MIXED OXIDE CATALYST OF K, CS, CE, CR, CO, NI, FE, ET AND MO
FOR THE MANUFACTURE OF ACRYLONITRILE The present invention
relates to an improved catalyst for use in the ammoxidation of an
unsaturated hydrocarbon to the corresponding unsaturated nitrile. In
particular, the present invention is directed to an improved process and
catalyst for the ammoxidation of propylene and/or isobutylene to
ragrylanitrite and/orsmethacrylgnittile crespectivelyrdyiare specifically,rithe
Mavertionrelatestoraugovekand improved ammoxidation catalyst
comprising a complex of catalytic oxides of potassium, cesium, cerium,
chromium, cobalt, nickel, iron, bismuth, and molybdenum, in the

subgiantalAbgenrR.efAM% A MARYANLIRAN ARG PRSEURIRIL RSN of an

Prior Art Catalysts containing oxides of iron, bismuth and molybdenum,
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Nos. 5,093,299, 5212,137, 5,658,842 and 5, 834,394 are directed to
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comprising a unique combination of promoters offering better
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catalyst composition comprising a complex of catalytic” oxides consisting
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phosphorus, antimony, _tellurium, boron, germanium, tungsten, calcium,

m ag'We o tpgﬁéiséaélﬂtw%quﬁgﬁ aemaellrﬂ%ﬁhé%compnsmg a unique combination of

promoters offermg better performance in the catalytic ammoxidation of propylene, isobutylene
or mixtures thereof, to acrylonitrile, methacryionitrile and mixfures thereof, respectively.

Summary of the Invention

Embodiments of the present disclosure are directed to an improved catalyst and process

for the ammoxidation of propylene and/or isobutylene to acrylonitrile and/or methacrylonitrile,

respectively.
In a first aspect, there is provided a catalyst composition comprising a complex of catalytic

oxides consisting essentially of lithium, potassium, cesium, cerium, chromium, cobalt, nickel, iron,
bismuth, and molybdenum, and optionally containing one or more of phosphorus, antimony,
tellurium, boron, germanium, tungsten, calcium, magnesium, a rare carth element. and mixtures

thereof, wherein the relative ratios of these elements are represented by the following general formula



thereof, wherein the relative ratios of these elements are represented by
the following general formula 1 Lia, Kb Cs, Ced Cr, Cof Ni., X1, Fe; Bii
Moil O, wherein X is P, Sh, Te, B, die, W, Ca, Mg, a rare earth element,
or mixtures thereof, a'is about 0.01 to about 1, b is about 0.01 to about 1,

c is about 0.01 g&iﬂ%bﬁfﬁf‘“‘&% gBﬂﬂi@(“){.@E@t@&MﬁH Qs e is about 0.01 to

wherein about 2, fis about 0.01 to about 10, g is about 0.1 to about 10, his
about 0 to about 4, i is about 0.1 to about 4, j is about 0.05 to about 4, and
X iRsS, rligath éred Serimilesd oprheah beroentegUiritatdatehe other
elements present. In one embodiment, there is provided a. catalyst

COMpHSh&,COMPISKLefcatalytic oxides comprising potassium, cesium,
cerium, chromjum, cobalt, nickel, iron, bismuth, molybdenum, wherein the

relative'TAR8Y 81 thi8dBenents are represented by the following general
formutas A Kb @sé@et Cr, CofNig Xn Fe; Bil Mo12 Oa wherein A is
Rb, Ng Ly &bmg%ggggt’hereof, Xis P, Sh, Te, B, Ge, W, Mg, a rare
earth element, or mixtures thereof, a is about 0 to about 1, b is about 0.01
to abGuf 1ort& Y#PerH3: to about 1, d is about 0.01 to about 3, e is
aboutfGsQbdar aloows 2out 10,

g is about 0.1 to about 10,

h is about 0 to about 4,

i is about 0.1 to about 4,

j is about (.05 to about 4, and

% 15 a number determined by the valence requirements of the other elements present.

In one embodiment, there is provided a catalyst comprising a complex of cataiytic
oxides comprising potassium, cesium, ceriwm, chromium, cobalt, nickel, iron, bismuth,
molybdenum, wherein the relative ratios of these elements are represented by the following

general formula:

la



fis about 0.01 to about 10. g is about 0.1 to about 10, his about 0 to
about 3, i is about 0.1 to about 4, jis about 0.05 to about 4, x is a number
determined by the valence requirements of the other elements present,
and wherein the catalyst is substantially free of manganese and zinc. The
present disclosure,is.al irected.to,pr S ggﬁr the conversion of an
olefin selected fro%t eio 3%ﬁdp@é%%%?§ﬁﬁ%8§eb%by%ﬁ§xisobutylene or
whepgirtures thdsdtf, 2o borlonitmilsturaetaerilonitrile and mixtures thereof,
respectively; by gagting i.the XAPQLRIASE: AlARfIRYqIRg.femperature
and pressure said olefin with a molecular oxygen containing gas and
ammonia thetBielpresence of an mixed metal oxide catalyst, wherein the
catalyst is,3s gescnheshapove. In a second aspect, there is provided a
process for the conversion of an olefin selected from the group consisting
of propyleh&, B eNed ixtures thereof, to acrylonitrile,
methacrylenitsieyangl mixtures, thereof, respectively, by reacting in the
vapor phase af an elrfvat%d temperature and pressure said olefin with a
moleculargo’if‘é Sty gas and ammonia in the presence of a

an &
catalyst cempiiising .aicontplex2of catalytic oxides consisting essentially of
lithium, po@;giﬁngn%gstgjgg lg:te[réum, chromium, cobalt, nickel, iron,
bismuth, mol%/ enum anc? optibnally contains one or more of
phosphorigsis ahtimBniyo telbutilén, boron, germanium, tungsten, calcium,
magnesiuwis%ggﬁleoqgggogggfnent, and mixtures thereof, wherein the
relative ratios of these elements are represented by the following general
formula Li} KEbesd CErBtGofNig Xn Fej Bii Moil O, wherein 2 X is P,
Sb, Te, B.;Gen\; £65 MabRdare earth element, or mixtures thereof, a'is

about 0.01 to about 1, b is about 0.01 to about 1, c is about 0.01 to about
1 x is a number determined by the valence requirements of the other elements

present,
and wherein the catalyst is substantially free of manganese and zinc.

The present disclosure is also directed to processes for the conversion of an olefin
selected from the group consisting of propylene, isobutylene or mixtures thereof, to
acrylonitrile, methacrylonitrile and mixtures thereof, respectively, by reacting in the vapor phase

