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There are many patents related to the production of acrylonitrile by the use of bismuth-

molybdenum-iron fluidized bed catalysts. In particular, Great Britain Patent 1436475: U.S.

Patents 4,766,232; 4,377,534; 4,040,978 4,168,246, 5,223,469 and 4,863.891 are each

directed to bismuth-motybdenum-iron catalysts which may be promoted with the Group 11

|t

elements to produce acrylonitrile. In addition, U.S. Patent 4,190,608 discloses similarly
promoted bismuth-molybdenum—iroq catalyst for oxidation of olefins. U.S. Patents 5.093.299
and 5,212,137 are directed to bismuﬂl—}nolybdcnum 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 fdr 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 unigue combination
- of promoters offering better performance in the catalytic ammoxidation of propylene,
isobutylene or mixtures thereof. to acrylonitrile. methacrylonitrile and mixtures ihereof,
respectively.

Summary of the Invention

Disclosed herein, the present invention is directed to an improved catalyst and process for the
| ammoxidation of propylene and/or jsobutylene to dcrylonitrile and/or methacrylonitrile,
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Cto 18.0 and x is a nunber determ ned by the val ence requirenments of the
other elenents present. The catalyst is useful in processe@:egrﬁé t2595
anmoxi dation Of an olefin selected fromthe group consisting of propylene.

i sobutyl ene or mxtures thereof. to acryloniirile. nmethacrvlonitrile and

m xtures thereof. respecti vely. (US J. 4 Febr uary 2005 | MPROVED CATALYST
FOR THE MANUFACTURE OF ACRYLONI TRI LE BA CT E | NVENTI ON  Field of
‘the | nvent i oRSSTSSEVEIY-dis RECST, PRFRICB maydron §”’c°83 ‘a Foderized buths Lllopgng yse
in the amoxiecdfiricalfoihula:an unsat ur at ed hydrocarbon to the correspondi ng
unsaturated nitrile. In particular. the present invention is directed to
an inproved process and cat al ysﬁaﬁbﬁfeﬁhgoﬁ?sﬁb&’iﬁﬁtl on of propyl ene and/or
i sobutyl ene to acwyb@Ri t Al iur RAGLAL of &L PIAG! 1, B“GU I &, mhegpect i vely. More
specifically. the invention relates to a novel "an |nproved anmoxi dat i on
catal yst conprising a conpeeraiixturesthertsft i ¢ oxi des of iron, bismuth,

mol ybdenum cobal t, cerigmgp 'EHQXfLI%a,k,eﬁﬁtCsoﬂe s @s(ﬁake?éo rragnesi um
and at |east one of Iithi um sodi um potassium uBi d‘Ith':llm or {hal lium
Descri ption of the PriorCAistamixgyreotNianddigy. patents related to the
production of acrylonitr]l g Qy4lghe use of bisnmuth- nol ybdenumiron
fluidized bed catalysts. In partl cular, Great Britain Patent 1436475; U.S.
Patents 4,766, 232; 4, 377 584,0140 040, 978 4,168, 246; 5, 223,469 and 4, 863, 891
are each ,qdirect ed to bi SMUY t\q-trrﬁ’é%?bdenumi ron catal ysts which may be :

pr onot ed W|th the Goup 9175l ts to produce acrylonitrile. In addition,
U S. Patent 4,190, 608 didcisédass®d mlarly pronoted bi snut h-nol ybdenumiron
catal yst for oxidation of olefins. U S. Patents 5,093 299 and 5,212, 13 7
~are directed to bisnut h-Sof 39§ 2f?m pronot ed catal ysts which show hi gh
yields of acrylonitrile.f Gabaleyse.e containing oxides of iron, bismuth and,
nol ybdenum pronoted with sw tabl e elenents, as described in the

af orenenti oned patents Favis 1dﬂa been used for the conversion of propyl ene
at el evatied tenperatureg, igotihgapr esence of anmoni a and oxygen (usually in
the formof air) to nmanufacture acrylonitrile. An object of the instant
invention is a novel cat’%l‘?é? &HPi sing a uni que combi nation of pronoters

of fering better pgdfor mNGe, Lhimbd Yekilifla at i Q ropyl ene,
-1 sobutyl ene or m xtures theﬁle%l £0 acry%gnl tr| WP %%‘El trile and
m xtures thereof, respectqtb@bkcmegamnbf t he Invent| on '

In_oné aspect, the present invention is directed to a process for the conversion of an olefin
20 selected from the group consisting of propylene, isobutylene or mixtures thereof, to
- acrylonitrile, meﬂlacrylonitﬁle 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 ofan -oxide-catalyst, wherein the catalyst has
the empirical formila shown above.

