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PCT/ US2003/ 036940 WD 2004/ 050238 M XED OXI DE CATALYST

O- RB, CE, CR N, FE, B AND MO FOR THE WNUE}A%%}JE%E
4?3: ;sACRYLONI TRILE The present invention PCL (P G an
WO 2004097 bved catal yst for use in the ammoxi dation of

an
unsat ur at ed hydrocarbon to the correspondi ng
unsaturated nitrite.

In particular, the URE OF
\TxEp oxIbBV@RhLan on rei cect@d ¥o &R HpFBVEY T ‘Fc%’gég‘@ﬁg“tn" T
acryronrTeat@l yst for the anmoxi dation of propyl ene

i sobutyl ene to acrylonitrile and/or nethacrylonitrile,
respectively. Mre specifically, the invention
relates to a novel and inpr ¥deda tth® amfiiidayet of -
Theqmqseméhvﬂyhaﬂtféﬁfﬂ@ﬁ“dpp%gvaeg\gﬁ‘gl ic oxides of iron
an unsatu 3 Typer B0 43S0 oepmapamisamiaedmitisadt PERVE B ) ERET
el "and cobalt, rual di urn ogﬁ%lmomqoﬁlafgmpme
mvenﬁoniiﬁdi&&&dauhsﬁmptqvﬁd PERETE AT °'t‘)tiay5nfy Of nmanganese, a.
_nobl e netal  and, vanadisihacBReil trbspectivElyt SoR RGP aily,
and/or isqbyiylng ¢ & RS ng oxi des qf j ron Wcﬁé‘iﬁﬁgﬂ@g%mﬂ“ of
the inven ﬁéﬁ%rﬂwmommmowdtm%ﬁ’i‘%%a“é’f e S, have .
~lTong been used for ltgﬂﬁn nﬁgﬁ%ﬁﬁhaﬂemt@pylc&m@k_atormc e
catalytic exidessefdEpm, é‘?fﬂ’é’lﬂht‘ﬁ? s In e presence of ﬁmml}lrgm@mse,
d cobagéx)(lg‘aﬁn{, \USHth, ahdichrdoiiemf by the substantsl SpIRRAFECT dr e
an ry1 onr'trile. In particular, Geat Britain Patent
a noble nleld Gddémadju®. Pat ent Nos. 4, 766, 232; 4, 377, 534;
4,040, 978; 4, 19R«H{ftiondf TRSPriGOAENd 4, 863, 891 are _
each directed to bi snuth-np| ybden éﬁn;la{] Forbotbd/ with suitable
Cohityl corinive rideref dgnaiieRU FRC PGP B

| ements to .

and/ or

produce acryl onitpile . gkhrbpyien atelByatedmpgratyies in the
elements} ha g0 oRfleeei %g{eﬂs? %P%érfig?l f/b pir))g,rgt ed o ture acrylonitrile. In
prosenc bRk Gygaumtallyin ded BTy &F S FLP "I At T on of
ol'efin

2 3 78;
- particuldr, G5@} %@?@ﬁgegt t4§§ 753 55S- Pt Nos 7665222 4,837,534 4,040,9

q
Tl

47are directed to

j eah dicbotsd to bigmud-me PRI, Y=
4,168’2%;3%2’% %Qié‘g?’gﬁjo]’ﬂ }ﬁiel e.. An . opj ; ,lgﬁuiﬂeshagdditlio%, US.
. . . et {R) psduc hord !
wmchm@wmmwmthmupéla‘?%w donprising a unj que ¢ for

combi naéoig? . 1900s PEQNREE &,,ﬁit&ebls_nmﬂbmﬁb'g@ﬂww FARDE
Patent Ne. 4.4 3159& ¢ ‘anmmoxi Eati on o{ 0 5@ #2 and 5, 834,394 are

'daﬁé;fgﬁ%ﬁﬁs‘?nﬂ&@aNanﬂSe%WWeé?,ng’ g‘l)é y'?oni trife, .
oxit et hacryl onitrile and, i LRI bigh yicldsloaeryianiirile-
. oL OhlatRechiBRING . |

directeStoriismugh-rolydenym PO S 5r0py i ene and/.ar  Dis | Q5§ Hination
' ger e‘il tgfméﬁ}.swpir&&ﬁtbndahabydmm IFPERLE afug%q%t he
da

on of pisobut

: | ene, t 0 acky! gfimbkidhgornod/ popylene,
 of profRtdiactitingteften eorfmEREt Y VBF 2T,

one asp%gt "xttmhegrtﬁereof
i s provi.ded a cafalysh.Aeile,Smetaaylouitt 3o it ’
imbutﬁateapywm%ggggééprﬁrgi ng rubidium cerium
m um magnesium iron, bisnuth, nolybdenum and at
respec 2004/ 050238 PCT/ US2003/ 036940

Summary of the Invenfion

itri tively.
“isobutylene to acrylonitrile and/or methacrylonitrile, respectively

: ; ; isIng
‘ " lviic oxides comprist
In one aspect, there is provided a catalyst comprising a complex of catalyt

i i i enum and at
rubidium cerium chromium, magnesii, ron, bismuth, mol ybd num,
* 3 =z



| east one of nickel or nickel and cobalt, wherein the
relative ratios of these elenents are represented by

wbhBeusfosd2b®W ng general fornula Rba Ceb Cr, MpdTAIS2000/036940
Big Mb12 Ca wherein Ais Ni or the conbination of Ni

least %ng qgonicl{%é io§ nﬁ&glugmgccﬁ)lﬂtt th@[keglu{he]relau& fa%o@k?@ liltlesg efbnents are
t o about , cC 1S

out 0.01 to about 2, I s about
repreferlidd tyaha fdlowing general formlaut 0. 01 t o about 10 fis

about 0.01 to ahgut to about 4, x
IS a nunber det gﬁg?n%eég“ ﬁg‘l‘ﬁ'eﬁ‘% ”enc‘é%?‘eqw rements of
wherkfie ot hRis miamblmleseﬁmm ein "b" + "c" is

greater than &l,l V\,herei n the catalyst is
subst arftis aPey 01 e abgut by nganese, a noble netal or

vanadi Whs abButd.186 absht 8spect, there is provided a
catal yst conprising a corrpl ex of catal ytic oxides

conpr | s¢lﬁgb¢‘l!9+(ﬂ|tﬂﬁﬁ)°“é§fl um chromium magnesi um

i ron, aum and at | east one of nickel
or ni cke an cobalt ahd optionally one of
phosphoemabommqlrtoabqutﬁ@ lurium sodium Iithium

pot asmynh,Poe(leggbl%abqgﬂl ium boron, tungsten, cal cium
{

zinc &ffent, or mixtures thereof .
wher ei ngtslwoﬁtﬂmttbwoutatl os of these elenents are

repr esent ed by th foL n ener al fornu

o, Mydk J§ 3 pERbE; B VElRRe i B 4G R ot Blements
conbi Naf e Qit, Of N| and Co Y i's at Ieast one of P, Sb,

Te, Li, Na, K GCs, TI W e t

' whwirer‘fb'htl' "gSy isngrrates ﬁgﬂt'lﬁér@éf whgeyusthamgﬁlﬂysé ‘%fa‘?‘&“g%{&w of

about 3, ¢ is about 0.01 to
mmﬁ%‘? afgbégl?l S a%oufh‘% 01 to about 7, e is about 0.01
@bdo%ko Oas Fec,ft ih&eqp%vx&doél- citﬂy@%@ﬂbnﬁng aGeobplerhdutatalytic oxides

to a IS to about ¢
compnsmg rubldlum cerium, chr0m1um magnesmm iron, bismuth, molybdenum, and at least one o

nickel or nickel and cobalt, and optionally one of phosphorus, antimony, tellurium, sodium, lithium,
potassium, cesium, thallium, boron, tungsten, calcium, zinc, a rare earth element, or mixtures thereof,
wherein the relative ratios of these elements are represented by the following general formula:
Rb, Ce, Cre Mgy A, Fer Biy Yy Moz O

wherein A is Ni or the combination of Ni and Co,

Y is at least one of P, Sb, Te, Li, Na, K, Cs, T, B, Ge,

W, Ca, Zn, a rare earth element, or mixtures thereof,

ais about 0.01 to about 1,

b is about'0.01 to about 3,

¢ is about 0.01 to about 2,

d is about 0.01 to about 7,

e is about 0.01 to about 10,

fis about 0.01 to about 4,

g is about 0.05 to about 4,

his 0 toabout 3,



2 PCTI US20031036940 WD 2004/ 050238 x is a nunber
determ ned by the val ence requirenents of the other
el ements present, wherein "b" + "c i qrEsade3dHan
w0 2004/05¢838  and wherein the catalyst is substantially free of
manganese, a .nobl. e QenV@Radica®nts| o the1ether elements
enﬂ‘o'&ian‘éﬂ?,crfiﬁ%%lg?cg@%i scl oeged&g catal yst conprising a.
cormésgﬁ@, of catalytic oxides conprising rubidium c
cerium chrom um ,ir ' ty sy R tbymantialnd fize o
wherein "Bedsic” dh&eas "H?"ck%r%g? \ﬁ}%ﬁl and cobalt, and

ORL LD RkelaY oORBadmpPhosphor us, antinony, tellurium
manganesesg %’lﬁﬁ] I?thifjm Lga%éassi tqn%% cogr?p%LiH coﬁ{ggkbf&mytibor on,
In ong rRpbedineb A1 1§ A liger &Y Hhe el at 1 ve rati os, of

. _the AR 5@k SohfeRiims o, bisush, mhlybfesry jid g least one
oxides cotagxhszn%a"ﬁi"?%l a: Rb. CebCrcA. Fefh%ing.Y%omq teliREE s6divin,
of nickel drsidkiel and cobedt, aushentivaalysne 8 PHGFPISE : éivss at. | gig tog