- at an elevated temperature and pressure said olefin with a molecular oxygen containing gas and
ammonia in the presence of an mixed metal oxide catalyst, wherein.the catalyst is as described

above.
In a second aspect, there is provided a process for the conversion of an olefin selected

from the group consisting of propylene, isobufylene or mixtures thereof, to acrylonitrile,
methacrylonitrile, and mixtures thereof, respectively, by reacting in the vapor phase at an
elevated temperature and pressure said olefin with a molecular oxygen containing gas and
ammonia in the presence of a catalyst comprising a complex of catalytic oxides consisting
essentially of lithium, potassium, cesium, cerium, chromium, cobalt, nickel, iron, bismuth,
molybdenum and optionally contains one or more of phosphorus, antimony, teliurium, boren,
germanium, tungsten, calcium, magnesium, a rare earth element, and mixtures thereof, wherein
the relative ratios of these elements are represented by the following general formula
Liy K, Cs, Ceq Cr, Cos Niy X, Fe; By Moy, Oy

wherein



d is about 0.01 to about 3, e is about 0.01 to about 2, fis about 0.01 to
about 10, gis about 0.1 to about 10, h is about O to about 4, i is about
0.1 to about 4, j is about 0.05 to about 4, and x is a number determined by
the valence requirements of the other elements present. DETAILED
DESCRIPTION OF THE INVENTION The instant invention is a novel
catalyst comprising a unique combination and ratio of promoters offering
better %éﬁ%r%aﬁéeﬁrﬁﬁé’\éﬁa%@ arrmesidaiencar. propyerse thereof,
isobut§lénbost tikfgrepwhéreof, to acrylonitrile, methacrylonitrile and
mixturgsstheieeforaspestively. The present invention is directed to an
ammoxidation lyst comprising a complex a complex of catalytic
oxidescésb%rrg’%“r‘fsg'r?éag’:ﬁ %ustulJm, cesium, cerium, chromium, cobalt, nickel,
iron, biswritytidélylsddrouni, wherein the relative ratios of these elements
are represented by:thgfeowing general formula: Aa Kb Cs, Ced Cr, Cof
Nig X1, Fe; Bii Moil Ox wherein A is Rb, Na, Li, TI, or mixtures thereof, 2a
WO 20047888940 Bet#t948003/036937 X is P, Sb, Te, B, Ge, W, Ca,
Mg, a gdretearth. elemtent or, mixtures thereof, a is about 0 to about 1, b is
about 0. ut c is about 0.01 to about 1, dis about 0.01 to
about%fgéb?glgﬁg)u%béig%’to about 2, fis about 0.01 to about 10, gis

about DE12Rs LY OT0*his about 0 to about 4,
j is about 0.05 to about 4, and

X 1s a number determined by the valence requirements of the other elements present.

DETAILED DESCRIPTION OF THE INVENTION

The instant invention is a novel catalyst comprising a unique combination and ratio of
promoters offering better performance in the catalytic ammoxidation of propylene, isobutylene
or mixtures thereof, to acrylonitrile, methacrylonitrile and mixtures thereof, respectively.

The present invention is directed to an ammoxidation catalyst comprising a complex a
complex of catalytic oxides comprising potassium, cesium, cerium, chromium, cobalt, nickel,
iron, bismuth, molybdenum, wherein the relative ratios of these elements are represented by the
following general formula:

A, Ky Cs. Cey Cr, Cop Niy X, Fe; Bi; Mo, Oy

wherein A is Rb, Na, Li, T1, or mixtures thereof,
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i is about 0.1 to about 4, jis about 0.05 to about 4, x is a number
determined by the valence requirements of the other elements present,
15 and wherein the catalyst is substantially free of manganese and zinc
pts in the above formula represent the potentl
wglz%osﬁo %rg individual elements with respect to molybdenum néﬂg?lg 937
in the art will kndwsandeaphréeialé, that fdeanyreatabysi eosmpasition, the
total quan“li}g(mrggehg}géalhc elements, in view of their respective oxidation
states, must be maintained in balance with molybdenum. 20 In one
embodimehts theuwfhisurio@r.an atomic basis) of cerium plus chromium is
greater tha,nstlggoa{rwmoojbglﬁmuth (i.e. "b" + "c" is greater than "g"). In
another embodiment, the amount (on an atomic basis) of cerium is
greater th&r AR Hh e sPeRidmium (i.e. "b" is greater than "c"). In other
embodlmen{§af,a 18.8beysH@3 10 about 0.5, "b" is about 0.01 to about
"c"is aboyt 0.01 to about 0.3, "d" is about 0.01 to about 3, "f + g" is
about 4108 %’6’8&9% tobRYE Ut 0 to about 3, “i" is about Ito about 3,
and "" is dboubdiflot0 lafecibb 13,he basic catalyst composition described
herein is a com fca al oxides of potassium, cesium, cerium,
chromlum co%b%fs)rél)lgkel E|’ro}jr§ i:B1smuth and molybdenum. Except for
specificallj sxaovcdteldmarts, other elements or promoters may be
included. In; ong,.enPRAIMEDS the catalyst may include one or more of
rubidium, sodium, lithium, thalfium, 30 phosphorus, antimony, tellurium,
boron, geﬁrﬁa%h@#hoi‘éﬁw@s’fénﬂtéhIC|um magnesium, and a rare earth
element (
By, Ho. 1 T o Y5). 36t anoxher mbodmen s 1 caebercotagme
a small aribiifittof phosphorus, (i.e. "X" is at least P and "h" is greater
andhderzar ) wtugbthaeuasbemenp@ke&ﬁaﬁhmﬁae afditipi. 3 WO
200#050%540 PCT/ 03/ 369 7 _resistan r¥%e of the FH}:atalyst In yet
anothéremp i';rﬁren e cataiystt i GRISTRA HEROLEtR) (ges dor fepapinggf the
EndMﬁQlancbI&:ﬂastgr\eaherdﬂnantZterojgilrbdammb@dmmpr’mfembm WiliSknow and

app?&‘?&i& heti? fgpglw g’atm{& Q{Pgm%ne g %Q&th@%t%% [3) g} 2l ementSbSta?;[)l(aﬁ!ll%mw

free of magnesium bat contains af east
of thelsrrepeatignexfpiogistats, Busthe wpiniaiasd B balktre remenpbmeﬁnms

greatesdbarmBeinkeln, this amMNeMiBe Nt RisHRAABIKH ois APAHE Brds Onromium is

greater than the amount of bismuth (i.e. "b" + *c” is greater than “g"). In another embodiment,
the amount (on an atomic basis) of cerium is greater than the amount of chromium (i.e. "b" is
greater than "c"). In other embodiments, “a” is about 0.05 to about 0.5, “b” is about 0.01 to
about 0.3, “c” is about 0.01 to about 0.3, “d” is about 0.01 to about 3, “f + g” is about 4 to
about 10, “h” is about O to about 3, “i” is about 1 to about 3, and “ is about 0.1 to about 2.
The basic catalyst composition described herein is a complex of catalytic oxides of
potassium, cesium, cerium, chromium, cobalt, nicke!, iron, bismuth, and molybdenum.
Except for specifically excluded elements, other elements or promoters may be included. In
one embodiment, the catalyst may include one or more of rubidium, sodium, lithium, thallium,
phosphorus, antimony, tellurium, boron, germanium, tungsten, calcium, magnesium, and a
rare earth element (defined herein as any one of La, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er,
Tm, or Yb). In yet another embodiment, the catalyst contains a small amount of phosphorus,

(i.e. "X" is at least P and "h" is greater than zero), which has a beneficial effect on the attrition
3
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about 2. In yet another embodiment, the catalyst contains rubidium (i.e "A"
is at least Rb and "a" is greater than zero). In yet another embodiment,
the catalyst is substantially free of rubidium. In yet another embodiment,
the catalyst contains lithium (i.e. "A" is at least Li and "a" is greater than
WRMIHRY7&E another embodiment, the catalyst contains Iithﬁgﬁ/ﬁm%@“”

redidfiacto AfHthiypm e maly, IS.] ge. of 01:12.t0 about
1:125(i.e. \t/vhen igﬁ is LI %ﬁ)%%%g@e?ﬁ%{?géﬁ%?%(&g%%ﬁ%ﬁslgcl)a%e&téla (ie.