23 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 lithivm, sodium, potassmm rubidium, or thallium,

characterized by the following empirical formula
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Di scl osed herein, the present invention is directed to an inproved catal yst
and process for the ammoxidation of propylene and/or isobutml 644 Jo8s
acrylonitrile _and/ or nethacrylonitrile, 4 February 2005 respectively. The

-~ present inventY3M ¥} provide a novel catalyst characteri ZERUBY2¢2%
following enpirical fornula: Aa, BbCcFedBi eCof CegSbhMonOx wherein A is at

| east one of Cr, P, Sn, Te, B, n: . 5 W or mxtures thereof
 Speiapitheucs

Bis at |least one of Li, Na, K of M Xtures thereof Cis a
m xture of N and vgreir i & s stdeast.obe ofCri B, 59, Tel Bt Ge.ZinbIn, M0, @2.is 1.0 to 10.0 d

is 0.1 to50 eis 0.1to. o] .1 to 100 gis 0.1to 2.0 15 his
0.1to2.0 mis 12.0to 18‘%0(93}%’&“})?&9%8% nunber determ ned by the val ence

requi renents of.the ot h& ishtdemmohs offitigs® it Rb,|Gs, Diner migpes therdbhe present

i nvention '%s directed toga g{ ocessfg]?r t he conver Si gn of an olefin 20
selected ffomthe group CorsI®8YPHSToE Y% FYruEHE®erehput yl ene or ni xt ures
thereof, to acrylonitrihe,isomtdmcrylonitrile and m xtures thereof,
respectively, by reacting i.n H;e vapor phase at an el evated tenperature
and pressure said olefin vvilf?]‘ tor‘P’t‘ﬁalecul ar oxygen containing gas and
amoni a in the presence eof ian0t X0 de-cat al yst, wherein the catal yst has
the enpirical fornula shqwn Eove 25 Detail ed Description of the Invention
The present invention is dilfg ¥t o an anmoxi dation cat al yst conprising a
conpl ex ofigcatal ytic oxi dess@f tdz®n, bisnuth, nol ybdenum cobalt, cerium
antinony, at |east one of _nickel or magnesium and at |east one of
lithium sodium potassi ﬁm‘s LB %Um or thallium characterized by the

foll owing enpirical fornyl3gsp2i2.0
| b is0.1to2.0
m is12.0t0 18.0
15 and X is anumber 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 2 mixture of Ni and Mg, i.e. the catalyst
contains both Ni and Mg.

&L %%

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; “¢” may ‘
independently range from about 2.0 to 9.0, especially preferred being about 2.0 to 8.0, “a”
may independently range from about 0.5 to 5.0, esﬁecially 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 1o
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
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4 February 2005 WO 02/ 13963 PCT/ US01/ 24253 AaBbCcFedBi eCof CegSbhMymOx
wherein Ais at |least one of Cr, P, Sn, Te, B, Ge, Zn, 'r“ﬁﬁﬂbnj 20@% or
m xtures thereof Bis at |east one of Li, Na, K Rb, Cs, Tl, or xtures
thereof 5 C (%03 one of Ni, My or mixtures thereof aPFHURIRESY. 0 b is
0.01to 1.5 cis 1.0to 1000 dis 0.1 to5.010eis 0.1to 2.0 f i's 0.1
to 10.0 gis 0.1 8.0 15 and x is a

