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WD 2004/ 050240 PCT/ US2003/ 036937 M XED OXI DE CATALYST

OF K, CS, CE, CR, CO N, FE, Bl AND MO FOR THE
WORNIBACIWURE OF ACRYLONI TRILE 5 The present i np€mMUISZINN3/036937

relates to an inproved catal yst for use in the

amoxi dati on of an unsaturated hydrocarbon to the

correspondi ng unsaturated nitrile. In particular, the
MIHEDSORIDE CARPEKET OF K.s CHi rict @ €6, af i Fpr 8% edNHME CRORs THE
MANFAEBERE 9B ACRYYONLERI LMo Xi dat i on of propyl ene and/ or

i sobutyl ene to acrylonitrile and/or nethacrylonitrile,

respectively. More specifically, the invention

rellates tq.a novel and.inproved anmoxi dation.catal yst .= .
comBt PLeHY vaBaR relRtes fo 36 MRRONed FREbBhORUEe bt the amimoxidation of

an uRRh2ael Wiroe£BbYH the @birt¥Pon&iflk A¥2¢iFatel AR, : InPapdllar, the present
iron, bismuth, and nolybdenum in the substanti al

inventinneirschireoted 40 an amproved presss, arsincitalysh dor the sumigtidasionaff propylene

the Prior Art t gl.yst s, cont ai ni ng. oxides of jro ,
and/Q5 SARNHSRR P e BB BRBreHoNil Epeciply. More specifically,
the ifVRAIBA kSated &Y £ bR dnd BRproV&PANMBLidhilh CRAYSR '8 MPAsIAL a complex of

propyl ene at el evated tenperatures in the” 15 presénce

catalytic gKidos 08 patassiemy gesiuni,ussmiah, \chiomitume cbloaltnnidkeiiron, bismuth, and
nufacture acrylonjtrile. In_particular, Geat
molygacur, in i whetadtad ghsegee of agy S8 BARIeRENd A06g 6, 230

4,377,534; 4,040, 978escrintidf of afttprior A3 469 and
4,863,891 are each directed to bisnuth-nol ybdenumiron

ca€atalystssontaimingoxidys Gfsirgn, bisotutitand miolybdenuBs,qurpmbied with suitable

lenent s t d lonitrile In addition. US. .
clemBa ohfive Qe DECPOIEb 5 (i SOV ERsiss: S BRonseyt BlesiGe Leperatures in the
&icd B L BmiBR Y RUEHYFeh (R0al ¥ $ornd O ai Intl Bl trile.
A R A (‘%Bg?’arslﬁggs, 299,3@5}3%33#&‘993%10“1“6 In
partisyles &8t Bratath Pater8343647%4; 418 Palént dNusedt, 169,232; 4,377,534, 4,040,978;

1652870 DR BHPL RO i 5 ded B Pl fon caayss
whidh {6 ABmiotedw PRl Gioah o heRPRIbSARGCA/HHHCI addition, U.S.

conbi nation of pronpoters offering better "performance
PatentnNbhd, 108168y disdosesmmmileidy ipoomaeted fismmythemdybdenum-iron catalyst for

oxiah VLGRS, R TRALNSS, D560 aPadsh BRI L8 5, 53430 e
direcﬁ&?@%érﬁ&iﬁ-!xﬂoly@éﬁﬂtﬁ?éoﬂgteﬁ RStaly8i %Qﬂibﬁﬁlg}g@ AERS & 4crylonitrile.

invention is direc to an i rnproved catalyst and
pr Aaexbgect of thehipstard nuventidmis omovel cpalygydompeismgdy/ wrique combination

i sobutyl ene to acrylonitrile and/or thacryl onj.trile,
of HrEBpIGES PUENYS BRET PeBRET B (inCaiabRe FRPERIGANS 1o propylenc,
isob&tgfeﬂé Yot mbRRS | HEREE, Aot AMlofitrif] n?&ﬁaﬁ:lrﬁﬁﬁiﬁilé’%eﬁlixtures thereof,
conpri sing potassium cesfum cerium <chrom um
respectivelyt , ni ckel, iron, bisnuth, nolybdenum wherein
the relative ratios of these elenents are represented
by the followi ng ge a IVentlomp 2004/ 050240

Pcﬂlyﬁ%g&ﬁ{ Q3686n is directed to an improved catalyst and process for the

ammoxidation of propylene and/or isobutylene to acrylonitrile and/or methacrylonitrile,
respectively.

In one embodiment, the invention is catalyst comprising 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:
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Aa Kb Csc Ced Cr, Co f Ng Xh Fe; Bid Ml2 Ox wherein
Ais Rb, Na, Li, Ti, or mxtures thereof, Xis P, Sb,
w0 eq4B50288, W M), a rare earth el ement, or ni RCDUSH03/036937
thereof, 5 a is about O to about 1, b is about 0.01 to
about 1, c i staboltc Geadre Cor MigatitFe1Bi Mpiz ©cabout 0. 01
abouty 3, I 6; .0.01 to out 2, 10 f is about
Whe%efﬁlOl toAaé&bt’ ﬁfO?l’a}gqﬁ%m)é%eﬁttﬁﬁ?%?to about 10, h is
about 0X 13 RISWITe3B, Ge,i W, M9 dlrafd. chrth @leaRP tor dnixtured S
about 0.05 to about 4, 15 x is a nunber determ ned by
the val HiEeofy equi renents of the other elenents
pr esent ai@%u‘(\@%%oﬂtihe catalyst is substantially
free of manganese and ’zinc. The present invention is
al so di béshtenit 001ps gsrsses for the conversion of an
olefin selected fromthe group consisting of
propy! efds aboabB Ol y9 eheat br ni xtures thereof, to 20
acryl Onhtiﬁ'ﬂo'ﬁt ﬁ&@%oﬁlilboni trile and m xtures thereof,
respectively, g‘y reactrimg in the vapor phase at an
el evat edid £bopeo.ol v sboangl pressure said olefin with a
nol ecul ar oxygen containing gas and ammonia in the
pr esenc&isbodt).0d taaboniet®al “oxi de catal yst, wherein the
cat al ys{ .| ribed above. DETAI LED DESCRI PTI ON
OF THE %Wf%‘iﬁé&%@&i nstant invention is a novel
cat al ysh icabont 0 & awue3,uni que conbi nation and ratio of
pronoters offering better performance in the catalytic
ammoxi dbtsiabputdr1 Byt 4ne, i sobutylene or mixtures
t hereof ;. t ktrile, methacrylonitrile and
m xt ur e%lstagcél?g{}(%(,%:ygé%tei(tt ively. The present invention
i's diregtied duentp derrbmed dl/i R valRh@d deqhir&AEMS bf tK0ofer elements
conplex a conplex of catalytic oxides conprising
pot assi Pi¢fe&esi um cerium chrom um cobalt, nickel,

L L.sut h éﬂiét) num_wherein the relative

and erblpdhe I M BRI Tl iS e Aed %) ' The ©
f oThe ptdzentdipRentin fsodspuliiRectPtd¥Proceize oSt e LoftPdrsibh Bf an olefin

Xh Fe; Bid Mbl2 Ox wherein Ais Rb, Na, Li, Ti, or
selectgdy tfipme sthe hgroup f 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.