"Xowidfi eathNig s tbmis erwipribngzRah, bikin ebadidoensl piseforabin téadabout |

to tothe ammesidatiorofreprieRe de @Eﬂwiﬁi@bﬂ,@ﬁlt Qj&a&ipgl%nesiwn but
cobalt and lithium, as additional promoters, yields more total nitriles, €.g.
|lﬁ€|‘r9e B'IWI(E

ORISR °REAbHrii aHEHT Sfen’ty BriiulAsiSBeR et tpald, Ge, W, arare
cafihrahomittiled Ithy et dzanatar-erhodiniestbe sl ystisapstantialyu 0.1 «
free of strontium, and preferably contains no .strontium. As used herein,
abq%%eé's%r‘ftﬁ%ﬁ%ﬁ%"%ﬁ%ﬁé@%@c’%&% SR Fﬁ% IWkecAtalydt teast Rb and
“2tangtedsentiaity. ndneyef thathetermbndincidititnathtafnt e eMRESIQTree of
p =Toaalelal Y% lonitrile,. the inclusign. of certai
mlﬂﬁﬂﬁ‘?. Yxlle%? 9%@5‘1@19&, %%rléﬁl%é?g Xormtinsel’llthzugbril €, .19 1s zﬁ%cas?llr}x and

elements have been identified a etrimental to obtaining a

aCRIgIREVEIApTb VB slcrdiitabpidmentT thesutahs roemigan euanehdithe. ratio
of ThfulRGlIBieRl-NARgaNeaR ARdZinGindhe catalYSLIRsHS i ﬁiﬁgn A is Li

active catalyst and provides lower yields of acrylonitrile. As suc

aloggtdfyBt 6 e houadifvehttintis desanied wddserity yebstspmalrpnipssiag iron,
bisanganEsecdd i Ascsed ey einmerbsiantishypkgRleith respRGidfe, the

anganese, ans having atomic ratio with respect to molybdenum of
“oRees manncbsf:ﬂ%?.tAasn{fs?é ! ré’?n?@Smé’ﬁb%ﬁ?ﬁwfr%‘@@wr?e%cﬂﬁlcs’ e.g.
aciiiocimieansduaniinde atothitydatignvithanekp Gdsdorefeakyb denynoahiassiif)ann yet
il Rreferably, th ysts contain n@ mapganese and/or zing.. The, .
ancat_alf/[gg %%ﬁg%rgéeegna’?%\% hgu%ﬁ S;nﬁ%?/a@)% %%ee%peltﬁté?rmsxﬁb%ndlr er(‘:‘:]%J %rrgbly contains no
stropisippdreded kertie Canbsimtinlbyficohpistesrstppeony cltmstppentishe catalyst

colkSBH <R SHIRPRShiIS isallymixed with the metal oxides that comprise
the catalyst, or the support material may be impregnated with 30 the

met414iaalls fraihe SOpHBHeraps MmESHCRuATO A GO i aRyBmdaiacatonitrile,

theTidliERs thereathif slRRAM PICHSRIMANRE asbhRdR! deriheneatalYSltaining »
trells_lgltir.ltcf‘i in a harder axd ,ré}ﬁre.. tﬁritiﬁfresistam catalyst. However, for .

A oMmeTcIaPAphitc At  ghe, %&)r SR T BEIBETCART 206 e BRgdusion of

mig@nthe admpleinaheatadijtic oxitie nddsribetiadzomgitand phe RlappertiFields of

ao%ﬁiéhéf’ ﬁs"é’&zﬁ’g‘g&%‘l}%“& ﬁl -ll;lls a%? glg%éQ%g_glg’Zlescﬁbed as being substanﬁa!ly
free of manganese and zinc. As used herein, "substantially free", with respect to manganese,
means having atomic ratio with respect to molybdenum of less than 0.1:12. As used herein,
"substantially free", with respect to zinc means baving atomic ratio with respect to
molybdenum of less than 1:12. Preferably, the catalysts contain no manganese and/or zinc.
The catalyst of the present invention may be used either supported or unsupported (i.e.
the catalyst may comprise a support). If a support is used, the support is typiczilly mixed with
the metal oxides that comprise the catalyst, or the support material may be impregnated with
the metal oxides. Suitable supports are silica, alumina, zirconium, titania, or mixtures thereof,
A support typically serves as a binder for the catalyst resulting in a harder and more attrition
resistant catalyst. However, for commercial applications, an appropriate blend of both the

active phase (1.¢. the complex of catalytic oxides described above} and the support is crucial to
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obtain an acceptable activity and hardness (attrition resistance) for the
catalyst. Directionally, any increase in the active phase increases the
activity of the catalyst, but decreases the hardness of the catalyst.
Typically, the support comprises between 40 and 60 weight percent of the
‘%ﬁ/ﬁﬁ%ﬁé‘lfﬁ}atalyst. In one embodiment of this invention, th@%ﬂﬁﬁ%"ﬂ?fﬁ/”

obGOMAArSEAE R figRy AROHEANWaISH R cak k) SosuRpOItaYsCatRNStionally,
In_another embodiment of this invention, the support may comprise as

Y IERFHE ABhJtR PENRIBIHeUBREET the SGpHbHaY RarEallysin Biiedecreases the

hardirbodiMenithigscatpypitdlys URPaEpertcHprselicasaln liha averagght percent
of § oIIoidac!ﬁggrtaift:lF otliameter of %%d silicatsgl is too small, the surface area _

o the MARUTACtUred CataR &Py MiPH &Y LT SRS Sl d th & BROL} yRRY AfimPrise as
littexiibiboedBCedkgbleptivityt b ithie: culipiatidpantibie. dimetehds tamddigenthe this
. nufactu talyst will e poor.anti-abrasion strength. Typically, the
g Y S A AR B ekt B s
catakyéf- about 50 am. In one embodiment of this invention, the average

collgifigl Patioie AaMeLes Ol e Slig e l?sﬁ\%j%%ﬂ& 080 APEhEANRG ASlioidal

low as about 8 am. In another embodiment of this 15 invention, the

patigle et Slosai sttiedeseh dprefetotitnbs e o rie2tolie tomyfastured catalyst
wiknetheregmbasiment At wvention: RewsyeRaRel0ioR Bartitlsidal particie
. diameter of the silica sot is about 20 nm. The catalysts of the present
iARGER SN MRalf e PP APARPH U ofARE HuPHEr JRE° REMotitisEagny strength.
Typieig aiomnembicto Aseiknpusticie dhaseobokil Miidaesarls bamexaanple, Hhem and
2 talyst may be, manufactured by ca-pregipitating the, various . .
o S e o e o AR SRRt Rt il et of
theailiappod pridimisiAenA e et etyasthovoo-gred Sitate dnmattia bmizmdipent of this

invilHH ,%’L%%Qé@%&i‘f&%&f%&ﬁﬁ%{ﬂﬁ%‘?@%‘ﬂﬁé’m&(‘&@QQLE%BP@B&L{%ﬁ: H}i&m

catalyst may be extruded as pellets or formed into spears in oil as Is we
embedimieih chisinEatiopati arsrastod it asrgisshamsitn ahthertiensaljstabout
20868 U.S. Patent Nos. 5,093,299; 25 4,863,891 and 4,766,232, herein

incorporated b%vreference. In one embodiment, the catalyst components

may 08 RGO DERTTETEIHTHE HOFPBP RS SIS 10BN BEPbY dfin oS
mdihedcatabitsiypompangiols Widythed ipregratbeoof skitidthether Boppaiple, the

co T B B T A R 1 S e CORE s dpeine
marereashyrdispiriskdnduirionm (3@rstpblepoirideszepdiidraatitebating carprecipitated
mﬂéﬁﬁ?@}%@ B RRRES 'ﬁl!}’ s%%{?fﬁ?&l SRUSLEIRLAURHEN Y entional techniques. The
catalyst may be extruded as pellets or formed into spears in oil as is well known in the art. For
particular procedures for manufacturing the catalyst, see U.S. Patent Nos. 5,093,299;
4,863,891 and 4,766,232, herein incorporated by reference. In one embodiment, the catalyst
components may be mixed with a support in the form of the slurry followed by drying or the
catalyst components may be impregnated on silica or other supports.