. one,of P. Sb Nazon L ungdfen daseiun,iwheBsin e, reigftve T
lithium, pofagsium, GeSipT ethgirq‘?ﬁ."el enment . or mixtures thereof, ais

these clenf@\ate Bprédented byt follawing gene@! SSBHE 0. 01 to about 3,
is about 0.0 UK, Per Bi, &yMoa0put 0. 01 to about
10, f is abcln%ﬁ‘%%g%é‘o abdut 4, g is about 0.05 to
aboy{ js4i or tie combihation ofB8@rd 8% x i s a nunber deterni ned
by the val ence [ N SgOEs, B, GehW, el ement s
pres“éﬁta,tle\?vﬁé’P‘éf’{ﬁgé'f%ﬁb"’Iéfeater than "g", and

Wher &) Bin!d\ardeatin iepient ar mibuesdbreell |y free of
manganese, a noble tal or vanadium 3 In a third
aspexis abeui 8 o W ki ded a process for the conversion
of - Qb&liiov1s6kesited from-the group consisting of
progé]fsene, I sobutyl ene or m xtures thereof, to

acr yt srboutiQ.Q to g% acryl onitrile, and nixtures
“thereof, r b¥ghy, by rTeacting in the vapor phase
at aﬁ'seﬁbgk}tgf'@&‘a?‘gér{rperature and pressure, said olefin
W t h £ absohte0ll tarbotlgen cont ai ni ng gas and ammonia in

the %ris??b%%g&ogto a%o&taésal yst conprisi ng

his 0 to about 3, .
determined by the valence requirements of the other

wherein

elements
x is a number

present,

+ "¢" is greater than "g", and wherein the catalyst is sul_)stamially free of

wherein “b"
manganese, & noble metal or vanadium.



a conpl ex of catalytic oxides conprising rubidium

cerium chromum magnesium iron, bisnuth,

nol ybdenum and at | east one of nickel or nickel and

cobalt, and optionally one of phosphorus, antinony,

telluriu sodium lithiu ot assi u u m the

t hal Inj au‘ili‘in11 BeeEnthery dt Pfﬁﬂfi?fﬁ p‘[% i‘iré]ﬁenl %%é’nu% amquleﬁcr:l selgeted fro
gﬂbﬁﬁ @orﬁﬁﬁﬁgfbfqir@mﬁ&,asdﬂﬁtyme(b:umemtmﬂe@ff fo ashpdomettile, mPFéaCfﬂOmmle and

relative ratios these el ements ar t od or
mERyes W‘PfOWSW&“ﬁB’n g-‘f éqactfn§r1 vap?_{bp% %earb %%eﬁ%%&l t@xqpé?z*ure and pressure,

sdRh Qef@wﬁ@ﬂ-&o@:ul%@fg&h gonfeidisg Pds and amxtmuq:mrﬂm m@pch ﬁf a (@falyst comprising
Ni and

| ! iuth,” magesi iron, bismu
acg)mp]cx (go ca@grtlc \Rf%tefacgr%#31ngneb18£:m ceéﬁn, -ﬁﬁymﬁh m idfn, bismuth,

TFare ear emmt or
wBiybHeHufS ardd ke letxd fme cﬁ mckel abuidktel endabbaltpanginpignally ong of ghosphorus, antimony,

tqailglglgrgb@mum@thglim? d)o a%suin% cf}éuf‘m a@@ﬁg gibo%n %&tﬁgg&ﬁ;tuggﬁeﬂ calcium, zinc, a |
0 earth eleSneat) m.tmxﬁ)re@ theteof, sberen the re]gtwegata)b of fhesp elgmenigpare represented by the

out 4 0 M Whéelsih eX NI the combination
g‘s)v‘f“ﬁgege@%{% fﬁ%%ﬂar e%blﬁ |Crg e nllémgd Be Feffﬁ ﬂ H'g?e el enent s <h element, or
qfNe sBhCo, Y inlatlemt one'of P, Sb, Te,'Lij Na, & @&if blB Erat §2 Zé‘ni‘jmre carth elem

wher sl theréo?ea i§ %c@} ¥.8f td fbo&tqbfﬁtl@mduad) by tf 6@ 30t is about 0.01 to about 2, d is
h or vanadium__Disclo f £ 0.05 to about 4, T
Meutdit taabpup? sanoudd Gige abqﬁlél% & ABPLIOY 17008 %P H

1? %lt LS.F 3f £ QM LG 'dRleRnifRANS E ivAlence Qéquﬁérﬁcﬁlysl &riBe other elements present,
ene or mxtures thereof, to r¥£on it

o b
mmtb’w Sori gt i ARPRETER terapleds f‘t%‘%‘ﬁ@%{m o4 rymganese, a novle
BVl £36lb#G. i N the vapor phase at an el evated

tenperature and pressure said olefin with a nnlecular

oxygen containing gas and anmoni a .in the presence

an’ m RetPie bR AEOEEPAPySE ONFEPRPIA S4e BETE ‘i}@[‘ the group consisting
'oé_F?(ﬁ) des qub@%@n@@rol\ﬁﬁtur&&hwfz QDAAGRRES methacrylonitrile and mixtures thereof,
P /u§2003/03 940 DETAI LED DESCRI PTI ON OF THE id olefin with a
| TRAVERFFIONDYTTFRCtNG 47 B (aRH PRISE iab A FIEvardeRoRsratig Aaf pregsure said oletin
CRORY a8 bXMGeR conbbiiras MEinthRdni-ON tRflese@t oDarmrhixed metal oxide catalyst, wherein
pronoters offerln better performance in the catalytic

a‘H?r‘Ei‘i‘"i Lysht POFESEHPeROBS | ene, i sobutylene or mixtures

thereof, to acrylonitrile, nmethacrylonitrile and

m xtuss thereof, respectively. 5 One enbodi nent.of the

present invention is directed to an ammoxi dati on

catal yst conprising a conplex of catal ytic oxides

conprising rubidium cerium chrom um magnesi um

iron, bisnuth, nolybdenum and at |east one of nicke

or nickel and cobalt, wherein the relative ratios of

these el enments are represented by the follow ng

general fornula: Rba Ceb C. Myd A FetBig Mb1l2 0. 10

wherein Ais Ni or the conbination of NN and Co, ais

about 0.01 to about 1, b is about 0.01 to about 3, ¢

is about 0.01 to about 2, d is about 0.01 to about 7,

3a
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15 e is about 0.01 to about 10, f is about 0.01 to
about 4, g is about 0.05 to about 4, x is a nunber
determ ned by the val ence requi rerrents of the other

el enents present, 20 wherein "b" " 1505960836640
WO 200405038 » g 3nd wherein the cat al yst is sudbst antially

free o EentioN SpmipinaN YR U |1
anot h E er than "c".
'I‘hél E}Qtéﬁﬁfnvammdk ARotel aftalydt nsmpmmwa um\le cmabmp@n@n@ @tqod)f

. 3. et anot her,
omtcscins et i RO Bhoe g LSBT

or mlxture%%tle%&f% a@@[ﬂ%&h%l rﬂ@hétrggﬁﬁilemd}ﬁsxmtmtepf  rspekivelps
_ conpri sing rubidi um ceri om um
Ofm gnmqmnemfytbgmgﬂt %Y{.’,&tloaq 1§ ag%:{&gﬂ &an oafmrho)ﬁt{(aapn catalyst

ckel o c OBl &N @bmprishE NAsitium, eefitm, chromlum
compnsmg fa i 6Aa g gfn)(teao; ph oslphorugm 4

t tellu
magnesiufi) diowThismiuih, alyhdepsn, aandi a4 ,ﬁ:as& gg? :gﬁnglg%% 95 ﬁuckaf F’%ﬂbﬁ[ﬁ\
wherein L{lﬁh@ ¢ g?"é‘ﬁggt{ tﬁgsle %ie}ﬁ@lts m%ﬁés@n{e@ By e ftlbwing getieﬂl ifereubaf

are represent ed by the follow ng
general formRtaCeRGa@b‘\c(ﬁerB’h@@PIAOl Fer Big Yb Miz O(

|sN 0 ination of NN and Co, Y
whcremus a%‘ ‘ﬁ ‘%’°g§hg‘“§%b Li, Na, K Cs, TI, B,

Ge, é/iéab&imoinoaﬁhuf‘ﬂre earth el ement, or mxtures

thereof, a is about_0.01 to about 1; 4 WD 20041050238
pCTI Us2bes e abP ™t} i s about 0.01 to about 3, cis

abou%lsqlbg‘;tgt(g Beet22, d is O to about 7, preferably d
is about- 0.01 to about 7, e is about O. 01 t o about
10, &isfabout GMHoQEbe A1 to about 4, g is about 0.05 to

abou%ls@!bo {b.05t0GbdR 1&PouUt 3, X is a nunber deternined
g V3l ence requi renments of the other elenents
preséistaboutlmlvmebféitﬁ, "b" + "c" is greater than "g",

and wher.ei al yst is substanti aI I y free of
mang&nis& “powgqbﬁmﬁ netal or vanadi um anot her . ents
enboetl S RNfumbeb Yetersningdshy e valease ’Pﬂ‘éﬁmﬁm ot the othet

present,
wherein "b" + "c" is greater than "g", and wherein the catalyst is substantially free of

mﬁnganese, a noble metal or vanadium. In another embodiment, "b" is also greater than "c".
In anbther embodiment of this invention, "a" is Q.OS to 0.3.