0 1§ 0.1 t0.2.0 mis.12.0to
nunber det er ni ned T%él)pat%fl?’em ?/t;q‘eetﬁ?:sgm-l?‘éea‘lﬁnr%%sgds Y erftsﬁ%mnﬁ%ﬂre‘fns‘@ﬂp%‘i‘@nt s
present. The Préftrablpiipemelyst is sipportedph hiﬁmhlmﬁine.rmmmu#ﬂ titanR:. ahﬁm&:&ﬁe_&bystd | f
"A" is present. . A" js preferably sel.ected, fromthe group conprising ,
P, Ge, pCa or Fpeelly %rse%efrﬁ(g?sé‘oc?@ﬁf}gﬁpmﬁ ey MF%@HF SOt §EPlsY s ent
i nvention, " BuayvarysdlypicdlBdhd Rppt RRQrieE biRER aﬁf_futMmd%,pe%ent_ogﬁta@&tal_\%[
m xtures thereof, es ec'%Lly referred being Li, Cs, Kor mxtures thereof.
In a prefetred G‘?PF%EH ’é’fab‘?‘ﬁéoB?r%@é‘i’ﬁmt?l_r?@'ébfﬁti"(fiﬁht-" C' is a mixture of Ni
and My, i.e. the BainglieéSF catfiPNbhgdsitBRtol N inRtbnYReiuden Ot her preferred.

enbodi ments of the present invention, "a" may independently-range from

about 0.1 to 4.0, espdeiNishMepFerdipdp: JetmPoaout O0r 30 W84 8i®; "b" may

‘independently 25 ramggni Bi, 9cRochQ cly 3b, MPED A dowwBy §ber red bei ng
aboulto 0.1 toyl. o; " (r:%grréfsmgl'%gg'yeﬁﬁeﬁfl y rangefrom about 2.0 to 9.0

especial |y preferred Gé&fg: Mootz Big Gop: G 08bus Mo Ry 50 wie fishdent on ’rglng?
from aboufp 0.5 to 5@Q; Repee! el WBiPr&S No 209Ut 50lvR 4. 0; e
may i ndepeﬁndent ly range _&ﬁlgl%_sgjg,o)&;ﬂo: i@%’e%"'gﬂ'gg%’é@?’hl ?y p/‘r’ g@érred bei ng
about 0.1 to 1.0; CSohsNi,ssesFeid BehilerdyCa aiyeMbor, ol ﬁb@m(tj%si(ﬁ;dt ot I7 0,
especially preferr [ 1,0 4 0~30 ~1. 5 Q" Y, dondep, ently range
from about 0.3 to ?ﬁ’%‘ég%égggﬁe&’%’i"'bé“é??’égle‘ﬁgbﬁﬁgodﬁ@t %9“3&5%8’

' Csy1 Koy Nigg Mgy, Fe, o Bigs Co,, Ceyy Crq, Sbys Moy ¢ O, + 50 wit% SiO,

The catalysts of the present invention may be prepared by any of the numerous

15 methods.of catalyst preparation which are known to those of skill in the art. For example, the
catalyst may be manufactured by co-precipitating the various ingredients. The co-
precipitating mass may then be dried and ground to an appropriate size. Alternatively, the co-
precipitated material may be shauried and spray dried in accordance with conventional
techniques. The catalyst may be extruded as pellets or formed into spears in oil as is wel]

0 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.

]S
L=

The “A™ component of the catalyst (i.e. at least one of Cr, P, Sn, T;:, 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. Additionatly,
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 caicium .

molybdate or by impregnation or by other means known in the art.

4
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to 1.2; "h" may independently range fromabout 0.3 to 1.5, especially
preferred being about 0.3 to 1.2; and "nt may i ndependentyy, e};%%ggél om
about 13.0 to 16.0. 3 4 February 2005 WD 02113963 PCT/ USO1/ 5 9'
catal yst of tWeWE8&ent invention can be used either suppdTusdl/es3s
unsupported. Preferably the catalyst is supported on silica, al um' na,
zirconium ti tanl_ja { m xtures thereof. g%pem ally preferred as

catal yst support {%icallythes B epmpopssohthe gtal %IW@W‘S@W&HN%W%&'&Jl may.

vary: Typi calek pixhbe tﬁdi&ﬂ%&y &qmﬁdh&a%t@ﬁtemygt P2 Wxidd Or ANkl GnRe gant  of
total catalyst 5 wei nor e c@referabl about 50 percent of total cataly

wei ght.  ExarfpFigiogi &‘F‘&I%‘tx‘ oﬁf?ﬁ“éﬁ‘bbi’éﬁlfés'@ha%lmf@eﬂ wiiehrare readilyrwsilable: KO 2

