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use of y> the catal yst. The preferred support is silica, which is added
to~t'he Slurry during the preparation of the 40 catalyst in the form of
silica sol or fumed silica. The | evel of support is usually in the range of
10- 70% wei ght present. Preferably, the |evel of support is in the range of
40- 60% wei ght present. The catalytic activity of the systemls enhanced by
heati ngsat an el evated tenperature. Generally, the catalyst mxture is
spray dried at a tenperature of between about 110-C to 350 * C and then
heat treated in stages for from about one to twenty-four hours or nore at a
tenperature of from about 260- to about 45 1000 I C, preferably from
300-400 e Cto 550-700 * C. In general, activation of the catalyst is
achieve® in |less tine at higher tenperatures. The sufficiency of activation
at any given set of conditions is ascertained by a spot test of a sanple of
the material for catalytic activity. Activation is best carried out in an
open chanber, permtting circulation of air or oxygen, so that any oxygen
consuned can be replaced. 50 Further, pre-treatnent or activation of
the catfl yst before use with a reducing agent such as amonia in the
presence of a limted anount of air at a tenperature in the range of 260 0
to 540 * Cis also beneficial. A preferred nethod of preparing the catalyst
ofi this invention and a nore conpl ete description of the process of the
inventign can be obtained fromthe followi ng exanples. In addition to the
production of unsaturated nitriles, the catalyst of this invention Is al so
useful for the conversion of olefins, such as 55 propyl ene and i sobutyl ene,
to the correspondi ng unsaturated al dehydes and unsaturated carboxylic
acids. 4 EP 0 437 056 Bl EXAMPLES 1 TO 10 The catal ysts enployed in the
exanpl es of this invention were prepared by essentially the sane procedure
as described herein below, using the appropriate starting naterials. 5
Fe(NO3) 3*9H20 was di ssolved in H20 on a hot plate. The other nitrates were
then added in the follow ng order; M(NO3)2-50%50l., Bi (NOG3)3*5H20,

Ni (NGB) 2*6H20, Mg( NOB) 2*6H20, KNOB- 10% Sol n., and CsNO3-110% Sol n. A dark
greeni s® brown sol ution was forned which was nai ntai ned at approxi mately
60-C. (NH4) 6Mb724*4H20 was di ssolved in H20, at approximtely 60-C. A
silica sol (a highly dispersed colloidal silica) was added, followed by
addition of Cr3 (which had been dissolved in H20). Next, the io nitrate
solutiofn was added to forma greenish yellow slurry, which was then
evaporated on a hot plate with



‘constant stirring until thickening occurred. The next step involved drying
at about 120 C. Foll oW ng dryin the catal yst was denitrified by heating
at 290 - C for 3 hours, fO||OV\B%PD?/4We%6i%1g at 425 *C for 3 hours, and
finally calcining at about 610 C for 3 hours. Table I shows the starting
materials for each exanple catal yst prepared by the above descri bed

procedure. 20 25 30 35 407345 5@ 35353 8 BP0 U337 D56 Bl 50 10~~~~~~~~~ 7 40
0O 01 I 01 Vi"-0 10 la t®% a2 288338882 - Go

r. S r~i. i 12_01 I_s QL__0.35 :
lz - 4 - g8 01 01 01 01 03 01 HL 01 01 on
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exanpbes given, percent cghver Si anq t'hﬁ qngaturat ed nitrile is defined as
follows: Mol e percent per “passc@nVersiol (PPQ). to unsaturated S nitrile -
Mols of nitrile product oRtai ned -
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pyl ene as the hydrocarbon feeds are sunmarized in Table Il. Each reaction
was run in a 0.95 cm (3/8 inch) di inless steel mcroreactor. A
3.7 gram sanpl e of 20-35 nmesh cat ﬁﬁ%gvﬁg%npl oyed. The data 15 in these
tabl es show that per pass conversions to acrylonitrile obtained wth
catalysts of ﬁw?&aﬁuﬁ@@%, #&%ﬁﬁ&h@&ioﬁi&h&ﬁ#ﬂé&r&% hifdle!iy adhh&iNB honbwaan t hose
obt ai ned ymtrh catalysts of the prior art. 20 25 30 35 40 45 50 55 7 EP
8@37056 Bi -4 —!fc(:;l%[ge\{:_cfnrtl.l lﬁgrcbﬁs%(%nvw(é?onb?rr%)lsﬁc? unsaturated
r- co-~~~-nitrileqe co |- t% v-. P P. HV 10
4\ % 04 4 0% e O i w w * :

*
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h C4 (fdtal Mol@7of(olefAin converted to all products e :
* . . 20 S H
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B i
he data
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) ede 1-4 ylene as the hydrocarbon feeds are summarized in Table ll. Each reaction was run in a 9195 cm

~~~~~~ 52 Cdiameter stainless steel microreactor. A 3.7 gram sam?le of 20;3 rzaih catalyst was employed.