In yet another embodiment the present invention is directed to an anunoxidattion
catalyst comprising catalyst comprising a complex of’ catalytic oxides comprising rubidium,
cerium, chromium, iron, bismuth, molybdenum, and at least one of nickel ot nickei and cobalt,
optionally magnesium, and optionally one of phosphorus, antimony, tellurium, sodmm
lithium, potassium, cesium, boron, germanium, tungsten and calcium, wherein the relative
ratios of these elements are represented by the following general formula:

Rb, Ce, Cr, Mgg A, Fer Big Yo Mo12 O«
wherein AlisNior the.combination of Ni and Co,
Y is at least one of P, Sb, Te, Li, Na, K, Cs, T1, B, Ge, W,
Ca, Zn, a rare earth element, or mixtures thereof,

ais about 0.0t to about 1,
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I n anot her enbodi nent of this invention, "a" is 0.05
to 0.3. In the above described catal yst conpositions,
t he anpbunt (on an atomic basis) of cerium plus
wozchrgm' um are greater than the amount of bisnmuth (i.e.
0040050238: o+ i 5 greater than 15 "g"). If therasmunseaen
an atﬁ?@ﬁ bg?i s) of ceriumplus chromumis |ess than
the a PUOlpabrut B, t hen the catal ysts are not as
act i veis abbutdmatih gouesbodi nent, the anount (on an
atom ¢_basis) of ceri'umis greater than the anount' of
chr onf¥ il te akout 7jpreferblyddastout 0.Akto dbbit}, The basic
cat al yﬁ%&gr@m%gﬂo?pufjescri bed herein is a conpl ex of
catal ytic oxi des of rubidium cerium chromi um
magnelsis ghgut P0btp aboitsyut h, nol ybdenum and at | east one
of ol I i ckel and cobalt. Except for
specizé)ﬁscg:g{‘h?'og%fd&a{é% el enents, other elenments or
pr ondtiefdopopt Be i ncl uded. I n one enbodi nent, the
cat alyst, may, i ncl ude e _or nore of phosphorus,
ant i r%%y% mfl)e{'i’elr @Fﬁ]ﬂf’“ggﬂfhﬁrﬁahﬂ?@t FRUFReR!d ©of $hei athgr elements
cesi ymsetithal | i um boron, gernmanium tungsten,
whereinCACL UM <21 ne, nd a rare earth el enent (defined :
her el n®ad® &ff*eptanyie’y and whereinnghe qaalystSiy) substantiatly e, of
mangan@ﬁ, a i'ﬂﬁhle Efetal Emang(ﬁu.lx.blﬂ 8.[10“16@ %&B&ﬁﬁ]e&hn%o ‘H?antreat%t}’gﬁa“ "en
g [ n )

bas 5 catal yst may not contal n naghesi um

In anothet tEghogimapf pbisisEon 1 isQ@%oys. cont ai ns a smal |

AR Rbowf dRhaRE IS a_ beneficial effect o

. the attri teieon rLHsafagig %%a(e@oglgo{?ﬁ}ec 5‘?%'1"%?". an atomic gas’S)."r}
o AR L VLT L L Ep o o o FASEE el
&) 1t O o uE Koo bt ppt Gy i Iy o 6 caponip

. el ement s have been i
bismuthothenjthd ¢rtalysts ewtrak s ictiviet hini ampthey eibodfifient, e bbb (on an -
8l . se ar nganese,. t he_ noble netal's (as used
atomic B8 il el ol B HBIOGR G chigmi e W miscter PR o
- Thelbiasidicatalysoemiposition désgibsd RRAsh Y b oABRINRNEEIBe
rubidiumThce .l nclusion of a noble netal i nt he cat al yst .
‘ pr Sﬁ%‘{"eghf?ﬂg%ﬁ%ﬁ% 51 bigmvEihimehbHeiuat yandi et least oinn pf
nickel ot hiekelnandndobatt. BXOIYDifet PrAkic |e§cﬁx@¢5l_ AGhothO guhltgxé éﬂelg\ents or

“grodutlli);\‘;ﬂ.‘f The inclusion of vanadi um pro _
promotets Ipay g%{“ P 1y ene erpbodimeant.\the catalyss awayi ingudehmne or more of

. phosphofk,0 ﬁt{tlirﬁ&@, télhwamg %ﬂ{u% qmmpwﬁyggé%gé%}‘%u Ct{ogon,‘

_feedstock and less seléctive'to t
germaniyg, Spngstien falcui2ing. ndragacs gattocleromit (defined(EF2in) asaingl oh€6ELa,

Pr, Nd, B! $h0Bu! Gl §. BPCud, ) 5] 30 +30. 12 ﬁ‘egfewe{ft,e e base

catal yst' results™in’l'ésser "yi 7
catalyst gy noy e¢ntaih enagadsiiny sin yetfanbther dnitdbinivht, the\caBlyktQbBnthi®s 2 smail

i ei ng _suhst ant.i al | free of manganese, a

wmonn A GREEGE 15} 8P RE oS b s o e caot.
Addibibsdllyn firahe yorveridn of prdphlehe, B HRA and bxYBRAB MES fonftARL,
the incluv‘ans;g' ur%i mians having an atamic ratio wth respect to
Aof B FEHL imenissiave jhgsp entified as hgingistrintratab ton obtaining a

catalyst sl Ryiohidileicias, Wil bRl 1R B! fetall Bhslses

. ans havin an atomc ratio wmt respe
herem"ngﬁp J b

SRSt G feis fo fuhsaiumdiadigmo pdladipm, offsie ciridinhyand phatinum)
and vana@idhd| ?tﬁ%nsin&ﬁkri‘&?bpa AOb1E RLET N e cfﬂz(ﬂ)tr)slt %m%egtgsl fhe %Qiyagtrm of

. vanadi um
ammonia thereby decreasing the amount of ammonia available for acrylonitrile productibn.

The inclusion of vanadium produces a catalyst which is more active in reacting the propylene
5
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The catal yst of the present invention nmay be used

ei ther supported or unsupported (i.e. 10 the catal yst
may conprise a support). Suitable supports are silica,
alum na, zirconium titania, or mxtures thereof. A

w6 YRRkdad YPi cal Iy serves as a binder for thgGatad%3de40
resulting in a harder and nore attrition resistant

ver, .for .cqnmer cj lications, a ,
foot K s Ul o e PG Qo PRt T g i
(CO 4 anplesvactfioninilal THd iacloxbitlefmagamst habk alayelesaidn 1r yields
S ort |s Cl!; cial to obtain an acceptable activity )
of aceylyliale: fhreruch thercatalypt of e BAY (aYERUORN 1 Bescrited a3 being substantially

free SBhalgdRdse, AALREMEQNRVOF va@Alint. NAE BRA Relelh, * NSt a&ly Free", with
phase increases the activity of the catalyst, u

respegh dp cBIREINESH calivh vVaRRdIN, o fueptise having | 2p s atomity mativa With, raspest to
[ b a . i ght_.per t of
mol SHEREY b 16 Thiy G232 s BT bl S0 SRR o R ot

metal meant honing thetguippatie withespor metybdenui of ll&s akan 0.005:12.
ahout. 30 jght, percent of the supported catal yst. In
Prefeaﬁ%&’ﬁrgrcamﬁg%ap O BB 1P &??ﬁ?so”r‘i',d%f ﬁ@‘*gﬁ‘ﬂ%ort may
C OTiRy databyseisf thel plesaft i@t ndd) baRisgthéitheesuppoited 2 uﬂsfu{pb&iﬁd (i.e.
C‘:?\’H.‘oygorted catal yst. Support materialgs are available .
the cIYEHIHESPIEBHE &FHPPORE YHiablsFurpopt Birsties. anuipp reoniyn.itania,
or miktiirbd thérdofs A smpgs& Hpidailg s @ddiat Mb{nbéD for 8O eataylﬁ ResRtinE W Sharder

el ements may De incorporated into the catalyst vra _
and mRte Fibion resisient cpfalyst. Hawenes ferbmamereial apnlieatinas.cdnyappropriate
. (S .
i S FARSRY R L2052 5L emalis R UEEAR s v
suppertas kruciah® ehtaih ;apeacasptablodctivite ambharfizess (atteition adsiskansd) for the

e AT e R O

but (ﬁmm the hasinése @f garcgglystt ﬂ@pﬁﬂwﬂﬁ@ﬁppbﬁdoﬁlpfiﬁb ]é&r]vem 40 and 60
. have poor. anti-abrasion strength.  Typically, the
weight, gergeii of Hiq Sppeted Lafafyst | fé‘ ?f}ea‘iﬁ‘ltll"g\‘“%F"fﬁé‘ éi"?‘}t‘eﬁ' g pupport

“may! onipBsES TrtRDAUEbok® 30Nyl peRlRUbS B fiPported @ABfyst. In another

enbodi nent of this invention, the average coll oi dal
embedimentaf shig inysptions thersuppayiemay sampaise ay mpeh asabgut 7)oveighy percent

of tt%?@tpgf}{sédgcgtaﬁétl g%ﬁﬁt s %e%ldbﬁb @ng%l Elg{y &HBQ‘PBIF@E&t more

I'nventi‘on, the average col particle
prongfiterreddnemtspé.gt hsilicd d0l containing selivh (ie), 4@iGsuchy promoter elements may

. anot her, . enbodi t. of this invention, the average
be iR RRRARG i BT Vg e b iflUER | O Lhe Bverage,
20T ke cRbdGRAOmE QHERATs REPHBARMY/208RA40. ITihe average colloidal

kRl R ol B e 5 SR

wilt \Wai iﬁ&eﬁé@aﬂfd"%a&% R @xMbit $ddubdd defectiti®y. afftthe ESMoidal particle

. exanple, the cat st may be manufactured by .
diameter pis dlep plpxsst itheg manwlagture oratalysh §vill diaze t ppor pal-abrasion strength.

