WO 02/ 13963 PCT/ US01/ 24253 | MPROVED CATALYST FOR THE MANUFACTURE OF
ACRYLONI TRI LE BACKGROUND OF THE I NVENTION Field of the Invention The
present iwoenmBe3 relates to an i nproved catal yst for use BQT/tS0@/24253
annoxi dati on of an unsaturated hydrocarbon to the correspondi ng
unsaturated nitrile. In particular. the present invention is directed to
an inproved processvERROVEDRCATIALL PST IHOR THD MARUFACPORE Opy| ene  and/ or
i sobutylene to acrylonitrile and/or nethacrylonitrile, respectively. Mre
specifically. the invention rel AEBYWONITRIUH and i nproved anmoxi dati on
catal yst conprising a co f al yii i i ron, bisnuth,

nol ybdenum cobalt, ceri %Aﬁﬁ&%ﬁsﬁ) Q%é *@ng'rg‘{m ni ckel or magnesi um
and at |east one of lithium sodpiid oP@®edssédhn rubi dium or thallium
Description of the Prior Art There are many patents related to the
producti on of The pyekamiitventien tpjatthe ansmpafved catatyttfor nxel iy biskeartmmokidation of

fluidized bed catalysts. In particular, Geat Britain Patent 1436475; U. S.
Patents &0 %ﬂ@’f%?? h 59967?@319 thg CPARSPORding unsepyatodpitrils. 3p paryigelan iie prEwES, 891

are each; .di ] : %{nﬂ t vl i t i
pr onot edmv\\j/ig ftli&fﬁgﬂétg%gi T ﬂé?@né%?%%%]%ér%agﬁ% Z@r:}(f:}% y gﬁ)ﬁﬁ%lﬁg F’F@r{?pg%a‘f tion,
U.S. Pat emd/ordisdifflyl6@8tocicadbigtis and/oi mathhotylopttalEDiesedaivelyU Mo Bhydt@My M i r on

catal yst for oxidation of olefins. U S Patents 5,093,299 and 5,212,137
are di r etheapvangopralags 1o st yrhardchimarpyesiastaexidation ol st epnprisishawomplgh of

ields o - Ltrd.le. nt ai ni oxides.of iron, bismith and
by ben RSt GRRRLGY it RIBAM AR S0 an Ll S 3R Popt af Fastg ot
af or ementickélen npgheditns, HAVE 14200eheFaithiuse sSbdi@h, fdi@shel ¥esidivel or afalipRpPY! ene

at elevated tenperatures in the presence of ammonia and oxygen (usually in
the formof air) to manufact [ lor obj ect of the instant

it
invention is novel catalyst conprising .,a unique conbination of pronoters
of fering bett iperﬁéFq@?%%éltF FF??tEEtOCt ?B@PFtﬁona‘_ﬂuﬁﬁWﬁ%ml%Ey e HF 85913%’@,'
i sobutyl gR&HREMhA RO tal T, %Iﬁ;\éhf&;lla}f@ﬂeﬁv B%H‘Pﬁér};'lﬁﬁ‘ézﬁs‘- b?%.a”d
m xtures thHereof, respectively. Sunmmary of the Invention The presen
i nvent i oRatests @i 166232 04,8 87,834 i40P0c78c4 4 68,246, S 2239 ph A GesDS . §90rard &ieh

amoxi dat i on of propxl ene and/or isobutylene to acrylonitrile and/or
met hacr ypgﬁtqdﬁqt@s,mut -molybdenum-iron catalysts which may be promoted with the Group 11

elements to produce acrylonitrile. In addition, U.S. Patent 4,190,608 discloses similarly

promoted bismuth-molybdenum-iron catalyst for oxidation of olefins. U.S. Patents 5.093.299
and 5,212,137 are directed to bismuth-molybdenum promoted catalysts which show high
yields of acrylonitrile.

Catalysts containing oxides of iron, bismuth and molybdenum, promoted with suitable
elements, as described in the aforementioned patents have long been used for the conversion
of propylene at elevated temperatures in the presence of ammonia and oxygen (usually in the
form of air) to manufacture acrylonitrile.

