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WD 2004/ 050238 PCT/ US2003/ 036940 M XED OXI DE CATALYST
OF RB, CE, CR, NI, FE, Bl AND MO FOR THE MANUFACTURE
WOR004H8R38 ONl TRI LE 5 The present invention rel PCEES1003/036940
an inproved catalyst for use in the anmoxi dati on of
an unsat urated hydrocarbon to the correspondi ng
~unsaturated nitrile. In particular, the present
MIXED O¥EDH iCAMALSTAOR @et exk,t OrR AINI| NgE, OFE NPT IO @58 TROMANUFACTURE OF
ACRYIONIBHIY&t for the ammoxi dati on of propyl ene and/or
i sobutyl ene to acrylonitrile and/or nethacrylonitrile,
respectively. More specifically, the invention
relates to a novel and inproved anmoxi dati on catal yst
c dMprpredenyinxentivmpietatesofo ahOintpadvedydatatysofordess infthé aramoxidation of -
bi smut h, nol ybdenum magnesium at | east one of nicke

an unggturgfedibyrirocathen o K ¢orrespRsiding pasatueated Mrilen dn paitisWat Hhe present

f
1nven't18 txJ]&u’ %gf -t r@ éegfﬁ]g&ﬁegé% ?Tg}%lly%ofr?p"gggﬁ gdau@n %Propylene

and/oﬁaﬁoahpyisdrﬁ to artydoritrilg andiotl esetivicrylomtnile, espeutivelan More specifically,
nmol ybdenum pronoted with suitable 15 e|l enents, _have

the mve!ilig%rék@fﬁs U8 édiov el andrEpERyid epunaiation sAglyst earepriging a complex of
catalﬁi e&g&e%doftl%qj %ﬁs@ﬁﬁlfleﬁl dérﬁﬁ'n rﬂ%%ﬁﬂﬁle aP lea@ UL it or nickel

en (usu orm of t'd nmanuf act ure
and oabxly lretyi ik, |cenuﬁ1nand3&[rbmamh an the3ubathntiiliabsénce Bétwendf manganese,
1436475; U. S.. Patent Nos. 4,766, 232; 4,377,534,
a noble metgl ydgvanadiumeg 246; 5,223, 469 and 4, 863, 891 are
each directed to biyy on catal ysts,
whi ch may be pronot e%ﬁﬁ%%&gg%b?p&ﬁl el ements to
Prodalogs aertyining dxiddsef idon, bigwiuthi and deylSilenﬁﬁx Padneotéd Nith suitable
4,190, 608 di scloses siml arI pr onot
elemegits; by Lome Dpere BsedrioT F‘@rFOE‘é‘iT%EPV §f prfoavlen%%i darateshtegperatures in the
presegé%é%ﬂ'@%ggansagd Q&g%h(u%gajly al? glgegépflggtaé Z?&I'graﬁélecture acrylonitrile. In

partidil& "Gkt Bty 0RIRHN BB G476} ens CEdtait Widss4 FE6,2B2;t 4,807, 534y14,040,978;
ields to acrylonitrile. ject of the instant

4,168 24 A28 46D gl ATHIAY e 8PS PRIEAbYAdqTm-iron catalysts,
whlcﬁ % nbl n a J)rﬁglﬁed Q)Vltlpt'ilg @5\% f e?efnﬁe%@ 9 g)r&ﬁltc gérgfb%ftglge[ "fR'36&ition, U.S.

yt'1'c anmoxidation of

PatedtSN@UZI V608 discldsed @ﬁlﬂﬁarltyhptbmfed bﬁm&d’f wlobybidemirh-gron catalyst for
nmet hacryl onitrile and m xtures respectivel

oxidasignmedr glefs. t hkS.| Patertt New S48, 2B?>e§7elﬁt137m7é§§1863 g S, 834,394 are
dlrecgf:m%}sﬁguttﬁ %1 ?%[?d fth Q¥ ot&?gﬁlal}{lgtg eﬂﬁﬁjinﬁ% ‘ﬂfﬁ”ﬁgelﬁgfo &cpﬁonitrile.

propylene an I Sobu

acAM bobjekt &1l the irseut Q{veﬁﬁérfmcar ndvengatalyst eompﬂsmg a unique combination
respectively. In one enbodi nent, the invention is

of prametbss offeringp rbieem peeomeAREe cif the eatelytig tamamexidatien of propylene,

isobiTFghe of; ikuirk (PP Bty kil AEEy BRI Mok Thniggures thereot,
respddGTAS2003/ 036940

Summary of the Invention

The present invention 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 rubidium, cerium, chromium, magnesium, iron, bismuth, molybdenum, and at
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| east one of nickel or nickel and cobalt, wherein the
relative ratios of these elenents are represented by

wo be4isi2BoOW ng general fornmula Rba Ceb Ceb Mydr&®EUEBIN3/036940
Big Mbl2 Ox wherein Ais Ni or the conbination of Ni

s S48 310y by B 1B Pkl s o

to abou to a

repre€en®el Bycthe fellowinlg gererdl $orahudait 0. 01 to about 10, 10 f is
about 0.01 to about 4, is about 0.05 to about 4, x
is a nunber det eRRi GedClM&de: KeaBaddei2Qqui rement s of
he oth : : ein "b" + "c" is
Wheréglﬁeat erﬁhlg{n&ﬂg&%ﬂ%lﬂéﬁ%fg% t (;troé atal yst is
subst aniis abbut 0Of0lete abbut 115 manganese, a noble netal or
vanadiym |In a second enbodi nent the invention is
cat al yst1S@BAE0-Ql tegbautchipl ex of catalytic oxi des
conpri si; el ium chrom um magnesi um iron,
bisnuttswd,@%%{;d;@ggntg%og% at | east one of nickel or
ni ckel disdibowtled1tto aboet JYpti onal |y one of phosphorus,
antinony, tellurium sodium Ilithium potassium
cesi um¢ $RBPY 0 o8P0, t ungst en cal ci um wherein the

20 rel at:j ' tqhese el enments are represented
by theafglcg)\f{ﬁ%u\r}mﬁtrgglqggﬁéel}tgl’ formul a: Rba Ceb Ceb Mgd Ae

Fef Bi gz i¥bdi12053b abatitst,ein A is Ni or the conbination

of NNl and Co, Y is at |east one of P, Sb, Te, Li, Na,

K, Cs, Xls apumbgr detgymingd by the yalengegreqiFanensy othgjelements
m'xturgﬁ%lﬂfreof, 25 a is about 0.01 to about 1, b is

about 8 ’0 about 3, c is about 0.01 to about 2, d

wheréif @yout "dd. Rlgreaten it "g", and wikrdhahe datayst tio sabstatially free of
10, 30 f is about 0.01 to about 4, g is about 0.05 to
mangapesg: a goble mefad opvanadgdbut 3, 2

In a second embodiment the invention is catalyst comprising a complex of catalytic
oxides comprising rubidium, cerium, chromium magnesium, iron, bismuth, molybdenum, and
at least one of nickel or nickel and cobalt, and optionally one of phosphorus, antimony,
tellurium, sodium, lithium, potassium, cesium, thallium, boron, tungsten calcium, wherein the
relative ratios of these elements are represented by the following general formula:

Rb, Cey, Cr. Mgy A, Fer Big Yi Moz Oy
wherein A is Ni or the combination of Ni and Co,
Y is at least one of P, Sb, Te, Li, Na, K, Cs, Tl, B, Ge,
W, Ca, Zn, a rare earth element, or mixtures thereof,
ais about 0.01 to about 1,
b is about 0.01 to about 3,
¢ is about 0.01 to about 2,
d is about 0.01 to about 7,
e is about 0.01 to about 10,
fis about 0.01 to about 4,
g is about 0.05 to about 4,
h is 0 to about 3,
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WD 2004/ 050238 PCT/ US2003/ 036940 x is a numnber

determ ned by the val ence requirenents of the other
wodoen®0ts present, wherein "b" + "c" is greatre@m/us2603/036940

"g", and wherein the catalyst is substantially free of

manganegds aaunel de®Brhitkd Oy tMaRARhE Yeqairkfedts LRIthS other elements
enbodi nent the invention is a catalyst conprising a

conpl exPEFentat al yti c oxi des conpri sing rubidi um
ris chr Qm i,£on, oi nol.ybdenum . anq at , ‘
Wher?@asljt’m})kneé} g’?bﬁe ?Egﬁéﬁanorg ni%&%ngrﬁﬁl b%b%‘fq{ﬁ?'@aﬁdsu%smmlany free of

mangptiep Babbly n®Nd e vamd@@gphor us, antinmony, tellurium
sodium lithium potassium_ cesium thallium boron,
t ukt‘g%tﬂ@ﬁl embediment tecine¢ntionHs ar estalyst \wwompsisingsa edmplex of catalytic

: re_repr nted. by ,the foll pw n
L T NN ———
of niviet behitkél dnfl cbbalfand BptiGRANMPIoRabF ﬁlﬂbsgﬁorﬂb, aﬁfiﬂlo@% tellurffin, sodium,
_..at least one of P, Sh, Te, Na, LI, K GCs, T, B GCeg,
lithingy, potggsiupy cegiumg thallivn,t boren,dhrgsten ealcinink wherssn thearektife ratios of

' t Q.01 t 0 1. 15 b.I.s about 0.01 to
thesegekl)%rlﬁﬁlﬁg?r% r%prf%engegg)gﬁg?)gog]fwt%g %16618{?1! hﬁmu % is about 0.01
to about 10, f iRbaAbDQWr AP BiQ VAL 4, g is about
0.05 to about 4, 20 his O to about 3, x is a nunber

whergigt er i Ad8iNbgr theeombinatiewof Nyand @event s of the ot her

T anh S RUFRT e o STV i G TSy 11 co o

NManganessg, Zr a ke lerthvelemlent) br Mdfakh tHéreo2d The present
invention is also directed to processes for the

conver st israbont Qg  abpphl, sel ected fromthe group

consi sti ng.,qf l,en i sobutyl ene or m xtures
t her eofl,“""“?‘11 ou%(g?f;f)%afhoflﬁ’l e, methacrylonitrile and

m Xt ur egistapshePd tor@,%mez:,t ively, by reacting in the
vapor phase at an el evated tenperature and pressure

sai d ol @fsiabovii Q.0l t aboetul ar oxygen containing gas
o0 TRl S RRFRETE, Of 7 LY et o de
above. gi\¥hod§ds Pihéass, PCT/ US2003/ 036940
h is 0 to about 3,
X is a number determined by the valence requirements of the other elements
present,
wherein "b" + "c" is greater than "g", and wherein the catalyst is substantially free of
manganese, a noble metal or vanadium.