Typl(g%ﬁ)g %l%%k!&’ %@Mlﬂgial gﬁﬁ%f [Bhetel 81”&1? ?/i’hgz{ %?Zes 1Rl 850 5 Tnfh and

roprrate siz ternative

“about G0 pune cinpine &mbadimentdidhis aiventiop, the asé¢rager dolldidalnshrtighe digmeter of

e S50 oS B e G BB ettt s

_inveifd@i ife dvBrafé tolRfdal farkElk liakRRYOF the silibesod isf abofOY00 nm. In another

embodiment of this invention, the average colloidal particle diameter of the silica sol is about
20 nm.
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particul ar procedures for manufacturing the catal yst,
see U S. Patent Nos. 5,093,299; 4,863,891 and

4,766, 232, herein incorporated by reference. In one
enbodi nent, the catalyst conponents may be mxed with

in the formof the slurry followeﬂ% '
wgrﬁ({dﬁg‘%glo cat al yst conponents may be i npreg 12%{83@{3)(@%&%
Si i ther supports. Bismuth may be introduced
i Epla e ARERE ieny B oM B FRards, i o, reupperons
metlocals of culys0 preparhiiony witich atell@o®i kdithose BT ki Gie-a50 lHaPLBmple, the
@NIts W th are eqfily dLsPQrsed but form stable o
catalyst rpycbe Jmtagtegd By cozRrpGiRytating ths vamqus ingrpdients. dip ee-preripifating

masP kY Heh@d dsied ahd gloBhd to ¥ SRHPHAE sizb) %%Qti\}egr, mes«;'%gbipitated
nitrate. 15 The I'ron conponent into the catalyst y o
maigfizl gigy dersluaried and spasgy ém%mm@pré@ce with contentibnal tesbmiques. The

At i s wi P g 1 h the
B/ xRl s boll o rmhd b o iR 5 e sl o g For
partichler queredures Homhmanfachueing nthy datalysyi feer U1y, BitepeNs€d,093,299;
ol N [yst. Ms referred.is feryi :
488801 s .76 2%, BBl docoriPalonps Rerfens: 1t e Baboipen. g gauave
compenentstnaycheanited witnacspporDinythe fRifmrof th2Qhei fdRowddOWEMPing or the
it is referr%%_that aﬁ?gdnolizable or deconposabl e
c"’mh’ﬁtl ORRERTI M3y he ippregpaie] o silicang OthFSUBRRiEce of the
N0 IBYsRfk@En bEhawroBRbd it6 fhd ERslyS ad b iR KM &it, iwhich upon
amoni um_ hept anol ybdate. O her required conponents

caletieropilh ield theyexddot Eheswatpr-golublegplts Phich arq easidy disperseddut form
. ; Z . ' .
sl pporhes el el spbenlhog el Saucing

bisoRdhy isdisarg mitrateobal t, ni ckel and magnesi um may be
in ed into the .catalyst using nitrate salts. .
nddrs R EPrpOicl g SR gl Tk S R sopma of ron
whicig updry Gdlcimsion will resnltublties oxides boratith e othgdsloments wiltdrgbluble
upon heat .treating.results in an oxide. Phosphorus. na
salt B Prel G e vich e By A S eTsnh Pt collyst
Most pictertl isfeiRInithge. €ar t h netal salt or the anmmonium
salt but is preferably introduced as phosphoric acid,

30 The Aeisbdepum-epmnonens of fe cpirlyst maydiepwrdheed fopm apsemolybdenum

| oxide@t BbWdler, i€ isYpreRPred that aNydrdfizalfte or &oom?&sabm ﬁ%gﬁtge?]mm salt be

_thereof) 'may be introduced into the catalyst as a ]
utiligsd agdhepsourps of theghalybdeninh Thpoyest peefereddrstariimgmeteril is/drpingnium
lwp&ﬂﬁbﬂéﬁge' Preferably, salts such as nitrates whi'ch

are‘readily available and easily soluble are used as
t h©tie asmired companems raad ioptiora Lipdometessnafithes catslysa, felpe Ni, Co, Mg,

atal.yst. .7 0Q4/.050238 PCT/-US2003/ 036940 The .
Cr, BEb8 e Bl Oy b alt 9 TS BEFogl Mav B iage o apy suiabl
soure®)| Bdrl eRAmpIE, HBEIY Midke) andanizacslny BERAbE intlotiibed irftb tieGataBAl using
. to which a slurry containing the conpounds, preferably
nitegie g3ty cAddionelll THAGRETIE AR introduged, gt the cptlyst @ jap insoluble

cartSR4tE ot &ldrbwial mhdﬁﬂoﬁ%eagﬁ-@tihé InfsuffirPRfoxide. Phosphorus may be

introduced in the catalyst as an alkaline metal salt or alkaline earth metal salt or the

ammonium salt but is preferably introduced as phosphoric acid.

Required and optional alkali components 6&' the catalyst {(e.g. Rb, Li, Na, K, Cs, TL, or
mixtures thereof) may be introduced into the catalyst as an oxide or as a salt, which upon
calcination will yield the oxide.- Preferably, salts such as nitrates which are readily available

and easily soluble are used as the means of incorporating such elements into the catalyst.
g _
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calcined. Preferably the catalyst is spray-dried at a

tenperature of between 110C to 350C, 5 preferably 110C

to 250C, nost preferably 110C to 180C. The

denitrification tenperature nay range from 100C to

500C, preferably 250C to 450C. Finally, calcination
WQH‘&‘&S gﬁsace at a tenperature of between 3BETUS280308€¢)

%gi)é bet\/\/eecgl 35(r)cCt 650C. The catal ysts of the |

|ns S TS Rt (SEICAY STRPAtSE Y PRding 1 a9usas Sution RfAnamenium

hepfan’rolyﬂsﬂﬂe vithny ailivh Gol af wai&hoi slfuiry c&ﬁhﬁ‘ﬁFQﬁ’c Eé:ﬁﬁﬁuh&@ preferably
ene or

f b
il i e, 15 SRy 1 0B Fgterabisrilen giieh deniified and
caloiid. TFrész‘dEl? $he J&ﬁlﬁpf&sp a?—?lﬁ@& bt & @Inperatde Jﬁfgfv}éeﬁ‘glﬁ"@ thR8oec,

égg phase at an el evated tenperature pressure
prefseply Up‘& o507 € rmest prefarabdy | HPC e V892G, d'bﬂﬂanil'ﬂlﬁmgmgasnperature

ma Ble SBUR 105G, ST B ZrPLan ARG Pt clcnerenafop e

at aamﬁ;iemtm bew&w&mcmmc w700 gfeferail)hwwéemwc% gserztors
?ﬁlﬁ {ran r{ line reactors are envisjoned. Fluid
SARYEF of the nstagioinyention ars ysshu i ampipxidatiop pypgesses |fer the

con%rﬁoﬂ\l%lf lanksteo sélctdd GoRl e grapt conkiOfingE Y2 @pﬁenet h@obutivlene or
react or Elesn gn set forth in U S Patent

mixgusese thereph 19 rasevlonitele. metiastylonitrilecand; mixkyrps ﬁigreef respectively, by
rcaﬁﬁQthth@%JroﬁhaH‘ﬁt Wﬁt@@%ﬂ&m@%haﬂ Sire ) Em@ﬁ gvu;h a

al so well known in the prior art as e
molnéul%mtme sontgning gasayd ammosBin 88 presency 6fthg Fdalysnd
4, F!’Qefi‘e % thP edfrﬁﬁd}:dah&? LRI rf%eﬁ qu %rtﬁﬁt? rneregctgxg/ although

Typi cal t he ammoxi dat1 on process i s per

otheg dypes of Teagjor2 Guelr tyanspost lore m@tﬂmﬂry emvigioned. tﬂha'd pcdasmtme, for

the HenPHRRR ¢ Ao ol ol it Wl prRE ey B ibpiE g Pt

desige sdt darth/ih &hS tRatdnENOAQBOSZdGJhe&mhcorpDrgﬁg@by nfyende is suitable.

© TR RiiGip g SRR el {BE0 B ool i wiILiBm i theypgor an
as @idegesd byo UK. fatdnt IN?:stS’)@3f299d4 863}891@1 478N 828 ahd 503 501 herein

to 4. ef er froml:1t . 25 .The_nol .
incqrpgrpt 6& By gt;'?%;al(])‘f & WW"&‘I‘@“ POSEFS| “hp?rﬁ’émf"gg}': Fentagung
profp¥iene\6a ﬁ.%bzitfrl@ﬁe mttﬁ‘é preedcdoNiniméia Zidloxyddhoith 4 Huii@RH kitalyst at

no upper Irmt for the ammoni a-olefin ratio, but there

an Plgvaf@ewwaﬁw ioproduce fhe @erylopitiile pr angthacndoniffile . Any gpurce of
RANTHE BRI SForAehidniit ‘?eagcﬁﬁdhd%@%roﬁ if chféf&ﬁ 1o Wsd fr. The

0X
yg he catal yst of the instant i nvention for
typigtl omolex ratin off thacaxygasnior elefine in thenfegd shapld n@garf@m A:1 to 411,

& 1 pylene ratio in the range of 0.9:1 to
pmé@m gt(gli? to propylene ratio of 8.0:1 30 to

12.The Jmola'rhaltloa!faam@m@ﬂo pleéiniin Sheam nm\ﬂ@ntaactmnpn@v vaigdrom
bet\bécglb .‘iyi % ijf' %crgfs r 0 ugp:l:rq %:r [t‘gel al Io%eaI é_é ﬁ I":a 60 b[ljlt thtere is

anmonlra to ene “f ee
gen&mlhﬁndreaéBhec excebcbu\raua o 2xb |fa eccrrmmm temm $1&iabletf&drrﬁidjs der use

mtlgﬁlreeac;t ed ﬁ%g@g@m i My t n %fa:rt@ S%I) 3CI'ﬁOﬂltn?e gé)“rll g{ntplylgxge are

an ammonia to propylene ratio in thc range of 0.9:1 to 1.3:1, and air to propylene ratio of 8.0:1

to 12.0:1. The catalyst of the instant invention provides high yields of acrylonitrile at

relatively low ammonia to propylene feed ratios of about 1:1 to about 1.05:1. These "low

ammonia conditions" help to reduce unreacted ammonia in the reactor effluent, a condition

8
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known as "anmmoni a breakt hrough”, which subsequently
hel ps to reduce process wastes. Specifically,
unreact ed ammoni a nust be renoved fromthe reactor
effluent prior to the recovery of the acrylonitrile.

woRGeesmeRd ammoni a is typically renmoved by Cﬂf‘l‘/ﬁ’ﬁ%ésﬁ@@@
the reactor effluent with sulfuric acid to y| e

I b t
o AR RO, e e wER' kel e e ggest s

Speoifidaliyy wnredgtedharomeis muss bE tremovedafi@n ahe 3GactonasliRn bAGAD the
to b treated nd/ %posed The reaction is carried
recolshy 8 e, EEURMUR, [Piregled FEtin It HewaLi, et Patsouactne the

reactdb @lubmit wﬁlo@ﬁlﬁnw ﬂ:ﬁ(ﬁ b’ pidldr amaesuRehise S Q5 éoﬁtaéfg%ceh
especially preferred being 350C to 488C The co greacter
effluent path acrylis agigrio wisld ammenivm acrylate, which imbatly céses resnits immprocess
wast@brdimlto b2 trefled PR UWsposthit N to preference being to a
ascont acta time of 1 to 15 seconds. The products of
r eBlea lieémlonay cyded ot erteripastore o rblelﬁveeml theyraugey oHAbduh260°C to