Ni 3.0 My2.0 R s e X el i % KO,
N5 s Fas g brbe pis e Mt fi K ofmell Moty o

Cs0.1 KO. P Ngz 0 Tl?ﬂér;zufblrswésn@@éwe@@p»sthwwmagmee@@sasﬁnwmm@no to

CS0.15 Ni 50 %
S 0 Co0. 15 opgraten paLy e e e Ritun iumal e el pchebluomy o' 6
50 wt% Si O, - 5@1@04(14(@1139_“ M«'@@eamﬂfﬁprﬁ@l‘ﬂ‘é @E@p@laﬂﬂpﬁfe@gds@r@ f@eftrddudsip). 5
Mb13. 0 OX é&h\i\g V/gl'ﬁ'ltp \%ti&]é hg)be%.\h&i'ss%lvgd%ga oﬂm tnglagé Co,, Ce0.3

Cr0.2 ShO. 3 I\/blu catalysts e present invention
may be prepar ed b'ED lamduofﬁﬂwhenmmp@nmmtoﬁﬁemymdsemﬁymwmpomdeqﬁ&érat| on
whi ch are | ] ar,t t he al yst
may be manuf ac ug’dIE %%’gag-n?@crle%lll Shé‘s\‘}'ﬁtg%betfgﬁ(ﬁr "‘EV‘E‘HF é‘fﬁeés e co-

precipitati n@hamspraﬁmediﬂ&&]mdm&ﬂ:th@hiclﬁlﬁ@ 1gdyCsndifbreni pdisppied ORhih AeRataly&e .

Al ternativel XA e%em(al %rem@aét ated material nmay be slurried and spray
dried in accOorgane g it 17 fiti onal techni gues. The catal yst may be
extruded as pell éﬂﬁn@ﬂybﬁﬁfﬂﬁﬁd)mmﬁ@t&m&ﬁﬁﬁlykﬂm@iﬂe itfodhded Bk an? GholsB@MAmi N t he
art . Alternatl g r‘{? ‘fatal st corrge(r)nents may_be m xed with a support in
the form of % eeSu i digrigenfriosiile pepga %ﬂhﬁﬁa"&d"'t Heyeywnyt ipereferpt &gifat ed on
silica OrI:Ot hﬁﬁol&hﬂ)@@*de&omp&ﬂﬂe el bdefih Qalt bR LREARE BS B8 sduide oTBR WoAbHMMNY t he
catal yst, sla Patents 5,093, 299; 863,891 and 4, 766, 232 "‘assigned to
t he Assignee B"’fm?sﬁgwﬁpé‘%étﬁ'i‘mgW@@H@l‘wm%&n@%mowééﬁ%orat ed by reference.
25 The "A" COWDO%etcatg&stme pFephred WSrhixfole af aqudd s@lﬁﬁén dg@ﬁg{&mﬁ P, Sn, Te,

er

‘B, G, Zn, In or m xt'ures thereof) |vedfromany
suitable s oquéPéﬂInOi?@ﬁlatwahﬁlsréwa whivayhich shwwemtaxama timgmemdmpr@gaﬁ@e

it roduced | Rl frencthed lenbiS] £8edi 1 Q1R kP oBRILL] QOBLEY, opgagnes um

may be introduced into the catal yst as an i e or hydroxide
whi ch  upbn ¢reneds Pretrablythe eaja}y&tss spray-driedot & thenpehs gftbetwesn MEYC e3507,r oduced

- ,n the catal ﬁﬁ%iteragi? 136=C 10 250°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 acrylonitrite, 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 US Pat. No. 3,230,246, herein incorporated by reference, is suitable.

5
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30 alkaline netal salt or alkaline earth netal salt or the anmmoni um salt
but is preferably introduced as phosphoric acid. Calci ungpébrpﬁg@gggd Vi a
pre-formation of calcium nolybdate or by inpregnation or by o r neans
known in the 3Q02P6N\D 02/ 13963 4 February 2005 PCTI USQO peue®824t5spi cal | y,
the "B" conponent of the catalyst(i.e. at least one of Li. Na. K Rb. GCs,
Ti. or mxtures ?h reof} g{ay be j.ntroduced into the cafalyst as an oxide
or as a salt whi cHOFERS 9% fiE@Mmeridaion fiapton e eqer arpasuysiHgowpmdheprign py) |
salts such aaseiidenedd®dy UMiPah Nas.& 008,000 4 ¥63892i 4. 247 898 amivls3ami .| g0l Uubl e are
-used . as the neans of .incorporating the A elenent into the catalyst. 5