The present invention 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.
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON The i nst ant
invention is a novel catalyst conprising a unique

wocomizezasi on and ratio of pronoters of feri ng PoATES2003/036940
performance in the catal ytic anmoxi dati on of

propyl ene DEEADUE D! BESCRIPTION IOF FHE INVENTION

acrylonitrile, nmethacrylonjtrile and m xtures thereof,

r éréxsee&tmvenyentlsn Gha ne éeFPWétrﬁOHmﬂSt%ea Wigeeegmbination and ratio of
prom{EiS SRR el st Ragitsif BRI b A b dienc,isobutylene
or m1ktﬂ¥3dsdh¢i‘8d>f t—‘cﬁzidrylﬂmtﬁlb frﬁéthwi‘yloﬂﬁ@ﬁ%ﬁd wik tukdsaheredi] Ediplédmvely

nol ybdenum and at | east one of nickel or nickel and
céhl embodimentph tharpresent dnyepsiop s digecisd tonas émé}%t?@ﬁpg catalyst

comBife 50 RO S | BB RGPS Al oo
magnbem¢ @mﬁl B R, mblyrsueram £, at Raé.tSor&b@ﬁJhlchlOdr mkel and cobalt,
about 1, b is about 0.01 to about 3, c is about
wherain thegelative ratiog of Siespelements ate repessiigkbyhe fojlogving gfav@ab formula:
0.01 to about 10 out 4, gis
about 0.05 to ablc}BtE ér)‘iiji@%%ﬂ%er Hgg‘erm ned by the
wherda! enC?AiseNUbrrtﬁaEéﬁl&nﬁﬁod&H\h%h@o el ements present,
20 wherein "b" + "c" is greater than "g", and wherein
t he cataisypbeutilOlstoisberidsi al |y free of nanganese, a
nobl e I n anot her enbodi nent, "b" is
al so g:{’glgt é?utqﬁ(ymaa%pwg’l n anot her enbodi nent of this
I nvent i 0g.abo@'0.015to(bo& 3,0 0. 3. I n yet anot her
enbodi nent, the {Jr esent invention is directed to an
armoxi dhisiabaut G& @I%b@tlt'lsorrpri sing catal yst conpri sing
a conpl ex of t xi des conpri sing rubidi um
25 Cerl%ﬁ']% Wd:ﬁ Fﬁ# t::lé)(l’)l bi snut h, nol ybdenum and at
| east ofg aBbutW.Fikelabeit 47i ckel and cobal t, optionally
magnesi um and optionally one of phosphor us, anti nony,
tell urlgjmabgbbﬁ' o ahopt 4 um pot assi um cesium boron,
ger mani um _tun n_and e t 1 t
Cati oS )61@ Figtﬁgwp & g ghérJ g%lﬁé%eﬁghl%rg&ﬁs bEWRL b€ elements
fol | oW pgs@gneral fornula: Rba Ceb Cr, Myd Ae Fef Bi g
Yh Mol2 Ox, 30 wherein Ais N or t he conbi nati on of
wherbin Hid+Clg" 16 reater thaals', snd wherpin the cafalyst| s sufgtangally free of

Cs, T, B Ge f ater than "c"
mangpiioy P BS1HEF b vt o EnBRAing 8% Hiso Beater than

In another embodiment of this invention, "a" is 0.05 to 0.3.

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

Rb, Cey, Cr. Mgq A, Fer Big Yrn Moy Oy
wherein A is Ni or the combination of Ni and Co,
Y is at least one of P, Sb, Te, Li, Na, K, Cs, TI, B, Ge, W,
Ca, Zn, a rare earth element, or mixtures thereof,

a is about 0.01 to about 1,
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4 WD 2004/ 050238 PCT/ US2003/ 036940 b is about 0.01 to

about 3, c is about 0.01 to about 2, d is O to about
wonRooqusefssrably d is about 0.01 to about 7, e PCI/E2@31036940

0.01 to about 10, 5 f is about 0.01 to about 4, g is

about @ Babbw GbGDIabéut3,h is O to about 3, x is a

nunber determ ned by the val ence requi renents of the

ot her & 183RANLD-Ollocdapk2, 10 wherein "b" + "c" is

greater o . riel ty is

subst anc%%slg)ﬁpfb rte7é$gb?er\éﬁ§rﬁlgg§beid£?'02q%gh?(lg 7Fnat al or

vanadi unis aboutan@it foeaboetntodi nent, "b" is al so greater

than "c". anot her enbodi ment of this invention,

I n
"a" is foseout®-U. 18.abewt 4 he above described catal yst
con‘posi%{s%gu ¢.0€2HBHM. (on an atom c basis) of
cerium¥plus cthr'om um aré greater than the anount of
bi smut th {5i0. te.abow'3,+ "c" is greater than 15 "g"). If
the amount (on_an atonic basjs) of cerium plus
chromi ufniS & nugibsr detapningd by {Ba elenge 16ALRTRINts Ph& Qther elements
cat al yst s..gfe not as active. In another embodi nent,
t he anoun E’on an atom c basis) of ceriumis greater
whertiiarb"t e"cAngugreatef tiednr dgtl W (Wherein” the ¢adalgsteiat @bstainzally free of
"c"). The basic catal yst conpositijon desq{],i' beaj herei n -
mangagesg, & dapleanetak orcyanadipm. cInpppHSE egbodumenty Ands s grgater than "c”.
chr on . ' L O, n |09(L§ut]ro nol ybdenum and at
InanP@g&Hl%%ﬁémo gjsm c (tean?’orz'1 %i cke Ibé:;rid cobal t. Except
f ol Spesdolve citkdrjbedx@talge ctoalpesitionss , the taherune (@mantagorpic basis) of
_pronoters may be included. In one_enbodinent, the, .
ceriugnphib whromiHyn g grete thamk thsrameyng nglswglf?rlo"u§, c" is greater than
antimony. tellur] . e o
o) BupBRPS Bkt B et O oo ARSI Shan the amount of
bism@ft, GhétNthezdatslyst@ ek Aotr & activar tlh alode rembodahémethe amount (on an
herein as any one of La, Pr, Nd

i i ] Pm S 3 Eﬁ%v‘m’ Th’h " n
atomii®/basig) of ggriunyf grgq:tel\tb% thp,armgﬁgttqfépr i-fremt is gigaer than "c ).

ba 5.cata L ' . ' ) )

o D0, EPsiE TRBIASE borfBOSil 1601 RerBAR SO eotpich BeSalytic oxides of

rubi@ iU Bérieth, EKYeERIA) HRgnesing hirdrg bismitknaiol yhidenunef drelcst least one of
the attrition resistance of the catal

: yst..
nickelda niekelzandycotmby Exespt o eaiGH% FXahisgy plements oy plgments or
and ox n.t ryd oot Lid e € 1jen ' tak £
orf VR B ol b Al bR e more o
phospRérak NiafiGmany,C &akiust  sbidivm,i Hipiwie gotssiyinoresini, ethallium, boron,
yields. These are nmanganese, the noble g%t als (as used
gemBoiumartengsten, edlpianaing| and 3 @resasthylemsnt g lneﬂiﬂelieﬁb%ﬁ agpone of La,

e GRS, B L. B ) B 00, v
cataREQHBY B&t cohRiDinagidsivg B yet another embodiment, the catalyst contains a small
amount of phosphorus, which has a beneficial effect on the attrition resistance of the catalyst.
Additionally, for the conversion of propylene, ammonia and oxygen to acrylonitrile,
the inclusion of certain elements have been identified as being detrimental to obtaining a
catalyst with improved acrylonitrile yields. These are manganese, the noble metals (as used
herein "noble metals" refers to ruthenium, rhodium, palladium, osmium, iridium and platinum)
and vanadium. The inclusion of a noble metal in the catalyst promotes the oxidation of

ammonia thereby decreasing the amount of ammonia available for acrylonitrile production.