1 o

in these tables show that per pass convgrsiops §J acrylonitril tained with é?alysts the pllgsent
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A process for converting an olefin selected from propylene, isobuiylene or mixtures thereof into

1.

acrylonitrile, methacrylonitrile or mixtures thereof which comprises reacting the olefin with a molecular

8
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A process for converting an olefin selected from propylene, isobutylene or mixtures thereof into
8

acrylonitrile, methacrylonitrile or mixtures thereof which comprises reacting the olefin with a molecular

Claims

1.
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b is a nunber fromo to 0.4; cis a nunber fromOoO to 0. 4; pr.o

sumof b and c 75 i's fromO 1t0 0.4, d e f, and g are \VHIWH 'ﬂ""mmn”m
about 0.2 to 10: and x is a nunbeEPRAUBBRII by the val ence r equicr e s s

of the other elenents present K), 20 2. A process as claimed in claiml

characteri S &Qvdoh chritiifin aﬁa( %onﬁé‘% ahd/ $doo 24318, \Mlgnl;%r Eurl]e oft macgoubz 6‘“(9' cis
Fromo. 125 Cghs o p,eigﬂe 5 S0 Sy A o e g oLt S 1 i

characteri sqg}ml,lgl at catalyst TIs suppor on a catal yst
support material selected fromsilica, alumna, zi rcom a, titania, alundum
si i cons car i kes.MalNiFbBRmM&L) ca, inorgani c phosphates, silicates,

alum nat es, borates and carbonates, pumice, nontnoril- lonite, or m xtures
t hereof . 4. whepinocess as clainmed in claim3 characterized in that the

cat al yst supypeCo, MCeP] 8t, Te,NasCd, Mcaa. 30 5. A process as clained in either
claim 3 or ohigures Herediandict eri sed in that the catal yst support materi al
conpri ses 40vhe®im by wei ght of the oxide catalyst. 6. A process as clai med
in any one &fisgnubesfrom@t95 characterised in that the olefin is either
propyl ene o iggnumber frapBitdA ene. 7. A process as clainmed in any one of
clains 1 tOCGS%FI‘é'FbSEfE%T?? 'in that the nolar ratios of olefin nolecular
oxygen conte[’fj’f % _ f% are within the ranges 1: 0.5 to 4: 0.5 to
5. Ki 4 & °t:fb ‘4as lajmed in any one of claims 1 to 7 characterised
by being carf, S & T d-bed reactor in the presence of steam 9. A

catal yst corm éh tmeq’a@nép xture, conpound or conplex of the
oxi des iron,, ire?ﬁHrl ‘3 ﬁ\QH Mhrefthekel and magnesium at |east one or
e

}Je eLement s” sel ect om pot aSSI um and 45 caesium and optionally one

nor e eb.eNBRécessSRlRfeath é|£u9m&hw.&wmmn&)&m'c&gw& ARb Wwherd BN SFE and
chrom um pReswdds.tesse 08Nt i nony, tellurium sodium cerium and/or tungsten
havi ng the enpirical fornula: AaKbCscMydN eFef Bi gMbl 20x 50 wherein Ais
one or no3.e Aofrodass ashdisimedrin eiffier &dim 1702 claitde2 cHarcter@ed M/ thidd Gio@kiBe Batdlyst B stppoiReIr
from O2¢ 0 | ®@8% catalgst sbpport nialerial seledded gormasiiva,dhedina eieonid) titadia,luhduns, siliSonacamideber
fromO to O0amingsiting iderdanichpibsphites, silinatesifaluminateg] boraies afd @arbofatds, pumicd, dpnt@oril- EP
0 437 056 Bilonie, omixtregithereef. ar e nunbers from0.2 to 10; and :

4. A process as claimed in claim 3 characterized in that the catalyst support material is silica.
30
5. A process as claimed in either claim 3 or claim 4 characterised in that the catalyst support material
comprises 40-60% by weight of the oxide catalyst.