Bismuth may be introduced into the catalyst as an oxide or as a salt, which upon
calcination wil.l yield the oxide. The water soluble salts which are easily disperséd but form
stable oxides upon heat treating are preferred. An especially preferred source for introducing
bismuth is bismuth nitrate.

" The iron component into the catalyst may be obtained from any compound of iron

which, upon calcination will result in the oxides. As with the other elements, water soluble
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bismuth is bismuth nitrate. The iron component into the catalyst may be
obtained from any compound of iron which, upon calcination will result in
the oxides. As with the other elements, water soluble 5 WO 2004/050240

31036937 salts are preferred for the ease with which the
Vﬁ?%/%%%ﬁ%%rmly dispersed within the catalyst. Most prefe%gg)é?%g??f036g37

saligteegt@reftresdriolybdemem it mbiohentyofithe catitlyst Inaiydees dattaguced catalyst,

‘MILRANY-Tobdenm, oxide such as dioxide, trioxide, pentoxide or
heptaoxide. However, it is preferred that a 5 hydrolizable or

decoripBABIdchENIsdermenselithecatiizedias thénsodncedofsheany molybdenum

oxmé)|Me£w3ibx{ﬁ@,etﬁ@§aarﬁgﬂf5§glét&r t@gt%%&é'a'%»@&"}?ﬂ"ﬁn referzed that a
h(::té)_tamolybdate. Other required components and optlona‘f prom ers of
hyfrelizahlaydteogprickiomolgbdenump senbereilzedas tn sir@a W orlybdenum,

Thawdur pretbrereabrimginbe-dariyesdomanesuliagiseurce. For example,
cobalt nickel.aréggrgﬁgnesium may be introduced into the catalyst using

10 ritf Atk SAHECRERTARSHAR, AL SREQRHPRAR RS Riba et RbéemeNi. Co, Mg,
CreditdlysTasBroason, e @arbonateigtuhpsdiexide WabLpanaeablieainGitable
S Ogg%ultbso;neg oigdedbgpos%{gargnsdm%ége introdlﬁced in the catalystas an

alkaline metal Salt oF AIRaIe Car MSTATLEES P tHETaHssE At egriplysiasing
nitppiefestihlyAdtiodnaidd axpressphoriy deidoiRdguidethandopiianal alkali insoluble

2femeopents el e catalvst (e ' Cs, Ti, or. 15 mixtures
? thereof) ‘mg&%e intro%gééﬁtgefﬁegggg yZ?SEIstSa‘rﬁfo%% A 1c[}]ré 'a;p gossgg’t?r\‘fvsnfBW be
intpiyretaicihatioraht yielarhtiskiere mridfamiblyt stialivectads nittateslt or the

amviiclRIreadibpAraikablen@nf @asbp aoipRie &tg a1sed as the means of

incorporating such elements into the catalyst. The catalysts are typically
prep a6y ARG R AT esR B P AR 2h BBtdrhdlgbliats, TL or

miwtittea hiliearpaldp buhistod e iy COMERIIAT IR CONRRLNGS s it B Ypon
capligr&tgs‘gfl}he ﬁtl{ﬁe\r‘%@ne%tsfis e]dde t.STh solid materﬁl is then dried,
R e Sl (TR V<P RIBFRy R igadily available
andemmpersiubée of betwles tht 1BE00 850G quatifer ably 41406 toi 260k, cngistt.
pref ifrificatian t rature. may.range from .
00010 A et DR s dege i e AL, At
heplpmabibrists atiffe dFBsAVEENBOGERo7TBTY, Srafaitbg, thetemeprBBOCioferably

nihRCo 2eT hiBsalRleIROfiha IR ANTHE YBI GRAEE e Wb AIMNQXIARHRR and
ca c{x?e%?sgg?‘e];gtrﬂtyhtehe catalyst is spray-dried at a temperature of between 110°C to 350°C,
preferébly 110°C to 250°C, most preferably 110°C to 180°C. The denitrification temperature
may range from 100°C to 500°C, preferably 250°C to 450°C. Finally, calcination takes place
/at a temperature of between 300°C to 700°C, preferably between 350°C to 650°C.

The catalysts of the instant invention are useful in ammoxidation processes for the
conversion of an olefin selected from the group consisting of propylene, isobutylene or
mixtures thereof, to acrylonitrile, methacrylonitrile and mixtures thereof, respectively, by
reacting in the vapor phase at an elevated temperature and pressure said olefin with a
inolecular oxygen containing gas and ammonia in the presence of the catalyst.

Preferably, the ammoxidation reaction is performed in a fluid bed reactor although

other types of reactors such as transport line reactors are envisioned. Fluid bed reactors, for
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conversion of an olefin selected from the group consisting of propylene,
isobutylene or mixtures thereof, to acrylonitrile, methacrylonitrile and
mixtures thereof, respectively, by reacting in the vapor phase at an

“ﬁj%@}_gg&gmperature and pressure said olefin with a molggularoxyaen, ..,

containing gas and ammonia in the presence of the catalyst. 30
thePreferfiblyrethd amytooitidation vesckianwis petferpied ia fuicckadieagion cactor

es of.I, h as transport line reactors are
o ion e i e TNt e YUE) DDA SAGY Toconce s sitabe
PCTAYS00s/(86ksmw riatiofacastoofacrylonitrksare koW rior art

thederilqaEy, TP§ exampeths . degigagsetfopnda U, Patent No, . -
?S 3,230,246, herein incorpqrateab?)%%gér%%%cg’??sﬁéﬁi?aﬁ)ﬂg?gcaggd?r%[)ﬁs fly herein
incpozdfh bYideioRR adiBis Ay o Brurmaneonids pe HReRW S ipetfrempeibbrarbascting

1den6ethibuliac RRIBBLNGS e 0P Z@eshid ndwif
prcﬁygos,OOl; he#éineS1 inco%g%at%d by refe.rén(?e@' S/%lé%ﬁ”?ﬁhwe%@daﬁ%g catalyst at

an SR dSEBAT e PR S8y HbHEachiie pepitialor Any source of
oxjgebuiigiene émieypiesEacaaaiyenishanthasygen Withatdidd Bede air. The

catalyst at_an elevated temperature to produce the acrylonitrile or
oAl o T I SRRE B Ot Ty 60 SIRRD BRSSP BcBroe 41
prefesbbinotmolvktet; lit is preferred to use air. The typical molar ratio of the
oxygen 1o glefin.in the.f hquld range from 0.5:1 tg 4:1, to preferabl
a@%%rﬁaqg %le%rr]l & 180 fQ .m.gwhée?.ééo i ﬁnfﬁ'e"m% from

from 1:1 t03:1. The molar ratio of ammonia to olefinint
betreratid A higy2iant iroers betlyemnuomsrilitiofar thhenisriealyimoratjspbuditiite is

ged@aienaRmenR-alefi el itbthere iS, agnerallyne r%ﬁ%@et%ﬁﬁgg Br use
Wi e

_ratio of 2:1 for economic reasons. Suitable feed ratios for use

witiihagatabrstad hsiasieniisntan e proistions bradanisiler flomrorpylene arc

an PHAPYIRDR pESpYRRNTAD MeiadgpuIRens die, itha @ngep9flcddildr 8.0:1

‘o §'1I ang air t(t) Pr?pe‘/tletpge ratio of 8.0:1 to 12.0;1. The catalyst of the
instaht inVShEBR B0 o Hfﬁfﬁ%e‘l‘&l‘é%‘f%cﬁﬂ%ﬂﬁ?ﬁeh@ rSRAY ) Rstylonitrile at

reletineho his tanpnopiglen e fasgdenatibedofabout tbio Bbouitabddb 10T heSmeleWiow