Bi smuth nmay BEOPRERS BY, Edeencht dyrisally.dheammexidation proress,is prafogpeddy contagsing  whi ch
upon  cal ci natdpfenewr lidobityRhdlin bRGraicelSr amhbRia ¥Rl ShygSPWHIh fuiS Bbd Sl £h are

easily dispersed but form stable oxides upon heat treating are preferred.
An especi dl | " piFefed ismaneralige fgmodugs the aeryl on gnethgtrylonitriie.i Amtrosmuoth nitrate

whi ch has beegyeh maPbe/&hblbyed AFGbéHomRedSdns MoWeldz, iR bhibertd (tjd ‘%% Loduce the

iron conponent into the catalyst, one may use any conpoun i'ron 10
whi ch, upon &®icel meunref qfithd oxygen(ip elefinin thedeed sheiddrangerom 0.5:1tdve1 .0t her

el ement s,. wahRkerad8) il ¢:1 skt fthed . e Wi Lh which they
may be uni fo?mey i spersé%g-\}\i ?R‘?%a?ﬁé&cog. a glsu%?ord%s?%%rﬁgﬁdé?é%ae\g@?nf erric
nitrate. ThemaprahEembeiveemPoridnd:l oTherdiereatiyt mi wpper liveiyfobthe ammbmidorad from

any nol ybden hae - L.OXl I oxi de, , pent oxi de or h aoxi de.
However , bligt %gb’pb(rag{fhgrrgrl e%ﬁ%lﬁgt;mglje%gﬁ %;% ’écre%)# g rzaé% ?{gs'b or 8‘5’88%6%35%5‘e§ ‘%%F’% denum
salt be uti | feedutiosfor the caalyst ofthe fnstrinénvention fetait produciditofaaslonipiiefre by ed

tarti terial. ] i.um. hept anol te.. The catal yst db
i xi ng. an aciEbote LIRS st G R <ol 1o

whi ch a sl uri3/d:tontai ning the conmpounds, preferably nitrates of the other
elenments, is added. The solid jmaterial is t(gen dried, denitrified and 20
cal ci ned. Pref er abf JPAFHE 18 CArAFd AUt atja dempstatige of betwgen.the snpss of ghog 260 of

bet ween 1310G500eC, prdiérred riized wirgt19° 1d 300, CspeBiald PRt tDieing561 16 hERE YTHLOC t O
180C. The denitrification tenperature may range from fOOC to 500C,

‘preferably 2%BELEGaeusinetsritisal. isgpesaly A the rngagids! 19158 secondst with t enper at ur e

of between 3f6ferché béRGo a Psrtdciadb 164 WeGRAs 350C to 650C. The catal ysts of
‘the instant invenfion are useful in amoxidation processes for the 25

conversion of an‘df BPoAncts o reactigrngmay R ieco rrEedging mprified by iany ¢fithe mfthqeis bmyrene,
i sobut yl ene @RhoséHoNlled! i the bRE DROfuch h@m@&iw&%is&hﬂduggethggfgg%? B:ﬁésc}ﬂin% fe! & and

m xtures thereof, respectively, by reacting int ase a
el evat ed 2! enfSeFoatithEoldrivates oparsappoPEat wivehtdé remoni the pepducts 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

25 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 K ,Ni, Mg, ,Fe, ,Bi, _,ColsCe,_oSbMMon_ﬁOx + 50 wt%
SiO, was prepared as follows: 196.49g of ammonium heptamolybdate (AHM) were dissolved