The inclusion of vanadium produces a catalyst which is more active in reacting the propylene
5
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amoni a thereby decreasi ng the anount of ammoni a
avai l able for acrylonitrile production. The inclusion
w@boowasiess um produces a catal yst which i s norePEDUS2083/036940
in reacting the propylene 5 WD 2004/050238
feedsﬁ’a@ﬁ/ H@%@%ée@é’c@i%% tﬁ@@gﬁ&ﬁcﬂ?om@s {%%yﬁﬁbm%ﬁl&@ 586n oxides
desired products thereby producing nofe carb des
(COLJ 8d leys amylohisls. dhe yhodwsidir ofl @angdhese iim diemtadyst edsults in lesser yields

nganese in . the c taI t results i.n | esser, yields of
of acrg(?qr@qnﬂ%if?% ol ¢ AT f*wén%%&tawgtw%fs <@iheg6 Ang substantially
free JFMEIRRARE, 4 Roble al%@o?%a@ag;m AYRSLPRL LR lvéﬁbs&g&ﬁly%e-- with

manganese, a no e met a or vanadi um As
respeble tei mangapedes andit vadalipnt, r medns Wavihg Sar edqreiet ratio with respect to

moly! ?{r]lﬁg{]@ ?tgaq éinﬁgl &53 ns ha&ga%f a]iyl?r@g r2n vgggxr r%tgée%t to a noble

metaluﬁl%gnshﬁﬁ\ﬁhé; an HRR Q‘{Md Wi hyregfje%? to ﬂ’fblgﬁhé'n‘ﬁﬁpgﬁtlesg othﬁ'n 0 005:12.
nobl e netal

nmeans having an atomc ratio wth resp
Prefetablynﬂle;dathéyutmamiam ae anpares€) noble ni?als afii/ef eanabiuy. t h e
% tal n no, manganese, Nno Ie met al s and/ or

eﬁ?sgpwtfer&'rontw Bsrused sither SyRpariedyPrayunparted (i.c.
t
o i 0 SISO T e iy o, dani

or miatueessthéricafa, A alippurttypicaily sovdswasn bindeafurahe cavalystiresuitingsin a harder

t hereof. A support typlﬁal ly serves as. a1 bi nder for
and mpge %%lapfgflsta@seﬁtelvﬁg PV ehalPH EPMMEFAalngRpiCaliqns; 7 appropriate

f |
blend @Isl;)oﬁ%gﬁ %ér?]igrte% hist S'r'g)\gfc\éﬁf ex (8{ fagmﬁé)gg%hdets ebegcablo\\;e and the
supp@h&hseru(;llal € obtain awapdeptablef actiaitplayd ihardnessdtrities cesistante) for the

above) and the support is crucial to obtain an
Catal)é?&c@é‘ieﬁtb?f@ XcEINAnEIFasihip the pefiegRhageincraasgsghe activity of the catalyst,

but db&GAse! ARG dnEY ofthE cata &a‘rgJ%Déél#C Flgaﬁslggéd ﬁ&lﬁg i%s bBM¥Een 40 and 60

I'ncrease in the actrve ph ctivity of
weighthgercamt alfyhft suppbtted detalysiasksorehembualidesss! thfs mhentlon the support

cat al yst pically, the support c rises b tvve
may GhRRPUE shdibhes pbpcdt el Hsreeti 6 e augoray st In another

embo%%erﬁ'm%% S'i{l‘[:\f&x 1{:1 ti‘lg s PtVrﬁQ_\,I ride hg Mpégratbouw Welght percent

conprise a ‘e as out I ght percent of t
of the snpguriedCcacAysal VSuppoit nnﬁéma:l:h efe avaithisle iwhachi nody ddntasn one or more

i nvention, the support may. rlse as gu as abouﬁ
Prompter \GSASRIS, & a stitca ol ‘E?F’tﬂtnﬂé% btar(N@b e tsaaygrtomoter ements may
be mgScHBBr%[e'ﬂ iR e &?Ll?st%fth@\é o%?tex%]' ch may contain one

prono el ement .g. a silica sol
CO]!ﬁtcalle I’ehfb@dﬁﬂdit thna ¢awelyst 1smqbpsmmus|mg3mhea sall dfrthwetasenapg/ colloidal
be i ncorporated into the catal ia the s pport
partiglg damesgr. of|sgidosilicapl déifomesinall %1 agf pesp qfd %Uﬁﬁ%@f@&cd catalyst

will glec‘ élﬁcg?ag?ds 8#]31 e g&éll'yfé &'11 Qﬁ}lgﬂl $ERLEd %91E+tfl)1f§:a' If tHalc ?11&'(19 particle

Ica sol I's too snma he surface

diamafee as Qbo t lagzerahe! fraaiufictated aia&ilysstwﬂ]Z!ﬁaW Ipoobenti-abrasion strength.
increased and the catalyst will exhibit reduced

Typl@@é!Yeeﬁlamage coljoidy| pagtil¢ dipmgier phtheistlica sal isrhetvegen;aboytply nm and
f {
s 30 85, 5 BB 3] Y S damec o

the sfliRhlsol id aboualiOt et lagd dmﬁﬁeﬁsérowis dbb&t &ninl dﬁ aﬂoﬂhet anbodiment of this
bet ween about 15 nm and about nm
inveRtigtio dieméﬁrtag@polﬂmd@l nagicd diaggter pﬁ@eév&aé@bw@épm (Qym. In another

embg talelgc e gﬁ%ﬁgﬁ t?lg av%rgget c?‘défoid%f‘p%ﬁkle'(ﬁ QQI“(Sf n%lg ainlr& sct)l is about

ow as a ano er e
20m(ﬂf this
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30 invention, the average colloidal particle dianmeter
of the silica sol is about 100 nm |n another
weodedsarent of this invention, the average col pEI/usd003/036940
particle dianeter of the silica sol is about 20 nm 6
VOIROQ4:05E233 1RCHERARABAMEy bESrep@balyShidy OF thd'umerous
present invention may be prepared by any
methqdsel Qﬁt@ly&rererp@wéloofwfneh @ne;kngp te pi@seof ghall \rmrf@rararlaar example, the

own.to thase 0 he art.. For anpl the . .
catalxsgtn};‘aly)})&m?%\? cg\ge%% g9 géetcml@ n%gle vgnB?s 18%6{653 ﬁla-retoHé)remprtatmg
massVidhy EHefi Ueﬂﬁfcﬁ%ﬁ?&ndﬁb%% pRIpiateRiZeat AR&GmatiRPy (HBY¥o-precipitated

then be dried and ground to an appropriate size.
mateppk may dei suripd and spray- qzrreéanmcc@rﬂweSNWatcemveatxom;te@mques The

sl.urri.ed d ccordance, wi
catalf A K e § B s Bormefl RS SREET odh s sl kmopmp axt. For
parti@fad PkdRHSre®r fok OmARE abtafiRg SIAE batalyfl, Rt BS.1 Patd Nos. 5,093,299,
known in the art. For partrcular procedures for

4 863:&91hmabf1ﬂ66 A2.t rezein ancorgarated by aeforeBee. Piit emg etkbediment, the catalyst
63.,.891 and, 4,

compgRs BERAe NS ik A Pua i S B 6 S Tptiow g by drying or the

catargarca;hy&ﬁemm BORRSregied QsifidaX Gt klppargupport in
he formof the slurry followed by drying or the 10

caBsmpgh neynlpo mdredycedaintd éhd pgsalysfnast @d oxide sir| dsca selrt which upon

calcigé{hozll \g;}i]tl%g@rtéﬁ ozsaed %hwgg{a Y %Pkf@)él ntl{svﬁ#igﬁ g{%&%\%ﬁy dlspersed but form
stabl€ 3k e apbPReatitlehting e PréBReLXAHRsp ezﬁﬁ?l‘fﬁéf@fre@%&& for introducing
salts ich are easily dispersed but form stab

bismoshi idbsmuionitiateat - treat i ng are preferred An especially

preferred sour ce for r od crn I S bi snmut
1 Theirat coBPORER; i e CHBALAE: i QPRMES de o Eopggund of iron
whlclﬁeu;%m @dlélﬁéilofnr@m ARt GO HRAKIES OfAd ﬁ/ﬂﬂ thd\bihePeleHRRM, water soluble
calcination will result in the oxides. As with the

saltsatdmreicaied fwrthe casnatity which tiiryenayst unifosmly Qspetsedvathin the catalyst.
e.ea ith which they may be uniformy dispersed
MOSWrFf?Fﬁgt‘sh MCRIUPEst . Most preferred is ferric

Ni ThAkB1ybABRurTRb PSRN BT ﬁfé'mﬁ%f‘ﬁla?f)e iR daeddedryis tany®olybdenum

be |ntroduced from any nol ybdénum ™ 20 oxi de. However,
oxidet Howeresfiens pofemet that ayhjdodlizablel ar ctepomewhbombrbéenum salt be
... ol ybdenum be. .utiliz he SO t he .. :
unh%ﬁlameeme Fihe FBLB PP e e dst BRTRY S PaRpLis ammonium
hqﬁggg@ hept anol ybdate. O her required conponents
optronal pronoters of the catalyst, (e.g. N, Co,

MyQtheErequited Sompofients Bnd @tlorah prqmpterea)f thy caalysti fe.gris Co, Mg,

cr bIEE 82 R T A2 5L Nl AT S 82 e 25 GEHERny st

sourb@glf&qﬂﬁﬁ? el Bdtaald Hﬁk&%ﬁlrﬁ{aﬁleﬁ&h%aﬂet inftb8uc@liftd-the catalyst using

tionally, magnesi um may be I ntroduced into the
nitraeasatsy shdditiosaily] maghesire mayabd ortendecas mltw theosdtalgstvdsi aphinsoluble

upon h treat resylts in.an o Phosphql.us .ma
carbfate pp iy a@edwrwgtwrenge&'ar%wgargsgﬁ 13 JLPPfE. rhIPRpIoTS may be
introdfédd B tRd '€atalyR€ a8 BIKIREAImetd! §alObr lali@line earth metal salt or the

ammonium salt but is preferably introduced as phosphoric acid.