Haonﬁcﬁgnlgixi ns' thelgdltlg reduce unre ed ammonia jn the reactor . .
e Iuenct, a cgncsiit?be konéwn §§ ggémr§1onﬁ%&glﬁﬁrgﬁgrﬁa?{?vﬁféﬁuem’ a condition

knesypsisq Uranmpphe | preastheengbé, prbids suhsesteantl hEpedificeflyseupreastedtastes.
spaineRiamusibe ssmeved fianibedeanier eifivant perég{eﬁoemeﬁ?%%?% the

of the acrylonitrile. Unreacted ammonia is typically removed by contacting

receT¥ et afdeniian Snferrted ermpyiail nirdhuRTeyrAtRyofoBjacting the
reaC@talingdhaeagiific acid to yield ammonium sulfate or by contacting the reactor

effluent with acrylic acid to yield ammonium acrylate, which in both cases results in a process
waste stream to be treated and/or disposed.

The reaction is carried out at a temperature of between the ranges of about 260°C to
600°C, preferred ranges being 310°C to 500°C, especially preferred being 350°C to 480°C.
The contact time, although not critical, is generally in the range of 0.1 to 50 seconds, with
preference being to a contact time of | to 15 seconds.

The products of reaction may be recovered and purified by any of the methods known
to those skilled in the art. One such method involves scrubbing the effluent gases from the
reactor with cold water or an appropriate so!veﬁt to remove the products of the reaction and

then purifying the reaction product by distillation.
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effluent with acrylic acid to yield ammonium acrylate, which in both cases
results in a process waste stream to be treated and/or disposed. 25 The
reaction is carved out at a temperature of between the ranges of about
6 Q. 600C, preferred ranges being 310C to 500C, espggi
“@e%%@qg&g to 480C. The contact time, although not criticf , 1S é%%[grrﬁgﬁ%??
in thEhegngeaof @ilitloddOhscrongs, ol psefereneatbaingto teaptaskiBN®n of
RN gﬂgﬁ ‘Tﬁgxgrodu ts of reaction may be recovered and . | _
pm%%r?fied Sly%a(fny of %he me%ﬁ%rdgl ﬁ%svtvarll]?%agst %Xsyeaz ﬁTFéedu i tHe' APF Ssifiation of
Propyigenietseyliveirés sSnshbimectseefiisehpiatiestironttidze peactoesyittherein
ropEn RIS AR IR RIOBHAIS SOlYank IR FemoNS- g Praficts of Ih
g Gffi:;}actic‘)n_and then purifying the reactior% proogluct ‘by%is%ﬁaltlt%ﬁ. SN stage and
theSeRisL ARy Yo Tor IRSho e37er36 0 31 arerdabtriamrimamily ofomibccatidlyje tiof second
stafae Tietantipventiamnis fpthe anmoidationoh proRMensdo aeylonittle:, of
However, th!e Instant catalyst may also be used for the oxidation of
PrOB A ISR rylic acid. Such processes are typically two stage -
processes, wherein propgiue s CBRBOBIMENITS presence of a catalyst
to primarily acrglein in the first stage and 5 the acrplein is converted in the
prese%c%%faéoc% agl%pf: t%leplr?r%%ﬁtll)%%n&ﬂ%’ 3%%&% %%’elggﬁl&t Upglot g well as
singleabptal vs oritidid gheneinrisnonstab it dor esméntthe firkii Staghyfdidinging elements
aefRIORLPROLARRMABSBACIRE M E ol CaEMP ARIMEMR I Q8" Briter

illustrate the instant invention, catalyst e Instant invention as well as

reagyienrprriidenalyEiese AemRIco AL OraYided B iasmdiemeneseradiditionally
including elements detrimental to acrylonitrile production, were prepared
and then evaluated under similar reaction conditions. These examples
are provided for illustrative plri8bEstsgTaicRalyst Preparation 15
Example 1: A catalyst of the formula 50 wt%

Csa.,Ko,,Ceq.ZSCro,3C04.3Ni44Fe2.0Bb 14,425057.n5 + 50 wt%
R R T e e e N R
+ $05850 S i BN GS (O<paty) aF deNO8Y3. IH2 (olb3v643 g)stNi (DB 61RO, (1.535g),
KNAOR 7380 98.6729% RINOZ)3PHARHR 04 .

N S e L, TR e, (0 b @By oo
(98.572g), Bi(INO3)3-5SH,0(19.104g), and (NH4)2Ce(NO3)s (64.773g of a 50% solution) were

melted together at ~70°C in.a 1000 mi beaker.  Ammonium heptamolybdate

(AHM)(200.603g)} was dissolved in 310 ml of distilled water. To this solution CrO; (2.363g)
dissotved in a 20ml water was added. Then the silica (625g of a 40% SiO; sol) was added
followed by the metal nitrates melt. The resulted yellow slurry was then spray dried. The
obtained material was denitrified at 290°C/3 hours and 425°C for 3 hours and then was

calcined at 570°C for 3 hours, in air.

Example 2: Using the preparation described in Example 1 above, a catalyst of the formula
50 wit% Cs4Ko.LiosCeo5sCro.12C0s 3Ny 1Fe1 sBig6oM0y3 7405005+ 50 wi% SiQ2 was prepared as
follows: The following metal nitrates CsNO; (12.877g), KNO; (6.679g), Li NO; (13.665g),
Fe(NO;);-9H,0 (480.431g), Ni(NO3)6H,0 (595.542g), Co(NO3)6H,O (1019.059g),
Bi(NO;)3-5H,0(198.691g), and (NHs);Ce(NO1)s (420.146g of a 50% solution) were melted
together at ~70°C in a 1000 ml beaker. Ammonium heptamolybdate (AHM)(1603.142¢g) was

dissolved in 1760 ml of distilled water. To this solution CrQ; (7.928g) dissolved in a 20ml
&
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20 melted together at -70C in a 1000 ml beaker. Ammonium

heptamolybdate (AHM)(200.603g) was dissolved in 310 ml of distilled

water. To this solution CrO3 (2.363g) dissolved in a 20m1 water was

T the silica (625¢g of a 40% Si02 sol) was added _f ed

t gédzﬁ%gé{%%r%rates melt. The resulted yellow slurry was then g%ﬁﬁé??é%“”
waRev gtdivdd iiatetiialswas Genitgitiéd et 231C/3dipwrs ad ARG By the metal

- t Icined at 570C for 3 hours,.in air. Example 2:
o R I B s PRy B sRrhanscna wes
deggfﬂfg%awg\;@/@ hours and 425°C for 3 hours and then was calcined at 570°C for 3 hours,
in&90.iKo.,Li0.3Ce0.5aCro,uCo05.3Ni3,1Fel.8Bio.62Mou.344054.8s2+ 50

wt% Si02 was prepared as follows: The following metal nitrates CsNO3

(12.877g), KNO3 (6.6799g), Li NO3 (13.665g), 30 Fe(N03)3-9H20

CAABR-ABAIE MO A26H 20 (595104 4) plepiN 28HAR (101 0%)1 above, a

Bi(N03)3,5H20(198.6910), and (NH4)2Ce(NO3)6 (420.146g of a 50%
cag ﬁiiS%)‘%\?eérPfi‘&ﬁe%‘) t%@étﬁé‘r%(ﬁwﬂ?@viﬁffaﬂfé’@ef%p%éa%évmvﬁ}nonideO wi%