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

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,



WO 02/ 13963 PCT/ USO01/ 24253 respectively. The present invention is a novel
catal yst characterized by the followng enpirical formula:

AaBbCcFedBb efZofo€egSbhMonOx  wherein A is at | east one of EET/UN1/8233 Te, B,
Ge, Zn, In, Mn, Ca, 5 W or mxtures thereof Bis at |east one of Li, Na,
K, Rb, Cs, Ti, or mxtures thereof Cis |least one of NN, My or m xtures

t her eof respestitedyl. Dhe present thveitidmis b.iovellftatyst shatadlerized b the fbllosvi, 1 to 5.0
eis 0.1 to,2.% f is0.1t010.0 gis 0.1t02.015his 0.1to2.0 mis
12.0 t o SHPUCAAY™MUIs a nunber determined by the val ence requirenents of

the other elenments present .éﬁh@F@ngs&gée 58}}1@@% onis also directed to a
0 ¢ &

process for the conversion of* dn° of efl Se€l €cted fromthe group

consi sting ofwigr€ipy! ands af 18880 ohey bLOE POBN e BYGRSZh 1ar e@f Cat 0
acrylonitrile, nmethacrylonitrile and m xtures thereof, respectively, by
reacting in the vapor Whesaixjgreaherdodvat ed t enperature and pressure said

olefin with a nol ecuiaariS %%%ﬁ?gncgﬁtvﬁmi RgRP’ﬁ(gss’ﬁoq rr?i”{{l‘r)n;@erie?%t he presence

of an m xed netal oxide”catralyst, ereil al'y e enpiri cal

formul a shown above. (255 [&gtajnkwmqqgrdrmik@fhsqﬁergé}e | nventi on The present
invention is directed to an ammoxi dation catal yst conprising a conplex of
catal ytic oxides of Brdda0td#dnut h, nol ybdenum cobalt, cerium antinony, at
| east one of nickel or . n%si m and at | east one of lithium sodium

pot assi um rubi di um orlgpﬂél ‘Pilﬁm characterized by the follow ng enpirical

formgla: 2 WO 02/ 13963 ;PEH Y9681 24253
d is0.1t05.0
e 150.1t02.0
f is0.1t010.0
g is0.1t02.0
15 h is0.1t02.0
m is12.0to0 18.0
and X is a number determined by the valence requirements of the
other elements present.
The present invention is also directed to a process for the conversion of an olefin
20 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 has
the empirical formula shown above.
25 Detailed Description of the Invention
The present invention is directed to an ammoxidation catalyst comprising a complex of
catalytic oxides of iron, bismuth, molybdenum, cobalt, cerium, antimony, at least one of
nickel or magnesium, and at least one of lithium, sodium, potassium, rubidium, or thallium,

characterized by the following empirical formula:



A, , BbCcFedBi eCof CegSbhMD, ,,0,, wherein Ais at |least one of G, P, Sn, Te,
B, Ge, Zn, In, WM, Ca. W or mxtures thereof Bis at |east one of Li, Na,
K, Rb, Cay0®/13963 m xtures thereof 5 Cis |east one of NPCT/NBOIR4238 Xt ures
thereof ais O0to 4.0bis 0.01to 1.5 cis 1.0to 100 dis 0.1to 5.0
10 eis 0.1 to 2.0 f is 0.1to010.0 gis 0.1to 2.0 his0.1t02.0 m
is12.0t018.0 15 and x is a nAafheétaBi otk S MbyOt he val ence requirenents of

the other elepents presen The " A nent i tional elenent in

t he above cat‘é(H%r%’tn K¥ 164 ?%t%‘?é%@ﬁtp %mﬁeﬁ;’]s&p%?ﬁ‘r% 8el ected fromthe
group conprising Cr, P,VG% . res thereof. In a preferred

enbodi nent of the present m%ﬁﬁso}nﬁ’&éﬁi{é" is selected to be one or nore of

Li, Na, K 20 Cs, omB nisxtleagont RELENa, KeRpeCh Al yr mixedres thettobei ng Li, Cs,
K or mxtures thereof. In a preferred enbodi nent of the present i nvent | on,
"C' i% a mixture of G HrAershene of N, Mar reixtuses bereof ont ai ns both Ni and M.
In other preferred ergbo@rorrgrlt(e of the present invention, "a" my