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

and easily soluble are used as the means of incorporating such elements into the catalyst.
7
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amoni um salt but is preferably introduced as

phosphoric acid. 30 Required and optional alkali
wocompsnsat s of the catal yst (e.g. Rb, Li, Na, PKI/US2003/036940

Ti, or mxtures thereof) may be |ntroduced into the

cailh¢ yeatalysts e tyRricaldy @repa@dabss a’ukl,ngwm edueaporolution of ammonium

tIO ldt oXi .erab salts
heptifbdde vl At silicapdlcy ok s, ARG b cogpgunds, preferably
itra@@Sdf fhesdihétbélé ke, MSRKdeds Tie dlﬁaﬂﬁt ghl 1NEeh L
" such el enents r|nnto t he gat al ys? 7 V\B 20054/ 05812??33 uBlrified and
calc1ﬁ€ﬁr / Bsmemyoﬁe patalysthie spay alrigd tag aaasmpdrytpra:@ﬂ beywperep*€do 350°C,
m_Xi n(g an_a ueous sol uti on of anmon

pref%tﬂv Ane1Gy udt® Camont Brebratty 210G tor 80 dhe aie@rreﬁqayon temperature

may ?ﬁgg gﬁ%ﬁ(? o 566380 %?%ablgnggfb@b rrgt eFtna Y, aggx]i)ﬁtiq{)etakes place
ata t@fdp@ﬁturg ePbétivickd mtw@&d 700%C, PréTefdbly Hefl &mAZHIC th650°C.

catalyst is spray-dried at a tenpérature of between
110k ratabsBOf e pnmrérlamqtlomla@@usdulwo&mmmsiatlon processes for the
ref er he denitri.ficat

n .
conBisforE PR eleiR sy ePiefo o, fif ague: phtisdiol Bramisngy fspbutylene or
mlxta@QhE&offaQCacrﬁbHﬁlﬂ'e)’ m fé)l&ﬁ&il@ And akBsurkd Ql?e@eofatre@ectlvely, by
tenperature of between 300C to 700C, preferably
reacm wedhe 38p@ phasg50Can Elayatedt tampsnaslrofandmuessnm awitl olefin with a
nvention are. useful i.n amoxi dati on ses, for the
% ALng

mOICGB’r‘?& Q¥ Y5 FOBRINIIE BAs P Ammnitindfie P‘FB FS@B st
COPFe'féerlS}Q tHef arRmBRMhEHE reab AP W YerfstMe@lin ot Auildl BddUeBStor although
thereof, "to acrylonitrile, nethacrylonitrile and
othentypesioEeeactony sioh as tesgnoct hnmlteyqtoxbwcr ertasipngl. | Flutdeed reactors, for

va hase at. an.el evat ture and pressur
the R acRiSr o AR 78 el toal e Bk B A e ST, e reactor
desi dréh U SPatBit @S RSB 046! ll&,@elﬁ MRpotited BY ?é(f&%ﬁ&l }é suitable.

he anmmoxi dation reacfion is performed in a fluid bed

r eGonditions fon thegdmmoxidation sepetionad ocanarorlso well nawn in the prior art

transpo ne reagtor e ianed.. Elupd be . .
a5 cyidaneedr &y U8y Pateit RoS Sodies A BT Stk il R0y, pats herein
heypichl AmnioR1dafNP PRIcBss it PerfbAR tacti
mcoﬁ%%%‘}s\é\?e{‘egﬁ ?ijrS]IE WS tl%Pat ent No. ,c 5! 6r her e]%con actimne
proplyeae op dsohutytknbyin thef mesemce of ammoniat aad| cecygeroartthat flod ded catalyst at
for the amopxi dati o(gl}crﬁet%ct on t.0..occur re al

an RYBIH PERBIBrip OB DaBIPUEHE £ Ty hisrubnipflegrpny source of
oxy%lﬂsma bg%ﬁ?go?%d FoBotic rfasbhy H4Ivans 14 ﬁ&@n@@% use air. The

erelrn orated by reference. Typically, the
typuaaﬂrrmodadazttloonf phoorgsni ® plefihannthd fogd shouldaangeyfigm 0.5:1 to 41,
g),yl eng or |ﬁobutyl ene in the presence of ammonia
Pref%fﬁﬁl it Qi a fluid bed catalyst at an el evated
t e’i‘m@ﬁﬁ&]]'df Catld opraﬁﬁil'rkﬁﬁa k16T Wl B febd lif tRE reaction may vary from
met hacrylonitril Any source of oxygen may be
betwern 0y Eth 2: FForTheoems oealky rroe\am@nbmltrfommz@mmmma-pkﬁﬁn ratio, but there is

preferred to use air cal .nolar ratiqg.o he.
send iR P LT AN AT fdda EIRATIS FAGE BrUARIGIogd Titios for use
withl tHe éat}la/ t S fisal Qﬁvéxft fbr ﬁletp dretion gﬁacmﬁmﬁrﬂ'e dfom propylene are
At o Gf ammonia to olefin inithe feed I the react! on
an amyomaaroyprt)p}dme atd wethe rdhgb of 01901 @:113:1,Tandragr tpsarmmdﬂnbyano of 8.0:1
to 1irillo§ ijpp%he catglyst o? rthet I?r?st&rtrr{g\rr]én?ioglp?glnges gtglhoyleﬁléltofl acrylomtrlle at

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

ammonia conditions" help to reduce unreacted ammonia in the reactor effluent, a condition
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generally no reason to exceed a ratio of 2:1 for
econom c reasons. Suitable feed ratios for use wth
wWo b@4mai2a$ yst of the instant invention for thePCT/US2003/036940
production of acrylonitrile from propylene are an
kn M i f alyhRhi n f:~0..9:
O L IRl el §E158 toltgpdy bRbcess wastes
Specifically,1 unreheied atangnsa nofst hleereinosediiiton nive ndacton ¢ifl@stt defor to the

reco VRt thE COMPUEIN e riricisd FREDBE BB remaved hyapericting the
reactdr @flubnt H‘tﬂsﬁllfhﬁevﬁci(ﬁm@l@aﬁﬁﬁqhﬁg ate I%?'Hg éo%taglﬁﬁg glﬁe reactor

unreacted ammonia in the reactor uent, con
efflugnt\witlp@auliO&id 88yiPId RMIBRO B/ 206/6:0¢,0vhikin Dot sase8 rEIBIN i@ a process
br eakt hr.ough" , | ch.subsequently hel ps to reduce
waste pircanLio Rﬁ&%@@.%g&??ﬁe@al ly, unreacted ammonia nust
beTheravesh {s" Qidd Gut!£2GtMperafutd SEHIwRE] Be thifoes % about 260°C to
recovery of the acrylonitrile. Unreacted amm%n ais
600°Cy piefeatddyrangesobyaing BY0°€otwt SA0°Cnespebielly pesfetrat beifiig 13810 to 480°C.
with sulfuric qcid to. yield a niumsulfate or b )
The £ogiecs dime, Glthesly Bl cqrbicdls I Berethlb e pange 10 b 89 geqopds, with
prefefdrRk BeiRENO B AN 6 ro 14 HeEdhgsn both cases results
in a process waste streamto be treated and/or
di ThopreductT hfreactat nay be sccowered end purificlt byeartyesfiike micthods known

of hetween the ranges of about 260C to . 600C,
to ths%eesrkf%lﬁ%% thsﬁ&esgwg?%a maified {ryofisp erublaipe éheapiflyent gases from the
reactBf RiRORAWRRE BF aﬁ%@&oﬁﬁatégglgent tIQFanQQIl@ﬁ;ro&dcfgeof th? reaction and
alth al y e ge o

ough not criti I's general Int ran
then purifying the repettampieduatiblyhlistillatigur. ef er ence being to a
contact tine, of to 15 secands. The pr.oducts of o
r e hlg PRmaRyayfilyy of Gecktahsh ol IpRiARtFPEtigY 15y thy ammexidation of
PO e e Mot B P et B P B 136 b u SR bidation of
propyleae ttoraceylich acidl d Sweh grocassaanaepypaptly atve stage einbcekses, wherein
renmove the products of the reaction and then .
PropylgRg 1S\FeRYeriddn thariersike pf & aRfelysidy pamarly perpleghin the fig stage and
the aBfd1EIR iy céﬂ\)_el‘tle Yn ﬁfet#rgﬁn&?{)fag ¥athi Qtftotﬂ?ﬁndrﬂgta fic acid in the second
Invention is for the anmoxidation of propyléne to
stageaCThd catalysti descritddvieeye s duitablerfet asetinahe fiksy Stagediyr the ©@idation of
be used for the oxidation of propylene to acrylic
propyleng;to agtpleingr ocesses are typically two stage
processes, wherein gRf@ERYt EWES@)I%HY{EN‘T@” ed in the
presence of a catalyst to primarily acrolein in the
fir & ositageillasteate theeinstantahedntion scatabysy of thednstanttiineention as well as

