruth conmponents, silica sol and citric
aci d was preparM-e-sarre manner as in the preparation of the
slurry (B) of BxabikRavihg thIQﬁplﬂaHJrWIaﬁﬁos\‘abrﬂe( %@jwzﬁi;t,,;sb aiﬁ&,ﬁ%@z)“mﬁr@dalah he

i ron anti mMNgl iRt 84 i Eh 1%5&&:;1&@ ¥r théaRtnkng Biilp
acco{ di ng t Owas 1258 HADske@h tHOAIFRYatON b EW%Lﬁczmp%‘;we@aﬂn t3st having the "

enpi rical formula [err] was prepared |n the follow ng manner (Catalyst 7).
An aqueous SCOMPARATHE ByRRPLEE®DNt ai ning crystalline iron antinonate and
cobalt was prepared 1n the sane manner as in Exanple 1. A slurry containing
t he nol ybdenumaA cataigst Bdving the@mpirigabfb@viulaiPegSb,gMah JBH cllesKgINigR W, 4Bk 0051 1:(Si08B) 5 was pidpdied
475 351 Bl ciotipeane tnsnnarn ickxiempla 4 sxcept tietthe em@at of theiraw miteriabusadfortheantimoryomn
t he prepar at pavent whs 2.8 times|that used nB)e pudpaBiinropihe catalysk4 (Gomparativg Catdt PH of t he
slurry was 8.5 before heat treatnent. The slurry was mixed with the above

crys- tal¥i nEOMPARATI/EEXAMAIE 4- cont ai ni ng sl urry, and the desired catal yst
was prepared according to the nethod of 1. EXAMPLE 8 A cat al yst
e gm et incFond ms%wqume P VA i

ont aPyar 68)6 piieg r'EEg;a‘P}“BS?F tiep ol b e e
gravity: J.3%" tWee 12 '\tht"ﬁ e tigy of G@'F'y“t” mepRivg Caaly¥4)- heat ed

COMPARATIVE EXAMPLE 5

A catalyst having the empirical formula Fe;Sb1gM04oBiy sKg 4Niglag.sVo.05k-l0.20160.425(S102)ee Was prepared
in the same manner as in Example 6 except that the amount of the raw material used for the molybdenum
40  componentwas 3.08 times that used in the preparation of the slurry (B) of the catalyst 6 (Comparative Catalyst

(Y 5).

COMPARATIVE EXAMPLE 6

45 A catalyst having the empirical formula Fe;SbigM0g oKogNisCo4Pdg 1Og0.4(Si02)ss wWas prepared in the
same manner as in Example 7 except that the bismuth component was omitted (Comparative Catalyst 6).
COMPARATIVE EXAMPLE 7

&0 A catalyst having the empirical formula Fe;oSb1gM0g oBig oTes oKo.eNisZ10.50110.3(Si02)ss Was prepared in

the same manner as in Example 8 except that the raw materials for the bismuth component and the tellurium
component were used in the amounts of 3 times and 4 times those used in the preparation of catalyst 8, re-
spectively, (Comparative Catalyst 7).

85 COMPARATIVE EXAMPLE 8

A catalyst having the empirical formuta Fe,(SbyoMog sBis.oNis.5Ths.02r0.5P0.76081.375(S102) 45 Was prepared in
the same manner as in Example 9 except that the pofassium component was not used (Comparative Catalyst
8).

1



15°and 131.5 g of electrolytic iron powderwas added portionw se thereto to
dissolve it. 692.4g of antinonytri oxEBQ4T585d81 was wei ghed and added to the
above nitric acid solution of iron. The m xture was heated at [err] for 2

hours whil e gpmpARATVERKAMPLET® the resulting slurry were added a sol ution of
52.0 g of anTonium par anol ybdate In 156 ml of water, a solution obtained by

di 50l Vi ng 58. R ctat nsvhng e aindcal feHmbibi 4881 ML ENINaRLB S scObs o(Ei0REwas brpared in the
hydrogen per sanieGaniisin EXaimple\@ éxdepihatisodilgh wad Dsbd ih piatd of botasium (Coeatite Catatybt 9).
bismagh nitrate in 219 m of 10 ww%nnitric 20 acid in order. The resulting
sl urrywas dr COMPARATIVE BXAMPEItD cr ushed according to the nmethod of Exanple |
except that the calcination was carried out at [err] for 3 hours. There was
obt ai ned an aqueatalystbaving the etritraligrmtia RapfibioMaasBh NG uaNEeshiagisPi (@04 was prepared in the
anti monatt®. FaMemAAR FsIMEXeMPIEIQgxpapt thatpodim was used ) Placeof petassium{Comppraive GatalyinPdum
par anol ybdat e _di ssolved In 573 ml of water was added to 769.5 g of 20 w %
silica sol . SOMBARMIVEEXAMPLE Uo| ution of 202 7 g of nickel nitrate in 205 m

of water, a soI ut of z n 8. m

sol ution of 6 t ﬂ'fgaégf'ﬂ exei feﬁi“' a@'lb" Fﬁ‘ am mm
84.5 g of b| as4 0 }ma

added thereto artarlc a [ ol've ‘esul ting
slurry, and g ﬁﬁﬂ@?} “Piﬁ'g% added thereto to adj ust pH to 8.5. The slurry
was heat - tr at [err] for 1 hour. To the slurry were
added a sgl ut i Qitafiyst bdmgdsddiof & &atdiytic confpbribntibiifesaftedbyBhedmpirbdd formiiid FedlxSb,MB,BRG, 5511