i ndependently range fromabout 0.1 to 4.0, especially preferred bei ng
about 0.1 to 3.0; "bb may.ondependently 25 range from about 0.05 to 1.2,
especially preferred berng about 0.1 to 1.0; "c" may independently range
fromabout 2.0 to 9.6, BIgeWi M0y preferred being about 2.0 to 8.0; "d"

may i ndependently rareage io{nnsaQout 0.5 to 5.0, especially preferred being
about 1.0 to 4.0; ﬁé{/ pendently range fromabout 0.1 to 1.5,

espegj al ly preferredebejsnor gogt 0.1 to 1.0; "f"nmay independently range
fromabout 1.0 to 7.0, especially preferred being about 1.0 to 30 1.5; "g"
may i ndependently rarﬁgeiSfOrbmla(hbut 0.3 to 1.5, especially preferred being
about 0.3 to 1.2; "h" pendently range from about 0.3 to 1.5,
especially pref erredgbei 1'&’&0@ 0.3 to 1.2; and "m'" may i ndependently

range from about 13.Q t80.116to(§.0

m is12.0to 18.0
15 and X 1s a number determined by the valence requirements of the
other elements present.
The “A” component is an optional element in the above catalyst. If “A” is present,
“A” is preferably selected from the group comprising Cr, P, Ge, Ca or mixtures thereof. In a
preferred embodiment of the present invention, “B” is selected to be one or more of Li, Na, K.
20  Cs, or mixtures thereof, especially preferred being Li, Cs, K or mixtures thereof. In a
preferred embodiment of the present invention, “C” is a mixture of Ni and Mg, i.e. the catalyst
contains both Ni and Mg.
In other preferred embodiments of the present invention, “a” may independently range
from about 0.1 to 4.0, especially preferred being about 0.1 to 3.0; “b” may independently
25 range from about 0.05 to 1.2, especially preferred being about 0.1 to 1.0; “c” may .
independently range from about 2.0 to 9.0, especially preferred being about 2.0 to 8.0; “d”
may independently range from about 0.5 to 5.0, especially preferred being about 1.0 to 4.0;
“e” may independently range from about 0.1 to 1.5, especially preferred being about 0.1 to
1.0; *f” may independently range from about 1.0 to 7.0, especially preferred being about 1.0 to
30 1.5;"g” may independently range from about 0.3 to 1.5, especially preferred being about 0.3
to 1.2; “h” may independently range from about 0.3 to 1.5, especially preferred being about

0.3 to 1.2; and “m” may independently range from about 13.0 to 16.0.

3



3 WO 02/ 13963 PCT/ USO1/ 24253 The catal yst of the present invention can be
used either supported or unsupported. Preferably the catalyst is supported
on silicayoat/usssha, zirconium titania, or m xtures therep€T/US@sp@ess al |y
preferred as a catal yst support is silica. The amount of catal yst support
enpl oyed may vary. Typically the support conprises between about 30 and 70

percent of t Oftel cagifsabftic pré&semeingdiition s Be psedfeithalduppaialiér BouRReent of
total catal yst weight. Exanples of catalyst conpositions of this invention
i ncl ude: PRiGTably the gaglyst 15 spaRorted op; sificacysmmacaiicapiumpJiang.1®. sixaresthggofit %

w0 5 0 Pttt 8GRk ods i, T alig SR 3A aad etivedo e o6
Si O 10 rhsovath. WygiclllyMnd -s%gﬂfﬁﬂeo%ﬁis@s BetWoch £hote 90 andSMPp&cdPo? 1Mkl P, +

50 % SiQ  Cs0.15 Nits My2.5 Fel.5 Bio.3 Li1.0.2 Co2.8 Cel.0 Shos M13.0
0, +350 wightsinore prefsmbly #eput SMipsreentivf20tal dagalyss wBight.3 PO2 Col.0 Ceo.5 Sbo. 5