. .presence of a catalyst to primarily acryljc idin,
similap, gatalysts IS es ey m?f?eO%@‘@%qnéémeatés% adicionalt tnelpding elements
e _ : fi o Oxi i o
e S AENRE Bokhon! R sEAER LA LA s s
reactiondenditions.| Thst eairepledare iprstidadt fot illetnitivepurmaesadnigt of
the instant invention as well as _simlar catal ysts
onitting one or nore of2REJERNUIMBNts or additionally
Exanh@‘é'}u‘ji ng elenments 25 detrinmental to acrylonitrile

uction, were prepared and then eval uated under’
A lemtldnhe formula 50 wt % Nis,oMgz.oFel_gBio_45CCo.9cro_1Rb0_|5M0|2O48_4+ 50 wt% SIOZ

was prepared as follows: The metal nitrates in the following the order, Fe(NO;);9H,O
(69.752g), Ni(NOs),-6H,0 (139.458g), Mg(NO;),-6H,0 (49.186g), Bi(NO;);-5H,0(20.937g),
RbNO;(2.122g), and (NH,4),Ce(NOs)s (94.654g of a 50% solution) were melted together at

~70°C in a 1000 ml beaker. Ammonium heptamolybdate (AHM)(203.219¢) was dissolved in
9
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reaction conditions. These exanples are provided for
illustrative purposes only. Catal yst Preparation
woBramEBs81: A catal yst of the fornmula 50 wt %PCT/US2003/036940
Ni s. oMy2. oFel . sBi 0. 4sCeo. 9Cr 0. 1Rb0. 15Mp12048. 4+ 50 W %
310 giloxf digdlledawatsr.e plar ds aslufion K?m@s:(O.?ﬁ%g)rﬁﬁssalvedi inr@afeml water was

in the f.ol l.ow pg t d NO3) 3. 9H20 752

adde Ign gi\g%; %o ?H% g&%{gﬁg&) % R@‘szg gl_was eg%e g%lﬁyveg by the metal
urrthRr n

nltral( ) 2CehNoe 6 3?1 es‘gf'1 of a 50%%5%%%’?63% he obtaine(l maferial was

demtrxﬁgétaha?O &f3 ours AN Ca”oﬂmﬁmm‘ancbéuk @vas caleimed iat50°C for 3 hours,
mmhept anol ybdate (AHM (203.219g) was dissolved in 9 WO
2004/ 050238 PCT/ US2003/ 036940 310 nl of distilled
@. To this solution 3 (0.959g) dissolved in a
wat er was added. Then the silica (871.08g of a

S0 wi's. Nin SIS <O sk pBinast e ofCire, chﬁool;Mom@@b.4b+y5@ weortaOal

. n es nelt he re e eII lurry was .t hen
Thisgealdidt Sas Sfeparnd 26 gbribet T ENGmpl oo’ e ot heckptalyst was as
folloR0 GEefNTRY, :ﬁisz%gﬁ%?ﬁg%fmm@;ﬂ%x%@ @Ddlhgﬁmmg)z 6H20 649 176g),

cal ci ned a f or
Co(N@®gh 6H,0 (69.774g), Bi(NOs)3-5H,0 (20.993g), RbN03(2 121 g) and (NH4)2Ce(N03)6

4 SRS GO D it et RREbep g o ad OHREH B Apmonium

heptgﬁ ?941:&6 kA%ZO?@ 5@ Whs Hﬁk(ﬁvé‘(ﬁtﬁlﬂﬁt m{bT @i§tllled water. To this
ows: Fe( 0 (69.737g), N (N03)2.6

solut@cﬁgcmqugg cqus@yed em@ommamv @@; addédo nmme)smcs (196.178g of a

314D SR PaeaIed BHOUSHEY B T Belony wer e el ¢ ed

Exathgggt her at -70C in a 1000 n1 beaker. Ammnl um
ﬁfept anol ybdate (AHM (203.175g) was dissolved in 310 m

50 Wlb% MNis. lsMgng@dsBiﬁts@m 9CFenLtidaR®o. 158/ 1D o5t 6 @/3%%83095?9)

: 29
o G355 e A S BT TR Shb e vas o
fouow},e F@N@;);@Hﬁﬁ%ﬁ%ﬂ@j Nlm%)%ﬂ{@kgﬁzlﬁps%@og y6H10 (49.102),

N s. oMvg2.0Fel 0. 3Rbo.’1
L1NGD(_1_VQ81’(g)3| BIPNOk); SHeat @Dypol g)WwRONG):e(@drl 8g), apd dé&b)zﬂ@@éoj)n (94.634g

of afE)éWp %@uthgg;r&g@; %%B%dgéeggpgzgﬁté . Stf\n@; @}s_éﬁaker Ammonium

hept%}x%ﬁ%@%g@éﬂl\%‘?@% 5 ]'\i\gl)g%gls?ébw&i ﬁpﬁg))nilsai;-(,!ﬂ%d(\ﬂ‘at% 3D this solution

CrOf (085 PakidneBE6 it 9R0mIsgatdOwas addeB0Fheol the sidia) (T E/8g of a 31.4%
melted t 70C n a 1000 m beaker. Ammoni um

Si0 ?@&%?ﬁﬂ g@%@@%@iﬁ»‘&pt’@%ﬁm Htes e ?tdl ssolved in 310 n

Ex a%F 1edi:stilled water. To this solution Cr03 (0.958Q)

solved in a 20n water was added. Then the silica

50 w7881, 1VEge @, 55613]3104%60&3@21)(&@" 91 R sMude(2d osf 05 wibPi0y

Thist Qﬁal?ﬁtv%s grle{)a{r% % c{m cribed in Example 1. The recipe of this catalyst was as

follows: Fe(NO3)3:9H,O (68.936g), Ni(NO3),:6H,O (68.914g), Mg(NO3),"6H,0 (48.611g),
Co(NO3),:6H,0 (68.973g), Bi(NO;)3-5H20 (20.693g), RbNOs (2.097g), and (NHs),Ce(NOs)e
(93.547¢g of a 50% solution)were melted together at ~70°C in a 1000 ml beaker. Ammonium
heptamolybdate (AHM)(200.842g) was dissolved in 310 ml of distilled water. To this
solution, H;PO4 (1.093g of a 85% solution), (NH4)sH2W 12040 (2.388g), and CrO; (0.948g)
dissolved in a 20ml water was added. Then the silica (796.178g of a 31.4% SiO, sol) was

added followed by the metal nitrates melt.
10
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Exanple 4: 25 50 wt %

Ni 2. 5My2. 0Co2. sFel . sBi 0. 4sCeo0. 9Cr 0. | Po. 1W. 1Rbo. 15M012
wWodey@8238 50 wt % Si 02 This catal yst was preparPed/E#2003/036940

described in Exanple 1. The recipe of this catalyst
Example Sas fol |l ows: Fe(N0O3) 3. 9H20 (68 9369)

50 vV by sbenal 5o ooty a0 5rd05 50 S

This %ﬁ@g%t s Q)?%ﬂ}ed @é"ges(:%@@ %CE&M%M (I%@ r@(ﬁﬁg o‘?fthl‘%l cggﬁ/?st was as

sol ution)were melted together at -70Cin a

follolyea Kiea(NOA B Ou(EO B 62 PYIANOS )y bH20 & 1 %%FMQ)ZDQCN@ZH Y HyAs(49.07g),

ey 7 SAEE 505, o Mo, o

of a($d%4) s@hﬁ%%)’z QAQe (Be1dBB wgeth@f‘ 4t Q7T (R- 4800 mfj 'b§§&k v eﬂmmomum

ina 20nl water was ad Then the silica (7
heptamﬁolabc&lc {AGISI202SH6p) wees  diasidesdt froBLOvwe olﬁwlstﬂbedmlaf To this

solutnl téxg:ﬁ e(%@%‘;gbdwq?/xe\ﬁonzo O4n/110v%ec1)t%r3 ?vaspz%[{egs%%en /t}g)essalﬁca (796.178g of a
314 ROOMENAERI4cA T o I8 0 el b0 15ND12048. 5+
0

02 This catal yst was prepared as described in
_g@ﬁple 1. The recipe of this catal yst was as

50 ngé*bo@@g)gel 8%%@@?@2 ﬁs(zgamg‘?%?@js “(%8%%0@‘@1 6269)

This ?Jﬁ{a gx’&;ﬁs %gﬁ'édzgs d888bed Bpj@@mél% 1198k re@Pé of this catalyast was as

94.429g of a 50% solution) were nelte
follotwsg d%eﬂé‘f)g)aﬂHzOq&) 562g), NAOW ) 6HER ISP . 078 dig(IND;)2:6H20 (49.053g),

BN PTG0! (B8] e RENO 12 078) sty GG 0 6 el gy 3% sotution

| VES 2 e d dhe | lvbd
e 5304 e u2OTB QU e, sl Jeamolone

y
(AHM)QO@E’;t’)ag) wist dissobedrie 310 nlof Histittpd wa@r. 50 this selution H3PO, (1.103g

o« SO S 75 BRSNS riebgts L2018 Sy e i

(19 ?gﬂk%ilé%Tﬁ% sgﬁ s a@%edﬁll%gﬁﬁﬁ{t%%etﬂl?&rﬁés melt.

920 (69. 5629)
Conﬂ)iﬂﬁvé)E g_mplei.\_/g( hOBERDBH20 (49.053g), Bi (N03) 3. 5H20

A of S4 VoM ER B iaaCHERDs T dom teh AR 307 70C i 1

B ¢ APRIN 00 8830 e, O TP RLRR ASR 0% %@%%Z"f&é)fst. 1 ed

c. b Musmit o ot 0 a7

D. @I%fl&@é‘el sﬁ\‘@ﬁ‘:%wé?r@,uq%p égﬁol{@g %%'Qﬁ ?@ 31. 4%
Usm%ﬁlg p?%%a}atf@ﬂsdéagrg%éxf‘nob{( i A t Jv@esé%l;ﬂlotﬁ@rtcraﬁﬂyes? were similarly

npar at | anp rough D. 20 A. 50 wt %
prepbied . w2 omitedd. i3l ar. isr€end .cAfinainths Mrivdd 45 ntbdivmbGomithe preparation.