OOOEEE)%%%% vé’g‘t" g{lu | ngiﬁt) lee%g?c;‘ 'Séfs‘é"sm& sﬁﬁgttﬁégooc'

The cordat dlmev\ﬂltltougb Indt ovéticel; mgenemllﬁmpﬂﬂﬂﬁﬂgat(ﬂ‘ osotovENgechils, with
duct S fgﬂ;tolt&:ge re ct ion and then

enbd
Pref%?ﬂ“?t; B"t‘??é‘ FLUpE P SERP8ES- by distillation. 15 The
PrERegryducts dfireacioh nlaliBe fRbSInd PlrifiiEny zﬁﬁ(td? e methods known

inventiqon is for the anmmoxidation of propylene to

to thgge skyillsiin the &t Oagevdmethodeinyoluesserubbing éhq/@ﬁlumwﬁs §om the

reactBf wﬁ‘tﬁ %gldfﬂtelt J}ednga?gl%ﬁﬁétg Soi0dnt td feﬁf?%g ﬁ{é%r%cﬂm%cd'fﬂé feaction and

acid. Such proces$és  are typica
thenpmﬁmd&reammdncthdmm is converted in the

Py PREAEFaf unllofA s ol Br 6 1l ik Bt Pacdaion of

proppllemstarlcqlmiﬁm&, Cbdvadvyrs thetimstaar cawyst inay also b useddor the bxidation of
iecon aﬁfi agﬁh The catal yst. descri bed herein is
propfffc 366 tINecesses re dynigpllyr v Staee HIeesses oferein

prop@lene BcORIEIEM & the pABéret Bf X catsi¥etd frirarkt %/mmm fifdt stage and
1 on

order t0|IIustratethe|nstant |nven cat al yst of
the aepplein isqonmerted ipdig proseneasofiratalyss to prmanly acrybie @ﬂt@m the second

stagd nTﬁé dabflys? ﬁ@scﬁﬁed%ﬁn & suith9S Forlse ﬂpfﬂt: $irdt's ?drttﬁé)fm:it%n of
i ncluding elenents 25 detrinmental to acrylonitri

Pfﬂpplle@d*&@t?t L. were prepared and then eval uated under
simlar reaction %ﬁﬁm 'liﬂﬁﬁ@rsexanpl es are

provided for illustrative purposes only. Catalyst
Pre ixmrden to nllusﬁnmmd mstént idventidin leytalyst@ff thehiastam imaghiforbdd well as

el TR U P e orbi SRR i
detriftichfaB i@ Schylonithi®e pRIdb@Oh et greﬁir&!? fand RB4NCBNBtAHRRer similar
(69. 7520) " N (NO3) 2. 6H20 (13 4580),  Mg( NOB) 2. 6H20

 reactiopropditigns. Tesaiayples pe orovisied frghustragysnagosesopby) . and

(NH4) 2Ce(NCB) 6 (94. 65é£a19§tp?ep§tgt{&§°| ution) were nelted
toget her at

- Example 1: -

A catalyst of the formula 50 wi % Nis_oMgz_oFe|_gBiu_45CCﬂ_gCl'o_|Rbo_15M0|204g.4+ 50 wit% Si02

‘was prepared as follows: The metal nitrates in the following the order, Fe(NO;);-9H;0
1 (69.752g), Ni(NO1)2-6H,0 (139.458g), Mg(NOs),6H0 (49.186g), Bi(NO;3);-5H20(20.937g),

RbNO5(2.122g), and (NH,),Ce(NO3)s (94.654g of a 50% solution) were melted together at

~70°C in a 1000 ml beaker. Ammonium heptamolybdate (AHM)(203.219g) was dissolved in
_ 5 ;
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- S0 erM gl bip.asGposCroz
Thﬂ%{aﬁﬁplﬂ@gﬁﬁﬁeé ANLROE. 1§?ﬁ)ﬂm 5. dirgs %é%%f s %:ltglirﬂ" was as

-70C in a 1000 m beaker. Anmmoni um hept anol ybdat e
(AHM (203. 219g) was dissolved in 9 WD 2004/ 050238
PCTI US2003/ 036940 310 m of distilled water. To this
solution CrO3 (0.959g) dissolved in a 20m. water was
added. Then the silica (871.08g of a 28.75% Si @ sol)
WRAYQHEE] fol |l owed by the netal nitrates RETAUSHTING6940

316 1 o A R ol ol sl R (PO it i s s
addtd5 At rthSsilicu _(amsgi of AR 785Ssi02 561 2%@ aBlled>fofbwlOby the metal

hour s inair le 2: 50 wt %
witg2e i D elied ol Soirs v oesbiey s 1 The ebtgiag! materal was
defiPifiel %0 9003 Tbins a&ﬂtﬁ*’d fok 3 WBs REPREH ©4k c@ﬁnr@& §{3§7er{‘31- 3 Hours,
. Exanple 1. The recipe of this catal yst was
m?‘bl | ows: Fe(NO3) 3' 9H20 (69. 737g), Ni (NO3) 2. 6I—|20
3149) My( NOB) 2- 6H20O (49.176g), to Co(NO03)2.6H20

éI\IOB ) 3. 5H20 (20. 993g), RONCB(2.121g), and
50(”%4‘325&1 1(831645@36€b§fooRb435M@1996@B‘ljﬂlm%)SI(Ber e melted

T ARk f“%h‘ef’gfg‘z BB o R Bhe O i cupyet e o

foltgfwsdli Ee(INOH) 2 (6 7375)0 Ni(NOs ), 68100 {69. D),y (N ), BHIQ )(49.176g),

T N S L T AL

(94.43dg o4 0% noltiat)eseremblied tddathbxa FFIJ‘) € id'a 1900 ¥t Yeaker. Ammonium

e GORRR PoeB 58 cnaiend o1 B s e v mh e

solbtichNMOs (0.95%) disk@eddie aTmt aker Gad AldYS ! THGRSthé Silica (796.178g of a

F 9H20 9 632 (NO3) 2. 6H?O
31(‘:{‘3%8\% e%ﬁé@«; qm&*‘gf‘et Li Nos(l 9819),

ExRBhg1Dg3) 3. 5H20 (20.9019q), RbI\IQB (2.118g), and
(NH4 ZCe(NCB)G (94. 63 8@‘20 of a 50% solution) were
Rbn 1s¥o1080s H30Me&P? Anmoni um

di'stilled water. To this so t|on
fol!ﬂ%s Fle(NQE)i T2 (66328) N0 DREHALA 3912 1 SR BN 5H0 (49.102g),

ey

nitrates
of i XBAFRIV0GY? wEienelBH; tygetﬁﬂ@s@ ~J0i® jiL R01906 ml beaker. Ammonium

he%gné pﬁ?fé &%M@%’/g Was d?sg%(%d/l"n%'lg %ﬂ I? Etll?eggwaaté{‘s tl‘? \ﬁ?shsolutlon

Croa(E5ps) dissivedsn afZOinl vaBt whedNEB) BhaiHRO sii68 (mﬂ@ag of 2 31.4%

SiQyspl\a) o8t visg i B OB 5100 (20, 603

 ExRapea: (2.097g), and (NH4) ZCe(N03)6 (93.547g of a 50%

50%8&&#%%?‘%3&02%6&%%? ohl tGISMOIZ 4s|95n+ 5 V%t}) 8102

This catalyst was prepared as described in Example 1. The recipe of this catalyst was as
follows: Fe(NQOs)39H,O (68.936g), Ni(NOg)z-GHzO {68.914g), Mg(NQO;);:6H;0 (48.611g),
Co(NO;),-6H,O (68.973g), Bi(NOs)3-5H,0 (20.693g), RbNO; (2.097g), and (NH,),Ce(NOs)s
(93.547g of a 50% solution)were melted together at ~70°C in a 1000 ml beaker. Ammonium
heptamolybdate (AHM)(200.842g) was dissolved in 310 ml of distilled water. To this
solution, H3PO4 (1.093g of a 85% solution), (NH4)sHaW12040 (2.388g), and CrO; (O.948g)
dissolved in a 20ml water was added. Then the silica (796.178g of a 31.4% SiQ; sol) was

added followed by the metal nitrates melt.
10



10

15

20

25

30

30 hept anol ybdate (AHM (200. 842g) was di ssolved in 310

m of distilled water. To this solution, H3PO4

(1.093g of a 85% sol ution), (NH4)6H2WL 2040 (2.388Q),

and CrO3 (0.948g) dissolved in a 20nl water was

added. Then the silica (796.178g of a 31.4% Si 02 Sol
WRRW4/0dfed fol | owed by the netal nitrates REFUS208H0

2094{ 050238 PCT/ US2003/ 036940 Exanple 5: 50 wt %

My2. oFel sBi 0.45Ce0. 9Cr 0_1Nao. 2Rbo. 15Mp1204s.s +

50 (% WsYMSi §F2, By 45Co5 AR Y5 bROGAM PR SOlwets SEBscr i bed in

Thi%?at%%kgwa]éhg-rhe { ec‘grﬁ)_é'é%% 6t %5 Cat al St V\‘ag oglngcatalyst was as
foltbvks} 9 F )3v9w0((§93k€g§6hﬁﬁ%ﬁanﬁgﬁ39 lzsg)l\mg@aog);sﬁﬁﬁ@b 07g),

B| (NOS 3 5H20 (20
Ris¥Pa)s (5!4404 28k R&Nmasbmtqnwﬂm)@e@ws (Y292

of !.%% @aﬁn&s werd a a-78eakPh. 1000TRN gbﬂli%r o figmonium

ept anol ybdat e ( 2.736g9) was dissolve
hep@fnm;tpl(ﬁéﬂﬁmi’e%«?gﬁwas dissolvedoiny3 1Qomi QfGHst{Id 987ey) To this

sorfloB T3 B3 scolfh 7 2y VB, e, SRR e LY Frps o

31 4%&0ﬁbalwaa added tfaltowea by 1hemt£nma‘wls eeB: 50 Wt |/6

Ex Ni s ?’NQZ' oFel . sBi 0. 4sCeo0. 9Cr 0., Po., Rbo. j sMb, 204s. 6s +
*0 SI2 This catal yst was prepared as descri bed