Mb13.0 O + wt % Si. .0 0.1 Ko.i N.4.0. 2.0 .Fe, .0 Bi0.5 Co,., Ceo0.3
Cr0.2 Sho.3 %ﬁpgsﬁfcgta§%W8§ft6nS?h@‘l%’ﬁ’l\g‘ﬂ%‘tlggﬁ‘?e:t he present invention
may be prepared bKO;’;IFM&OQMgtoh% nyforysa_cgy;scelésgetl\tjggésogi 503484 ¥®3, preparation

whi ch are known to those of skill inthe'art. Fof exanple, the catalyst
may be nmanuf act UkedihyMgos I, eBipiGagt Cog GeheSuaMaudO, n§o edvesits. The co-

precipitating nas then be dried d oynd tqQ an appropriate size.
Al ternatively, th S&%Jdﬂ%@i%nge Owg(t[?"ep géd-a 6 §e+§IOL}YtrQ/I’ etPand spray
dri i n accordaacenw i, canvent i ppale~. t eghiy . Ah may be
ext ‘ralgded as pel I@g({"éN\(I)\!ro ]\?%?(r%eeds it g[}?p%e&f‘ gg‘}SnW%:’iﬁg%Bi‘gs\%ew §®3known in the

art. Alternati v@sy, Ni,hdigaFal\Bif, Momemeadts SHByMoe 10 xesh widksi@, support in
the formof the slurry foll owed.b)i) dryi né; or they may be inpregnated on
%P.

silica or ot heCSsubpdViseMe: 78 s ParttocGParCeos e ddeesOf b50vebuSEBt uri ng t he
catal yst, see Sy Pat.e 0 299; ~4, 863,89 nd 4, 766 .assigned to
t he Assignee o?s"t' R gﬁ@srki;el%"%i’eh3§i|ﬁ~f ?8%—?,?%%&&%@031 Qe QOFL e@gﬁb%‘ﬁefer_ence.

25 The "A" cOaheeagnistsf thdresat alvwetiod nafbe ﬁkp%ﬂ%@%& aﬁ%fﬂfe_nﬁn;r@s Sri, Te,

B, Ge, Zn, In, Mr, Ca. W or mxtures thereo may be derive rom any
sui t!ldbl engkrfisoé catalyst peparplien whishate knowm tokledse afi kiltany thesirtroreyarhple, the

introduced,into the catal yst, using nitrate salts. Additionally, nagnesium
may be icﬁrt%}}gg{?@%he FWPB?@L%G%@E %ﬂ‘?’gflp%“%t%ﬁ HaRPuoREredispisorde €0or hydr oxi de
R The o D e B A XS o AR, AL B S T
or the Pmemiatach rsatbtialondy bessiprefl@ndbprdy dried in accordance with conventional
techniques. The catalyst may be extruded as pellets or formed into spears in oil as is well

20 known in the art. Alternatively, the catalyst components may be mixed with a support in the
form of the slurry followed by drying or they may be impregnated on silica or other supports.
For particular procedures for manufacturing the catalyst, see U.S. Patents 5,093,299;
4.863.891 and 4,766,232 assigned to the Assignee of the present invention, herein
incorporated by reference.

The A’ component of the catalyst (i.e. at least one of Cr, P, Sn, Té, B, Ge, Zn, In, Mn,

Ca. W, or mixtures thereof) may be derived from any suitable source. For example, cobalt,
nickel and magnesium may be introduced into the catalyst using nitrate salts. Additionally,
magnesium may be introduced into the catalyst as an insoluble carbonate or hydroxide which
upon heat treating results in an oxide. Phosphorus may be introduced in the catalyst as an
30 alkaline metal salt or alkaline earth metal salt or the ammonium salt but is preferably

introduced as phosphoric acid. Calcium may be added via pre-formation of calcium

molybdate or by impregnation or by other means known in the art.
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i ntroduced as phosphoric acid. Calciummy be added via pre-formation of

cal cium nol ybdate or by inpregnation or by other neans known in the art. 4
WO 02/ 13963 0P3D63JS01/ 24253 Typically, the "B" conponent PETARE /24253
catalyst(i.e. at least one of Li, Na. K Rb. Cs. Ti. or mxtures thereof)
may be introduced into the catalyst as an oxide or as a salt which upon

cal ci nati on wiipicaliyeti@ ‘Brecompodent oPeiRf @tafd(y.c. B8 dddsSoreUsdiLi aNa I IRR®RSTWI ch
are readily available and easily soluble are used as the nmeans of
i ncor por @t ixgrehherop) ragebg infrefduced hato dhe eatalxst as an pridaet As #régjt weich pewduced