Sibeptaasolybetaied Apiiv) (h6 03olié2gngvascigiasolveshio,1 (68 1k nf distiblet 7060,

. is,sQlution C . di vedina20ml 8 WO
Pl o G o R XA B o 0 R agee). and
(NBOOY P4 SR 266l pMaseidtien) fekowmdley thecthatal Aivates maloo ml

r%”ﬂﬁ vell I ied. The obtained material . ,. .
be\}ﬁvtg; deni.triffii{(lgédﬁ4 a?%%%%%r%%%%ﬁgﬁﬁu% And then a@\ of distilled
witglicimadhag SHoERoE h GRS 28h dissobr Gloim p Rl e Esamp lsidedn TRE the silica

(@ﬁilagath@a@@@qr@ﬁpw%aa@ﬁqm@%nﬂwe@ﬁw&t@s gatalyst of the
formula 50 wt% Cso,tKo0.ICe0.75Cro0.3C08,7Fe2.0Bi0.5M0)4,425057.775

+ 50 wt% Si02 was prepared per the following recipe: CsNO3 (1.535g),
CdtiWaaife: 196en|FBINASKOHRM6HE 2APhraRiNARZ R 20 BA2AE5Ohbove, a

i{(NO3)3,5H20(19.0 .and 10 (NH4)2Ce(NO3)6 (64.753g of a 50%
o SRy et i ARG AbLs 5 ot beon P 0 e
Sifidpiamolybatate g HM) (R00:608 gcives dissuyed. 06 3)0RsND gistiies (63.456g),

| ) . NG o) o 20
N S T A R S R e, e
(N Q2R RAmler 624 S Pl a0 15 Wi okiraenvERammbied Bogwthit) aUsiitgthe 2 1000 ml
beREEPAHRNR AGSCHDREHB! m%%g%%%@%@i@%&&i%@ﬁ%@ A distitled

wt% Cs0.2Ce0.75Cro0.3C04.3Ni4,4Fe2.0Bio.5M0i4.425057.775 + 50 wt%
water. To this solutton CrQ; (2.356g) dissolved in a 20m! water was added. Then the silica

(625g of a 40% Si0; sol) was added followed by the metal nitrates melt.

Comparative Example C (with Mn): Using the preparation described in Example 1 above, a

catalyst of the formula 50 wt% Cso.1Ko.1Ceo.75Cro,3C043Nis 4Mng sFe2 0Big sMo14.425057 175 + 50
wt% Si02 was prepared per the following recipe: CsNO; (1.485g), KNO; (0.77g),
Fe(NO3)3-9H,O  (61.559g), Ni(NO3)6HO  (97.478g), Co(NO3)»6H;0  (95.345g),
Mn(NO;),-(13.34g of a 51.1% solution) Bi(NO3)35H,O(18.478g), and (NHe)Ce(NOs)s
(62.653¢ of a 50% solution) were melted together at ~70°C in a 1000 m! beaker. Ammonium
heptamolybdate (AHM){200.761g) was dissolved in 310 ml of distilled water. To this
solution CrO; (2.286g) dissolved in a 20ml water was added. Then the silica (625g of a 40%

Si0; sol) was added followed by the metal nitrates melt,
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Si02 was prepared per the following recipe: CsNO3 (3.0619),
Fe(N03)3-9H20 (63.4569g), Ni(N03)2-6H20 (100.481g), Co(NO3)2-6H20
(98.2829), Bi(N03)3.5H20(19.047g), and (NH4)2Ce(NO3)6 (64.582g of a

\?8%0%}8 g’g}n)were melted together at -70C in a 1000 ml 201_3:%@53?
Ammon%gm heptamolybdate (AHM)(200.603g) was dissolved'in %%0% 8 7

ConPFHICH Ryl 19 &@%a]s%_ﬂqasgg%@%%ﬁog%aimuﬁfémé@m?ﬂw%m, a

was added. Thenthe silica gSQ of a 40% SiO2 sol) was added followed

catalpygt Heltindeanie e & el So8mbarativie Exambre e Witb M9 singers+ 50
wt%prﬁmora&i%l gReHbedd Examplediabovape 2Tertalyst akthe faimie soap),

50 wt% )
FeNEyly: P c 4647518, 3CIUMIRAl SR 5REF G 5 NBIR Ao 6570 75%0038),
oI OL 190 (01 5E90), MRS o208 (97 T D o 0%

: a), e » 29 - . )
SO‘“@&?N@%‘%@%%%@\%&%@‘)T%QQ \ é)bé%%ige&}t{%‘*s . o%‘BﬁiﬂJﬁj’m‘“yb‘im
(AHBIN®B)30pHR63(A8s4Reg)inatid (hiH4 ) RTCEN @3)6. (62 5SSy inkiarb0f; (2.385g)
. splution re melted together at -7Q:C in.a_100Q mlheaker maonium

dlssé eﬁéﬁt%ng(gqlfb‘aaa?t% (ﬁﬁ %%ngoa%efg h%vsarﬁsw |s%%$\§e%f?ﬁ %6:{[% F’n‘?fggfg di ﬁYI%Sdadded
folloaratelry T thitalsotutiesn@i03 (2.2869) dissolved in a 20ml water was

added. Then the silica (6259 ofga.40Yr.atdg sol) was added followed by

the metal nitrates melt. 9 WO 2004/050240 PCT/US2003/036937 )

CofpagdinzevEiarapledrdvithazie Ul trd prsarafisrpaieseriisdisad nto the

reacko@MPlg ApV6s Avoatalyst Afibi formulRRAiBint of catalysthour). Pressure
Cs0.1Ko.ICe0.75Cro0.3C04.3Ni2.2Zn2.0Fe2.0Bi0.5M014.42s057.775+ 50

insidgrdhesreaciRa s Brepaitdipet te fomsisingdeaid CLrrE3 ey, RRIEAfer 2
stab{8040 ) e i D 3) 20 b6l (Bt 0o NEERNDR) ZoEdd 26D (9R1868@GNcted.  Reactor

Co(N03)2-6H20Q (99.5039), 5 Zn(NO3)2.6H2Q (47. . '
AN SR 16 ST R RPN E RLaHEY siuigpyOfF s rae
wasSabdtion] wehesoaplféch tagethendithe Q@ dncarkpQitin beakeiermmed ehitmend of
heptamalybdate. (AH 19 issalyed. i, Slistjlle cend
e R A R A AT SR 0 Bl oAt end
of theldewvtyenuhéhsiliwiye 25y Bica U0od Siap dbiicfide aprieyimsidweefpys with

gistigimeia!l nittpies,Mel-Q.&3edvsldesiing.Alltesing was cenduatechin® gram

_40cc fluid bed reactor. Propylene was feed into the reactor at a rate of
siqgo0e i {He. LA of Hrap HENEILER PESFET <Bibis: BHELcle » fame

soningisle dhedsasiara@asyparintaingdrt 1K paiguR eactianviampesaiiel Wasitrating
430C.After a . . . . . ‘
the free HCl excess with NaOH solution. The following examples are illustrative of our

invention. ‘
Table 1
Example Active Phase Composition Total | Conv. Sel,
C;” to to
Conv, AN AN
l Cs0.1K0.1Ce0.75Cro.3C04 s N4 4F2 0Big s M4 425057725 98.5 82.6 83.9
2 Csg, Ko Lig3Ceo 58Cr0.17C05.3Ni3 1 Fe1 sB10.6M013. 244054852 98.8 319 82.9
A Csa.1 Ko.1Ceo.25Cr03C08 1582 0Bl sM0) 4425057275 95.8 806 84.4
B Cs0,Ce0.15Cro3C043Nig sFe; o0Blo sM014.425057.775 96.6 80.5 83.3
C Cso. 1 Ko.1Ceo.75Cra.:C04 s N1, Mg sFes oB1g sM 014250 57,975 99.4 81.6 82.0
D Csg,1Kg.1Ceo.35Cr05C04 1N 2205 gFe1 0B 10 sM 0144250 57.05 96.4 310 84.0