6



hDIecuIar oxygen contai ning gas and anmonia in the presence of the
catalyst. Preferably, the ammoxidation reaction is perforngey ohhali d bed
react or although 30 other types of reactors such as transportmn?r?ne 5
reactors are &YR92P¥hed. Fluid bed reactors, for the manBEEHESWRESDS
acrylonitrile are well known in the priar art. For exanple, the reactor

desi gn set forth.i . S..,Pat. . No. ,3 230, 2 her.ei. n. { ncor por. at ed

r ef e?ence, i sitd H? F‘EH%%.‘ %?%fOfﬁg‘ﬁ? ?fé\?‘ip%’f%“%%@ Wﬁgﬁf@&ﬂlﬁ? éﬁé%s

cﬁndi tions fogohniblefogawm@';dmdg@ﬂs%e@qtiﬁm, &ﬂxﬁ&ﬁdﬂogleﬁézdﬁgaﬁl4ﬁﬂrdfﬁ863|\4éa§§dﬂ%\ﬂ in
the prior an as. evi c . t . _Nos. : :

0360 B8 andRE0E Hore TRERIDED T BRDR R, £ 568 CaDo SeOnF L3 y, 1 he
amoxi dat i on Mp@UEBESHIG 1864 BING Y, SH,0C06E:3aD,Nshd S0179P ¥ QRSHOINDS b ene

in the presenc f ammopi a and oxygen with a fluid bed catalyst at 5 an
el evat ed t’enx?eﬁ)gg piution. o The Tesplians shump was hiender Aod thep spray dripd igive 198 sptelvs e, Any

source of  OXPERENTE Yvab s HEthed B Hurs KOIO0 OE NN Doy BRIRMP425ROUEVBlatty Bt 1S
preferred to use air. The %fypl cal nolar ratio of the oxygen to olefin in
the feed shotdsebPRYe” 14 @Y Dimshad qagplygt. 1. preferably from1:1 to 3:1. The
mol ar ratio qfg 3 Babile@ AGiolo & U8y $hEF8pdr -oh*asscfigeﬁ%mﬂsevé}%m\éﬁry from
between 0.5:1 to 5:1. There is really no upper limt for the ammonia-olefin
10 ratio, butcariygrers smiahamenare wiish mified ane & ot efesdbalt, sesitingr eftingny f or
econoni ¢ {aspfifhe Feflion the ifpdifidH dr itsd AlaiysllGre G LA kot ilbefdly ih il 1S ant
invention for the production of "acrylonitri are an ammonia to propyl ene
rati o in the rangt aerde ientidy the Blugtratetheipeaformange efithgsldimpdcabalt.icerivof a. 0: 1 t 0

12.0:1. The i j i e of t ween t he ranges
of about 260 Taiyy Wphler ARt S kol GIREL G OB EERe B0 §

pref erred beicatgly$s dere ¢val &g, unddr similanrbcion cdnditens. A febeogtaindd a mixidrd gfal , i s
generally in of. 0, 0 5 onds, wth ef erence being to a
contact tine 1%3?‘?&5]?‘%9 %é 'Islé‘(’:v?)s#ﬁic.we 8§°S%%8’H1§6?‘§‘Y8f lwgcﬁﬁaﬁ'ﬁt‘%ﬁf&w%e recover ed
and puri fised apgrosimptelyfat #305Cniotpkigdsd K oDwrh. TR yidldsEacBAdnktiRGvas Boltebgd afdt . One
such nmet hod in?e‘és%lré’des scrubbing the effluent gases fromthe 20 reactor with
cold water oran appropriate solvent to renove the products of the reaction

and then purifying the reaction productapmwi di stillation. The primary

utility of t lyst of the instant invention is for the a xidation of
propyl ene td agﬂ‘f}pi"ﬁi thile. HowSAAYStEHBPosifiet ant cat ally FotahRy™ a) s&owetouskd
ot o e o e e
L?glsgﬁlzleyowg EAH st | R0 R 0 PR 0BI 580 6751 OF 805083 6 i |r s (98 &¥age] anti®% he
acrolein isj|converted [[n the presenceOgf a catalyst tg primarilly acrylic
acid in the rseegnga Ko2 Ni3.0 Mg2.0 Fe20Bigs - Cep.0 60,5 7% 56.9%
Moy3,6 Ox
Comp B Koz Ni3 g Mgz o Fez g BigsCo3s - Sbps 80.4% 64.1%
Moj3.6 Ox
Comp C Kp.2 Nig g Mg2 g Fes o Big 5 Co3 5Ce g - 97.1% 76.2%
_ Moy3.6 Ox
- CompD KpaNisgMg2 g Fez oBigsCozs - - 85.7% 67.3%
' _ Moi3 6 Ox ' ,
Comp E Ko2Ni3gMgagFepgBigs - - Sbps 79.6% 64.2% -
Mo13 6 Ox
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stage. The catal yst described herein is suitable for use in one or both
stages. Specific Enmbodinments In order to illustrate the insi@Riad, By@ntion
the foll ow ng exanples are provided below 30 for illustrative purposes
only. Exanpl eWoR24¥h| yst of the fornul a PCT/US01/24253