of water, angnd/ddrrier &mpbnedibs ¥ Wsib] wed pephred de a fiuiilzell BébatalySt Gcddhding td/thé Rbthdd.S
added 1, 149. Besgrived mmm@-&w {cbreRpdnBingHto ERdniphiDI2 3f Birdp SdhtFate 32.6188) (Cofy
(A W’th St i parétiegCatdifpe12)esul ting slurry was dried and calcined in the sane
manner as in Exanple 1. 35 EXAMPLE 9 Acatal yst having the enpirical formula
[err] prear COMPARATIVE EXAMPLEMAg manner (Catal yst 9). 40 An agueous
slurry (40 wt% containing crystalline iron antinonate, titani um and
phosphor us was Asetelysthevingithe empidcalformila FieaSheVoidBh.oan0EtBonp(Silervwas prepared s & fiyidized
slurry (A) obedesiglyghhceordingiy the methed figecriped in Bxampis & JR-tfi7-HASE0Romparptive Eatelst13ha s

carried out in a nitrogen atm)sphere at 850C for 3 hours. Aslurry
cont ai ni nY tﬁg_wygéﬁm 2| rconl um lron, potassium and bismuth

conponent s, |ca s ag 'F r e sane nner as
in the prepa h % c “gg)gai '"9

with the abo 2}{\ ’sz g"an g %“ I °§’ '"9 Vs”z

desired cataf y thy gf lt % ina LE
10 A cata ysﬁon?@?( I E‘s |t i o Hies Pérae 'n

fol | owi ng mann rabaﬂmnu nﬁ,eunom cibip t.ﬁ@agma'1w14wem

crystalline H,ggaogﬂ“hmﬁ%mag assi um an copper was prepar ed I'n the sane

manner as in the preparation of the sl urry (A) of Exanple 1 except that the

cal ci.nat i@n st biItvdgbrCatalys €S was carried out in a steam atnosphere at
[err] _for 3 Rours. AsTurry containing the nol ybdenum nickel, iron,

pot assi um sodiAfrildized Bedluiédatorytith itieOdlanbiter OO fhildzbd Tone@F the @ithlgst PangR.5adntlp andl the a
sol was pr epbeightithenaofibbing Bsm) waspacketiwittes @lystrProgy®ng methamohdriteptrbutshol wasused axthey
(B) of Exanpétertiéy cofipaund; angdtheoxidation priamdxidetionredctinn ofthasfastingicgmpoundaas ¢anred outgnder
ant i monat4- cemdetarminedicondilions. \The agfvity ofrackieatilystwps evalusted om e yiejgrof the deeifed product,

accor di ng t othe ﬁ@vﬁmmegtprtnmwd gnd the selectivity of the desired product determined by the following
definitions.

‘baw

ot = Weight (g) of carbon in desired product formed
Weight (g) of carbon in starting compound fed
Weight (g) of carbon in starting compound consumed by reaction
Woeight (g) of carbon in starting compound fed
. - Weight (g) of carbon in desired product formed
Selectivity (%) of desired product = Weight (g) of carbon in starting compound consumed by reaction
Reaction conditions were as follows, reaction pressure was atmospheric pressure, and linear velocity of
55 the gas mixture of the starting materials was 3 cm/sec under the reaction condition.
(1) Ammoxidation of Propylene
Oxygen (fed as air)/propylene = 1.95 (by mol)
Ammonia/propylene = 1.20 (by mol)
(2) Oxidation of Propylene

Yield (%) of desired produ
50

Conversion (%) of starting compound =

12



EP'0 475 351 Bl EXAMPLE 11 Acatal yst having the empirical fornula [err] was
prepared inthe follow 5 i ng mannE&Po@Zx3saByst 11). An aqueous slurry (40
w 9% containing crystalline iron antinopnate was prepared in the same nanner

as in the preparat R lfed d3GinTprdplibne (155 ample 1 except that the
cal ci nati on of the%&imeﬁgl SoyRdf i eé OTJJtEXat 1,000C for 3 hours. Aslurry

contalnlng the(gnhmhﬂamuﬂnmnuﬁMfl potaSS|un1and iron conponents, citric
acid, glusonic aci @xﬁ&d(fiddslammholwa:B(Wmar ed in the sanme manner as in

t he |dJ;,epar ati on of Ammenis/inathanol £ B) (bpiollExanpl e 10 4 except that the bisnuth
conponent was d4édiatioo ofNieghasblurry after heat treatnent. The slurry was

m xed W th the aboWsygen (fetaglalrymethanel sr1.64btmallonat e- cont ai ning slurry, and the
desired cat al y<® AmmoxigatiopeftestButandor di ng to t he net hod of Exanple 1. EXAVPLE
12 15 Acatal yst ha@xyagn {fedasainfert-butanpl 23 (hywre) [err] was prepared in the

fol | owi ng manner (6&!"‘!&!“9’?{*"’!‘270' BPéyacltion of Slurry (A) 20 104.1 g of

iron trioxide and ughol AL {WHNY tri oxi de were wei ghed and thoroughly
mxed in a m xd Ox ﬁ‘@“mtﬁ"fﬂ'l‘”%""‘/vas caI cin d at [err] in a nuffle furnace for
2 hours. The cal ci F?gﬁé‘g’t%% Yool an aqueous slurry (40 w9
cont ai ni n§ crystall no M’e was prepared in the sane manner as

in Ex- anple 1. 25 Preparation of Slurry (B) A solution of 202.5 g of
anmoni um par anol ybdate in 608 mM of water was added to 861.4 g of 20%
silica sol with stirring. Subsequently, a solution of 208 g of nickel
nitrate ig 208 m of water and a solution of 0.94 g 30 of rubidiumnitrate
and 8.4 g of potassiumnitrate in 37 m of water in order were added
thereto. 24.8 g of citric add was dissolved in the resulting slurry, and
aqueous ammonia (15 wt% was added thereto to adjust the pH of the slurry
to 9.5. The slurry was heat-treated underrefluxat [err] for 1 hour. To the
sol ution 2sere added a solution of 131.3 g of iron nitrate and 28 g of
citric acid In 260 mM of 15% aqueous anmonia (15 w%, a solution of 63.1 g
of bismuth nitrate in 63 mMl of 10%nitric acid and 861.4 g of 20% silica
sol. 35 To the slurry (B) was added 963.7 g of the above crystalline