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 Csc Ceq Cr Cog Nig Xn Fei Bij Moy Oy

wherein A is Rb, Na, Li, Tl, or mixtures thereof,
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2 WD 2004/ 050240 PCT/ US2003/036937 X is P, Sb, Te, B,
G, W Ca, My, arare earth elenent or mxtures
wo benesf240 a i s about O to about 1, b is about BCDUS1003/036937
about 1, 5 c is about 0.01 to about 1, d is about
0.01 to%ddt B, Tee B.sCabButCh Mg, edaepearth glemeht ps
about O. 10, g is about 0.1 to about 10,
10 h isng%g{ﬂ%%gé%ghabout 4, i is about 0.1 to about
4, | i sisbsdt 0Go@boidta, about 4, x is a nunber
determ ned by the val ence requirenments of the other
el ement & 1S Bp@¥ &Yl topBowgdd wherein the catalyst is
subst antciighgé{ltbr(ﬁqo Bomnganese and zinc. The
subscripts 1n the above fornula represent the
pot ent i dlis abang@D1ftorabsig, rati os of the individual
el ements wth respect to nolybdenum One skilled in
the art €if phout QN taabout3ppreci ate that for any
cat al yste;¢ Pébﬁh?ﬁxmﬁﬂﬁ total quantity of the
metallic elenments, In view of their respective
oxi dat i gris abait €5, torabsit I0g mai ntai ned in bal ance with
nol ybdenum_ 20 I n one enbodi nent, the amount (on an
at oni ¢ Bdspkout o @gytdm pl us chromiumis greater than
t he amount [ i.e. "b" + "c" is greater than
"g"). Iﬁ&aaﬁgph(zp%m%a%mnt, t he anmobunt (on an atomc
basis) ¢fs bout 0105 teat@uedt er than the amount of
chromum(i.e. "b" is greater than "c"). In other
enbodi n&nis ¢, numgber; detesmined by, s vialgnge sequirgments dfthe gther elements
about O,ppe]scﬁto about 0.3, "c" is about 0.01 to about
0.3, "d* 17s about 0.01 to about 3, "f + g" is about 4
and tvlieréin thb @talytOis stibbtantiallphesisf Hadganédeull zthe. "1 " i S
about 1 to about 3, and "j" is about 0.1 to about 2.
Thd'hp aubseriptstinithesaboye Agyonila fepresend $be pefential gangen fyrgheratios of the
o I cat.al yti Xi d of pgtass|. .cesiu .
indi R, s STE Pk B PO SR P DRESME df e Mgt know and

appre@ihg e foany daebRPpéorhusitRCtk totalcduapti 6 oF thedaekallic elements, in view
el ements, other elenments or pronoters may be included.

of theiy respgetiverfxidation states; mustbgagiytemedin balpnce ydth malbdsnum.
o r ubi.di odi u | thi . thal Li .30 N
ot e, Aot gROSAUE (o Bl This BR1)  Bei s chromium i

greated (g tRN am 6@kt Of BIIMUNR QR "UNTc a8 gredter thah €g'9al Mother embodiment,

el enent (defined herein as any one of La, Pr, Nd, Pm

the agpgung(on @yatomic basjs) ofjeerivm 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 0 to about 3, “i” is about 1 to about 3, and “j” 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, nickel, 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
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Tin, or Yb). In yet another enbodi nent, the catalyst
contains a small anmount of phosphorus, (i.e. "X" is
wa@tookesreto P and "h" is greater than zero), whiBOT/O8®0R036937
beneficial effect on the attrition 3 WD 2004/050240
resigi@r (95200 841@13619 3N yat @sothemergeodimenty thecertalyst sontains miggnesium (i.c.

"X ?p&tlgae& rrbo b mars]ltgg gge{r]ﬁwaztgfa?b Lnﬁhls%gbg)ldgg?ngagrp%z}ply “h” is about 1
to aB&it Q) ; hiyet Hxhc&h&“é?ﬁ%ﬂd'ﬁﬁéﬁt thlércﬁfa?sﬁbsl Mlbsﬁntlélg'a r? of mjagréesmm but

to about 3. In yet another enbodi nent
contginh 8t lgagtiont |o9 tlfer‘@é” @@mnagﬁ@smmsmteasmmdmsbare IBga}iat W, a rare

BB B (T b B o S o o1
aboureah et Mr%ﬁ{lf&hmé@ th@ bﬁal?mgglaﬂﬁ HibidRing n‘Eleer 3! 1¥ at t ast Rb and

is about 0.1 to about 2. In yet another enmdodi e
tShgea,talt sha;aszer@)o ntﬁalynfsanqjllhﬁrchmhnd(mem the" cataiysitls |saasmntiahy free of
not

“‘b@ o drrveh o e PRpm T oF ST Pt e is atleast Li and
"a" ik gRiafbr Wilin Z6Fb)Y B yé’e'%ﬁbtﬂl@tr exﬁm&ﬂﬂérﬁeﬂﬂ& cathl}$t &%Eagljlé/lﬁfqpm and the ratio

contains lithium(i. is at |east "Li
of hgméatt@ mqlmmzmrls)n therraly@t ofabhout@01:¢2bodborerit12 ¢ileewhen "A" is Li

s R AT B S i o
bislP dhd IndBbdénun dé@@rfor the bfimoxidaBbRYF gltop?{éne 3o dcSylonitrile, the

about 0.1°to about 1). For m xed oxi de
combipgtiemef cobalt iasd dighiimoas add)ilmwmmﬂdrsnwiqtdtajmmmsleﬂtnles e.g.

serylRrler GRAPETCcH o INEOE DYARNS (Pelode KB IaRiTIo)  In yel

anotﬁér%oﬁ[tﬁent%’ﬂh@ | calydPs Rub@iriall ek bf Sfont&ind)-and preferably contains no
acrylonitri acetonitrile and hydrogen cyanPJ% ?arso

strontiafrer A dsadcheaeing | snbstanitially freq". witinregpect ibamnelement, means the catalyst
enbodi t, the is substantially free of

containy SSr?F‘%{EEPEluy né’ﬁaof)ﬁ’é%%f")éﬁ?y contains no strontium As
us addfiheily) for BHOSIRBIsioR! dprbfyicne, Wnhibri£ SRE Bkﬁeﬂ t@@érglonitrile,

el emrent, neans the catal yst contains essenti y non
the influsiontofetestabm elemadtsi hiavertekn ydentified tah ebeopnidetrigicatal of obtaining a

) ja.and. to acrylonitrile, e. .
cata§ P o0 Bpiogi A e SR Besh A B ePe i - A getusion of
manB@leSDarfielind (FEMRE %&ﬁafy@t RANRIINA NSs Qctlv%Q:a&?}‘s%ﬂ@ﬁroWdtep lowe(rj yields of

I'mproved acrylonitrile yields. These are manganese an
acrylonnule. TAnsesudldha salystodf thamgalnes'e/eatmm i descritedtds doeing substantially

e G st Bibring: @PaBed Fo FbYan bt M ropecs o manganese,
mealiPhAlShionfc K P taplol LOHBIHBAwh O UBSGHIPH135 s used herein

bei ng substanti al | ree of ‘manganese and zinc.
"substamtthllye fiee'’h, withu b&spamt foakzing fneaws’ havinghatoss@eatio t mth respect to

ol FRIaR oh s Ao [EHAHOD, e £alyAE coRiih Hoparcsnd o inc.
S‘FH@ Lan ?ﬁteﬂf{tﬂe glregc%t inWhidh f8y BE G&edte?théﬁl %ggﬁ?dqg‘r ?nsupported (ie.