6. A process as claimed in any one of claims 1 to 5 characterised in that the olefin is either propylens or
35 isobutylene.

7. A process as claimed in any one of claims 1 to 6 characterised in that the molar ratios of olefin :
molecular oxygen containing gas : ammonia are within the ranges 1: 0.5t0 4: 0.5 t0 5.

40 8. A process as claimed in any one of claims 1 to 7 characterised by being carried out in a fluid-bed
reactor in the presence of steam.

8. A catalyst composition comprising a mixture, compound or complex of the oxides iron, bismuth,

molybdenum, nickel and magnesium, at least one or more elements selected from potassium and

45 caesium and optionally one or more elements selected from the group comprising cobalt, manganese,

chromium, phosphorous, antimony, tellurium, sodium, cerium and/or tungsten having the empirical
formula:

A KpCs MgyNiFeBigMo1 20y
50
wherein
A is one or more of Co, Mn, Cr, P, Sb, Te, Na, Ce, or W
wherein _
a is a number from 0 to less than 5.0;
55 b is 2 number from 0 to 0.4;
¢ is a number from 0 to 0.4;
provided that the sum of
b and c is from 0.1 to 0.4;



% is a number detérm ned by the val ence requirements of the other elenents

present. 5 10. A catalyst conposition as clained in clai ﬂ m
in that the sumof b and c is frEh0 437988 BL w g1 H ﬂwmgﬂﬂm I!I
10 1. Verfahren zur Umnandl ung eines O efins, ausgew hI tl ads Propyl®en,;s =

| sobut yl en, ad M schu e e ben zu Acryinitril, NEt’hacryI nitril oder
M schungen af‘raaz'i'ﬂ e %é‘onﬂﬁé? rﬂset zen des A efins mt ei nem nol ekul aren

Sauerstoff bei einer
Tenper at ur” | m E%EI cﬁrﬁﬂe&im\g\gﬂ% @Hgﬁ\gﬂ%%}éﬂegﬁ}en Geggmﬁt ei nes

Oxi dkgt aby g @hslyst céﬁfﬁo@ﬁ&n:as @ﬁﬂw‘é& ‘H’cleﬂ}ﬁ S QRAER)iSIANE that HAGINTIGHL 4 icOkmdnb.yBBas or
di‘e_senpi rigghe Fornel : A. KbCscMydN Fef Bi gMbl 2 Ox aufwei st, worin A Co,
Mh, Cr, P, Sb, Te, Na, Ce W oder 20 M schungen dar aus bedeut et, und
WOrm a eatedtagsgtlicheon 0 bis 5 ist, b eine Zahl von 0 bis 0,4 ist, c ei ne
Zahl von O bis 0,4 ist, 25 vor ausgeset zt, daB die Summe von b und ¢ im

Ber ei mh 1voVer@hrén lzursumwahdlungagines Olofins, afisgewiit glu{zi’rmwn. ri$obutiglpm odar \Mdischungem et wa
0,2 bi s 10desseiben. zurfgryjoitdli MethaZeyiniiril joder Mighhengen, darsusweliches das Umsetzen des Olefins

Werti gkei t Dhsingmdwelelyigen Sauerstefh enthationden, Gaw Herk ABMOTIkereder Dameighase kel aitpr

wird. 2. VEamearsiue im fersich A8 (Atwec BO1C i BN EHin fioRemias Sines Quipkatalysgtors) ymiast,

O«i dkat al yg%ﬂufﬁhﬁ?f‘"éﬂf"ﬂﬁérdaq‘?EO"'%HV?F‘%P@‘a HerBe GOl und ¢ i m Bereich von
0,125"bis 0,3 I Ver f ahren nach ei nem der AnsprCche 1 oder 2,
dadur ch geﬁ#h% ghFr?éBt' O#aB der Oxi dkatal ysator auf einem

Kat al ysator sg% terlal getragert ist. ausgewdhlt aus Kiesel erde,

Toner de, d{m LI-LENa BE WHSter Al undum Siliciuntar bid,

Toner ge- Ki E@luﬁ%&%ara ha@Riuaghen Phosphaten, Silicaten, Al uni nat en,

BOrAt en un onaten, Binmsstein, Mntnoril I oni t oder M schungen

der sel ben.ag,[;)e zgi“\,o}(@rbisamgtgn nach Anspruch 3, dadurch gekennzel chnet, daB
das Kat al ypah®zanlvod@isodiey i al Kieselerde ist. 5. Verfahren nach ei nem der
Anspr Uche geingl2dhl vbn obadigieth gekennzei chnet, daB das Kat al ysat or -

Tr agessat evdraibgedéiztixas die Guisaeiven i @@rcozent des Oxi dkat al ysators unfaft. 45 6.