10
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stabilization period of -20 hours samples of reaction products were
collected. Reactor 15 effluent was collected in bubble-type scrubbers
containing cold HCI solution. Off-gas rate was measured with soap film

WEl6T./a9d the off-gas composition was determined at the end.of &40,

with the aid of gas chromatograph fitted with a split column gas analyzer.
Nosthe end of the recovery run, the entire scrubber liquid was diluted to

approsimeteli209gmsuithasistiledvaten Awaighted %wpt of

. h 2
2-butaqog?0(yvﬁé}sfusgg as mtTrnaI standard in a -50 gram 20 aliguot of the

dilute soltti g8 SERBIERTAE LRI e BB finspimthinaiamaucts.
ichizatfetitdtettBrinthd moarbuwwas potsiranycfiien afporpyicat NEBWas e,

determgae eh Nt AHRGa P «f mﬂ@i&%@ﬁﬁ%‘!‘ﬂ%ﬁ@@é&' RAUQ gfoT &ne converted

foIIowien oxa les are illustrative of our invention. Table | Example
Active

ase opric{f)%“éfition Total Conv. Set. C3toto Conv. AN AN 1 Css

K0.3Ce0.75Cro0.3Co4.3Ni4.4Fez.oBio.sM014.4zs0s7.77s 98.5 82.6 83.9

0 3L K il : i3.1Fel.8Blo62 eu 7440s4.8s2 98.8
B e B g s 288 ver
calgly 8% @@éba@é%.mm‘f/@éﬁbRﬁ@@@ﬂ%@mﬁﬁﬁb@ﬁﬂﬂs@sﬁ?ﬂ srepared.

ThQ R#Opha88 Bnpositions were as follows:
Cs0.1Ko.1Ceo0,75Cr0.3C04.3Ni4.4Mno.5Fe2.0BiosM014.42s0sz77s 99.4
816820 D CSeaKoiliosCeioCro.i2Cos3Niz1FeisBios2Mo14440s7.15

Cs0.1Ko.ICe0 G K9, B69d:300R 225210k e 0BiRs N4 415052775 96.4
81.084.0 10 &OI%%) L:HO gZ%O I;gTIgIST?\?03/O_36937 Notes: 1. All test
catalyst compositofs AbiEined Bodteaiie ikaMaandds mo2. 2.
"Total C3 Cortvss.iEdhbignotedfercEot (e fiss SRipnessignmf gropylene to
all products. 3..Gony, to-ANwIS the Ielpechent r aﬁ conversion of
So.18q A0, 3061 gL o] .
propylene to acry'lon%i‘l?a% 178e’ o ) "1:’ is thé f&ﬁ‘%f%?é o575
acrylonitrile preguéed b rheleSrofGropiielie: sBhvered sefsressed in
percent. 5 Exgmagler 3; Msingdienatatipmmeraogs, simily todhat described
in Example 2 above, several ] )
Cs0.1Kq.1L1g.1Cer0Cro.12C04 2Nis 2F e 4Bl 65M014 26057 14
Cs0.1Ko.1Lip.1Cer 4Cro.12C042Nis 2 F ey sBio 62M014.16056 94
+ Cs0.1Kg.1 LigsNag:Ceo sCro.12C04 3Nia 2Fe; gBig.s;M014.1605564
Cs0.1Kao.1Li0.1Ce1 ¢Cro.12C020Nis oF ey §Big 2Mo12.86051 54
Csp.1Ko.1Lio.1Cer.4Cro.12Co3 2Nig s Fe; Big 62M01426054.04
- Csq.1Kq.1 Lig.1Nag 2Cey 0Cro.12C04 :Ni4 2 Fes sBig 62M014.36057.54
Cso.1Kq.1Lio 3Cep sCro.12C04 2Ni4 26 €2 2Big 62M01.4 760159 34
The above catalyst compositions were tested as described above. The overall conversion to
nitriles (i.e. mole percent per pass conversion of propylene to acrylonitrile, acetonitrile and hydrogen
cyanide) for the above catalysts typically was in the range of about 86% to about §8%.

The catalyst composition of the instant invention is unique in that it comprises
potassiuny, cesium, cerium, chromium, cobalt, nickel, iron, bismuth, and molybdenum, in the
substantial absence of manganese and zinc, This combination of eclements in the relative
proportions described herein have not previously utilized in a single ammoxidation catalyst

formulation. As illustrated in Table I, for the ammoxidation of propylene to acrylonitrile, a

catalyst of the instant invention has exhibited better performance than catalysts comprising

11
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catalyst (50% active phase and 50% Si02) additionally comprising lithium
were prepared. The active phase compositions were as follows: Cso.
iKo.ILi0.3Cel.0Cr0.12C05.3Ni3.1Fel.sBi0.62M414.44057.78 10
Cs0.1K0.1 Lio.3Ce0.8Cro.12Ce5.3Ni3_jFei gBt0.62M014074056.282
Y5813 %.3Ce0sCro.12Co4.2Ni4.2Fe 1.5B i0.62Mo j 4 B7HOBE$E56°37
sirf2f@ (%Kpﬂ&tIﬁlﬂd&%rﬁgﬁgti%%#CQN{ZH&E@L@QQ;&Q%m]faégép‘rf\z&g g ecifically
Cs0.1K0.1Li0.3Cet.0OCr0.12C05.3Ni3.1 Fel sBio.62Mo 4:074057.585 ’
2 Ry IO R CET BT A S LU B NI, 1B B6 oMU BYDSR B2 tiskel, iron,
bisnaeh] Ked Inldp@Nai Gethe QBELAZLTQBsBNY of manganese or zine, showed higher
DV4F 1.8Bi0.62M014.374057s82 . Cso.1 KQ. t Lio.t o
TR S STIC S IR S ERVERIBE I T D714 @B IR, M graresesidized
ovir. 9Cho: 4P uhPdRidet dngBrifu? Malbpie60b6 Sag®nliad air compared to
. L .3Cro0.12C04.2Ni4.2Fe1.8Bi0.62M14.16056.64 CSO0.1KO.
S“%"ﬁ%%l%%%%ﬁi“%b‘?éﬁﬁé8?9&‘?9 e l€>o?[é‘f‘g’; ¥:54 20 Cs0.1K0.1
L10.ViBlst bClo s o Rehd BiOb oW GlabRE 064t 0 & Qgpidd M the practice
: 0CED. i4.2Fel.gBi ol4. 7.54 Cs0.tKo.l .
N o S e o gt ST lons v
be aapanrat tohiptssilibled et terbtadight 9é eliisisscaptior. Tieooiinghl it is intended
thaE QI QESIO R QN AIVHE Sulb &1 AP URE PARRIRA 35 CORMAERIP By LRI R IGRGin the
to acrylonitrile, acetonitrile and hydrogen 25 cyanide) for the above
Sp%\lﬁﬁ%’t@ﬁﬁﬁ%’ﬁf@ﬁ% IRRFRSd about 86% to about 88%. The
catalyst composition of the instant invention is unique in that it comprises
potassium, cesium, cerium, chromium, cobalt, nickel, iron, bismuth, and
molybdenum, in the substantial absence of manganese and zinc. This
combination of elements in the relative proportions described herein have
not previously utilized in a single ammoxidation catalyst 30 formulation. As
illustrated in Table 1, for the ammoxidation of propylene to acrylonitrile, a
catalyst of the instant invention has exhibited better performance than
catalysts comprising 11 WO 2004/050240 PCT/US2003/036937 similar
(but not exact) combinations of elements found in prior art patents. More
specifically, a catalyst containing comprising potassium, cesium, cerium,
chromium, cobalt, nickel, iron, bismuth, and molybdenum in the
substantial absence of manganese or zinc, showed higher
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overall conversion and higher conversions to acrylonitrile when propylene
was ammoxidized 5 over such catalyst at elevated temperatures in the
presence of ammonia and air compared to similar catalysts falling outside
the scope of the instant invention. While the foregoing description and the
above embodiments are typical for the practice of the instant invention, it
is evident that many alternatives, modifications, and variations will be
apparent to those skilled in the art in light of this description. Accordingly,
cLiisintended 10 that all such alternatives, modifications and variations are