50 wive RisaNigh FeilsBiglbCeob€xe i GRIGY sMdbGys G50t $0 Wl% Sigas as

fol [ ows: Fe(NO3) 3- H2 69.562Q) 0
Thig a8 765 PR esoidhd 4% EXSER 1) The BRpRio% fas spiglyst was as
follﬁ%) 3&3@3)3 9RRO(BS. 5@39 %9*)03)?6}@0( WW@? (Mﬁm)z(@ﬂo 3*95 @53g),
0% sol ut|on?\‘ were nelted et her 2
BINODI SR OP0R8 Ak KD QR B el P@%ﬁkﬁ%“ 365 of 4 0% solution)

we&AHMtédZQ el B VRSC. nd'as $600V R bedked10-Adinoilm heptamolybdate
distil water. To this solution H3P04 (1.103g of

(AIZE02. @ﬁ’f.gbwys dipaglved 083 (0oniod dilillesh waien \edhis golationdinPOs (1 103g

of {B5%ko Mﬁn agdflefb O(E???%ﬁit@oﬁédi ﬂnCaazOn(ﬂ\Qa@erWséQd@éd artes thhilica

was a he nmetal nitrates
(7968785 of @GP §iQ2wel) mm@@lmwmm@]me@ nip@lesmel60 wt %

'_ NI%? 1%' %Fﬁl Qe Ceo: 9Rbo. | sMor204s. 25 + 50 wt %
My2. oFei . sBi 0. 45Cr 0. 1Rbo. | 5M

A, J ZOSIEWIB’ lemgy\&% gﬂl@&ﬁ@gRlﬁ&Mm%s 25 + 50 wt% Si0»

L 1 T

€. Cs050 $iYoNRGNIE, eitsBhs0d JOrSIHGRMIS 10l +Bewman@1r atl on

descri bed in Examp v ral tal yst
vver@%"i/ﬁNFeﬁng"FeQ@‘%Fé‘ﬁa tf'e%% %Oﬁ‘ﬁJT“to ‘?ﬂt%ﬁ’zflor nor e
Usﬁg th pRPAHBN SREABED :ﬁ MExaspledi sipvE,r RGRralN@hd @RREEwE@Nimilarly
Conpar ati ve Exanples C and D, cesium

NGB,
pregarg@ w@)chmttw%mﬂw phetegnium, gesggy or rubu(hum from the preparation.
In Comparative Examples C and D, cesium (CsNO;, 2.797g) and potassium (KNQ;, 1.458g)

‘was substituted for the rubidium, respectively.

Comparative Example E:
50 wt% Nis oMg2 oFe1 8Bio.4sCeo.sCro.1Rbo.1sMn; 0M012040.4 + 50 Wt% SiO;
This catalyst added manganese, Mn(NO;); (32.699g of a 51.1% solution), to the catalyst

preparation described in Example 1 above.

Comparative Example F:

50 wi% Nis oMgy oFe; §Bio.4sCensCro. 1 Rbo.15Pdo 1 Mo1:0ss.5 + 50 Wt% Si0;
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was substituted for the rubidium respectively.

Conparative Exanple E: 50

wt 9N s. oMg2. oFet . sBi 0. 4sCeo0. 9Cr 0., Rbo. , sMvhi . oMoi 2049. 4

+ 50 wt% Si 2 30 This catal yst added manganese,

M(NO3)2 (32.699g of a 51.1% solution), to the
W@a?t"&t’“?@f’s prepar ation described i n Exanpl e PCTAKI03#036940

nP a le F: 50 wt %

Thig @ %ﬁb? e‘? nele qnesespaladiemo PRI QRgb1a Mis| cablyst preparation

deRAbddilERhBle 13330‘)(90 2004/ 050238 PCT/ US20031036940 This
cat al yst added a noble netal, palladium Pd(NG3)2

Co cat al yst preparation described in

'Somrm%?gmzéﬁugﬁ s TRRE SSM LS £ S BRI (o 65

Thscrsawdm gildpd ‘Bin’ﬂwm. H&h‘dﬂy 3.5 Higthl eal thearntadysti prephiddddOBescribed in
Ex 153: to the catal yst preparation described in
T above. Conparative Exanple H 50 wm %
arag Bl HsBi 0. 45Ceo. ; SCro. 3Rbo. i 5Moi 204-r.2 + 50

02 Th I bed in
o%f b nERER G LR el Sge T Pod
Thmu:atnllyst ?rﬁs)breplﬁed meﬂcitdsetdt:h e:%xamgﬁrt qflﬁﬁtheE YorPhn ﬁttaﬁlmawm the
ual S npl ar antli 0 I Smu e reC|
iy B S bl the e ety Rk o el (omblgnghentty of
bi Mu Fediid(® ;
is {hwggziz 5H20 th1§2 %ﬁg)éﬁmi’x folM%Wig % Q%ﬁ%ﬁgﬁmog)z -6H,0
(14518 fla)) L1634 ),oBl(%IOQ@%iébl 3842) \Bé’P@:i@éﬂlP@d and

(NHSM@F}G tle. 49%9Gf'afso?/ Qﬁ%nﬁtvereb:ﬁakegfto eﬁfmg e in g 1000 mi

hept ano ybda e (AHV 504g) was di ssol ve

ShiuGhepmiteR's (VDG & 56fa) wes drmsolredn 631 obofstiled

wa%*??ets%%m@%f 5 30, BB e o s

(37tlH)§g ot 28.75% Situtsel waphdded ibdinwai bbtthe/weﬁkmtmbmalﬂ. 50 wt
Cox RE§i - sBi 0.45Ce0. i Cro. i Rbo. t 5SMot 2046s + 50

0 catal yst was prepared as described in
50 Exa(mismgzoFbaMuﬂeo .GmlRfmwaQ@m Hiowt%, SiDhe 20

of cerium.pl L tity of chromumis
Thid 80} e prepi, AT uReSegrin SRR  HRever i S i, e
qumt)abfymumsplmthé Qhampitysof dherphilig )is ie%&a théJuartitg bf bismuth. The
N ( 2. 6H20. 236 4% %{é’%l %{%g
recte N} S8R £ B0 FHONQNGERD (BGE) Rosag 2369,
Mg(ms);faﬂgo 0{519388) YBIKMO4}, S (fzaues gjel RSO 296D h qNHGLCe(NO3)s
70C in_a 1000 ml beaker. Ammon
(11 104g of a 50% solution) were melted together at ~70 Cin a 1000 ml beaker. Ammonium
heptamolybdate (AHM)(214.553g) was dissolved in 310 ml of distilled water. To this
solution CrOj (1.013g) dissolved in a 20ml water was added. Then the silica (871.08g of 2
28.75% Si0; sol) was added followed by the metat nitrates melt.
Comparative Examples J:

50 wt % NisoMgs oFer 2Biz 0Ceq 9Cro.1Rbg 1 sMo012046.5 + 50 Wt Si02

This catalyst was prepared as described in Example 1. However, on an atomic basis, the

quantity of cerium plus the quantity of chromium is less than the quantity of bismuth. The -
recipe of this catalyst is as follows: Fe(NOs)s-9H,0 (61.264g), Ni(NO;),-6H,0 (122.488g),
Mg(NO;);6H,O (43.201g), Bi(NO3)sSH20 (81.732g), RbNO3(1.863g), (NHa)2Ce(NGs)s

(83.136g of a 50% solution) were melted together at ~70°C in a 1000 mi beaker. Ammonium
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hept anol ybdate (AHM (214.553g) was dissolved in 310 m
of distilled water. To this 25 solution C O3 (1.0139g)
di ssolved in a 20m water was added. Then the silica
(871.08g of a 28.75% Si 2 sol) was added fol |l owed by
the netal nitrates nelt. Conparative Exanples J: 50 wt
WORNB53K2. oFei . sBi z. 0Ce0. 9Cr alRbo. 15Mou04BCEUS208303¢§40

o o : | h .
neptapaiphrde IR Bl Vo i B GRALS i &F R g o s sotuon
Cr04 @ BA3gh Yisediveteini az0nfl viiert s, Auant Thes B siGdY @71.088 662 28.75%
. less than the quantity of bismuth. The recipe of this

SiOzsplayv3paddedfollawed fyy thrmetalmitdesapdt. o 20O (61. 2640) ,

Ni (NO3) 2. 6H20 (122. 488ghsatyeMulshiPB) 2- 6H20 (43. 201 g),

Bi (N03) 3. 5H20 (81.7329), NO3( 1. 863g), (NH4)2Ce(NOB)6

( 8Bl Beipeovasscondugedon i 40sa )fluide ped readtore dPropyjertehwas faed into the

el s s ORI V8 S B el P rRHRAPE Forr

insigh $woleactat was Budidtaired ok 161 psig. | Regbtinm ttamperdfige tas S130°C.  After a

olution. Cr . 843 issol ved in 20 wat er wa
stabfifalior BRiod-bER20 Boffs oGt 31 Gl 'odies Hive “fiGleal Roactor
efflvnt wasl deltbcfed|ih bulide-type sirabboed edntaiihg adle HCTesblution. Off-gas rate
Cat al yst .. Testi 5 All testi.ng was conducted in 40cc
was o RN SD i S I ety g e B a0 Wi epepatied at 66 S of
the RAGHOthe ald of gadbiforfitoGaftnidvift a plit WeILGR gadnalyzer. At the end
ropyl ene/ wei ght _of catal yst/hour). Pressure inside

of the, gocoxery B e S0t SHVERS diguisy Wandifiedylo mpEemyAy 200gms with
distRARGAG! UK Svelfhfed haftimt 6 3-BhitaRoneShaDiskd 448 intéthal RENIRM iRk ~50
- -20 hours sanples of reaction products were coll ected.