Ver f ahr en imeBdreich vore 001 11810,4Aiagtpr Uche 1 bis 5, dadurch gekennzel chnet, daB das
A ef i n ent wedbtumd BrZepier miheicaeWeit swbut yl en ist. 7. Verfahren nach ei nem der
Anspr| che d¢wppgbig 10dndtiunch gekennzel chnet, daB die nolaren Verhiltnisse so
von O ef i nx eineZeik st aiechiroasirWertigieisapiprdenaiopn fiti @nderavorhandanes Flemente (hagimmi | b
der B¥rei chgd-1: 0 5 bIS 4 : 0,5 bis 5 liegen. 8. Verfahren nach e| nem der

AnsprUche 1 bis gekennzei chnet , % LRLein 'lﬁ ttre-
aktor i r? C—E Wﬁ%pqch @B?pr q%ﬂﬂ ne§VI ?lgderg)gldgata ysator em solcher ist, worin
Kat al ysat of’ E@‘H‘?ﬁ’fﬁ'ﬁ’s‘ﬁ‘f’fdﬂﬁg"m‘%ﬁg %% M schung, eine Verbindung oder

L
und gegebe ﬁfﬁff ggﬁ %la RioSol %%ﬂschéﬁ*ﬁﬂé%t@i trs|||@éié1 ;dematen

_ Boraten und Carbonaten, Blmsstem, Montmorillonit oder Mischungen derselben.
o/
40 4. Verfahren nach Anspruch 3, dadurch gekennzelchnet, daB das Katalysator-Tréigermaterial Kieselerde
ist.

5. Verfahren nach einem der Anspriiche 3 oder 4, dadurch gekennzeichnet, dag8 das Katalysator-
Trigermaterial 40 bis 60 Gewichtsprozent des Oxidkatalysators umfagt.
45
6. Verfahren nach einem der Anspriiche 1 bis 5, dadurch gekennzeichnet, daB das Olefin eniweder
Propylen oder Isobutylen ist.

7. Verfahren nach einem der Anspriiche 1 bis 8, dadurch gekennzelchnet, daB die molaren Verhéltnisse
50 von Olefin : molekularen Sauerstoff enthaltendem Gas : Ammoniak innerhalb der Bereiche 1 : 0,5 bis 4
: 0,5 bis 5 lisgen.

8. Verfahren nach einem der Anspriiche 1 bis 7, dadurch gekennzeichnet daB es in einem FlieBbettre-
aktor in Gegenwart von Dampf durchgeflhrt wird.