I ron antinonate-containing slurry (A) with stirring, and the slurry was

dri ed and®cal ci ned according to the nmethod of Exanple 1. EXAMPLE 13 40

A catal yst having the enpirical formula [err] was prepared in the

foll owi ng manner (Catalyst 13). An aqueous slurry (40 wt% contai ning
crystalline iron antinonate, phosphorus and boron was prepared in the sane
manner asgkin the preparation of the slurry (A) of Exanple 1. Aslurry

contai ning the nol ybdenum tungsten, nickel, potassium iron and bisnuth
conponents, citric acid and silica sol was prepared in the sane 45 manner
as in the preparation of the slurry (B) of Exanple 12 except that the pH of
the slurry was 9.0 before heat treatnment The slurry was m xed with the
above crygtalline Iron antinonate-containing slurry, and the desired
catal yst was prepared according to the nethod of Exanple 1. EXAMPLE 14 50

13



A ¢atal yst having the empirical fornula [err] was prepared in the fol-

| om ng manner (Catalyst 14). An aqueerig4ziagiBy (40 w 9% containing
crystalline iron antinonate and phosphorus was prepared in the sane manner
as In the preparation of the slurry (A) of Exanple 1. Aslurry containing

t he nol ybdenum tungg 2652 2kt en, o phogphotLus, J ron, pafassjum gnd Qi snuth
conponents, citric giged ﬁ&gési |€ca 8ol Was Frepaeddn téie sdme Banner as
in the prgparation @f the slurry (B) of Exanple 8 except that the pH of the
slurny,was 9.0 bef® eghéagt:gé Lreatment, apd the bi.smith cogpongnt was added
to the slurry afterfie@sr meng. TBe skBurry® wasf m xed WwRth &he &bove
crystalline iron ardli nonat®e-containing slurry, and the desired catal yst was
prepared according o< hé 3pet hog of _.Exagple 1. 10 LEP Q 473 35] Bl
COVPARATIWE EXAMPLE|1 245 ¢4l ys§ hadi ng g he gsane$ congosi §i onsas tghat of the
catalyst 1 was prepared In the follow ng manner 5 (Conpar ative Catal yst
1-1). To 1,915 g of 20|wig% giliga sgl were added 9.0_ g of an_85 w % aqueous
sol ution of phosphorﬁé agiAEand=a sel ution of 6.% g of beériceaci@ in 125 n
of water. A solution 212.5 g of ammoni um par anolybdate in 640 m of

vat er was®added to tHE|ESsHFting sokution wisth stirring. -Subsequently, a
solution of 210.1 g of hickél nitrate in 210 ml of water, a solution of
583.9 g of iron nitrete§|;nﬂ584 m of water, a solution of 2.9 g of

-—

ta

potassiumnitrate 108 § 8 3#'3 nf of Bvat & arlll a Bol uBi onBof #05. £ g of

bi smuth njtrate in 105 &< df 10 w%nitric acid in order were added
thereto. Finally, 208.5 g,9f. antinony trioxide was wei ghed and added
therieto while stirri ng_@@:ﬂé The sldrry was dried and cafcinéd according to
the MEthod of the preph& ijon of the catalyst 1. The_catal yst was_ exam ned
by X-ray diffractonetrys &8& it Bwvas Fourmd that ctyst& line iron &htinonate
was not farmed. A catal yst_jhaving the sanme conposition as that of the
catalyst 1 was prepared | § |t he $ane $anreér a8 i n815 8t he Jpreplairat¥on of the
catal yst 1 except that tpe calcination of the particles In the preparation
of the slurry (AL, was cafriled omtc;ata-ﬁerr]= (Cqpar ative Catal %/st J1w2).
COVPARATI VE EXAMPLE 2 20| ~| Acapalyst havi Rg the erpiriical formuBa [err]
was prepafed in the sane nner "ag8 IhsExanpl e 1 except that the anmount of
the raw material Jyised fof the antinopy conponent .w@s _142.5 of that used in
the preparation &f the c tall yst 'L (Cbnpafative chil yst 2). COVPARATI VE
EXAMPLE 3 25 A cat al yst ag‘ ng the eppirical _fDrrpul a_[grr] was prepared in
t he sanme panner as in mpl e 4 'except that tife drountsof the' raw materi al
used for the antinony c ponent was 2.8 tines that used in the .=
preparation of the catalyst| 4 (Conparative Catal yst 3). 303 COVPARATI VE
EXAMPLE 4 A catal yst hayjng! the enpirical formula [err] was pre- pared in
the same manneras in Exappl g 5 exceptthat the amogn;of the raw material used
forthe nmopybdenum conpo ttwas 152 ofy t et t_J_s.edgv.% tthe p3epadati gm of the..
catal yst 5 (Conparative &atpl yst=#).=35 G@PARATI BAVRE 520 ~°7
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Acat al yst having the enpirical formula [err] prepared in the sane manner as
in Exanple 6 except that the anount &Poursssi8wt material used for the