having atomc ratio wth respect to enum o
the datadyst maggothpiile a Buggrioet). aHl aysuppm isostd)| the sigppoarit aypicatip mixed with
se and/or Zi cat al yst of the present

man
the 'Pﬁ‘@g?ft‘ ﬂ‘aspwslﬁéﬁf’dcaé?lt/%ew b%wfelaa@flauﬁ% b gppregnated with
the thétalfoxiddie safthRik 3é§;%% rdQiA 515&111?& §H¢£H?)I(i’lfr{1) ntaJnEx @r mlxhures thereof.
support Is used e supporf I's typi
A suppert nticdllycenads as tatbddec dorthe sstallyktareadting ynsd haxdér drdemore attrition

porf materi al be i npregnated with
reswtan? catalyst. However, r}'aly commerrggl agpl?catelons an appropriate blend of both the

active phase (i.e. the complex of catalytic oxides described above) and the support is crucial to
4
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30 the netal oxides. Suitable supports are silica,
alum na, zirconium titania, or mxtures thereof. A
waapposi24e ypi cal |y serves as a binder for the pat/@byms/036937
resulting in a harder and nore attrition resistant
obtagAnacgentavleaciyiyrandihardnesmbattridomresiappre)dar therestalsh Directionally,
I .end, of both th active.phase (i.e. the
any FRPEB0TH e sl Dpfe B8idets B BF iRt Hr B8 VB ighcbuy @ibreases the
hardsdsp o6 te datalgstUdiypically) thé siffpor QRAHpHASEMSween 40 and 60 weight
PCT/USZOOS/OSGggg obtaidmgL acqutabLe activity angmm,pmcmn
of thg sppppsted catalyst-i In ene ¢rakodimentcd)this drventien,dhe auppert may comprise as

ol 5515 B B i e o
inveiition, theasuppes e cérhipriserdsanyich as Abduit A W¥ight B@I’C&H@h& supported

conpri ses between 40 and 60 wei ght percent " of t
catalgsipport ed catal yst. In one embodi nent of this

i nvent.i he . su rt _nmay co ise as.5 [it as .
e sBboaled e SHEROAILs T npRBBL b St ol 2f freiverpge coloidal

partiélb didhesterasTraitl §TREY sélfis tdY Small, WERrf20E ardatF the! RRALFcHP catalyst
conprise as nuch as about 70 wei ght percent of the

will b preseased| and shearatalyst will oxhibie medvdedreelectiviy. cHtthe gelloidal particle

. por Si a silica sol .1f the average colloi da
aiam$4P AP HE S . Poflraciitef sk il AN PRF afiabtasioRestrongth.
Typi&dllyf the avaageicslioidd) Parions diadbir 6£ithe i %8t is bhBvedhlabolt® 5 nm and

increased and the catal yst will exhibit reduced
about 80 ag: i Ipjiong embpdinpent o6 Hininyentiona thei ayeragel coleidarparticle diameter of

l,arge,. the nuf actured catal ys iJ | have or . )
the syt 361 RSy IR e PG BT S5k 3bry' b B GaPBembodiment of i
inverftidhn| Be@brapREdlicidR pditRiedifhetef of A8 siich is61is 28buti 190 nm. In another
bet ween about 15 nm and about 50 nm |n one

embasipenti ofwhis infention,ghe avesagei eotloidahpartisie diageeteraifithe sitita sol is about
20nrgarticle di aneter of the silica sol is about 10 nm
nd can be as |low as about 8 rim |n another
embpdcaBits f thei Sredont |iMVREbA QRay bE Q)_ré'[yeﬁécﬁ%? eﬁ%‘ b2 humerous
particle dianeter of the silica sol is about 100 nm
methpds efrratahst prepatation,verich are knhws ¢ theesiof shill int the aslv dlongeample, the

SR B B A b oGRS i
massRh PR Be AYiedAid @FoundQo AHHBpOPEate RREN QU EerRitiveRL 8leYdlprecipitated
preparation, which are known to those of skill in the

mategigl maybe shivaephed splag drizgd is accordance with oanventerfahédchnigdes. The

by co-precipitati the variqQus ingredients.. The .
catal B iy PR ehv i o e lls o st b e B R el kv e ar. For
parti@ilard BRIcBRiréAtfSr SharRfachlrin@r ARt tMBM, sbOEU.S. Patent Nos. 5,093,299;

co-precipitated material may be slurried and spray

4,8648% leahd 4764232, derate ingororateth b neferonce.  Ineartendnohaslsmenththe catalyst
cat al yst ,may. be extruded as pellets or for i nt.o }
comsfiedls $%y, peqaa 3 QEAPPrgR i orm L by Tl B drying or the

(alPREShESHEREs rRAISES fe@lonRM foREIMEF épgoiche cat al yst,
catal S Compelicls rhiy® ﬁélobg@é? 093 299 25 4. 863 891 and

4, Bigauemay rer mtnodicedompyo theet eatalysy as efnemade or akmm salte which upon

. di. L, he cat t t b { xed wit
RS S5 BRI S B e S L
stablg Pi(ltdg@ updrfieal WedtingOlFP BREGH. "RY eddecibiP pREIGFIIEDURR for introducing

ica or other supports.
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
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Bi smuth may be introduced into the catal yst as an

oxide or as a salt, which upon calcination will yield
WO bw4os02¢ke. The wat er sol uble salts which are BeEUE2003/036937

di s erse%ébut form 30 stable oxides upon heat )
salty 3re Braferpddpeths cascay it hichrthessmay barniforpledispersetl withingke catalyst.

Most BfefdFidli@ fGé Rrari STUth i's bisnuth nitrate. The iron
conponent 1 nto the catalyst nay be obtained from any

coffpeundytafenumaompohért fof thenalpse i batinediueed okl tholybdenum
.in the o(fgi dgﬁsa. As with the other el enents, water
oxide Sugly ag diexigy tigwileo Bentagdpor/hepoxide.0 JaBeversi| is prefemed that a
. i ich. be

hyd BT iedbch ol BORBMT sl & LlzBd b T sqifc of the molybdenum.
The prosf mefeardd startirgy materisliis arbRniuhbh Beptamhylpbi@ité)m conponent

of the catalyst may be introduced from any nol ybdenum

ox PYsT Jequired comnonfrie and ppiignal promatens ofithe cafelyst, (e.g. Ni, Co, Mg,

Cr, P igd it is. re hat _a, .5 .
o o B e, A B X, W ol RO SR P oserifed from any suitabe
soured. | Forzzdmele, tétalts nickeleandimdghesinm! nyd3dss iatoduckl €ntdlBd catalyst using
nitra?pgef erred starting material is_ ammoni um

Mtsnohyditienally, oyagaesiym guay be) inttodpendeinte thenentalysti asraal insoluble
. g. N, - . P
cmb@a?@#g\?&ggfd&te\pﬁﬁ% %?h%%&fré%%orgs%s %ﬁoua[ﬂe‘g%?ﬁ e?&gﬁ;}horus may be

introdagedbin der icwtalysf aoranaalkaling ikl EsaltS 6t ab@liné WartBXABHR] Ralt or the
cobal t, nickel and magnesi um nmay be introduced into

ammop i galidhuy &% Prgferabdy introdneed 26 ehespherc agididi ti onal |y,
RSB LI RAT P 50 B0 K. comor

mixtiifes ahéragf) nesubd ntioduedd d dR. calias pbahUskideyr BE a salt, which upon

introduced in the catalyst as an al kaline netal salt _
calcigatiogy will yigld thg oxiflendiraferably, salts such @s nitraiesnvhieh sed readilit available

i.S: j S hor i cid., Reguired
wa EAPESAL AN ek B HIHEREARCOHOARELS Aol FopH e
RbThd icatalyats dfe t(gically} prephred By mhinihgl 28 Sadub&isCeItidR¥f Rfhmonium
i ntroduced into the catal yst as an oxide or as a salt,
heptaipolybdalp sith a iligansaliterwhich |2 giney Fontaening ithe compounds, preferably
. Pre I SuC Ltrat.es i.gh. are readily.. .
ntalS e er Atheds T AGBE s B s iy R, bigped anc
calcih€ OPREdrabily e S4181stak SprREed Bt # tdnijRrétdeaNbetweehN80°C to 350°C,
catal ysts are typically prepared by m xi ng an aqueous
prefeaadilytl 1 tof 2 ¥pmiostprefemblyaidI°Ciod 486°GM The dersirificatiors@mperature