gramgaliquet of the dilyte pelutigns A3l eampde wananglysesl i Gfp ditted with a flame

ionZRARELSr GRIY ghrgb‘ﬂ% Glefth. Hie RN 4100H, gsf%%ﬁ?wﬁf titrating
to was neasured wth soap filmneter, and the off-gas
the deriS) ¢xcess witls Nd@Hesohitiond Hie folewing¢xanples are iHuptraye pf our
.invénrtl Inai d of gas chromatograph fitted with a split
col'um gas anal yzer. At the end of the recovery run,
the entire scrubber | iquim‘gm pli luted to

Aannr ot amt Al v DN cunaee.. : HIP I
A T PAT ITTAaATCT y O\ U )\ : |w' i
Examfioht of 2- Bu?‘ﬁ“‘%r@’%@o'ﬁ%oé’&mgs i nternall & andarbgzl n S:;l
a -5p grams aliquot of the dilute sol utioED;‘Az AN
anpl e wWasal el T P AoORG] N B Wt d Tdg@Mel 1890 31.0
i:loni at or]Nget %ﬁéb"rﬁmﬁs{gﬁ%?"ta FRowax - col umj The ampunt
3 NG valizMErGontandtodSoraRnsMegOat he fir 82H] 818 | 825
XTSI B H T, RBE N0, N0 [SGRPT FS7oy € 514
Illugtrative of our 1nventlon able 1 Hxanpl el Activie-.
Phas¢ NbestesisnBiolabCroSmWVorlinsMon@gsst ¢ (457 | 809 | 812
5 N|50M820F ¢1.3Big45Ce0.0Cro, 1 Nag Rby,g M012045 99.6 81.0 . 81.3
6 ' Nis.éMgz.oFe:.aBio.dsCCosCl‘u.lPo.n Rbo_ |5M01 20'43_55 99.6 82.3 826
A Nis gMg; oFe; sBig.asCeasRbg 1sM012043.25 _ 994 793 799
B Nis.eMEMFCLBBioAsCTo.1Rbo.lsMolzoms 91.2 75.8 83.1
C Nis oMg2 oFe; sBigsCeosCro.1Ko.15M012048.4 99.7 176 778
D Ni SOMgl.OF = B io_4§C€o_9Cl'o_ |CSQ ¥ 5M0[2048,4 _ 96.8 69.6 720
E Nis oM oFe; ¢Big.4sCeo sCro, Rbg 1sMn; eM012040.4 97.3 78.0 78.6
F Nis oMg; oFe, sBig.4¢Ce05Cro. Rbg 15Pda ;M01204s.s 99.3 78.7 814
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Conv. AN AN I
Ni s. oM@ oFel . 8Bi 0a5Ce0. 9Cr 0. 1Rbo. 15Mp12Ms. 4 98.8 80.0
81.0 2
Ni 25My2. 0Co2. 5Fei . 8Bi 0. 4sCeo0. 9Cr 0. i Rbo. 1sMoi 204s. 4
99.2 81.8 82.5 rJr j 3

WRW4/BNEE. OFel . &Bi oasCeo. 9Cr 0., Li 0. 3Rbo. t s VBEHOSPE03936940

T—J7% J_UJ.‘I“?

Exa§p¥s My2. 0Co2. s#é“éﬂéihase&w.sié@o. i Po. Vol i Rgtal ilsSenvada Sel
8ss P9.7 80.9 81.2 Cgntinued Cs to
“i S 2Dk A i CQMVVF/]M AN

AR |VUL fg?g ??81 BB‘m4§t?°‘ff€ullii§"usVosM0nbw“\” | 79647177638 | 797

Nis. pl\/gz dﬁﬁMgs&nﬁBmG@GﬂboukmmﬁbO 15 Vba@.és. 05799./6833

' "\blu (Mc H
R s e v 78.5

Ni s. DNQZnF@isol\éBhf@laﬂ&%ﬁfmeMﬁO46 69872 15.78.8 80.7

Notg3- L C N'S. 0|vgz or—el 8B 0. 45Ceu 90 o KO-15ivbt 264
99.7 77.6 77.
Ki 5. AMgst st C@Bp%ﬁ%msmeﬁ(bﬁ petivephass st P04 96. 8

@9 6Téid1 €~ Cénv.” 1s the mole percent per pass convcrsmn of propylcne to all products

z.0Fej.. sBi 0. 4sCeo. 9Cr o % oMb; 2049, 4
3 8) 1% efgole percent per pass conversxo 0 propylenc to acrylonitrile.

NI 5, '(SNQ@ Ad¥ a4 th8 BiiQ o#ixGse! S aitlilpedhdePebomadyDE fa)i&ae converted

99 ?b 218 herBene. 13 WO 20041050238 PCTI US2003/ 036940
xEessAct ?"\’/reenhhase Conposition Total Conv. Sel.

(Cdlﬂﬁ ¢itadys) compesijionoof gnipstapiNnpeqtioG is unique in that it comprises

mb%%o%@f) Elﬁsmﬁzﬁrf m%ﬁm% %91, 'bgglgﬂ], %\é%ygugl%gd e leasq o%e of

nicldl r oligkel aik toBBh in} BEesubsGiiad . aBilnce b6 MrbfMdse, 2 BBl metal or
vaniun, (i Sombingfion of scments in g relatye ProRgeiges scgingd hejeip e no
previBushy utilizkil $n o Mpgle @Emﬁxﬂlﬁiiqo&bﬁ&'@mﬁhﬁorﬂ SADlREWE 12 Table 1,
78.8 80..7 .. Notes: 1. Al test .catal yst ¢ oSitions .
for i, Smasifatichoptoonliae i aeaRRliean Jabis st Bb gt Hverion bas
exhibitay bétter ;arfdmm:mlalﬂanmaﬁ@am t;mﬂﬁrsurg%oﬁﬁlae Y ﬁdxﬁkm) cﬁfnrl]nnatlons of
ro etpa cts "Conv. to i's .the
°1.“ﬁﬁt£% H‘é?ﬂ”‘b‘éi’atg“é etspesically, caiplysfs gommrising rphidium, cerium,
chréfiudl MBgriekitng irod} - bismvel, mdlbdoNm, ia8d b Radt 3hd 6f KbkelBl BRkel and
of .acry onitrile produced to nmol es of propylen

cobglp g dhe é'ePstaes@Br 8eet| of Mapeneen . nableTrglal gf Apripdium, exhibited 2

conftBtisR o 'h%cpﬁv&iiﬁodnﬂéinéﬁ‘ bf bfb\‘a?l@ﬁé ‘Mghbﬁcdﬁ%r%ﬁs {o”aclvﬁ@&xmle
it conprises nbidium cerium chrfom um magnesi um

and; highselastivittotperyiasitilscempered tneimiler datalysts fulling oxtsidmtbe lsedpe of
the Hstalll fb&hioANd cobalt, in the substantial absence of

manganese, a nobl e metal or vanadium This ,

c oritWhikathe dovegwingslesmiptitreand thet dbeve ehtmidimantsproypicil ifartBe practice
of tgee s a}ltbuelgen 1fenr1 ed 15 ewgen? tha?many alternatives, modifications, and variations will
be apparent to those skilled in the art in light of this description. Accordingly, it is intended
that all such alternatives, modifications and variations are embraced by and fall within the

spirit and broad scope of the appended claims.
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previously utilized in a single anunoxi dation catal yst

formulation. As illustrated in Table 1, .to for the

anunoxi dation of propylene to acrylonitrile, a

catal yst of the instant invention has exhibited

better performance than catalysts conprising simlar

(but not exact) conbinations of elenents found in
Claimpri or art patents. Mre specifically, catalysts

conprising rubidium cerium chrom um magnesi um

iron, bisnuth, nolybdenum and at |east one of nickel

ol ni cPegatalyd copppiitien pomprisingasemalexichratalyieagdesgomprising
rubldlﬁﬁnW%r&nlﬂﬁbhﬁﬁﬁE&% Pén, Vtﬁ’sﬂﬁﬂ*h%bl ﬁéféﬁd% tRd a@léa'ét one of

mbi nat'i on of er overall converS|on of propyl ene,

nickelrprgieke! atshoehalh Wﬁ§"eﬂrbt®cﬁeiﬂ“6ﬁ ratios| o thesgrrlempris are represented

bythesf%h&ﬁihg}’;bﬁé’raF@rrﬁ&]éy' onitrile conpared to simlar
catal ys outside the scope of the instant

ant om. | Vi | BB B Go Mt choisr ks Bt i om and (e

- wherédPove anbadbreRicendiitibY BF Npand €6, the practice of the
instant invention, it is evident that many

“al t er n&ti§ aeeut Ofdp@best T.ons, and variations will 20

be appalighbodt®.d1heEBosks | | ed in the art in light of
this description. Accordingly, it is intended that all

such aftesbrut OWddo akadlidi cati ons and variations are

enbr acqgs Byoroh1fidlabotd £hin the spirit and broad
scope of the appended clainms. 14 Clains 1. A catalyst

conposPt SI?PLES’ riPsoagt H.conpl ex of catal ytic oxides

conpri $ishouf 610 ¢ HBBut@er i um chrom um magnesi um
iron, bisnuth, nolybdenum and at |east one of nickel

or ni cled$ abgid 0Qdaiabouigherein the rel ative ratios of

these gl %”Eﬂﬁﬁn@éredét@ﬁﬁlﬁﬁ,@rﬁﬁ%e R¥IchBe rfa@uﬁé?:‘ﬂérﬁ@ of the other
general formula Rba Cry 'Mgd Ae Fef Big Mbl2

wher ei flemgnis pieseit, the corrbl natl on of Ni and Co, a is
wherdip Oyt +o"c@]ist eét@rotﬂanlg arfd Wﬁeﬁéﬂ?@ﬁe Qa@érsE 03 %QQé’thnt?aiiy ffee of

i s about 1 to abou IS about 01 to about
mangangse, am@ate ’Det@tlaftdo"aéﬁéw 10 f is about 0.01 to about

4 ¢ 'T%e%@fé‘l?st LorfifoditorAtRMimA, wheleh Blsrlhlg@%nc

det er m_ned t he val ence reqw rements of the other
el3errentT§‘epF@§'é‘ﬁft Compesiien ofpelaim i wheseigr gt eatalyshpogprises
phospgHdfugherein the catalyst is substantially free of

4. The catalyst composition of claim 1 wherein the catalyst comprises at least
one of potassium, cesium, sodium, or mixtures thereof.