nol ybdenum 40 conponentwas 3.08 tines that used in the preparation of the
slurry (B) of the catalyst 6 (Conparative Catalyst 5). COVPARATI VE EXAMPLE
6 45 A catal yst havin gme? ri cal freor mug a [err] =was prepared in the
sane manner as in Exanple -xe:<cenp’e t hat® t he® bi s?ruth conffonent was onitted
(Conpar atsve Catal yst 6). PARAJI VE EXAMPLE 7 50 A catal yst havi ng

t he eppirical forrrula[errjg $ ared i nethessane mamner as in Exanple 8
except that the raw material sS*or §fhe B sm®h c8npofent Fand the tellurium
conponent were used In the« mounts of 3 times and 4 tinmes those used in the
preparation of catalyst 8, § HElct i ved y, 4Conpar aty ve Latal yst 7). 55
COVPARATIME EXAMPLE 8 A cat gé ingtheSenmpiric& fd& nula [err] was
prepared in the sane manner as nn anpl e 9 except that the potassium
conponent was not used (Conpgglats gkg Cat@l ysy, 8) ., «P Q 475 351 Bl
COVPARATI VE EXAMPLE 9 A cat & 8§ ki ng"the"errpr'rl cal formula [err] was
prepared in the 5 sane na as, i n Exanpl e 2 except that sodi um was used
in place Bf potassium (Conpat Y5 § §|Fat af yst+ 9) . - COMPARAR VE EXAMPLE 10 A
catal yst having the enpirical tfornula [err] was prepared in the 10 sane
manner as in Exanple 10 except: “t-h% _sodjum was used |n place of potassium
(Conparative Catal yst 10). BVE EXAVPLE E1 A&:ata?iyst havi ng t he
empiricalgfornula [err] was pré&<i1 pared in the same nanneras in Exanple
10 exceptthat t he anount of the ra Yu.mat erial used for the potassium
conponent was 4 tines that usg g% he Preparation of the catalyst 10
(Conparative Catal yst 11). B | VE EXAMPLE 12 20 A cat al yst
conposed of a catalytic conpon SLpr e8ent &d by the enpgirical fornula
[err] andsa carrier conponent of 4 W% [err] was prepared as a fluidized
bed catal yst according to the r’rét31 d de8criBed i¥n BE&ample 9 of

-

u{le%

o=

St
[
at
st
r‘l

T

JP- A-56- 97550 (correspongding tolExanple 12 of Europeapn Patent 32, 618B)
(Com parative Catalyst g 2) 25 ARATI VE EXANPbE:lS A catal yst having
the enpirical fornmula [&r] was pPjeparéd ad a fil uidi ged"'b'ed cat al yst
accordi ng®to the method escribdd iin Exanple 8 of JPA-57-114560
(Conparative Catal yst 13}. 30 CO&/PARATI.,,VE EXAVRLE 14 A catal yst having
the empirical fornula'[edr] was areﬂacdordl%g tb thé method of the
preparation of the catal3jst 12 cesirl bed in JP-B-53=18014 4 corresponding to
catal yst ]2 of U S. Patents 3,9,5 59 and 4,'083, '804) (’Corrpar ative Catal yst
14). 35 The activity of th# above described catalysts together with
catal yst conpositions, final cajci=patiog Fondi- : 1 !
E
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tions, the crystallite size of iron antinonate and activity test conditions
s shown in Tables 1 to 3. The acti viER04788%1B10f t he catal ysts obtained in
Exanples 1 to 14 and Conparative Exanples 1 to 14 were carried out in the
foll ow ng manner. 40 Test for Activity of Catalyst A fluidized bed reactor
(the inner dianeter @E_1§e£§IU|d|zed zoke ofs they catal yst bekng 2.5 cm
[err] and the hei gfil& EheE&T befng B0 cA) wds pdckedwi tH a Batalyst.

Propyl ene,s net hanolg|or, tea -butanol was used as the starting conpound, and
t he oxi-dation ora X@dﬁl reacti an ofs the.staxtlng cogpougd was carried
out under 45 predededm n condliti &ns. #The Sact i%¥i t y&of sachacatayst was
evaluated fromthe3yield of the desired product, the conversion of the
starting conpound “th =$e|ecL|V|By of, the, desired, product wdet ey mned by
the follof ng defini tr—o‘hg Yield (% of &desid ed Pprodact & Weikght g g) of
carbon in desired prodyuct forned Wight (g) of carbon in startlng conpound
fed 50 Conver si ong g gﬂ stagting conpound = Veight (g) of, carpon in
starting conmpound con y reéact Fon Veight (g} of-carkon ivn sbartlng
conpoundf ed Sel ecti V£ é of desired product = Weight (g) of carbon in
desired productfornmed é%r (g% of Scar@on i st@rtifg c&mpo@nd cbnsunmed by
reaction Reaction conditions were as follows, reaction pressure was

at nospheri c pressures a% JLﬂear velocity of 55 the gas nlxture of the
starting materials w& 83 Zec tund& t rédcti®n céndi & on# (1)=
Ammoxi dat ppon of Propy ehe Gxygen (fed as air)/propylene = 1.95 (by nol)
Ammoni a/ propyl ene = .ag mol) (2) Oxidation of Propylene 12 EP 0 475
351 Bl Oxygen (fed as ) ropylene = 1 53 (by nDI) Wat er/ propyl’ene = 1.7
(by mdl) (3) Amoxi datl $§| gf Methang gen (fed as
air)/methanol = 1.6 (byzSHE Anfoni & rret§1anc§ =81 éby @ol ) § 4) ®xi dation
of Met han#d Oxygen (fed as, air)/methanol = 1.6 (by nol) (5) Ammoxi dation of