55
9. Katalysator-Zusammensetzung, enthaltend eine Mischung, eine Verbindung oder einen Komplex der
Oxide von Eisen, Bismut, Molybd&n, Nickel und Magnesium, zumindest eines oder mehrere Elemente,
ausgewshit aus Kalium und C3sium, und gegebenenfalls eines oder mehrere Elemente, ausgewéhit aus

10



‘EEO"437056B'1 ' I 113 111)1 101 Aliii o *
Nat um . Cor - und) oder Vel fram i EPA SRR Schon For e HIIIIIHHIH llllﬁllle llll
AquCscI\/Dle OFol BiQwl 2 x 5 worin A eines odor nehrore der H ement'e &o, *

M, Cr, P. lst, WO | o) r

als 5.0 bed(gsl(t' ”p‘" fasse?:DBdﬁE e s 6 n%s O'G' mﬁg?ﬂ e"u}:( 'gatrﬂjgp f% h dgﬁ

bis 0,4 ist, ‘V(?raus éset z ie Summe von b und ¢ i mBereich von 0,1

bis 0,4 I|e g Zahlen von 0,2 bis 10 bedeuten, und t5 X
MgdNiFeB

ei ne Zahl ng"cg gf% ,Hﬂ&' di e Val enzanf orderungen der ander en

vo{ handenen Wghgenmente. 10. Kat al ysat or - Zusammenset zung nach Anspruch 9,
dadur ch geke(éies bédh rdhrereGBEEISH Rt BHNNE, O, S, TéNk, Co bder Beisiei ch von 0, 125 bis
0,3 liogt. ZRrMRevendi catlons 1. Un procede pour |a conversion d une ol efino
s6l ect i onn6a ethe[ZAkIvort 0 bie wiigapyts Hoeededtet, sobut yl bne ou de nbBl anges de ces
deux cos ps @ire@apllvomd vis DKdst, met hacrylonitrile ou des nel anges de ces deux
cor ps, pr oc eddiheZan yorsd bim04&t.f aire r6agir |' ol efi ne avec un gaz contenant de
| ' oxygbne nyb@esgbseizt dafedie Sansenvon b und ¢ imBaneichawen B bis9gdieoty apeur & une

t enper at ur e dorfynd g &ahiantvere0.2® 1@bedgd®% C en presence d' un cat al yseur type
oxyde car actue¢| se par la fornul e enpirique sujvante: eCsc dN| eFef Bi gvbl

20, K 30 @ahl |sA b@itiamt dw’&h %Valwﬁanf rungpn dgbandqun vom.in Eﬂl
I d d 6 t
Efotjpwgga it vonM%’ ﬁﬁnww&”%”?%ﬁa%" el Rl ced 5o Su?'."ge e e o

egt0|t conprise entre 0,1 et 35

y r&venhicM dtant des nonbres conpris entre 0,2 et 10, ot - x etant
uMorrbre gv(?{'efmor?g par | es besoins au point de vue val ence des autres

el ements pr %eﬂﬁc'%dé ﬂ&r IazconMIdﬁrdQEQGquﬁeJéQ&loﬁrﬁe BEpaRINdé F@b}}lé’h@ cilsé'bﬁtyléﬁé &y 8556
par le fait RdpqdsCdeCedt AbKS@Hs ohYBGloRfiddMéREtyIdnirie 61 8osl MSIangE8 M $bsdelGx &fgs,
conprise entﬁr&é& donaistiit Pialle rdagir YOG QEa6h G2 EvnteRdI e IrexypEnéemelécoiakd endel,
soi t | @srevanklinemid éMphisE aipaGit £ luhé Benpéiatuleccomprise dntre 260 ot 800a Cyaneprsseooey dien
repose sur Wwatalysdubtypsakydeqaraoiisé pod l& btnuenembiriqueosauivents : de sil i ce, d' al um ne,
de zircone, de di oxyde 45 de titane, d'alundon, de carbure de silicium
d' al um ne- siAKySe.Modh.FpBMph@L es i nor gani ques, de silicates, d' alum nates,
de borates et de carbonates, de pierre ponce, de nontnorillonite ou de

n6l anges de a®s corps. 4. Un procede selon | a revendication 3 caracterise
par le fait quneAF@ntekCer MG »s'éJ&d‘@rge'(Wj°‘t‘§T’%ﬁ'§}‘§%9ﬁceé§lem3'ﬁs de la
silice. 5. Un- ?6‘6’5&6"@@’%??”?6? gt 0 °T' endi cation 3, soit la revendication
4 caracteris6” p%fétat &n fiofire gytrg 0

d
cat al yseur est §EA%MN MRPYEPPYE ﬁrft&?sﬁgpd’bg?y'agq" %smg"em% ecrslr‘)oc%'?aplg}gg%trg 0%
n'inporte | aquel é,féijesétante&égnghb?éastéoﬂﬂr?seqmtréioéet%,r&‘:t6“ se par le fait que

| "ol efine est x étant un nombre déterminé par les besoins au point de vue valence des autres éléments
_ présents.
40 2. Un procédé selon la revendication 1 caractérisé par le fait que le catalyseur type oxyds est tel que la
somme b + ¢ est comprise entre 0,125 et 0,3.