Si02 B. 50 wt% ‘ .
In Compai3fie Exwaples 6 #1dPcresTymibsNEmI1 P38 21! RoBEivp JKNOs, 1.4582)
was le%?ituted for the rubidium, respectively.

Comparative Example E:
50 wt% NisoMgz oFe; Big.45Ceo 9Cro.1Rbo.1sMn; 0M012049.4 + 50 wt% SiO;
This catalyst added manganese, Mn(NO), (32.699g of a 51.1% solution), to the catalyst

preparation described in Example 1 above.
Comparative Example F:

50 wt% Nis Mg, oFe; sBig.4sCeo 9Cro.1Rbo.15Pdg 1M012045.5 + 50 wt% SiO;
11
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C. 50 wt %

Ni s. oMy2. oFel . sBi 0. 4sCeo. 9Cr 0. | Ko. 15Mb1204s.4 + 50 wt %
wWOoNeA50D8 50 W % PCT/US2003/036940

Ni s. oMy2. oFel . 8Bi 0. 4sCeo0. 9Cro. | Cso. | sMb1204s.4 + 50
Thisvda¥al Git GAdeds ianxgpuim ;x]nqmale pallaliuronPA@Ee)i (22g)i to Beacqudlgst Jpreparation

ove,_ sever ot her catalyst were simlarly 25
deSCfﬂ? Féiﬂ“\h’ﬁqﬁﬁ PYfi tted one or nore of chromum cerium
Comﬁﬁraﬁb'@EQéd-ﬂbeG omthe preparation. In Conparative
Exanpl es C and D, cesium (CsNO8, 2.797g) and potassium

50 W((%MG@OMQz FBB@I0.450R Cra B, | sMg sl 1 10ag 65 tHE withiSID4Im

This) gk Senasi, A6otS St s EheN Brepaiion desrived i

Exar?@e\qﬁa%b@ 02 30 This catalyst added manganese, Mi(NO3)?2
699g of a 51.1% solution), to the catal yst
apee Ekampledbscri bed in Exanpl e | above. Conparative

SO@%‘M@ EpeBinef b11CtoaRbuels Dt 8BS SRoL 2048, 5 +
This St el UDLEAONAOSRIEBIT] USTRARAIOPAD S basis, i

cat al yst a nob net al | adi um P
mole(r Zluﬁg)tytotf cehemcpitigkthesmolar gpantay iof chrodesmrégueld the molar quantity of

blsmmrfs % ?;,ng \t@g%%a;ggégg' e&’Si %ﬁn&@%ﬂéﬁ/sﬁﬁﬁﬁ) B (NNOs3), 6H,0
(145?2%‘1%& o EGh ?3‘%)3/ pg?)ggll{\égngﬁscrl eg&l\%&(z'zwg)’ and

(NHPx@e(IOn)c1( 1614068 of(ﬁoﬁm,arsaiutma) Eoemmlehed—ltogéﬂlemt)/mm c in a 1000 m!

Ni s. oMy2..0Fel . sBi 9. 45Ce0. 15 .15 47.2 +
beakgr. oAgpronivm hepagrolybrate mwﬁzi%ﬁ&%ﬁ sobelja o g of distitied
wate?x FTRhE sl 1'69"@%’)? rﬁ 0@9%)3& Bl 22811 %vatérhﬁas éldgeﬁm ltREn the silica
antltyo ceriu e ol ar quantity of chrom um
(87 1€(I$lgaif 2 28176 %18iGarsol) u;@astaldtigd followbd byrtitehmetdlhetratecinglt. of
th| s cat al yst is as follows: Fe(NO3)3.9H20 (72.9399),
I' (145.83g), My(NO3) 2. 6H20 (51 434q),

50“?&!%?‘2’@% %)’%‘0 S.JLCG%JS%)IRI) >a gggf ?g%vltén were nel t ed

Thist @galyd1evasapreparéd @s Idescmbiaﬂ)Gﬁ) B)damplbzeak dﬂow@\rumam amatomic basis, the
hept anol ybdat e (AHM (212. 504Q) Ived in 3
quangity @f gerium @lpsithe \uaRity of § lgmslé| ?fﬁ. Becnapily g’gim“th The

rem;?esgﬂﬁg‘é&‘?aw i@ 5%9%9’% géz(N@f)@ﬂ@b%z. ﬁbgﬁ y pﬁoﬁg ng@ (147.236g),

Mg(N‘@%)zFHHz@ (5111938}, e Bi(MeD1)5° SWDGREIO%E Mfﬂi(ﬁﬂg) B@HmCe(NOﬂa
% N I\/g2 oFel 5Ceo.

(1.4 050 ﬁ‘i’lgtlefb)t‘éi?fﬁélielﬂﬁﬂé‘)&?f%ba'r e Jééﬂ aéﬁg Fﬂiﬁalfeﬁ Ammonium
hept%@%h&e JAHIDBY #5538 Wl dRONEE iRFi0S mid¥edistilled water. To this

solution CrO3 (1.013g) dissolved in a 20ml water was added. Then the silica (871.08g of a
28.75% SiO, sol) was added followed by the metal nitrates melt.

Comparative Examples J:

50 wt % Ni5.oMg2_0Fel_gBiz‘QCeo_gcrol|Rb0,15M012045,g + 50 wt% Si0,

This catalyst was prepared as described in Example 1. However, on an atomic basis, the
quantity of cerium plus the quantity of chromium is less than the quantity of bismuth. The
recipe of this catalyst is as follows: Fe(NO3)3-9H,0 (61.264g), Ni(NO;),-6H,0 (122.488g),
Mg(NO;);6H,O (43.201g), Bi(NO;)3'SH,O (81.732g), RbNO3(1.863g), (NHi),Ce(NO;3)s

(83.136g of a 50% solution) were melted together at ~70°C in a 1000 ml beaker. Ammonium
12
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15

20 quantity of ceriumplus the quantity of chromumis
| ess than the quantity of bisnmuth. The recipe of this
wocatalsys8 i s as foll ows: Fe(NO3) 3. 9H20 ( 73. 642¢)/US2003/036940
Ni (NO3) 2. 6H20 (147.236g), My(NO03)2.6H20 (51.9309),
heptalﬁic(lﬂﬁﬁ)d%(f&mm(la 2293)088p) (isRiNGE03.1240)0f dédﬂﬂ-l&@l z@ee(rl\mé)tﬁis solution

Cr0: G351 ol g LBl SniHEhm RO GT BBRE of @ 28.75%

i | 10 m of dlstllled
S0, e R s Rei 0150) "o ssol ved 1

a 20mL wat er was added. Cathbut Té¢séngi | i ca (871.08g of a

28, 715% Si 02 I .added fol. db I

2B B b8 2 LRL B I8 RUR v tet i e
react%l: %29%%3 oPfdle SRVE QEe Het Of i)%bgleﬁéwg’m%@ catalysPRo). YPressure

I's catal yst was prepar s described in
insid&xthenpdaetot . widommirgainednt 40 patgniReadimmi ®mptiagire 3vas 430°C. After a

uantity of ceriumplus the quantjty of chrom
sabiligign pekiod: pb-GLAIT FBp D L HebHionHENUFE NGHE. Heqip-s Resctor
efflu vﬁ%&y llek®d 3R Hu BE qu%e g&éﬂ!@@l&@h%g dopd Hzﬁdsglutlon Off-gas rate
g 9),

2.6H20 (12 F2O (43,

was rBeéwﬁﬂ) Withh k2 fI81meE6E gnd tmmg@ ccﬁﬁlﬁgjtxon(wﬂ@emﬁrlﬂd@ ée end of

(83.136g of a 50%sol ut| re nelted. together
the ruIWéh the sid.egGieS FPropBIAEEH? m#ﬁﬁ T Arop ool B GesT s gAL the end

of thg (R’%\g/yg gﬁf ﬁﬁg%égre Q;@?&%I dig Mmg{%? &gﬁ@SMtG%%ﬁrcﬁ%ﬁﬁteWQOOgms with
dxstlliiemll vhtenn A Grelght¢darBdig)ofdl-Bathurd was used @rintesaalestandasd in a ~50

added. Then the sjl.ica .08g of a 28.75% S ol.
Eramag ARl cRicnd N WBBUUBY At HhEAATe e At piedrig i OC Tited Wit a flame
xongﬁ&?gé(%&gg Sef 4 Bdrbowak co L\%‘ﬁ’{ | gk YASurft %@W}v@g de'fbrﬁnrfe‘aod& titrating

ui ed reactor. Propylene was feed into
the fiaEObrexadss awitla™NaOH sOlufion. VWiHhe( follewm@e)gammcﬁf are illustrative of our
propyl ene/ wei ght of catal yst/hour). Pressure inside
nveRt. r eact or was nmai ntai ned at 10 psig. Reaction

tenperature was 430C. Aftefahye 1St abilization period of
-20 hours sanpl es of react ‘Un"b'roducts were collected

Exaffgledt or  ef f | uentive@iasedldngmistdni n bubbl e- | ydetal | Conv. | Sel.