tert-Butanol 10 ygelR (f&d as® ai r?/test-batan@l =@.3 ¥by nol)
Ammoni a/ tert-butanol = 1. 2 (by mgl) Water/[tert-butanol 0.5 (by nol) (6)
Oxi dation of ter&-Butanol Oxygem dfedsasgir)Ltert-but anol = 2.0 (py nol)
15 ° Wt gir / t er t - jout|anol 0. 5m(by{.m) ¥ 20 26 | %3
; O e
< ~
= =| = ! ; 1 88 53 ! ;
< oo o =3 . =8
35 3 °
of = ! ! ! ! '. 28 s
5 -
. i 8
= x® W 2w zZwn (-4 2 W
k‘/‘. §J ™ 33 ZFe =o
(>3 L= 3
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30 35 40 45 50 55 13 EP 0 475 351 Bl [ERR] EP 0 475 351 Bl [ERR] 20
26 EP 0 475 351 Bl [ERR EP 0 4ER0476B5881 [ ERR] 20 EP 0 475 351 B1
[ ERR] EP O 475 351 Bl Conparative catalysts 1-1 and 1-2 had the sane
conposition as that of thelgatakwt of .t he presgnt Lnveg- tipn, but these
catal ysts are outside the %g@p‘eggf*t hespresent £nvesti og, betause either
the presence of crys- tm:%ruairon antinonate is notfound, or the size of
iron antimonate is smallerdhan_ tHEt of the present invention. 5

Conpakative catalysts 2 t¢ 7?%'6-3 shgw t ke endodi gent & whetein the ratio
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Mb conponent or the L conponent is outside the scope of the present
invention. The yields are reduced wheFRP@#ESS1BAt al ysts are used.
Conparative catalysts 8 to 10 show the enbodi nents wherein the K conmponent
is omtted or the Na com ponent Is used In place of the K conponent. The
yiel ds are reduced by aboufj4 or 5% when these catal ysts 10 are used.
Conparative catalyst 12 (cgi#lyst Qf Exanple 9 of JP-A-36-97550),

conparati ve catal ysts 13 ( &l yst gof Exangle 8 gf JP- Ab7- 11456dD) and
conpatati ve catal yst 14 (cg | yst 12 of JP-B-53-18014) show t he enbodi -
ments wherein the K conpong is omtted, and these catal ysts are prepared
for the purpose of conpari&pn with the catalysts of thegspresent 4nvention.
15 Further, it is app&fgnt that the catal ysigs of tlhe preséng i nvention
gi ve good ’Pesults in the o@glati an Bof pro-8pyleng in ttp oxXi datszon

or anmoxi dati on of methanol 2gad i ngthe oxi d‘;ﬁ\ti on granmoxigat i on§dp
tert-butanol (see, Table 3§ n ac@ ion togthe a Xi dat§ on of-=p§opy| ene.
20 Cainms 1. An iron-anti - ol yYbdenumTont ai i ng oxi#le cat & gst

conposi tiop for oxidation reactions, conprising a crystalline iron
antinonate having a crystal fgte size of 100 A or nore, said catal yst being

represented bythefollownn'ﬁ irial forfjul a: §5 g
[err] wherein L represents® ‘Teast"‘ one el®nent Sel ect edgf romthe group
consi sting of Bi and Te; resents at | east one elenment selected from

t he group sgonsi sting of Ng Zn, La, Ce, Al, G-, M, Co, N and Sn; N
represents at | east one e§ t seI ct ed f.r.omthe. group gonS| sti ag of Be,
Ca, §, Ba, Y, Pr, Nd, Th§ , , Bb, TagRe, Rug Os, RhZ Ir, Pd,
Pt, Ag, Au, Cd, Al, Ga, In&k and b; Q rgpreserigs at |gast onei30

el errent sel ect ed fromthe gri8hp consisting of V and W represests at

| east one 2| enent sel ected fromthe group consisting of Li, Na, Rb, Cs and

Tl; T represents at | east ,el emant,, seI egted fromthe group eonsésting of
B, P, As and Se; a’™|b, c, éf g, rgt andgx eachgls an st ofi ¢
ratio, whereln\/\henaalsl |55t060 c isbto 30, dis 0.01 to 10, e

is 0.01 to 5 misZ) to 30,glpjis O to 10, qisOt05 re&is 0to 3z t is O
to5 and® is a nefber of% gen at s aszdet erng ned coarespon‘.dl ng to the
oxi des formed by c&dm 35 &£l bi nigng & he al?vove tloned=corrporents 2.