embraced fall within the spirit and broad scope of the a S
e, 12 ECATHS R EALS, S AN oo SBmpy o oy g o
essoatalytid tides consivingeEgentalioLiTAIIMHT: w@é@.uﬁe&éﬁamlsmuﬂ* and

mo%%ﬂ&’r(ﬂmcm&) %%ﬂal@%’tﬁxﬂ@@%l QM dSHA lﬂ)ﬁhﬁﬁﬂﬁummlﬂdﬁﬂ WEnadnd, boron,
optionally containing one or more gt)fr rgoeggpo hus, € ntlrQonXt&j%ll |l{g(1)f Wi‘;ﬂlem

S BEPEH, it SR UM Magnesiun, a rare earth element,

thearletmvixttires iferedEnwhie reTers vehativehafidio vith exs el dneHts are

representeg; by the fallewing gengrafermua,ld,, Kb Cs, Ced Cr, CofNig
Xl Fe, Bid Mole Ox wherein X is P, Sb Te, B, Ge, W, Ca, Mg, arare
wherkhh element, or mixtures thereof, a' is about 0.01 to about 1, b is about
0.01 to abottid P.cSs dlsodt (501 Y6 %Ma,adf%eaﬁﬁat@‘?ﬁ‘f% gbout 3, e
is about 0.Q}.4a.ahaut-¢s fis about 0.01 to about 10, g is about 0.1 to
about 10, his about O to about 4, i is about 0.1 to about 4, j is about 0.05

to about 4, and x is a number determined by the valence requirements of
the other elémelntg 0.01 to about 1,

b is about 0.01 to about 1,

¢ is about .01 1o about 1,

d is about 0.01 to about 3,

e is about 0.01 1o about 2,

fis about 0.01 to about 10,

o is about 0.1 to about 10,

h is about O to about 4,

1is about 0.1 to about 4,

j is about 0.05 to about 4, and

x is a number determined by the valence requirements of the other elements

present.
2. The catalyst composition of claim 1, wherein the catalyst comprises phosphorus..
3. The catalyst composition of claim 1, wherein the catalyst comprises magnesium.
4. The catalyst composition of claim 1, wherein the catalyst is substantially

free of magnesium.

3, The catalyst composition of claim 1, wherein { + g is about 4 to about 10.

6. 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.



present. 2. The catalyst composition of claim 1, wherein the catalyst
comprises phosphorus. 3. The catalyst composition of claim 1, wherein
the catalyst comprises magnesium. 4. The catalyst composition of claim
1, wherein the catalyst is substantially free of magnesium. 5. The catalyst
composition of claim 1, wherein f+ g is about 4 to about 10. 6. 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. 13 7. The catalyst composition of claim 6,
wherein the support comprises between 30, and 70 weight percent of the
Catalyst. 8. THe e O A0S TG BY AT T A e s o 3
andérmpissitisrceobmpisesiiiica having an average colloidal particle size in
betvgeen abput &R argABARLAOO NRA. A RIASRES 1R IREARVERSIARtion

of an olefin selected from the group consisting of propylene, isobutylene
COTBPRRRRLSHA tRBYEUF #5 ACITRSSItARE OBt RRERAIS e INa REF SR ARV e PED 2N
abd@spectively, by reacting in the vapor phase at an. elevated temperature

and pressure said glef'n with a molefcularlofxlygqn €9 tainit[rj as and isfing of

ammonia i HEFFESENER S IV 5 L BMPISING A Complexcor Cataivtic s
propyiicies comsidting @ssextialy thtitiium, apoianiitien reekiamondeilurand mixtures
thefRFORAIMN; LA aabRlmicketnir o pismuth; Malybdenum-and:eptianaiure said

contains one or more of phosphorus, antimony, tellurium, boron,
ol B WA O S S P IR B Gh S ol ARLe B B o B, S cetays
compixtnes themof, ol herbirictiesi detativel vanip ssefriirdiscoé leiientpeipesium, cesium,
cerlGRIESSRTEM. by the following general formula Li,, Kb Cs, Ced Cr, CorNis

Xh Fe; Bi; Mo12 O, wherein X is P, Sb, Te, B, Ge, W, Ca, Mg, a rare

earth element, or mixtures thereof,
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a'is about 0.01 to about 1, b is about 0.01 to about 1, cis about 0.01 to
about 1, dis about 0.01 to about 3, e is about 0.01 to about 2, fis about
0.01 to about 10, g is about 0.1 to about 10, his about 0 to about 4, i is
about 0.1 to about 4, j is about 0.05 to about 4, and x is a number
determined by the valence requirements of the other elements present.
10. The process of claim 9, wherein the catalyst comprises phosphorus.
11. The process of claim 9, wherein the catalyst comprises magnesium.
12. The catalyst composition of claim 9, wherein f + g is about 4 to about

cob%@,'n}c 'el-l,_t?r%rﬁJ "9 Sﬁﬁx,o%gfﬁigén%mvmgrgﬂamﬁi9%@'!%%5(:&{@Bp%w%nof ?hosphorus,

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

entigpE i, HarRAC D CHTALINSS tHESST T He [IRSERRYTDR AL Slement. and
mixvRergindie supgarheompiisesibe i denc3feandty Brewgightpar terbofdheving

gen%%@%%t&l%& The process of claim 9, wherein the catalyst composition

comprises silica having an average colloidal %article size in between
x

about 8 nriviare abdtie F0G-BuR S Fei Bl Mos

wherein
X is P, Sb, Te, B, Ge, W, Ca, Mg, a rare earth element, or
mixtures thereof,
a'is about 8.01 to about 1,
b ig about .01 to about 1,
c is about 0.01 to about 1,
d is about .01 to about 3,
e 1s about 0.01 to about 2,
f is about 0.01 to about 10,
g is about 0.1 to about 10,
h is about 0 {0 about 4,
iis about 4.1 to about 4,
j is about 0.05 to about 4, and
¥ is & number determined by the valence requirements of the other elements
present.
14. The process of claim 9, wherein the catalyst comprises phosphorus.
I The process of claim 9, wherein the catalyst comprises magnesium.
i2. The catalyst composition of claim 9, wherein £+ g is about 4 10 about 10.
13. The process of claim 9, wherein the catalyst composition comprises a support
selected from the group consisting of silica, alumina, zirconium, titania, or mixtures thereof,
14, The process of claim 13, wherein the support comprises between 30 and 70
weight percent of the catalyst.
15. The process of claim 9, wherein the catalyst composition comprises siiica having

an average colloidal particle size in between about 8 nm and about 100 nm.
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