into the . oxi.de Qr a I i on.. .calci nation.wl |
yield t et RN ReiB S Feredif R duchflt Sl e e fralily aallatls
form stafl @sidxiclesle dROReld adthetnical bNBicapBraBihg iR NediemPit BSPBE icataly¥t.
preferred source for introducing bismuth is bismuth nitrate which has been

di ssol ved i n Bisgwithumiap he ditrasiuced intaibe datalyst dsrnroxitieces as healt mbirchameponent
into the catal yst.,, 0 may .yse.any co nd.of .iron 1 ich, upo

cal ci nat ‘fag n% IWIFlé'é?r}ﬁtthei %“#?13}181%8%@ u S\ﬁ_}tfw ot V\ghéﬁpﬁﬁ’éqlg‘é[,fg%t er
sol ubl e g5k bgidad @pd@mfa@fréa@ﬂtgfa% R%ﬁ%ee.a% éébécmw;srgﬂean%&@aur@%r %ﬁrdaghiggf my

di spersed within the catalys st preferred rric nitrate.

nmol ybdenbismuthrip bisewth pitratehehichhad jeen draglvedin agalatihrcefthifricagidany nol ybdenum
oxi de such as_dioxide, .trioxide, pentoxide or heptaoxide. However, it is
preferred t hal© HPEuer e diop sempan “H%ﬁl?rfﬁ@?i%l Qne Ay 5 SRY APERPYNd iron

Ut Lok M SOUEEOR il BRuTOA MR Ao THE, BDSInPLRLBRIC sl QULDY.

material 1s a ni um hept ano at e. e cata s are preﬁar

an aqueosats arl prefierrad 6dr thereamsaiwith whielp tieyrohayistairéfonntyhdigpesiddiwiehis @le dagulydpi ch
a slurry containing the conpounds, preferably nitrates of the other

el enent sMopiprefgred is feic miBped material is then dried, denitrified and 20

cal ci ned. Pr alyst s spray-dried. at .a t eratur f

bet weon 1100 15 B8t ERhRRCR! of e SRR S nfoa s BRE A Pobitnn
180C. Thexigedich b Hioxads, ﬁ[bﬁwIP@{t@iiué Br hdPpRbxIRN FovidvemMitid Pfe bR HRRG
preferably 250C to 450C. Finally, calcination takes place at a tenperature
of bEt westirdopbletos dzgamospble el ghdepuibesalibe utidEgiGstthe §80E. of Themoktbdbysh.s of
the instant i are us

conver oi o B Rt el v Baaiviy f FoRPRE RATPBIRT <t ng of propyl ene.
i sobutyl ene OThe dhtaty 3t &8 prélfar@y mb@nPs u@&ils_tsroildtﬁm JrRhMGhyLoni trile and
m xtures thereof, respectively, "by reacting in the vapor phase at an
el evat edchapempdy aiaty withadilpassktorvehisiaa slunl ebntinimg the @ompoleisypraferabty gen
containi N8, 825r A2 SudRMG e 1 dadsa P SN Sneterial e thon daed Henitrified and
20 calcined. Preferably the catalyst is spray-dried at a temperature of between 110°C to 350°C,
preferably 110°C to 250°C, most preferably 110°C to 180°C. The denitrification temperature
may range from 100°C to 500°C, preferably 250°C to 450°C. Finally, calcination takes place
at a temperature of between 300°C to 700°C, preferably between 350°C to 650°C.
The catalysts of the instant invention are useful in ammoxidation processes for the
25 conversion of an olefin selected from the group consisting of propylene, iéobutylene 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 the catalyst.
Preferably, the ammoxidation reaction is performed in a fluid bed reactor although
30 other types of reactors such as transport line reactors are envisioned. Fluid bed reactors, for

the manufacture of acrylonitrile are well known in the prior art. For example, the reactor