KO. 2Ni 3. OMy2. OFe2. OBi 0. 5C03. 5Cel. 0Sh0. 5Mp13. 60x + 50 wt% Si O, was prepared
as follows: 196.49g of amoni um h ltl)dnz%lte (AHM were dissolved 6 4
February 2005 WD 02113963 PCT/ US 400 M water. 625g of
silica sol |cobtamiphs ng 40% by Wea@hst GinippsithiaS added T Tég GSAM] SCITth O
foll owed by 5.96g of |Sbh2C3 F| nal. of nefted netall nitrates was
added -contlaining. 66.12g gy’ﬁﬁ‘z’é%#%é? Ni (ND8) 2°B¥p0o| 83A86¢

Co( NCB) 2. 62 OExagbleg g Kow(mzrﬁwzmscmﬁscasgsbasmm) 8. 5bR@% 1./66g9KNC3]| and
89. 73g of @e(NH4) 2(NGB) 6. 6H20 as 5 an50% sol ution. The resultant slurry was
bl ended ang—then sprdy dried tq _give M79g catalyst. The cat aliyst was heat:
“treated 3 houfSmAF 290 CKauNiBoMed 062 BBin6ur s CaLo 425 € afdi%i nal | p68% Nhours

at 600 Cto give a filnished cat al wluﬁgnparatl ve Exanples A through G
ove—.several other| catalystl were

. Using the ,,.ena*a*'nr y

simlarly pr epar%ﬁ Wi chiﬁﬁiﬁo@dﬁ’d}f&@?'orﬁore of cobalt, 7¢&ki um of%&ht i nony
10 from the preparatijon. The conpdsigkop of these catal ysts ane as set
forth bel owggefabte—t—trorder—to—dentiy—the—ustrate the performnce
of the clai mso[S cobalt, ceriumand anti rmny pronoted catal ysts to simlar
catal ysts omi tt i n§°‘e’r€9 Senvigs the mhle phrestpeeagswevtisipn @lof gropybat @lay plosucker e
eval uated under schiv BAN"GARL O pFRRPELALQE g M xture of
| C3"/ 1.2NH3/ 9[‘5 Al r was fed o!\)/er '(tghep%fo Va(gg\/ovlbnr% g@ ?@Pﬁe"i{,@éyﬁnngﬁ 1"
di anet er r eact orlh§ 58y FRIBOsiioR pithe instam dayentiog lmcglﬂaﬁhatdt @etainaithreeThe yi el d
of acryl gni mbt%g\we&eﬁ@léosa{ @&lﬁ{%d It ﬁnjg; %%’ﬂ 3l yst
Conposi ti ong'ot al (a corrp05| i Ongre‘(}i;?\%k éﬁ\kﬁ‘%@g’ n%// AN
Exanp! eK0. 2%§ade %?“@F@QCW%fmﬂm ihsrgedivIdide 6,98 108aBm8Lidson GO NP
AK4. 2 Ni 3. 16hiBie0z 1 BKO. 2
Ni 3.0 My2.0 o P¥fer R hieHledo Bty Pl o b e el

- 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
10 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 thé 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

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

spirit and broad scope of the appended claims.
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MD13.6 Ox Conp CKO.2 Ni 3.0 Mg2.0 Fe2.0 Bi0.5 C03.5 Cel.0 -97. 1%6. 2% MO
-0x