scrybbers containing cold HO solution. Of -g€§ r at eto to
1o vilas neasured with soap fil mmeter, and th€oun¥.f { gaN AN
K?OYTFOSI ti QﬂlsM@zoEﬂEMEda@Cdo%oIsMen@nd Of t hed8r&un | wig0.a 81.0

Py

t he aas - chrommt oor anh H

nf f\u VVI C || a.
ol unn Q%ZS%HQCS?ZSEF'sBRv%F‘I?g“éfr’\@"Ng’f”Q“’n‘e reg o%}r‘? fufl® | 829

—yhe [enti kg, oﬁféE&F'@Rﬁfou@ch@foqLM‘ﬁ&o gMbHDggs to 988 | 799 81.4
W wat er|

apprloximat el y-200gnE dist] .M—?ht ed
Anmoun tNlmeEo@ms%&@s%scm@ edV @gbmﬁ‘(l‘ér‘?vaqs dt a¥0far g BRO | 812

! utron. 7 Ul . .
ﬁé?ﬁeagg.;sdgogdo@ fz 0151\%12391 ﬁ{ 81.0 81.3

O
sanpl e vvas ‘a a fllane 1%

6 onilzat i O¥is. Meﬁbﬁ zdﬂlméhdg@!o 1Ba1RbonvMRlemsurm. ThY-anpuse-3 82.6

of L\ [ M0 EER VYWY

Aa Jooo £
O—Nro WaJucLCIIIIII‘éu Uy Tll.lal.lllg rIIEIItBI'U

excess with NaOH solution. The foll ow ng exanpl es |are

AlTustrati vRi;gMgQBé, :Bi, RTEIRbGIM01204s 25 99.4 79.3 79.9
B Nis ;Mg oFe; sBig.4sCro 1 Rbg 1sM012046.6 91.2 75.8 83.1
C Nis Mg, oFe; sBig.45Ceo.9Cro 1Ko.1sM01204z.4 99.7 77.6 77.8
D Nis oMg; oFe; sBio.4sC€05Cro 1Cs0.15M012048.4 96.8 69.6 72.0
E Nis.oMg; oFe; sBig.4sCe0.9Cro.1Rbg 1sMn; 0M012049.4 97.3 78.0 78.6
F Nis oMg, oF e §Big.45Ce09Cro.1Rbg 1sPdo. M012048.5 99.3 78.7 81.4

13
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Tabl e 1 Exanple Active Phase Conposition Total Conv.
Sel. C3to to Conv. AN AN 1

wOoNn&GLBMPR. OFel. 8Bi 0. 45Ce0. 9Cr 0. 1, Rbo. 15Md, 2028TAIS3@)3836940
80 81.0 2

Exampl2.|5My2. 0Co2. PRélye BRise.ChsiGwsiti®@r o. | Rb0. 15\biTaeds ] 4Conv. | Sel.

99.72 81.8 82.5 3 (Continued) C; to to
Ni_s.|OMy2. oFe. . 8Bi 0. asCeo0. 9Cro., Li 0. 3Rbo. 15\b a8 5AN AN
®8. 8§ 79. NiBMgdoFedBigasCeq9Cro Rbg 15V sM01,049 65 96.4 76.8 79.7
N2 52 Qo2 —ste——8Bip—asCep—96ro0-1HP0—1 W1 Rho—5M 2

48. \Q)SUQQW%?’&%’S;?%ZS C5l?efm%o.15M012047.2 935 77.9 83.3

INi s.|OMy2. Qﬁ?JMg‘i.@erHi@%Q.CQQR@O.MMGQO&Bb0- , OVD, 54081 S 74 4 78.5
Q0 4 21 0. .91 12 6

IN s [omy2. INePMemf o BisEsw Cock Ny QRbo. , 5Mp, 2048, §5788 | 80.7

Nowd9. 6 82.3 826 A
Ni s. oMy2. oFel . BBi 0. 4sCeo. 9Rbo. 15Mp12048. 25 99.4 79. 3
179. @l test pgtalyss Reyppasitiens @pfaied 58 activRipbase snb1203i0.6 91. 2

Y TLét G . g he mole percent per pagy conyersion gfprapyleng 40 4l products,

377. 6Coqnp. ®© AN is the mole percent per pass conversion of propylene to acrylonitrile.

42"95 é@é;/%g .(I)SSFES tH%@.\to 04'%1%@ 'O?Qrﬁonig‘ﬁé)pde a)orﬁﬁesd'of%%p?lene converted

Ni s expvsBeddfecrc@Bi 0. 4sCeo. 9Cr 0., Rbo. 15MWhl . OMp12049. 4

97.3 7 _ . . . o : . . :

N Do Aol dpPgriion o€otbedrtgnt fygntianis, nige sy ag it comprises
rubid®mn3 céfund, Shrofhiurd3méhedidd/ ies) B3Imith,TmMIBHAORMD 3ERE least one of

Exanpl e Active Phase Conposition Total nv. Sel.
nick¢lGoinnickgledild €obalp notheGatbstantagy zlgenag of manganese, a noble metal or

vana@yél%h o%%% '§8 = I:Iﬁ?goBlihgf é‘lgr%ggfs Si)nc{h%'rlel%%\(?«:' plrgl\)/gfti(s)}\l/sb &ezsgléllgécﬁ?erein have not
previ??ﬁgqggﬁg@ Efi-sﬁﬁieoaxﬂﬁ@ﬁi@atmaaﬁﬁﬁ&rﬂxﬁw OAZ 211&%rated in Table 1,
for the amsnyddaitaloBpiopylssrse aucienitifh s taays2efabe gnsiantginvention has

A4, 8.5 .J .. .. .
extifed fige P famangs Gn exalvgpamising 1EVlSE G) gobeig) gombinations of
eleméfts Jodfd 1 prideaftSatehts. AVMbretspadifi€alyptatslysts esmpsding bsdium, cerium,

cont ai ned 50% acti ve phase and 50% Si 02. 2. "Total C3

chro@ium magnesitue ingp! biswathe aralyhsienupastd aloleess oo o nigkel or nickel and

ropyl en o.all. products. 3. "Cony. t N' j.s._t.h "y
CObaﬁdneﬁ}:?ef‘g’é{‘i‘Pu%e?ng%c‘soé W%?nsefeona &F glﬁrrgg?ﬁé)ﬁe‘)af%&lur%’ exhibited a
comBightYorP B highk® ovéall cSRVersib® of\¥ropylene) Righat téhvefsidiRl t6Sacrylonitrile,

of acrylonitrile produced to noles of propylene
and bigh\selettivity oxaardsnirile icampered dosimikar Thlalyststfallipg outside the scope of

th 'C‘%H-B(’Si ti.on of the instant invention is unique in that
°1 6??6‘;“?‘%‘5 rubi dium cerium chrom um nagnesium
| T QPhileth® Bt bindBEs¥RpEGHIANd tBO1sboe eh®B8imemeartypical 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, it is intended
that all such alternatives, modifications and variations are embraced by and fall within the

spirit and broad scope of the appended claims.
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ni ckel or nickel and cobalt, in the substanti al

absence of manganese, a noble netal or vanadium This
wa@ eovbiomss on of el ements in the relative propoPCT/ORR03/036940

descri bed herein have not previously utilized in a

'The §1iaﬁﬂé(ﬁnamii§iati on catalyst formulation. As

illustrated in Table 1, 1o for the ammoxi dati on of

pr bpyl eﬁecatt@i}’%icqoynmmtlpmdompnamgaa ad;mplbx off catadyticnsdidest comprising
rubld nvent i. on h@r .exhi bi t ed betterh();gn ITB, ce than

Cas CHYTE. COTBYYIR; masnestim, drong | Rdenum, and at least one of
nick1OFRidkat AN Sobalt, wﬁér&mﬁ’é 1t Relidsh FRfdsO Eleﬂ{c)aht RAL fBfdented by the

Mor e speci fi cal 1 y, catalysts conprising I di um
follopeng gemeral &dmmoud um magnesn um iron, bi snut h,

" mol ybdenum and a one of. ni.ck ni ckel and
cobalt in the sugéqér% MgbéeEEfeB‘e)?"?%ﬁganese a
wherépb! e ”Rtlélngfth‘é%Bﬁ@)hdéﬂbn%Fm hided a 15 conbi nation of

hi gher overall conversion of propyl ene, higher

conver si rabon0.9t toyabomt trile, and high selectivity to
acrylontrlle ar.ed osirn'lar catal ysts falling
out si de {snaé) §E@§g? ?bou{ e instant invention. Wile the
foregoi pg MBECH.OP Mduppd the above embodi ments are
typical for the practice of the instant invention, it
i s evi démtaboht. Ohﬁmgboat fernatives, nodifications, and

vari ations w parent to those skilled in
the art® }r?bPF{g(%HPl atlom g(?descrl ption. Accordingly, it

is intepdedohtpdl @ dboggh al ternatives, nodifications
and variations are enbraced by and faII within the

spirit gmchbbnb@.mm:mté,f t he appended clains. 14 WO

2004/ 050238 P 2003/ 6940 The cl ai ned invention

o 1 AR SRS by A FeasT g oals b g e glements

cat al yt hgsdn] des conprising rubidium cerium

chrom um nmaghesi um iron, bisnmuth, nolybdenum and at
wherkiabt' +0lve ingreatar tharlg aod wherdnethea:adilysokseslubstalvmﬁyéiea off neanganese,

relative ratios of these elenments are represented by

ano}{lﬁ&‘et‘%a’f‘%i"%% general formula Rba Ceb Crc Myd Ae
Feﬁ aEI grﬁ@é&algt co»@sglswof%lm N wiRkeih BGs geemaﬁl gtion of

Ni Co, to about I S about

0.31 toThd)ocHtalsst chfpaosifien adfoudait Ol Wberainouhe 2catalysts comprises

a}liout 0.01 to about 7, e is about 0.01 to about 10,
phosphorls. ooyt 0.01 to about 4, g is about 0.05 to about

4,415 XTﬁécaﬁalgé’(rE?ﬁfgogo’iﬁ%ﬁ BFMQ&&' 1 Whe%lﬁ tHEABINE comprises at least one

requl renents er el enment
of potassium, cesium, sodium, or mixtures thereof.