design set forth in U.S. Pat. No. 3,230,246, herein incorporated by reference, is suitable.
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Preferably, the ammoxidation reaction is perfornmed in a fluid bed reactor
al though 30 other types of reactors such as transport |line reactors are
envi si onado 0F139653 bed reactors, for the manufacture of aeepUSo/4e33l e are
wel | known in the prior art. For exanple, the reactor design set forth in
U S. Pat. No. 3,230,246, herein incorporated by reference, is suitable. 5
WO 02/ 13963 Rohditfstnk f@4RS 3mn{oxidatibh egastidoro dcher AeuRs weHtkinownlie detprivn atto
occur are also well known in the 7pri or art as_evidenced by U S Pat. Nos.
5, 093, 299 cvidengsd byd]-S. HatyNos-$783498; 486589 bh 76 e8eang 4. 303 pharained by

ref ereng ' | {.dat.i . ' rf by cont.acting
pr opyl eﬁgcoo &lgfseg%htr%qegtr?ggi m%iyp@%sagﬁ%glgﬁ%gm%fgggﬁgggﬁgg@ﬁcc{ﬂ?ﬁc M8 fluid

bed cat ghysilerator BobtyddRMAtiRChreRAPLS Pinth6nih AndbAFhea Qvitherlad bl bkl e or
met hacrylonitrile. Any source of oxygen may be enpl oyed. For economc

r easéns anlgxaigd temparatuze tornaddice gk acoylorigrilaor methaerylanjipile alnyrsiuace ofat i o of

the oxygen to olefin in the feed should range fromO0.5:1.to 4:1.

or of or aBRyET R 5 splged tFordiERuBaasbay RSV e F B [Ekrtn TS ¢ he
feed in tyf6al m@AGEAB of TARYXYBéioldI&N RLNREA shhuld dank® fidmlo.5HhEue is really
no upper limt for the amoni a-olefin 1 o ratio, but there is generally no

reason tpoefenablbyeltom 1r latoi 1 .0ThSmbldr eaticeafemundda teealsin én therfedden tiedreadtiad
ratios for the_catalyst gg th%.i tant invention {,or the production of
acryl onit4y YAy fpm © Aita il Prespiireatly nosinpsr fimitifaethe apgonig-olefin t o
1.3:.3, [ . ' s q2. 0; cty i

car i ed iy Dot LR IREORIARID feldlo Rhe@adafid S -t SortopoiseAGRE bERpsT 00
pr ef er r debdrratigefor tiei caglat of the it Cineaneas foalthe/prpdedtionof delyRiniteic3R0 ah 0 480C.
The contact .tinme, although not critical, is generally in the range of 0.1
to 50 s&BEEMIda prepylens @i hedangsiafcdd 60 d.3cloapdalr te pigpylshe mtioef 88):5eronds.
The prodygts of reaction may be recovered and purified by any of the

met hods 'known to those skilled in the art. One such nethod invol ves

scrubbi ng t h@hefrédctionts @gasabotadmedniRrand@ of Baleen thH rhfloet A dbWRDBH° B an
appropriate solvent to renove the products of the reaction and then

pur i1Byi ®§0tCherefersed tasgesdreith0’ by SH°C 1 dspecialiyoprefeTiod bpingBapStoutB0I@ t Yhof t he

catal yst_of the instant invention is for the a idatjpon of propylene to
eyl oo e sBO B ndr AR Brntulil befara T b 40 D atkoster gy 1 he

oxi dat i @ReféenceXediy it @nkLt ARk Go 5 k&bongdiCh processes are typically two
st age processes, erein 25 propylene is converted in the presence of a

catal yst to ghepeaducts cdaeastion may hetrémveied ahd ptudfiel nahy dffthe metholiekitowis
ggg\éﬁgt %j those gk@ﬁecp Inhe Arte 0(1)1]:3 sgchcr%}:et%log ?r}vo}v%s Fs)érlug%aiglg ltﬁé: e%ﬁlrlgnlt Igacse?%rlogn tlhg the
20 reactor with cold water or an appropriate solvent to remove the products of the reaction and
then purifying the reaction product by distillation.
The primary utility of the catalyst of the instant invention is for the ammoxidation of
propylene to acrylonitrile. However, the instant catalyst may also be used for the oxidation of

propylene to acrylic acid. Such processes are typically two stage processes, wherein

2
W

propylene is converted in the presence of a catalyst to primarily acrolein in the first stage and
the acrolein is converted in the presence of a catalyst to primarily acrylic acid in the second
stage. The catalyst described herein is suitable for use in one or both stages.