3. Un procédé selon soit la revendication 1, soit la revendication 2 caractérisé par le fait que ce catalyseur
oxyde reposs sur un matériau support sélectionné & partir de silice, d'alumine, de zircone, de dioxyde

45 de titane, d'alundon, de carbure de silicium, d"alumine-silice, de phosphates inorganiques, de silicates,
d'aluminates, de borates et de carbonates, de pierre ponce, de montmorillonite ou de mélanges de ces

corps.

4. Un procédé selon la revendication 3 caractérisé par le fait que le matériau du support du catalyseur est
50 de la silice.

5. Un procédé selon soit la revendication 3, soit la revendication 4 caractérisé par le fait que 40 & 60 %
du poids du matériau support de catalyseur est constitué du catalyseur oxyde.

s5 6. Un procédé selon nimporte laquelle des revendications 1 & 5 caractérisé par le fait que I'oléfine est
soit du propylene, soit de I'isobutylgne. -
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Soit {du propyl bne,” soit de I'] sobutyl bne. 11 EP O 437'

111111 p11111 111111?f1 7. Un procede_ selon n'inporte |aq m,ﬁ”ﬂmu

revendi cations 1 6 caracteri seEPpgfngsef%ﬂt qguo | es rapp@f ISc ,,,”u ’”!'I

ol 6fine/gaz contenant de |'oxygbne nol ecul ai re/ ammoni ac sont dans |es

ganmes 1/ Oy5 . cghs Qeigh Rimportedt ﬁne&é@erﬁﬁ s 9% & BarflidiBO \ePraht BHBY laBoditES
;i" IE| ﬁénag iécul

. . ©|
revendi ca ros vléfthe/gad d R%ygBRY m ifeidmntbriat Sonfddné Y gatRAss 1% 2%/0,5
r 6act eur t fluidise en presence de vapeur. 9. Un conpos6 catal ytique

constitue d' un n6lange, d' un conpose a base de ou d'un conpl exe d' oxydes de
fer, de ghi anproksds dstonMimpsranatRelis des Bihlicdtiont1 FI® caimgsneiSpar ¥ faitkjuailh IBD HaS ubin
61'6rent ourépdidi® 2 GefluldBé ddprésencedivegupot assi unl cesi um et facul tati vement d' un
ou plusieurs el enents s6l ectionnés dans un groupe conprenant cobalt,
manganbse, Ut bontposs, capplytqueivonstitué d'nn meteigecd'unt @@mpesé @, bageoddi awrd'uncomplens diixydes

t ungst bne, deafeae bismuthodenmélgbdénepie higebetsiaimagnfisiom, dab@siod\ycémeantbeuBplgpvislla? Ox,
15 aveec - Heirgtpatassium/eseium st Easiliativerserd elyingluchlsiours &idmenty/sélectipinépdansiyin graupe Ng,
Ce, W - acoswemnent gppaltdimpgassseontinmespheprhers, aytireqinenisiiure; sepliums ofylum ety taaggire. un
nombr e conPintda Ruyeempirigye gyivante 0 - ¢ etant un nombre conpris entre
O et 0,4, pourvu que la sgme b + ¢ solt conprise entre 0,1 et 0,4; - d, e,
f et g eta b‘@e'ﬂgdﬂb'%fﬁ’@!"z ®dnpris entre 0,2 et 10, et - x 6tant un nombre
detert n6é par | es besoins au point de vue val ence des autres el 6nents

C . . ;
presents. 25710, Lh O%R;E[Bigér?disaé’iéﬂlem& B4, £ P08k, ré NaCYE Wi cation 9
caracterise p réégﬁj f%gregw:)pr gmgqmm,oms je Eoest conprise entre 0,125 et O, 3.
30 35 40 45 5 é tL££ombre compris entre 0 et 0,4;
b. 20 - ¢ étant un nombre compris entre O et 0,4, pourvu que la somme b + ¢ soit comprise entre 0,1 et
0.4
- d, e, f et g étant des nombres compris entre 0,2 et 10, et
- x étant un nombre déterminé par les besoins au point de vue valence des autres éléments
présents.
25
10. Un composé catalytique selon la revendication 9 caractérisé par le fait que la somme b + ¢ est
comprise entre 0,125 et
0.3.
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