R R R U
BRSBTS A S8 B

t eThecablyste oifthdelist@e inviehfién ate 3RO, in MHMbLidatbry pbt&ses for the
to 250C, nost preferably 110C to 180C. The

convgesiqin pf An cRlefip releated clrem (e gronsy consigyiaet ofopropgleas.t isobutylene or

: f.er ably -250C t o 4 ., <F lv... cal gination .
mix R dherdo (8 RRNEHE nbaiornle B anfGoBERRl et by
reactilfgeirﬁrﬂ&blvypdlepmerht%Daebﬂe(ﬁ5§ﬁfer2tﬁre_rﬁﬁd GRésalngSEasd flefin with a
u

the instant invention are use i n ammoxi dati on
molegplae exygen coripingngegas 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 fromthe group
consi sting of propylene, isobutylene or mxtures
wo benesf240 t o acrylonitrile, nmethacrylonitril e BOTUS2003/036937
m xtures thereof, respectively, by reacting in the
the mef&cwrmgé agyloaftritl meavet kbempén deuproraatl poesgample, the reactor

desiZf i€ R 09 KoidnBprDLBE IS horoiBSarngiafeg B FelstondE s suitable

Pr efgadaidny forlthe amidRdatish l‘é?t@tl(fne@c&cbﬁ’tnaré 8158 HIUATRA ihThe prior art

a fluid bed reactor although other types of reactors
as emtencealsby r&fs yBetent INoweS5,0¥529% r4868;29 1 @yi 65, 8M8eahd B|S0BMO1; herein

ed r 0 004/ 050240 PCT/ US2003/ 036937
incofie b RY nBletenet” Gor el B AroREatipe P RrfSHATTA bieontacting
prolﬁlldn% for aobutylédk if )E e?encE B afBidhiCind LRS! ﬂlfga "Well catalyst at

. S. Patent . , 246, herein 1 ncorporate
an &1@\faéqdet¢owerattgestg| mradnlm the&mrbdmmtrdﬂsnfmﬂhadryﬁlomtnle Any source of
at onr acf; on to occur are also.well known in
oxy§RY B enipiovela Fids ot TEitons dowsKtraih Shpelomed to use air. The

typiéal ( Qﬂ&a??z&lo 8f 33 0RYeen o gﬁﬁn%ﬁ&h@r}gffsﬁaﬁ%%ﬂge BSRCHR:1 o0 4:1,

5 i ncorporated by reference. Typica
pref@rﬁhltv)frmﬂnldn 3pk- ocess is performed by contacting
e or.is | en resencge of anmoni a
‘55 3 ﬁ %bé’geflle ooleedyin the, rachon ey vary from
betﬁe@ﬁb%r Bid1:¢, TheRiQ %lﬁl?l rfonﬁ)lp@xcl'iﬁﬁltqul fhe 'ahﬁncﬁﬁa-olgﬁn ratio, but there is
met hacrylonitrile. Any source of oxygen nmay be
genmibi yyredsonfig exeaed oriic of Ediomonbmuﬂ‘emons i Buitable feed ratios for use
.preferred to use air r ratlo of the
witt e et Fan] v entioniaed Bl o of e PRt o Bropylenc are
an afréhdhialto fpr&;@l&{e‘%ﬁ% ﬁ‘ﬁhé( refn@@ﬁf@@ll th 331 ]and-gmﬂgm ene ratlo of 8.0:1
ratio of armonia to olefin in the Int
to 1&505/1 valhe tatalyst bEtheeastadt Snvention 2)rdv1de§hhmgh yields &fﬂ zlcyylomtnle at

er limt for the ni.a- o in ratl but
relaf(y R i (o ToBiEE o) TalieBineu Atk 19 Gloud Tty These "low
amnfSrPP OSH Gt JR QRO Sto rotidear&cle8Sthhétlih O ﬂeolreaﬁﬁte effilfehi a condition
the catalyst of the instant invention
known cdu_tatnrmnmfbreedxﬂ;rbugh"t millich §ubsequenty \helps etoaredud peatess wastes.
Speggm?lgll %gltfp&ctgtis 0 gxﬁ? d)élfglqtt Iéa%erle?né{vpi fl@ry gl?%?%_ac?qrgefgllgérg prior to the
reco%l‘? &otha! adfloffrilt. heUnB sk hmhidH BN cﬁ)l'i)QYérﬁi@ﬁ:dhﬁ}g Bontactlng the
yi el ds of acrylonitrile at relative ["ow amonia
reactor @;ﬁm@n avifhegdfurat acid tofyiekbemmohiuin tsmlfab Guntbylcd)ﬁaclmg the reactor

These agmonj a. condi tions" help to reduce .
efflyght wik egawaﬁﬂgﬁ? o ARG RO G BFABHETh 5568 gty i process
wasdergemn@&beeémarﬂ/& tdy ough”, whi ch subsequently
hel ps to reduce process wastes. 20 Specifically,
unﬁ‘hamaedommmnai putsdt ablempematve df betwm:ﬁ ite megsstadrabout 260°C to

ent r|orto very of ry nitr o
600@ h?lagﬁgg& o Eﬁp@ﬁ@ wr E‘LE?‘&%@W& to 480°C.
The cBﬁtact_rt‘?rﬁG,tQ hoﬁ%ﬁ Lot tb %JIW t(ﬁ ()’ { € 9o seconds, with

anmoni um su fate or by con actl gt acto
preferbﬂdetb&htg todatcon@act tyhe of hed b decondsel d ammnl um acryl ate,

V\,hi h in both cases re ults |n a oC wast e stream
o THE PRadusie &4 reAHpd Iy § serouered Wl AR the methods known

to tfﬁ)@é Eklﬂ%%%ﬂhe% aohe IR& ALMbE 1ﬂfol\k%§ts¥\QSﬁnE R Eﬂﬁgﬁtsgagés from the

about
reactor with cold water or an appropriate solvent to remove the products of the reaction and

then purifying the reaction product by distillation.
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600C, preferred ranges being 310C to 500C, especially
preferred being 350C to 480C. The contact tine,
wa@bkdaohosmgio not critical, is generally in the rangeUsf003/036937
0.1 .to 50 seconds mnth preference being to a contact
ti nkhegyrinary ity ofdhe satalystofethp instant invenion isafer Il'wrarmayndatlon of
propgff’ 28 ?%%IO%QH%U%%HCE tﬁ%lns na¥ Of t he gml;e{] l?]SgCZ for tge oxidation of