5. The catalyst composition of claim 1, wherein the catalyst composition
comprises a support selected from the group consisting of silica, alumina, zirconium,
titania, or mixtures thereof.

6. The catalyst composition of claim 5, wherein the support comprises about
30 and 70 weight percent of the catalyst.

7. The catalyst composition of claim 1, wherein the catalyst composition
comprises silica having an average colloidal particle size in between about 8 nm and
about 100 nm.

8. A catalyst composition comprising a complex of catalytic oxides comprising
rubidium, cerium, chromium, magnesium, iron, bismuth, molybdenum, and at least one of
nickel or nickel |
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manganese, a noble netal and vanadium 2. The catal yst

conposition of claiml1, wherein b is |less than c. 3.

The catal yst conposition of claim1l wherein the

catal yst conprises phosphorus. 4. The catal yst

conposition of claiml1 wherein the catal yst conprises

at | east one of potassium cesium sodium or
and gebri.uped anferdlyf ong of TpRospAeMIsy entivemy oellwiumm sedidmailifium,
potaséum"“&%&@hﬂ tltné]ﬁm‘?aﬁé}loﬁspeﬁﬁ’éﬂ?&ﬁ' Edn@@tenCGQEiruhﬁ%n@ a rare earth

upport seélected from roup consi sti nP l1ca,

ek?m@l!i‘lt ulT nAixtures clharegm whereimnthg, r@iﬁit'Vﬁh satipse® tth@$€éoﬁflem6m3 are
repreddifed iy AbYSlowrR Rk diifgmpd. claim 5, wherein the

suppor’t conprises about 30 and 70 wei ght percent of

the catal yst. RbPa GereClodManlAedter Borfpdliit Pon of claim 1,
wheréM‘ere' A& R@o%&%%ﬁqaﬁ@ﬁ@?ﬁl ddPBp, conprises silica

havi ng an average co parti ‘cle size in between

about ¥ inat laast ongd it Sbobe: ri-mes K, AscHi Bl GatWV,

conposicyl 9R, &%‘F@ééﬁh B%nfbn?%mlﬂﬁré%fth&%@ ytic oxides
conprising " rubi dium ceri'um chrom um "nmagnesi um

i ron, BiisARR O-Hodpy@saehlim and at | east one of nickel

or ni clgad adcutdnH ©RaLE3, and optionally one of

phosphorus, antinon tellurium sodium [ithium

pot assCiwRbeE il @RI 2. um  boron, ger mani um

t ungst gns as@h® o abbllc7, @ rare earth elenent, or

m xtures thereof, wherein the relative ratios of these

el emeneds abeut Ofddpebert ¥4 by the fol | owing gener al

f or mul a,sa%%t@gbt(%yod\{gﬁ Ae Fef Big Y' M12 O

wherein A | or the conbination of Ni and Co, Y is

at |ea§tlsah@t@f05ﬁ0a99ut4re Li, Na, K GCs,TI, B, Ge, W

Ca, Znpigoh@hSofialth el ement, or mi xt ur es thereof a

is about 0.01 to about 1, b is about 0.01 to about
¢ is aBoist a0nymbarodeauineg by ¢he yalepertreguitements afﬁof@t% other

7, e |e§an¢g;,@§15rege,q1 to about 10, f is about 0.01 to

about
wherein “b" +

ll l'l [y )

is greater than “g”, and wherein the catalyst is substantially free of
manganese, a noble metal or vanadium.

9. The catalyst composition of claim 8, wherein b is less than c.

10. The catalyst composition of claim 8, wherein the catalyst comprises
phosphorus.

11. The catalyst composition of claim 8, wherein the catalyst comprises at
least one of potassium, cesium, sodium, or mixtures thereof.

12. The catalyst composition of claim 8, wherein the catalyst composition

comprises a support selected from the group consisting of silica, alumina, zirconium,

titania, or mixtures thereof.

13. The catalyst composition of claim 12, wherein the support comprises about
30 to about 70 weight percent of the catalyst.

14. The catalyst composition of claim 8, wherein the catalyst composition
comprises silica having an average colloidal particle size in between about 8 nm and
about 100 nm.
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g is about 0.05 to about 4, his O to about 3, x is a
nunber determ ned by the val ence requi renents of the
other elenents present wherein "b" + "c" is greater
than "g", and wherein the catalyst is substantially
free of manganese, a noble nmetal or vanadium 9. The
catal yst conposition of claim8, wherein b is |ess
t Han cA poceshelordhal genvesitmsdi an celr selesleth §om the group
consr%?rcﬁ IpRodyithieC BbBLYRhe ‘b‘? 'mfthﬁe%sther@tﬂp Sy Q%Hﬁrtnlé 1metﬂé€rylomtnle
st ‘conmposition of wherei n the cat al yst
and '@Wﬁ!ﬁ dberegt reppeiivelyn é’yofeaﬁt!fﬂhs% ithen vapesi Rh\?ﬁe s danrglevated
tempérétu% X" Gresslie! 88fd ofbfin v-\ﬁh'? o€ Ao Ukl &@B@r?sdoh{aq}ﬂné)fgas and
clarm8, wherein the catal yst conposition onpri ses a
ammaighgbr thes presereed of r@rﬁﬁl’fﬂ*lésfgﬁ(lmlﬁﬂséﬂﬂwﬁ §PF\R@XOP’° $ataldig, oxides
compASiHEdiudl BRI Whromiund, &?ﬁ‘ég'?hesﬂrn Hoxt b‘iél%%tﬁ IPr%'l)‘(-’tf?ﬂfenur%@samd at

The cat al yst conposition of claim 12, wherein

least 9np R Mickeh Bpakeb ant sabalt, nd: eptianali o7® AlcAngRphses.caimony.
telluerrfn ts'B@ruﬁﬁtlﬁ'rlrMﬁt po%srumec&'iﬁrﬁl Yl'%lllluﬁpnmﬁht b@r’?’né?frurﬁl fingsten,

8, wherei'n the catal yst corrP05| tion conprises silica
calciupn\Aitg %Fﬁrﬁmg@e@@m S daktuses thegedd, W?@'ﬂ thepealativeatios of

thesedRAHENtS a%ﬁf&en@@%thé%oﬂm’g gtBeraPforAuF ocess for the

conversion of an olefin selected fromthe group

consi sting of BPobs EhdigdAdifnBlYeonPxni xt ur es

wherdiier eofa is \p oPfeXdoRbiddtioh &f Ni@r‘ichégrw onitrile, and
m xtures thereof, resp ectlveé by reacting in the

vapor Mﬁ%'eaﬁt%@‘l%\%t &8 Lit Magderen Tr B, @adVpr essure,

sai d olgf ZH éMérE e%rtﬁ‘éie%‘féﬂtaﬂr nA%vRRNn&RBE 2l ni ng gas and
ammoni a | n Oa(ﬁ)resence of a catal yst conprising a

conpl exd '%ﬁb%‘&t Vioiabaygkides conprising rubidi um

ceri umg ig BHONG t RS um iron, bisnuth,
nmol bdenunéoqj&@at | east one of nickel or nickel and

cobal t Ciaa oieeatoyt ne of phosphorus, antinony,

tel | urigigaps@d.oMo AdubyUm pot assi um cesi um
thal lium boron ermani um tungsten, calcium zinc,

a rar e edaaboutd. @& boubfO,i xt ur es t hereof, wherein the

rel ati ve fduk 09125 abbitese el ements are represent ed by
the follow ng general fornula: Rba Ceb Cr, Myd Ae Fef

Bi g Yh 9Veabod0.OiecghahdA is Ni or the conbl nation of
NI and 1380 to about 3,

X is a number determined by the valence requirements of the other
elements present,
wherein “b” + “c’ is greater than g, and wherein the catalyst is substantially free of
manganese, a noble metal or vanadium.
16. The process of claim 15, wherein b is less than c.
17. The process of claim 15, wherein h is 0.
18. The process of claim 15, wherein the catalyst comprises phosphorus.
19. The process of claim 15, wherein the catalyst comprises at least one of
potassium, cesium, sodium, or mixtures thereof.
20. The process of claim 15, wherein the catalyst composition comprises a
support selected from the group consisting of silica, alumina, zirconium, titania, or

mixtures thereof.
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Y is at | east one of P, Sb, Te, Li, Na, K GCs,Tl, B

Ge, W Ca, Zn, arare earth element, or m xtures

thereof, a is about 0.01 to about 1, b is about 0.01

to about 3, c is about 0.01 to about 2, d is about

0.01 to about 7, e is about 0.01 to about 10, f is

about 0.01 to about 4, g is about 0.05 to about 4, h

i 10 t dhapsegess of ¢lgirg 290, minerrin thfeswnpertreammsipes letween 30 and

70 weV t%gﬁgn{&qHéegggg{s of the other elenents present,

havm&%ﬁ %lver%be‘é%f@@él%lc@smg fr‘leod%é’é}?

erei reater than g, and wherein the
c&Bal ygﬁel%océﬁ?ﬁﬁ &htni‘ 254 whereieghe ratalyghepineasdionconyisises silica
ib‘ou% ek Shdhdout 100 nm.
Wherein™b is Iess than c. e process of claim
15, wherein h is 0. 18. The process of claim 15,
wherein the catal yst conprises phosphorus. 19. The
process of claim 15, wherein the catal yst conprises at
| east one of potassium cesium sodium or mxtures
thereof. 20. The process of claim 15, wherein the
catal yst conposition conprises a support selected
fromthe group consisting of . silica, alumna
zirconium titania, or mxtures thereof. 17 21. The
process of claim 20, wherein the support conprises
between 30 and 70 wei ght percent of the catalyst. 22.
The process of claim 15, wherein the catal yst
conposition conprises silica having an average
col l oidal particle size in between about 8 nm and
about 100 nm 18
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