Specific Embodiments

In order to illustrate the instant invention the following examples are provided below

30  for illustrative purposes only.
Example: A catalyst of the formula Ko_zNi&oMgz.OFez,OBiO,SCoMCe],OSb0,5M013‘6Ox + 50 wt%
Si0, was prepared as follows: 196.49g of ammonium heptamolybdate (AHM) were dissolved
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stage. The catal yst described herein is suitable for use in one or both
stages. Specific Enbodinents In order to illustrate the instant invention
the fol | owboz1®gaNpl es are provi ded bel ow 30 for ill ustrpCTV8I4RIBOSES
only. Exanple: A catalyst of the fornula

Ko. 2Ni 3. OMy2. OFe2. OBi 0. 5C03. 5Ce10Sh0. 5Mp13. 60X + 50 vt % Si O was prepared
as fol | omstO0 hol6vat8y Abg afisitioa mhcbmqammw/bﬂgmigmm wey &lddd ssthke\AddM 6 WO
02/ 13963 PCT/ USQ1/ 24253 in_400 g of silica sol containing 40%
by wei ghtolution foljpiedibiie 68 of S0 Aﬁmaﬂm mﬁt'érﬁ Off Sralishaiad pitsigetpsadsh, 0

3.
ooty s PR A DS P ot YIS AP G AR 4 20
e aw@au@% 40,G189. Sp(0%0 3, SHD1 J6gONGY 89Md BLIG)ANO.), 6H.O as

Ce(NH4) 2(NB) 6. 6HO O as a 50% sol ution e resultant slur r%/ was bl ended
and therf %(b@a‘ylua@m edihe @sglFWSMnga@&ﬂwdyé@nd thmepr@nﬂaeqlmglmé Yeecatalysteat ed
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Mo13.6 Ox
Comp D Ko2Niz oMgpoFexgBigsCozs - - 85.7% 67.3%
' Moy3.6 Ox |
Comp E Ko2Niz gMgpoFepoBigs - - Sbgs 79.6% 64.2%
Mo13.6 Ox
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Accor di ngl y,Thetcatalyst composition of the instant invention is unique in that it contains three

5

10

promoting elements, cobalt, cerium and antimony, not previously utilized in combination 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 prior art catalyst containing none, one or two of these elements. More specifically. a

catalyst containing cobalt, cerium and antimony showed higher overall conversion and higher

conversions to acrylonitrile when propylene was ammoxidized over such catalyst at elevated

temperatures in

the presence of ammonia and air.

While the present invention has been described in conjunction with the specific

embodiment set forth above, it is evident that many alternatives, modifications, and variations

will be apparent to those skilled in the art in light of the foregoing description. Accordingly, it

is intended to embrace all such alternatives, modifications and variations as fall within the

spirit and broad

scope of the appended claims.

of

will be apparent to
lgxlgei t8 tafrgﬁ_nnxele.



15 is intended to enbrace all such alternatives, nodifications and
variations as fall within the spirit and broad scope of the appended
clainms. VOWR/P6313963 PCT/ USO01/ 24253 The cl ai med i nvent i POTAUS01/24253A

catal yst conposition conprising a conplex of catalytic oxides of iron,

bi snut h. nol ybdenum cobalt, cerium antinony, at |east one of nickel or
nmagnesi Uhhe dgithedtinvehetasts: one of |ithium sodium potassium rubidium or
thallium and having the following 5 enpirical formula:

AaBbCcFedBi eCof CedS m{yﬁmmm%mcamrlﬁ@gatcon@é@gctof@n@lm ogtdes pfirgm, Te, B,

Ge Zn m xt ures { her east one [
Fiﬁn&yhmﬁm@demﬂ’rg’ \%%l? é:grllttxﬁeal,néﬁong' % lgas %tltmgﬁai oBﬁnag&?emul% ani a!'

m Xt ur eSedsheneef lithrm, Soiuing pétalhiurh, ﬂu&d@n@%r&@alﬁuxﬁ; andifivingl the ?olf%vxﬁf?g 10.0, d

is0.1t050 eis01to20 fisO. 10.0, gis 0.1to 2.0, 20 h

is 051 te(.f)ﬂmrl@lfmmlﬂ% 12.0 to 18.0, and x |s a nunber determ ned by the

val ence requirenents of the other elenents present. 2. The catal yst of

claim1l supported on an inert support selected fromthe group 25

consisting of silica, alum I)saBb(;Fgmmog;e shhANiA and m xtures thereof. 3.