The catal yst conposition ass|el ai ned izh cl ar-m 1, erein t-he crystablite
size of iron antinonate In-} cag yst |,=35 not Bmal | er £t han 200 A 40 3.
The catal ygt conposition as-{& ai ned i*h clam 1, wher ei n E’I represenks at

| east one el enent selected fromthe group consisting of My, Zn, Ce, Cr, M,
Co and Ni; N represents at ge t one el ement selected fromthe group
consisting of Ti, Zr, Nb, B8y, @& and P& R represent g at |east one

el enent sel ected fromtiﬁa= d“p' conS|st|ng°of Li, Na and Cs; and T
representswB and/or P. 452f 4. The catal yst corrposition as claimed in claim
1, wherein the ratio of 3@: nponents In the catal yst com position is
suchthat when a is 10, §)°§ oto 38, c is@P to 28, disP.1to 8, eis
0.02to 2, mis 0 to 20, ﬁé'tog,q|50to4rIsOt025andt|SO
to 4. 5. The cat al yst corrpd’s= ion as clainmed in claim1, wherein the atomc
ratio of PPFe is not higher than Q.3 when P |s eppl oyed_as_T conponent 6.
The catal yst conposition as ai mﬁj"l n cl a rei n§sa§d oxi de cat al yst
is supported on a carrier. .%A pr Ss fos rep Eng

?tuieem@e

cioS’-

i ron-anti nony- nol ybdenum contgi ni n‘;_) £0Xi de al y$tgconp SI t;:l on foroxi dation
reactions, conprising a crystallir® 1ron t‘i mon& e hav€ng®a crystallite

si ze of 1(?6 A or nore, said catal yst 55 bei ng represented by the
followi ng enpirical formula: [lerr] :

o
=

Catalyst’
Catalyst 2
Catalyst 3

Catalyst 6
Catalyst 10

&6

It is apparent from Tables 1 and 2 that the catalysts 1 to 14 of the present invention are superior in per-
formance to comparative catalysts 1-1 to 14.
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wherein L represents at |east one el ement selected fromthe group
consisting of Bi and Te; M represent SERP41538tB1 one el enent sel ected from
the group consisting-of Cu, My, Zn, La, Ce, A, C, M, Co, NI and Sn; N
represents at | ComparfiiecalySiS e andE2 RidtiRGainé SoMpbditidn 8 thatior tHOEkGySE df thg pr@sentifven-
Ca, Sr, Ba, Yionf¥utthédd catditsts drb oulsitie the stdpe Gf the presthtlinvBrtioh, bBGaBsexithar the rbENcY 6Flchrs-
1-1-and 1-2 halindilorartimomateionpoand ortie sixs oftildantimbnate iesnealidr tHay that adfhe plasenpimestion.t
i nven- tion, buComprratice cateyats 2$d Baneiritshowitis abodihentswhepia tind ratidné the Sk semgonent, the
i nventliLon, beWeacowponsntonthe L cimponentis eutaide thefscape pithe pregeftinvention. Tive vields anevedaced when
not found, orthedesatgysteare@sel on anti nonate is smaller than that of the
present inventi &Ampasative catalygsis f94P showke embedimentawherpinthe Kromppaent ip omjitedprihedia com-

enbodi ment s wPRBPME isiised R pipgerof the frcomppaent;The & Faduced py-aboy 4(96% Whetyihesg catglypts
L conponerf® | ¥ s de t he SCO&%% of the present invention.

reduced when %&%8 __7h st @?ﬁéﬁ@g- o %ﬁg‘*ib‘%‘ﬁ'@;

t he enbodi nen s:g' %Wp%'@""

used in place ﬁ] fﬁwﬁ ?’l"é o

when thesegcal’ F‘.? LS "éﬁu ' oojd &3 Ak u&f
Exampl e 9 Ot an e Jnyﬁ %&@f %? ‘% E};E‘ Rﬁt

8 of JP-A-57- Q g m‘i Eét%ﬁ’ \% catal yst

JP- B-53-18014) showt e enbodi - nents ere| n the K conponent |s omtted,

and these catal ysts are prepared for the purpose of conparison with the
catal ysts »f thmgresent invention. 15 Further, it is apparent that
the catal ysts of the present invention give good results in the oxidation
of priQ-, pyl ent, Anirob-Btimoiy-dalybdenameabntainingokide edtalyaticombositioi fopoxidktion Rdctions, tdaprising
oxi dati on or anmaccysthiiine ipom anfimdnete havingtaxnstalitesize of T00AEM@9, shid calalybt beingmepraseritdtic
anmoxi dati on of hytiglloengempbisal for@hlai N5 1. An

i ron-anti reBny- nol ybdenum cont ai ni ng &*Stiod-ai.MkNeSERE@pOSI ti on for

oxi dat i on r eact i whersin Lrennesentaqtjngst aneglamentdelettertfromy thegreumtopnsistingtobBiland, Tepl represents
crystallite si zé‘W‘&W"’A“G‘@' omdhei grpup ganaipting of Gyl gn.LaySiech) iiMnd Coy i *!“H(S"-
fol | owi ng enpi r i Netepresagtis af jeagt ong sl ementselectedfromthegroupoonsistmgofBe,Ca Sr, Ba, Y, é‘{dr
wherein L repres@ﬁf §‘fa’PTFé?fs?“-Qﬁ'@he'Fgﬁ'e"r‘rt"gs'éi-%f‘eﬁaff"f-ﬁﬁfﬂq{’e’ Fep 9"‘3"“9”“"9

consi sti ng®of B|°°§?‘?B°?'€ ’?i of oand
t he group conswstf1 sg;p re se" “ﬂa en ele

L B

el errent sel ecte rgomt group consisting of V and W R repr esents at

| east one el ezenthe skt échpodition 88 didifeddn GdkA 1,0heBiniRd cAGtallife skzb of ibiRantimbhateGistha B4l
TI; T represent Selﬁtishd!&ﬁilleﬂmm&mant seI ected fromthe group consisting of
B, P. As and Se; a, b, c, d, r, t and x each is an atomc

rati o, whemei Vifve gatelyst @ml?@"'%aﬁ @m@v‘%‘ whereig Myepresenigat legstione glentpat selgctadjrome
s 001 to 5, mtf‘%Q’e“Pt"S"%“g 9hMp.ZneCe, 61, Mp, c’q’"‘i‘ Ni;  repepsents st lepst onp glegnent selgctedsfrom
to 5 and x is %2; D P A9 %a'ﬂéﬁbe'?WPﬁ%&@b'Pf%gﬂ?cﬂ'ﬂmeh'g‘*ﬁe‘lW
oxi des forned b)’h?:gﬁ'ip"g%sm'"g b ‘W (15 8PhLreRsRrE BAof(en oned conponents.