Se S ear C ne

propyﬂmxal toe aciytic udehd. ngSihide pRckisee rhfre Qﬁﬁ@:ﬁlyf RN dtdPR processes, wherein
z‘ﬁ’ﬁt or with cold water or an appropriate solvent to
PTORYSIG S CQIHETEF Biiie pEesercerdf@ qatadyst toprimprly atcméﬂn in the first stage and

e B8 ORAHORL ARl SR 418 e s

stagt.h@he abalyss desofibdderkif St silitable iR é ﬁﬂthb&irﬁtoita%ﬁoh@r the oxidation of
ammoxi datjon of propylene to acrylonitrile wever,

propyi@e it a¢ralein. cat al yst nmay al so be used for the
oxi dati on of propyg e ld. Such
processes are typic sses, wherein
pr o[y loedee to Hg@ar¢ahd RetanNinvBRiod! ERAPADI The Ms@t Mv¥iion as well as
primarily acrolein in the first stage and 5 the
Slmlbaé rCGFaéXSFF Priting, 0u9 OB MOTe of Hhesp ﬁ@gpntSeoroaddalqpaﬂmw@udm@ elements
r | c n
detefic oy derRhINHCC pfcti vet® HFPRE and (PO cxdlVftetppder similar
reacfion sdndﬂidis e These examplex lafbé}irbﬁﬂed)for iIRfs@RW e pdses only.
acrolein. SPECIFIC ENBODINENTS In order to |IIustrate
the instant invention, catalyst of the instant
i nvention as well as catal ysts omtting
one or nore of these efsgtﬁg at1 addi ti onal | y
including elenments detri msnt al to acrylonitrile
production, were prepared and then eval uated under

Exagple; I: o A cafaﬁlﬁé of 8¢ fornwiat50oMSo Cirotﬂéslé?ee@mﬂ%é‘l LaFe.0BiosMo,4.425057.775

R i

KN@O(OWl%’(g) Fe(NO3)3 9H,O (63.643g), N1(NO3)2 6H20 (100. 7785% Co(NO3)2 6H,;0
Ceo. 75Cr 0. 3Co4. 3N| 4, 4Fe2. 0Bi 0. 5WMb14. 4
(98. 5572g;, %@I%)végp@@ W42 ) a8 ANEa)26e(NQu)d =7 738196 2 50% soluuon) were

melt%cg k}%l’&%g EPt i%%?’%t rgﬁtfgs @Nﬁ]gg eaﬁssQ%D%W% heptamolybdate

QIQ)JO%DS wa@éi@@édﬁn@'t@@nl dfWBstHiéd Yater. To this solution CrO (2.363g)
(NO3) 3. 5H20( 19. 104 and égl—m ZCGENG?% §)64 7739
dlss%l"@b% %89@! waker VWéraé b Hhen l:)zrge(ﬁ g oha 4 VOSJansol) \aas added
d
g TR gyt sy

obtaimﬂ @hater4l Wh aerﬁfﬁfwdl anzs@*@@ hdurd Gag)4254C SREIBVRSUrk And then was
wat er was added. Then the silica (625g of a 40%

°a1013P®2t5§/'8|§ forsishosanidmair.f ol | owed by the netal nitrates
melt. The resulted yellow slurry was then spray dried.
The obtained material was denitrified at 290C/ 3 hours

xarﬂﬁolrd ZéZE?LTfrgghe ?;d@gﬁt@n Aastrib® tn WREmpRYl swvel ARBtafkt S7RE formula
50 wt% Cso, Ko Lig, 3Ceo 58Cr0.12C053Ni3  Fe, gBig 6:M0,3 7440545850+ 50 wt% SiO2 was prepared as
follows: The following metal nitrates CsNO; (12.877g), KNOs (6.679g), Li NOs (13.665g),
Fe(NO;)3-9H,0  (480.431g), Ni(NOs);6H,0 (595.542g), Co(NOs3),6H,O (1019.059g),
Bi(NOs)3-5H,0(198.691g), and (NH4);Ce(NO;)s (420.146g of a 50% solution) were melted
together at ~70°C in a 1000 ml beaker. Ammonium heptamolybdate (AHM)(1603.142g) was

dissolved in 1760 ml of distilled water. To this solution CrO; (7.928g) dissolved in a 20ml
8
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Exanpl e 2: Using the preparation described in Exanple
1 above, a catalyst of the fornula 50 wt %

wW@@4hB@R4d Li 0. 3Ce0. 58Cr 0. 12C05 3Ni 3. 1, Fel. 8Bi OP6RNBAB3/736937
44(}34 852+ 50 pﬁ%Sl 02 was epar ed as follows: The

water §3s g © filieg 630998 eﬁm&;@/ Si9: 8917 §as addgddollowed by the metal

mtra(e%sxgzgs?g eLﬂeﬁP(Qé'\dglgw 63—‘%@ zvgg %1&;51 Aé'r\%%’%r&d? K%% Qb%lp&é material was

deni{rifd%t QSF'GY3 hols @iND3) BCHLRYD (3RS ah® fH@h wadrelcined at 570°C for 3 hours,
NH4) 2Ce(NO3) 6 (420. 146g of a 50% sol ution) were
inAlfp| ted together at - 70C in a 1000 m beaker.
Ammoni um hept anol ybdate (AHM (I 603. 142g) was
di ssolved in 1760 m of distilled water. To this
Compatative dixafiple A( fho Mi§g)Using ! pregarhtiorddélfibed th ¥ample 1 above, a
004é050 40 PCT/ US2003/ 036937 water was added. Then
catalypfeols fhe; OB gVt Cao. 40081 88r0s6Py FraBiadide2s0s7.7s + 50 wt%

siof Olrvkﬁmﬁfépmédt Ber "ﬁlfea'folléwxhgf"&%%?e”e' tq.?ﬁd SIS ﬁg@e‘fmo; (0.796g),

urry-was then spr

Femmoﬂﬁﬁ) 0@8623@)3HIGU(N03)3<$PEO ZQM?Sé)OUBKN@H 460 . WSg) and
&ours and then was cal cined at 570C for hours,
(Nﬁgx e(Nsporfragiofe ¥oamplution) Wﬁt? meled tggreﬁhgr #he70°C in & 1000 ml

beakglg et ﬂé%u &é‘[ﬁ)’l)&%ﬁ)e@lﬁ%z E%%) %@SSQ%SQ ézé)(ﬁcl of distilled

waten Bll‘o tEiMsﬂ!lfhtléﬁ 5007 (7. 352g') cﬁ&o%ﬂ/qn S0 vater WRRAded PEén the silica
foll ow ng_ reci 1.535qg), KNOB (0.7969q),
(6258:6f RAGYSIERE0) (iasbid pTiowsi hby meepnitategeIE 7 Sg)
Bi (NO3) 3. 5H20(19.098g), and 10 (NH4)2Ce(NOGB)6 (64.7539g
of a 50% solution) were nelted together at -70C in a

Comi)ﬁk@ﬂvéﬂExaLnQRkBr(nomMsh@ fhe Prepuedtiond@dseribed in Example 1 above, a
(Al 200. 6039) was di ssolved in 310 m of distilled
CataIWét °1feﬂf1hl? G w1t C@nC@n@@ro@Qoeelz FeriBisdlaueasPnra + 50 wi%

o231, A P S AL B RN B 50

Ni(N@B),t6H,{b Qoomdig) i Co(M®aspHeO B (981282F),: M@NOQ)JSFEO(D 047g) and
preparation described in Exanple |I above,

(NHgsCa(NOs}s 6hIBAE 9b andd% solutlon)were melted together at ~7O Cym a 1000 ml

beakgg OW&%@? %ﬁ%&%&%@}(@gﬂd@%@@@ﬁ; i{!?gdjasélgzégg 37(7 Rl of distilled

watefos [HeRhig 30&6&@)&05@1{ Bb3) Aisebiz€d (168 286 Yater was added Then the silica
6H20 ( 100, 481gﬁ Co( N03) 2- 6H20 (98. 2824) |,
0