The catal yst of claim1, whereln i's selected fromthe group consisting of
Na, Li, K GCs or mxtures thereof 4 The catal.yst of claiml wherein Cis
a mixture of .Ni .and . proc he conyversion of an olefin

sel ect ed fr OYASTSR g‘?oudséblﬁ?ltgfl‘? ﬂgé £ ggojtep%bﬁ%ﬂ éndn. Mot yi ene or

m xtygres thereof, to ackyhopidhlbel ferddet hacrylonitrile and mxtures

B  isatleast one of Li, Na, K, Rb, Cs, T, or mixtures thereof,
C  1isleast one of Ni, Mg or mixtures thereof,
is 0to 4.0,

1s 0.01 to 1.5,

is 1.0 to 10.0,

is 0.1 to 5.0,

is 0.1 t0 2.0,

is 0.1 to 10.0,

1s 0.1 to 2.0,

is 0.1 to0 2.0,

1s 12.0 to 18.0,

ot ®
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and x  is anumber determined by the valence requirements of the
other elements present.

2. The catalyst of claim 1 supported on an inert support selected from the group
25  consisting of silica, alumina, zirconia, titania and mixtures thereof. “

3. The catalyst of claim 1, wherein B is selected from the group consisting of Na,

Li, K. Cs or mixtures thereof.

4, The catalyst of claim 1 wherein C is a mixture of Ni and Mg.

5. A process for the conversion of an olefin selected from the group consisting of
30  propylene, isobutylene or mixtures thereof, to acrylonitrile, methacrylonitrile and mixtures

thereof, respectively, by reacting in the vapor phase at an elevated temperature and pressure



t hereof, respectively, by reacting in the vapor phase at an el evated
tenperature and pressure 9 WO 02/13963 PCT/ USO01/ 24253 said olefin with a
nol ecul aw@xy g3 cont ai ni ng gas and anmoni a i n the presenepeT/oRo1ZI2%Xi de
catal yst, wherein the catalyst has the follow ng enpirical fornula:

AaBbC, FedBi , Co, Ce~SbhMb0O, wherein Ais at |east one of C, P, Sn, Te, B,
CGe, Zn, dand oldfin widh,a mbleW\lansxy@ex tonta@aingyas eaf alBmiosiadh thegasienonef of odids Na,
K. Ro, GCs, TlI, or mxtures thereof Cis at |east one of NN, My or m xtures
t her eof @13l%rBlerein the ¢agalpstdras the fellowing gmpirjcgl formulay 10.0 d is 0.1 to 5.0

eis 0.1to2.0 fis0.1to » 02.015his 0.1to 2.0in
is 12.0 to 18.0 and x is anﬁ%g%e ef%(?f%g“r%é@% &‘the val ence requirenents of

the other elwhaehs preisanleast®ne Sher, I, SaEBS MG Al M Fim. vherein the
catal yst is supported on an inert support 20 selected fromthe group

consisting of silica, aMiAfmaxtutestheegafa, titanic and nixtures thereof. 7.
Toe process of <l o e we e Bl oyselogioh G omAAe AL U pome St o o
a mxture of Nl and W.is adlRast one of Ni, Mg or mixtures thereof
a 1s0t04.0
b is0.01to1.5
10 ¢ 1s1.0t0 10.0
is0.1t0 5.0
is0.1t02.0
is 0.1 to 10.0
1s0.1t0 2.0
is 0.1 t0 2.0
is 12.0 to 18.0
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and

»a

is a number determined by the valence requirements of the
other elements present.
6. The process of claim 5, wherein the catalyst is supported on an inert support
20  selected from the group consisting of silica, alumina, zirconia, titania and mixtures thereof.
7. The process of claim 5, wherein B is selected from the group consisting of Na.
Li. K. Cs or mixtures thereof.

8. The process of claim 5, wherein C is a mixture of Ni and Mg.
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