The cat al ySt gONTaSdskisRBoripSuiloh a4 dHifd i idith whbrbin 1Mo B} e AHBorahid el deteh
size of irn antdoﬁ%ﬁiﬁcﬂt’ﬂat%@n&ﬁﬁo b3 &/130,/c3s 648120, 418%0.1 188, d @az%&om b, o
The catal yst conpgs) .g@@m@{ozysrmgfugmoq] aim1l, wherein M represents at

| east one el ement sel ected fromthe group consisting of My, Zn, Ce, Cr, M,

Co and N ; N $.epfhe satalyst caniposdition s¢ claimed io cleimetn wherein the aoohiciratio lof P/Fe is not higher than 0.3
when P is employed as T component.

8. The catalyst composition as claimed in claim 1, wherein said oxide catalyst is supported on a carrier.

7. Aprocessfor preparing an iron-antimony-molybdenum-containing oxide catalyst composition for oxidation
reactions, comprising a crystalline iron antimonate having a crystaliite size of 100 A or more, said catalyst
85 being represented by the following empirical formula:
Fe,SbyMOoLyKMuN,OR.TO;
wherein L represents at least one element selected from the group consisting of Bi and Te; M represents
at least one element selected from the group consisting of Cu, Mg, Zn, La, Ce, Al, Cr, Mn, Co, Ni and Sn;
N represents at least one element selected from the group consisting of Be, Ca, Sr, Ba, Y, Pr, Nd, Th, U,
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the group consisting of Ti, Zr, Nb, Pd nd Pb; R :“]ﬂ(lm L

| east one el enent selected fromthe grgﬂﬂ%c?%?ztl ng of Li m‘lﬁm I"

T represents B and/or P. 45 4. The catal yst conposition as clai med in

clai m 1, wher ei nCoparativa Gatplysts 141 laed 2haddhesame camposifios as thetof the atalyshef thepuseit iswen-
i s such that viieerbutthese catglystiere eptsilethe sgepe of the pregent inveptipn, bacquse githar theprgdence of asys-
0.02 to 2, m iteliig ipartimonate is got {gundgorthe size pidropantimoupte is sajjeryhan dhapof theprrgent inyantion.
to 4. 5w The c aCamgestive: 2 ttq Hnd S showthepmpodisents wheminithe ratie.pfeheShagmponent, the
atom c ratio dyegmpeneptortihg °‘H"'PQFPé‘F's ?‘!‘Péﬁ? toe °3°RR/I‘?E‘H° Wﬁ%"@ﬁﬁPﬁM‘%aﬂefe"““dW“e“
component. 50 gesepAEvasaap 05|t i on as i

sai d oxi de catal y i

an i ron-ant | moffys W%gluﬁ?f’d% %&’ﬁ%&?‘ﬂ?ﬂ&‘&' F‘fé‘g&';s%{“g‘;'gﬂ bﬁﬁmﬁmﬁ? pae ca Wys“

oxi dation rea&'?: pa H 19 fof %?JH\ 519 pﬁgtﬁeh Y h% 3 Fcatatyst of
crystallite sigg an P-B-53-1 ¥i How the embodi-
represented by, $r1£ewl'jefék h&bﬁl d rﬁrtm& @atal sf'sr 'ﬂ'se ug #o? rison
at |east one imm% gp‘;,@ i43e group consi sti n

represents ;at | epgtneR iR mﬁttﬁﬂaﬁ%@&tﬁéﬁ?&&ﬁthﬁe gﬁg@g%m-ﬁéu&hhmoﬁiﬁatﬁ‘ofpm-
My, Zn, La, Cepyiehd,inthd oxididdn orammoRiiatioh YmaRanolink @ iedRiof or dinmbrBdaBdn PIBR-butanol (see,
el ement sel ectrelebyipaaditoR oI dnimoRioaticn sfipopgeridf Be, Ca, Sr, Ba, Y, Pr, Nd,

Th, U, 19 EP O 475 351 B1 Ti, Zr, H, Nb, Ta, Re, Ru, Gs, Rh, Ir, Pd,

Pt, Ag, Au, Cd, Al, G, In, G and Pb; Q represents at | east one el ement

sel ect ed frrem€lamsyr oup consisting of Vand W R represents at |east one

el enent- sel ected fromthe group consisting of Li, Na, Rb, Cs and TI; T
represedts at 1 edtooagimoneuivbensmicortaininy dide patalysbcamposkion r axidation reStiss SopTSing
of B, P, As and Serysalling)iron@ntiropnate having arerysiyliitesize pf 19A & ox mongcsiaidicstalyst beingmpresented
ratio, wherein wH¥#hedoliowing emplicalformuleis 60 cis 5 to 30,dis 0.01 to 10, e is
0.01 to 5, #nis 0 to 30,n |s o to 10, °§§b"GeLv‘&M5Nqu$r§°o to 3, t is 0to 5,
and x is a number "6 '" ° °' 'WF@“FF&W&R’%F@

fornmed by com b , Ni and Sn;