(6253p§N6§ oiOpisey) Was arirted e cavﬁﬂlby(thmye@te(thl( 64. 582¢
of a 50% solution)were nelted together at -70Cin a
1000 m 20 beaker. Ammoni um hept anol ybdat e

Compdxtdid § BREMBIOID Y witke drli ISsdhgy e répaaalﬁnrﬂes@fbedhﬁiﬂxhxhﬁﬂb 1 above, a
water. To this solution Cr03 (2.356g) dissolved in a

catalysh of thefornuIASE Yot KT Heso 71 iesCoin b Nig aMng §25eBiosMens 463067775 + S0

M%SS&?Z S\%)s) nﬁ%ﬁfe%dgg\%gﬂg lfiogg%%g etcH)%ﬁ/h;]EE@? rkgt4r8§%)esKNO3 (0.77g),

Fe(NO; BEaLA | q61.98%9) | badNOY),-BH0P! ©7147880VeCo@OBp6H,0  (95.345g),
catal yst of the forrmula 50 wt %

Mn(EQe) (120348066 7 i B 3dutions Bi(HOn,-SBO01 S4588), 5hd ANERBG(NOs )

(62. 653% o?g 56 ég%&ht‘l'g(nf%% '%fwa“f{ﬂgﬁﬁg %lrt ??g’%em a Ofrgl {)eo 4" %A mmonium
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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Fe(NO03) 3. 9H20 (61.559g), Ni (N03)2.6H20 (97.4789),
Co(N03) 2. 6H20 (95.345g), M(N03)2(13.34g of a 51.1%
weabatosea) Bi (NO3) 3. 5H20( 18. 478g), and ( NH4) 2Ce(CNORY®3/036937
(62.653g of a 50% sol ution) were nelted together at
' h Agakesin ﬁiﬂ(}ﬁe #ﬁﬁéiﬂdéheﬁﬁéﬂr@| BREFIE | above,
%@pﬁgfﬁ 2}90“ ssol ve |ﬂr)1 310 of distilled !
catalysiatfothe famnulinis8 wikoCsitiKonCer . q@oay&g?nnhl’%(@w@dolu msQs7.775+ 50

wi%s 83 ¥ PraBR St o o GARE BCPRe. RETr Bl 118, daOs (0.804),

Fe(N@ -§Hf(9 V@@QQ%)( 05&2&@3?@2682(29@8@%937:0(&%%0' v Q99 503g),
e D(wt g?the ;)re paration describ

Zn(Nof)z EH&AG‘rﬁ#’é?&(ll g)bBWHOa)a SHe @hd (NH4)26¢GNQJA:3 ®0. 3&68/@1" a 50%

=it R Al TR

(AHM)S@% gﬁmlsgélvéﬁﬂ)ﬂom diki1RQAgter. TEMONIHIiAHED; (2.385g)
4. 2448 N (NO3) 2. 6H20 (50. 865g) , Co( N03) 2. 6H20

dmsol@@@ i582Gim! vEatary#408)ded. [Ehen the7siBea (258 of a 40% SiO; sol) was added
)3, 52 4g), and (NH4) 2Ce(NOB)6 (65.385g of
f°1l°“éFd5tU°Xg %F%ﬂ%ﬁﬁsﬂ‘gPe mel ted together at -P70C in a
1000 nl beaker. Amoni WdipRtresmigybdat e

(AHM (199. 759g) was dissolved in 310 m of distilled
watlk testiffp wakicondustadt inom 4030 Buidhedasagtor. dPepylepe dvas feed into the

reactéloag%x é%t 9f Qﬁgmgl €. f%@glbqv\%th ersé;'d%rhe w%n%,?tz gigca?% 4g:’f9 Pressure

insidd"Bd reatfr G2 nhdttaid&p fat N9 glé t R&dction t&&ﬂ?erﬁﬁmb)@h&@op@.Aﬁer a

a 40cc fluid bed reactor. Propylene was feed into the
stabilizatic qxerladl o 2 bowfs @n@@esvwﬂre(qcu@x pmdt@ﬁt wgFe collected. Reactor

| t..of t t / h
e S R 63 A S SECHET .61
was rﬂ&gﬁ%ﬁ%&lfﬂ' &aﬁ’)‘@fhﬂ%& Ad gk o@f-ga%tcéhipbblﬁaﬁ lw@.ﬂ dﬂefmméﬁ afthe end of

ours sanples of reaction products were coll ected. -
the niReaith dre 48 o€ 4 cheormatngraph ditted avithge mht lsalypinegasyapalyzer. At the end

of thg\;écquggl;ﬁyégﬁ%?%tﬂlengg%%?r }1%11%\1/%%)' %cp tc% %grogﬁatélg Z%Ogms with
dlStllfGﬁ RS 1A QRighRR HRMAT 5f NBEtaRdneliR Bedladihteridl etath Wi & hS50 gram

aid of gas chromatograph fitted with a s
aliquotobfithe dihsge anhitlyzerA 2wl shwplsnyas afalyzed inex rﬁyteqi o¥th a flame

1omz%tg§‘, qt:qlxéﬁe QHB&W W%ﬂ \éﬁgtalgr}oiuu gfjv\gpg g\ctermmﬁ(% bﬁ titrating

the ﬂ%@bﬂgt eRdesd v\mht REOREsIMRForkS Tlle %llé\ﬂlhgrdiafnp&fsadﬁdanﬁtmﬁve of our
gram 20 aliquot of the dilute solution. A 2 gi

invers@Apl e was anal yzed in a GC fitted with a flane
ioni zation detector and a rbowax col um. The anount
of NH3 was determ ned by t ing the free HCO

Exanﬁfif ESS W TN NalldieOPhsé ©Bmpdsidon' ol Tow ng e)kanghes @b hv. Sel.
I'ITyustrative of our invention. Table 1 Expnut,2 Actitve to
Phase Conposition Total Conv. Sel. Conv. AN AN

1 CSo.lKo.1CCOJSCTO.3C04.3Ni4.4Fez.oBio.sM014.4sts7.775 98.5 82.6 83.9

2 CSo.lKo.lLio.aceo.sscrul2C05,3Ni3.|Fe| 8B10.62M0,3.744054 852 98.8 81.9 82.9

A Csq.1Ko.1C0.75Cr03C03 7F€; 0Bl sM014.425057.775 95.8 80.6 84.4

B CSo.zCCo.'/sCro.3C04.3Ni4.4F€2.oBio‘sM0|4.425057.775 96.6 80.5 83.3

C Cso, Ko.1Ce0.75Cr0.3C043N14 sMng sF€2 0Bio sM014.425057.775 99.4 81.6 82.0

D Csg.1Ko.1Ce0.75Cr0.3C04 3N13 221, oF e 0Bl sM014.425057.775 96.4 81.0 84.0

10
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C3=toto Conv. AN AN 1

Cso0. 1K0. 1Ceo. 75Cr 0. 3Co4. 3Ni 4. 4Fe2. 0Bi 0. sSMb14. 425057. 77
wWGQ 2808/050282. 6 83. 9 2 PCT/US2003/036937

Cs0. 1KO. 1Li 0. 3Ce0. 58Cr 0. 12Co5. 3Ni 3. 1Fel. 8B10. 62\b13. 74
Notegn54. 852 98.8 81.9 82.9 A

pso mmstﬂes?ﬁg(sﬁc'éf;g@mm Bonfdiifed 0% Rtiv i 244 36842 §idf,7 S
?cchTsz@e%s oy ois SEsuol@pdrepnyes pasy Binyersivh 0Aprdpd s To AV froducts.