13.6 Ox Conp DKO.2 Ni3.0 My2.0 Fe2.0 Bi 0.5 Co3.5 - -85. 70/@7F%%g}[9%§07§
' 4

Conmp EKO.2 Ni3.0 My2.0 Fe2.0 Bi0.5 - - Sb0.579. 69%64. 2% M13.
February 2005 WO 02/ 13963 PCTI USQ /24253 Table 1 (Continued) Notes: 1.
"Total C3= Conv." is the nole percent per pass conversion to of propyl ene

to all products. 2. "Cony. to AN' is the nole percent per pass conversion
to of propylene to acrylonitrile. The catal yst conposition of the instant

i nventiomgyiigisuni que in that it contains three 5 pronoting el enents, cobalt,
cerium and antinony, not previously utilized in conbination in a single
amoxi dat.i o prateds §68 thelborivdisionlof &vlefAbselebletl fomahegtonpcohsibing of, ' f Or the
ammoxi dation_of _propylene to acrylonitrile, .a_catalyst of the instant

i nvent i oﬂfqpé’éc‘@xﬁpg‘i"b’ e gEErXiures hereelip Aeylonitede, methesrylenitrileand) yst

cont ai ni - i f.ical

Coratyer AL R8Pl TG SUE TR ol 5t APGELALS ipbradire

conver si and predsite ghidloléfth with wansieaisr dgaréott@inidg gdsendaginetianyinene vas
ammoxi di zed over_  such catal yst at elevated tenperatures in the presence of

amoni a Brgengeof apgxide earlyss, whesein the oatplystdies thes fableaingiepiriasb torinyla;
conjynction with the specifi i et fqrth above, it is evident
thatBnnany alternatives, nodi%%%?%ﬁ?&‘?nm(i’%ﬁ ons wll be apparent to
those skivhbethin the art in |ight” of the foregoing description.
Accordingly, it 15 is intended to enbrace all such alternatives,

nodi f i cafi onsisatdeastereef Gne, 85, FaB, Go £h; In, M Cas W, ertmixtered thssedfscope of
t he appepded ¢l ains, EX I tal yst nposi ti onTot C3-Con v. to (all
conposi fi? ons gragi%swwaﬁjgsﬁg?&§’ﬂﬁo OTRolbres Hecdct

Exanpl eKO. 2Ni 2 aQikidrdif el a@Bie. 5Co3. 5Cel. 0Sh0. 5Mbl 3. 698. 09%79. 8% Ox Conp FKO2
Ni3.0 My2.0 Fe2.0 B10.5 - Cel.0 -85.1%6. 8% M)13.6 Ox

20 a 1s0to 4.0

b is001t0 15
c is 1.0 to 100
d is 0.1 t0 5.0
e is0.1t0 2.0

25 f 150.1 to 10.0

g is0.1 t0 2.0 ‘
h is0.1tc20 -
m is 12.0 to 18.0

X ' ~ 1s a number determined by the valence requirements of the other elements
- 30 present. -

‘2. The process of claim 1 wherein the catalyst is supported on an inert support selected from

the group consisting of silica, alumina, zirconia, titania and mixtures thereof.



i s han -~

Conmp CKO.2 NN 3.0 My2.0 Fe2.0 Bi0.5 - - -79.7%0.4% M13.6 Ox 8 Clains: 10

1. A process for the conversion of an olefin selected fro”ﬂﬁ&ﬁu&?%ﬂ&i :
consi sting of propyl ene, isobutylene or m xtures thereof to acrylfonitrile,
methacrylonitrile and m xtures thereof respectively by reacting in the
vapour phase at an el evated tenperature and pressure said olefin with a
nol ecul'ar oxygen containing gas and amonia in the presence of an oxide
catal yst, wherein the catalyst has the followi ng enpirical fornula; 15
AaBbCcFedBi e (e pagelioreliaX 1 whbeme R selbotbdhidth tHeQRmb cORBiRd ofla, LPK, SN Te, B,
Ge, Zn, In, M1, Ca, W or mxtures thereof B is at |east one of Li, Na, K-
Ro, Cs, TI, Galor mixthnds terebfnereof Cis a mxture of NN and Mg 20 ais O to
4.0bis *0.01to1-5 cis 1.0to 10.0 dis 0.1to50eis 0.1to 2.0
is 0.1to 10.0 is 0.1to 2.0- is 0.1to 2.0 is 12.0to 18.0 x is a nunber
determ ned by the val ence requirenents of the other elenments 30 preéesent.
2. The process of claim1l wherein the catalyst is supported on an inert
support selected from the group consisting of silica, alum na, zirconia,
titania and m xtures thereof. 9 4-‘February 2005 The process of claiml
wherein B is selected fromthe group consisting of Na, Li, K Cs or

m xtures thereof 10

10