Ia ﬁ mﬁ% %l Ba, 4 r.Nd Th U,
ﬁ;fsza;zama“(??.“) fgn, m "%E :q;?*’m@ e siggton
of bisnuth’and 1 he éﬁ@ Q{ T,F\D, §s§hfk'95 §to?| ec'%l

or an aqueous sl yf cé“%? Q4! & R v, {e’ drbi

(1) and (1V)] aetbp Tl mtok sah hesA b s%e Rk Wh?gif

consi sting of Catt%o)tés Qn&ﬁ&?ﬁlﬂ@%ox&&%ﬁﬁ@&é& rRied\o orﬂn B tAd\did sfon‘?neh'a{?oom-
above descrs bed m&ﬁmbvefmﬁmwaﬁh@g sai d aqu- eous s urry; and

calcining the dried product. 15 8. The process as clainmed in claim?7,
wherein said aaugbam&wmowomamlamd@ dlaim/ 1 whereinitee crystallitesize otimn aitigronate in the cat-
conponent. 9. Th@'vpir'%)mw"ashw@ﬂhed in clai m 7 V\/nerel n the pH of sal d
aqueous slurry I ted t 9 not

her th 'l' roce ?
d i n el A @(sz é@v gtoeet gl gt rom
%#r than téﬂ“" T repress 5 E
RS °°“' i °§g bﬁn'a r:;ﬁgl %ig;%‘%ﬁ

sai d agueous slur
contains a chelatl en ss as cFa med in claim?7,

wherein the, pl-i.OfThsedtiiysBaméﬂstﬁnsddw'rﬁéd in aa.rawmkmdhetrmme bénviokents!iPtie catalyst com-
position is such thatwhenais 10,bis61030,cis61020,dis0.1t08,eis 0.02t0 2, mis 0t0 20, nis
0to5,qis0tod,ris0to2.5andtis0to 4,

§. The catalyst composition as claimed in claim 1, wherein the atomic ratio of P/Fe is not higher than 0.3
when P is employed as T component.

50
6. The catalyst composition as claimed in claim 1, wherein said oxide catalyst is supported on a carrier.
7.  Aprocess for preparing an iron-antimony-molybdenum-containing oxide catalyst composition for oxidation
reactions, comprising a crystalline iron antimonate having a crystallite size of 100 A or more, said catalyst
55 being represented by the following empirical formuia:

Fe|Sbe°eLdKoMmNanRthox ]
wherein L represents at least one element selected from the group consisting of Bi and Te; M represents
atleast one element selected from the group consisting of Cu, Mg, Zn, La, Ce, Al, Cr, Mn, Co, Ni and Sn;
N represents at least one element selected from the group consisting of Be, Ca, Sr, Ba, Y, Pr, Nd, Th, U,
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6 and said aqueous slurry contains a chelatlng agent and
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m ndest ens ah B anisait auedeisiulry conthivs azbedatiogpagefangedrod compgund. Nb, Pd, Ag, Ge
und Pb ausgewi hlt ist; R m ndestens ain El enent bedeutet, das aus der 55

G uppe Li, Na und Cs ausgewahit |Ist; und T di e Bedeutung B undl oder P hat.
4. Kat al y¥at Bntentagsprdeirct zung nach Anspruch 1, worin das Verhal tnis der
Konponenten i n der Kat al xsa- t or zusammenset zung so gevm hlt ist, daB, wenn a
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2. Katalysatorzusammensetzung nach Anspruch 1, worin die KristallitardRe des Eisenantimonats im Kata-
50 lysator nicht kieiner als 200 A ist.

3. Katalysatorzusammensetzung nach Anspruch 1, worin M mindestens ein Element bedeutet, das aus der
Gruppe Mg, Zn, Ce, Cr, Mn, Co und Ni ausgew#hit ist; N mindestens ein Element bedeutet, das aus der
Gruppe Ti, Zr, Nb, Pd, Ag, Ge und Pb ausgewshit ist; R mindestens ein Element bedeutet, das aus der

55 Gruppe Li, Na und Cs ausgew&hlt ist; und T die Bedeutung B und/oder P hat.

4. Katalysatorzusammensetzung nach Anspruch 1, worin das Verhdlinis der Komponenten in der Katalysa-
torzusammensetzung so gewéhlt ist, daR, wenn a den Wert 10 hat, b einen Wert von 6 bis 30 hat, ¢ einen
Wert von 6 bis 20 hat, d einen Wert von 0,1 bis 8 hat, e einen Wert von 0,02 bis 2 hat, m einen Wert von
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50 Revendications

1. Une composition catalytique & base d'oxyde contenant du ferantimoine-molybdéne pour les réactions
d’oxydation, comprenant un antimoniate de fer cristallin ayant une taille de cristallite de 100 A ou plus,
ledit catalyseur étant représents par la formule empirique suivante /

5 Fea8b,MoLaKMmNnQqR T{O
dans laquelle L représente au moins un élément choisi dans fe groupe constitué de Bi et Te; M représente
au moins un élément choisi dans le groupe constitué de Cu, Mg, Zn, La,Ce, Al, Cr, Mn, Co, NietSn; N
représente au moins un élément choisi dans le groupe constifué de Be, Ca, Sr, Ba, Y, Pr, Nd, Th, U, Ti,
Zr, Hf, Nb, Ta, Re, Ru, Os, Rh, Ir, Pd, Pt, Ag, Au, Cd, Al, Ga, In, Ge et Pb ; Qreprésente au moins un élément
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