6.6 1 ;
oo, TR0 TR 4l mols prgmu oo Ry BlR0 S BEPHet B g
437 73¢. DAN" @ thegat@pofindtes of acrylonitrile produced to moles of propylene converted

7 0. 3Co4. 3Ni 2. 2Zn2. oFe2. 0Bi 0. 5Mb14. 4250
57 77 S@?%‘Fﬁ‘q? °§'gr 84.0 10 WO 2004/ 050240

PCT/ US2003/ 036937 Notes: 1. Al test catal yst

conposi tions contai ned 50%.active phase and 50% Si C2.
EXxamgplen P%rgk%?g prsnaratioR, metijods il @%Ef&%h@d BeExaseple 2 above, several

catafzﬁn@% 'a@t'i\/eg%ha{% oy | Rpe S'i@zl)aalddltfbrnggﬁv of gnsﬁg lgﬁﬁﬂ%’w&e prepared.

is the I'e percent petr pass c
The pwtop;phesaecdmpoanmyxk wnrdwslfblmwsﬁl "Sel. to AN' is the

rati o of rylonltrl roduced to nol es of
propyleneng%hé@ﬁPQ mé?ﬂﬂé§§éﬂhﬂ ﬁp@k@dﬂ?M*ékE%anple
S g ReGRRY AN, 54 heds il Pe B Lidislogascr ! bed

in Exanpl e 2 above, Severa

phase and (%.?/K(ﬁil-_?_ﬁzﬁe@éﬁ& bConﬁM QFCCéB'Ip&WlJ’Iﬂ‘tOsk fghi um
were prep ed. e actilve phase COﬁ'pOSI tions were as
foI | ows: @%dﬁr LigCe1Gren2go @iNy.eFepd o MoomaBnis. | Fe

8B 0. | |
Li o 5ce0. SO 0 T HE Ao SR Byt s O
14.074056. QS)ZKESIG@ 3C€K§I:Ib 5C05 3Ni3 1Fe; 3Blo 62M0|3 969055 862
Li 0. 3Ceo, 8Go. 12Goa. 2N 4 2Fel. §Bi Q. 62014 074056, 262

Cso. | d-igA0.2Ce of by, 120Ny +BfiesBiogd 014 374057 982

18 0 OB (SO 0 8 e,

Cso. 1 KO. 1Ck. 1%3L1@@©e180‘onC&f2@15143F&13BibsiMollu&BshO 62Mo
13. 969055, 862 15 Cso. | Ko.l Lio.3Na0,2Ce 1.0OQr0.12Co

1. ONi 7. 4Eso.KgBiog! 6@4@&0@0@%4}@%@2831@:@8101#1&@661
Lio.1 Ce 1 4. 26057. 14
' S ERIC ol i irE B AR, 400

CsO 1 KO.1 8B% 0. 62Mb
14.16056. 9€s£:%a 1 Llip KOe, lCro 12C032Nig 2Fe;. oBlo 62M014.26054.04

Li 0. 3Na0. 2Ce0. 8Cr 0. 12Co4. 2Ni 4. 2Fe | . 8Bi 0, 62M
14. 16056 621 Kaaliy, &Tam?ezloqrpo 0421@925618 1062M014.36057.54

. OCr 0. 12Cog Mf% g %&’p%%gp@} 54%?0 Cs0.1
KO.1 LiO.1 &8 Gy 47778 26765
The dBbv2@aatysOdontsmitibnKovete tbstevd asldescribed above. The overall conversion to
Nag. 2Cel. OCr 0. 12Co4. 2N 4. 2Fe 1. 8Bi 0. 62Mb_14. 36057. 54
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 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

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
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Cso. 1 Ko.1 Lio.3Ce0.8Cr0.12Co4. 2N 4. 2Fe2. 2Bi 0. 62Mo
14. 76059. 34 The above catal yst conpositions were
wo eatosn2ac descri bed above. The overal |l converBCDDS2003/036937
_nitriles (i.e. nole percent per pass conversion of
simylgrdpyll ad €xeas) eambihainns of klemeatsdowmi inrprioe astpatenysd M@enpecifically,
%ﬁ anngde%ﬁfor t.he above catahysts typically was in .
3 AN CINGEE CYBBUINS B9k Rmn BT iU & 1gmy gpbalt, nickel, iron,
bisnARRPAR FoBbdefurh e th SRRt AIMES&de BT thingdf@Us il tH8%ed higher
it conprises potassium cesium cerium- chrom um
overal isanversinh @ké higher oenvetsiansutd herybomitriteo whid propylené ivak Atmoxidized

subst anti al . absen of manganese and zipc. Thjs )
ovei o AbisD BRRE rathecs RS B nsrsanee,of sipmepis s compared t
similte ¢atalydR Falling 8uRidIANEsBPL o PIHE YisPits kﬁ@eﬁ&fidﬂ.' zed in a
S|Q%ge ammoxi dation catalyst 30 fornmulation. As
i | Wihile the doregoing dedceiption dral the Aleoveramboiditatritoare afpical for the practice
r.opyl.ene to rylonitrile, a  catalyst of the instant . )
of ¥ Gt aFeriin Lt oot fah Biap Bt BNt rimpiegtmey and vanations will
be aBdrahtns tBose (MIedSh MRk arl #n MEt2 QK ingly, it is i
R B o 036937 sim | a}r{\% but rsmglt%%g’gg‘t’) Accordingly, it is intended
that @ngtich alteonativesf neddefieatioss amliMatidtionp mreoembratedoby and $all within the

. Mre specifically, at al yst contai ning conprising
q””ﬁ@?g@?%@ﬁFWEQ?hﬁﬁPPEg?gﬁth hromi um cobal t, nickel,
iron, bismuth, and nol ybdenumin the substantia
absence of nmanganese or zinc, showed higher overal
conversion and hi gher conversions to acrylonitrile
when propyl ene was ammoxi di zed 5 over such catal yst at
el evated tenperatures in the presence of ammoni a and
air conpared to simlar catalysts falling outside the
scope of the instant invention. Wile the foregoing
description and the above enbodi nents are typical for
the practice of the instant invention, it is evident
that many alternatives, nodifications, and variations
will be apparent to those skilled in the art in |ight
of this description. Accordingly, it is intended 10
that all such alternatives, nodifications and
variations are enbraced by and fall within the spirit
and broad scope of the appended clains. 12 WO
2004/ 050240 PCT/ US2003/ 036937 The cl ai med i nvention
is: 1. A catalyst conposition conprising a conplex of
catal ytic oxi des conprising potassium cesium
cerium chromum cobalt, nickel, iron, bisnmuth, and
nol ybdenum  wherein the relative ratios of these
el enents are represented by the foll owi ng genera
formula 5 Aa Kb Cs CedCreCof Ni gxXhFe; Bij Mp120x
wherein Ais Ro, Na, Li, Ti, or mxtures thereof, Xis
P, Sb, Te, B, Ge, W Ca, My, a rare earth elenent, or
m xtures thereof,
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ais about 0 to about 1, 10 b is about 0.01 to about

1, c¢c is about 0.01 to about 1, d is about 0.01 to
w@badns®R40 e is about 0.01 to about 2, f is abODUSDNA36937

to about 10, 15 g is about 0.1 to about 10, h is
Theall@tmﬁtd igvensioalisut 4, i is about 0.1 to about 4, j is