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

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

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

8. A catalyst composition comprising a complex of catalytic oxides comprising

rubidium, cerium, chromium, iron, bismuth, molybdenum, and at least one of nickel or nickel
15
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present, wherein "b" + "c" is greater than g and
wherein the catalyst is substantially free of
womangeezese, a noble nmetal and vanadi um 2. THET/US2003/036940
catal yst conposition of claim1l, wherein b is |ess
and ¢tdbalt, optiG@lly. mAgresivat, ahy stptionathyosind bbHphosphotuaj amtimony, tellurium,
. wWh rﬁin t he catal yst cq_l i ses phospharus., 4. The . )
soditgy LgFipg. ROGHIEN P Hmo Mo U HOro R EEPBRH T, Bngilen cglgium, wherein
the rQ R thfi6So fthede Rt et e regpfreseﬂttea%? i Pol16® g Behera PR Na:
or mxtures thereof. 5. The catalyst conposition o
claim1, wherei ®Rb:Ke, CatMiyAs FgBiptsMaind, 25

conprises a.support _sel.ected. fromthe group consisting
whergin. j | j 84S ﬁéPD&‘Fﬁﬁ‘,“bE}ap%ﬂfﬂh?ndt&’ani a, or mxtures

thereofy j6,¢ 118 ot @5 P YSHL T i1 @) 1918, d&ivin S
wher ei n' t he supgort c’o@r?’gquﬂg’bo’u?@SO’ ‘and 70 wei ght

per centCafZt, heare@buah ylstent/ or iveueatiergodt conpositi on
of claim1, wherein the catalyst conmposition 30
conpri s&Y¥ @PPﬁ%éFmoﬁbl’an average col | oidal particle

si ze i ny RelagenofRPadous NM and about 100 nm 8. A

catal yst conposition conprising a conplex of catalytic
oxi des csapousd.0bto abwbi 2Zli um cerium chrom um iron,

bi smut h, . nol yk%gen m and at | east one of nickel or

ni ckel 4 @B Bb%/ 050238 PCT/ US2003/ 036940 and

cobal t, ¢ RRLLAN®H] Yo gg%gpﬁfi um and optionally .one of
phosphorus, antinony, tellurium sodium |ithium

pot assi figiabowdl.Qinto dbloat 4,i um bor on, ger mani um

tungsten, cal ci erein the relative ratios of

t hese egéﬁ?gl‘ﬂlts&&é‘%bﬁfésent ed by the follow ng

gener al qtRba Ceb Cry Myd Ae Fef Big Yh Mbl2 O

5 mhere?%%%b%ﬁ} ‘or the conbination of NN and Co, Y

is at |edst mmsbepfdefermified byethe lvalenddareqiirer@snts Bif theBpther elements

Ge, W Ca, Zn, arare earth elenment, or mxtures
t her eof Pre8€Nts about 0.01 to about 1, b is about 0.01

heilot? 7, " 1 el e of Vg Bhe R, B el Lhaleg Y oo of
mangadesd)anbbi, metal or vanadium.

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

10.  The catalyst composition of claim 8, wherein d is about 0.01 to about 7.0.

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

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

13. The catalyst composition of claim 8, wherein the catalyst composition
comprises a support selected from the group consisting of silica, alumina, zirconium, titania,
or mixtures thereof.

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

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

comprises silica having an average colloidal particle size in between about & nm and about

100 nm.
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g is about 0.05 to about 4, 15 his Oto about 3, x
is a nunber determ ned by the val ence requirenents of

WO b@4060288 el ements present, wherein "b" + "cPCT/852003/036940
greater than "g", and wherein the catalyst is

subst anii grbtaess fforethe obnversidtOGMNASSlefiR sE10EEIBRI Bb gRup consisting of
vanadi um 20 9. The catal yst conposition of claim g

Propifjas. SePUYIpRe P guXiuFasntheredti do atndonitilal methagplepusier and mixtures

' i j out. 0.01 to _abho 7.0, 11.
terif e e, O Rl 08 RS B, fr SRR oo ind presure
said okefial wish a ewituls e&yg@hampitihg Sas dnd anlh6nia 3h MeVSbsence of a catalyst
conposition of claim8, wherein the catalyst conprises

compfsinge gsfompiex ofscaAlytifouidss gempriaisg unbidiusai cerjunyr chromium, iron,
o at gl it f .
i 501 0 o AR EPTRE yPemprsio,

and sptippaly ofelof phesphbrusMuithfory) el $b&um) GitlhimS bbta§fum, cesium,

alumna, zirconium titania, or mxtures thereof. 14.
thallipg bogqmy | SpEnani v HIgsten falofums | vehersin 3he ygativsi latiohef these elements

' 0 Q0 to about 70 weight
arer e?sc%g%%l bg,?ﬁ?;dg%gg?ggé&g{?l gofgl}l?al'he catal yst conposition
of claim8, whemr,Cef e Mal Al y@tBigvpm; Ol on

conprises silica having an_average col |l oidal particle
wherginze | nApeNheethegaabinagonaf Nhenddbout 100 nm 16 WO

conver ot gh Pl EBER Y 8T NG K, (RIS oy |

consi st CaZmf rafeleall tRARNt, bE MLk BRgeddr M Xt ures
thereof, to acrél onitrile, nmethacrylonitrile, and

m xt ur esis abpay @B to #heypbetively, by reacting in the

vapor phas el.evated tenperature and pressure
said o%%aﬁoﬁj?'ﬁpé‘)%’l@g’ul ar oxygen contai ning gas and

ammoni ac {sthbblie0.p1 esgydee2,0f a catal yst 5 conprising a
conpl ex of catal ytic oxides conprising rubidium
ceriumd&f oraberi 7.i ron,  bi smuth, nol ybdenum and at

| east ope of nd | ;or nickel and cobalt, optionally
rragnesi%lr%a%o %Sg?ﬁ?bgﬁ%m’y one of phosphorus,

ant i nongis ab&ht 001 téBbosOAi um it hium potassi um
cesium _thallium boron, germanium tungsten cal cium
wher ei ng tstabope0.88 fo/eboubfi os of these el enents are
repr e'sefl]t to%f)otpf follow ng general fornula: 10 Rba
Ceb Cr, ng e"—le’Bigth\/blzo, wherein Ais N or

t he conpiigatiudibepidefimied byQhe valence requirements of the other elements
present,

wherein "b" + "c" is greater than g, and wherein the catalyst is substantially free of manganese,
a noble metal or vanadium.

17.  The process of claim 16, wherein b is less than c.

18.  The process of claim 16, wherein d is about 0.01 to about 7.0.

19. The process of claim 16, wherein h is 0.

20. The process of claim 16, wherein the catalyst comprises phosphorus.

21. The process of claim 16, wherein the catalyst comprises at l\east one of
potassium, cesium, sodium, or mixtures thereof.

22.  The process of claim 16, wherein the catalyst composition comprises a support

selected from the group consisting of silica, alumina, zirconium, titania, or mixtures thereof.
17



Yis at |east one of P, Sh, Te, Li, Na, K GCs, T, B

Ge, W Ca, Zn, arare earth element, or m xtures
wot2daer®of3s a i s about 0.01 to about 1, 15 b i PCan2003/036940

0.01 to about 3, c is about 0.01 to about 2, dis O

t 023abouThe7pr®e$ssofa@@m 20, whereim thbouppdrod compries Ldvwesn 30 and 70

W %:e g ﬁ@Putt 20 g is about 0.05 to about 4, his
eight pepeenf gt e £atalyst. s "5 nunber det er ni ned by the val ence

regui r emRNboceds b Elafh NG WheRINR MheS catBIySiS EdthposiiiRl @drﬁbnses silica
"b" + "c" 1Is greater t han g, and wherein the cat al yst
havingsansayiesaga wolleiialypafticdesiod inthghwrenabeyt 8 @8 aad abinitd Offwtral
or vanadium 17. The process of claim 16, wherein b is
| ess than c. 18. The process of claim 16, wherein d is
about 0.01 to about 7.0. 19. The process of claim 16,
wherein h is 0. 20. The process of claim 16, wherein
the catal yst conprises phosphorus. 30 21. The process
of claim 16, wherein the catalyst conprises at | east
one of potassium cesium sodium or mxtures
thereof. 22. The process of claim 16, wherein the
catal yst conposition conprises a support selected
fromthe group consisting of silica, alum na,
zirconium titania, or mxtures thereof. 17 WO
2004/ 050238 PCT/ US2003/ 036940 23. The process of claim
22, wherein the support conprises between 30 and 70
wei ght percent of the catalyst. 24. The process of
claim 16, wherein the catal yst conposition conprises
silica having an average colloidal particle size in
bet ween about 8 rimand about 100 rim 18
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