?ut 0.05 t.o about 4, x is a nunber determ ned by the

ence’ %a(ﬁ‘i}?'srte‘i‘?g}ﬂo§'t‘8f’ CRBTSIE & CUNRIFE Hf Satabic oxides comprising
t w@ﬁeeé ANdeMbiar @ y S S al
P ee ofSll#ranggnese gflbcriﬂ ltzlﬁlng&t)gllt ﬁfwdéélc aﬁﬂﬂb igRbth molybdenum,
whergortpe silativerraiids of th¢smelbmamtselrerelprdshﬁe¢ ay ﬁieyfstlo\emgrgnenerelsfomula

phosphor us. The 0 on of claim1l,
wherein the caAt“alE‘y ﬁ%@ré%fﬁ‘n& ré‘gwé’si @m 4. The
whereat al YSi 1§RBPN§'IE1' ‘PPonm)‘&hl%k MefeofWherein the catal yst
is substantially frée of magnesium 5. The catal yst
conposi Xi mrP,o$b,cTa| By Ge, Whe€ai Mg heracatatly sleneatyri ses

rubidium 6. .The catalyst conposition of claimi1,
wher ei NP EEFfst comprises lithium 30 7. The

cat al ysglscaggpmstotdbggt pf claim1, whereinf + gis

about 4 to about 8. The catal yst conposition of
claiw1ﬂpwwmeue0ﬁlkmmouahalyst conposition conprises a
support sel ect e group consisting of silica,
al uni na! f%?@&ﬁgh ina m xtures thereof. 13

WO 20044;;5‘@3@03%4@39@3/ 036937 9. The cat al yst

conposition of claim8§, wherein the support conprises
betmeem@@bom{dombabeught percent of the catal yst. 10.

The catftal 8 &&{)ostlo of claim1, wherein the
cat al yst'Sé ?I‘ﬁ S nprises silica having an
averageggodlbbpﬂ@@ltomgg@l e size in between about 8 nm
and about .11 A catalyst conposition

conpri shmgibauth)wpibeut‘bf catal ytic oxi des conpri sing
11s about 0.1 to about 4,
j is 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.

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 the catalyst comprises rubidium.

6 The catalyst composition of claim 1, wherein the catalyst comprises lithium.

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

8 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
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pot assi um cesium cerium chrom um cobalt, nickel,
iron, bismuth, and nol ybdenum wherein the relative
WO 2004050206 t hese el ements are represented by tPer/US2003/036937
followng general formula Aa Lia' Kb Cs, Ced Cre
CoPNi g Xhe eaialygi mpssisiomgf alaimpRevhirainAhe SUPRBIt cpnprisds between 30
! is P, Sh, Te, B, Ge, W Ca, My,
md?‘?’gﬂlgé{%%‘?ﬁgg g?;.g%%):s%or m xtures thereof, a is about

0 t@ ab®h¢ chtalgst campdditivn Of Olaind @DGHErein thd Scabalyst composition
about . 0.01 to about 1, c is about 0.01 to about 1, d
comprises 5ilige haviRg havemast codloidakparticlgtsinst inpbegweanoabpyd §tnmp and about
IOOEJB.i s about 0.01 to about 10, 20 g is about 0.1 to
about 10, h is about O to about 4, i is about 0.1 to

abbut 4A catalys cbmpekition Qompeisiaf QUéordplex off TatlyfidNdx@des comprising
determ ned by .the val ence re&ui rements of the other
potassjuiiye AESIUM. SEHms ShEOmighl cRhalfeniskelhdranathisrputh, jagd molybdenum,
bal f i NG The
who 0L S o] SR ARTRERSLABEL) D o s o

about 4 to abuiiy KPCslCes G GOANESS HepBi; MG, OQNver si on
of an olefin selected fromthe group consisting of
wherging py | eftds RosWButly pramixteres theseofir es t hereof, to

acrylonitrihe cryl ani &ride, ] %t s . 30
t her eofj,( {Seﬂ;’p%%’??%ie y&bWr%%c#@haagﬂe? e \%e%gflt’ p(ﬁase
at an emematesthdré@fper ature and pressure said olefin
with a npl ecul ar oxygen containing gas and amonia in

the predisrbeu? toabelt bl yst  conprising a conpl ex of
cat al yt i i I ng potassium cesium cerium
chrom uénqS %ng\%l 3‘88%‘;620240 PCT/ US2003/ 036937

cobal t, b iy abloat 0.01 kOghoubi snut h, nol ybdenum wherein the

relative ratios of these elenents are represented by
t he fol ¢ Babadt Bhtxrahout br nul a Aa K1, Cs, Ced Cr, Co f

V90 SRR hPipagoner e np i oy N Ly T
My, a réfsabear0.01 & sheane, or
fis about 0.01 to about 10,
g is about 0.1 to about 10,
h is about O to about 4,
11s about 0.1 to about 4,
J is 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.
12. The catalyst composition of claim 11, wherein f + g is about 4 to about 10.
13. A process 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 a catalyst

comprising a complex of catalytic oxides comprising potassium, cesium, cerium, chromium,

14
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m xtures thereof, a is about 0 to about 1, b is about

0.01 to about 1, <c¢ is about 0.01 to about 1, 10 d is
w@abwuosQ40®1 to about 3, e is about 0.01 to aboPtT/PS2003/036937

is about 0.01 to about 10, g is about 0.1 to about
cobaly kaﬁL iironabisouti molybdroutn, Avhetien thei lative uati@. df these elements are

i S. about o0 about 4, x is a nunber

reprngﬁ R?'Filée of9 wﬂgege\x}g'iagf%'émkeqw rements of the other
el enents  presgk, CaNCe,M¥eLS} i t)@]epecg; g&cyﬂ) S

substantial |y free of manganesé and 20 14. The
whepitnces s Ao Rbl, Biand-it T, anidxwies thdreofc at aI yst conpri ses

phospho Th ss, of claim13, erein the
cat al ys?u%oﬁ'psg’sgg Ea&{?e&ﬁuﬁ? I\% a Fﬁ‘i"eeﬁ‘iﬂb N, or
cl ai m lahixtehegitigdréoft he catal yst conprises rubidi um

17. The process of claim 13, wherein the catalyst
conpr i se# dbiouh tmabougl, The catal yst conposition of

cl ai m1§1é %%3 89?5 ﬁﬁrofglls about 4 to about 10. 25 19.
%

The pro

wherei n the catal yst

conposi ¢ isdboGPOD! ks Boup1 support selected fromthe
group conS| sting of silica, alumna, zirconium

titani ad issbont @OLtesbaubdr eof . 20. The process of
claim19 pport conprises between 30 and
70 vvelaﬁt \Még @gﬂfo?l}fo"?#’e catalyst. 21. The process of
cl ai m 18is apb@ O Ntd dWBuchs, al yst conposition conprises
silica 30 having an average col loidal particle size

i n bet watrababbd t@abontdAd about 100 nm 15

h is about 0 to about 4,

iis about 0.1 to about 4,

J is about 0.05 to about 4,

x 1s a number determined by the valence requirements of the other elements

present,

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

14.
15.
16.
17.
18.
19.

The process of claim 13, wherein the catalyst comprises phosphorus.

The process of claim 13, wherein the catalyst comprises magnesium.

The process of claim 13, wherein the catalyst comprises rubidium.

The process of claim 13, wherein the catalyst comprises lithium.

The catalyst composition of claim 13, wherein f + g is about 4 to about 10.

The process of claim 13, wherein the catalyst composition comprises a support

selected from the group consisting of silica, alumina, zirconium, titania, or mixtures thereof.

20.

The process of claim 19, wherein the support comprises between 30 and 70

weight percent of the catalyst.

21.

The process of claim 13, 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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