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4 February 2005 | MPROVED CATALYST FOR THE MANUFACTURE OF ACRYLONI TRILE
BACKGROUND OF THE INVENTION Field of the Invention The prg barl PYENT 1 ON
relates to an inproved catal yst for use in the amoxidation o an
unsat urated hydrocarbon to the correspondi ng unsaturated nitrile. In
particular. the present invention is directed t6 an inproved process and
catal yst for the ammoxj dation of propylene and/or isobutylene to
acrylonitrile and/ or M@Wf%ﬁér FOREHE MANUFACTIUREOEpeci fi cal | y.
the invention relates to a novel angcR¥RigNMEgpgETOXi dation catal yst
conprising a conplex of <catalytic oxides of i1ron, bisnuth, nolybdenum
cobalt, cerium antinony, at BACE<GROHNDDF THEJRBIENFIOMgnesi um and at

| east one of |ithium sodium pot aiﬁél&lmﬂlgﬂnln. m or thallium Description
of the Prior Art There are many patents relat o the production of
acrylonitrile by {Theprresset infentioromiaten to amimprovkeivataly stifarusé inthdirzaekilaidn of

catal ysts. | el ritain fPaten 436475, U S.  Patents
4,766, 232; 4%%%53_4; %ﬁ?ﬁ%@%éf"%ﬁ ““?t“?% B R AFCHEsths grseat
each direct eavepionds dimgteH 1ol iytiprtoediprocessomd catbipst Yor tis: antvhoxidaliByy offRogitqaot ed

wth the Go . t Q.produce rylonitrile. In addition, U S.

Pat ent 4, 190%%6/ ']]3? bgﬁ%gg)sa ?’?Ong\l lz"ier é:/%r %%ﬂoé‘@f& @ﬁﬁf‘fﬁeﬂo e ErRsgicalb on
catal yst for thednvkatipromlaes tocd refvilnsd ithpréred BaboRitiRiol cﬂﬂ?st%&gpriﬁr[%a congpled ot 37
are directed CL‘?‘&’E‘{ thf.rml bde um@%%rmt ed cat al ysts whi ch show hi gh
yields of acryfoni triTe TEapRPie: Mo o) GRIRemtgny-@pleast ppesefut h and,
nol ybdenum  micketot adgnsituh, sidiat Rk 6ne oFliBHEN) s6dinR HoERGH, G Giuin ol i lium. |
af orementioned patents have | ong _been used for the conversion of propylene
at elevated tenperatures in the olgpe a and oxygen (usually in
the formof air)Tres d@mbilyAateriseiA6d B firbdubtich of 80vIBRIAC by B (LG bidlsHaN
invention is a nqvel catalyst conprising a unique to nat hon . of pronoters
of fering bet F@Fybﬁ@'%dnﬁw&eﬂﬁed ¢rtalystst 20 partioplen Gresx Bowin Rmenot 436400y .ene,

i sobutyl ene Okedtt XtaH RS- 4. f C Ll t rylonitrile and

m xtures thereof, r_é?%’e%im%?ﬁ’ t’Jr’{%’aﬂ{’g&%?é‘tsh%g‘Ig?lgv%ﬁt“l"%ﬁ‘s)[‘)l &E°8%%ed herein,
the present FigFEA( bismiuth-mpilybdenvanirorcatalysisihichwieg be ptoadoyeaitwitngle Gicepass for

t he 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 nove) 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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ammoxi dati on of propyl ene and/or isobutylene to acrylonitrile and/or

met hacrylonitrile, 4 February 2005 5 respectively. The presegidvensi on
may provide a novel catalyst characterized by the following enpirical
formul a: A, BbC, FedBl<Cor Ce; SbhMonO, wherein Ais at |east one of C, P,

Sn, Te, B, Ge, Zn, In, Mr. Ca. W or mxtures thereof Bis at |east one of
Li, Na, K, Rb, Cs, Tl ., or mxtures t.hereo(I? Cis a mxture of NI and My a
i's 0 to 4.0 Eespestiyelyflhe prepens myention;may ppvids agve) caiglypteheagterizgd By dhe fellopngn 1
to 2.0 f IS eohpirichifodl® 9 is 0.1 to 2.0 15 his0.1to 2.0 mis 12.0 to
18.0 and x is a nunber determ ned by the val ence requirenments of the other
el enment's present. |In one aspectABvhdePieaenbbMpBntion is directed to a
process for the. candMens AN ik 138 ol &ic:p, sR0resS Rl Q&tzﬁ‘d‘{nprﬁ‘he group

consi sting of propylene, isobutylene or mXxtures thereof, to

acrylonitrile, methacryl oni%or mextamsthereoft ur es t hereof, respectively, by
reacting in the vapor 25pphase.abn@fFIShQYRIRY dsCRPS/ RIS Ry Pr essur e’ said
olefin with a nol ecul ar oxygen containing ' gas and ammonia 1n the presence
of an oxide catal yst, wher i amixtge efNizngdte has the enpirical formula shown
above. Detailed Descriptjofqf4lighe I nvention The present invention is
directed to an ammoxi dation catal yst conprising a conplex of catalytic

oxi des of iron, bisnuth,bnslOMdedsm cobalt, cerium antinony, at |east one
of nickel, or magnesi um_ and At ast one of lithium sodium potassium

r ubi di umewor thallium ¢ lsq’(ﬁo Ib'%

(=3

is 0.1 10 5.0
i50.1t02.0
is 0.1 t0 10.0
is0.1t02.0
is0.1t02.0

is 12.0 10 18.0
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and is a number determined by the valence requirements of the

other elements present.
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 of an -oxide-catalyst, wherein the catalyst has
the empirical formila 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 thailium,

characterized by the following empirical formuia:
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characterized by the follow ng enpirical formula: 2 WD 02/13963 4 February
2005 PCT/ US01/ 24253 A, BbCcFedBkCof Cer SbhMonOx wherei n Adﬁetﬁ%allé%ﬁs one
of &, P, Sn, Te, B. Ge. Zn, In, M, Ca. W or mxtures thereo 'S at
least one of LYOUXESK Ry Cs, TI, or mixtures thereof EBCUUPM/24%EHSt one
of Ni, My or m xtures thereof ais Oto 4.0 bis 0.01to 1.5 cis 1.0to

10,0 dis 0.1 to5 0toeis O, . L$40pol to 10.0 g is 0.1 to 2.0
his 0.1to2 0 mis 12.0to 1@?1136&%%“%5'%8’(:&?‘5#@40& hunber determ ned by the

val ence requirememisresf thds atdeabtene of @nBBnsTpBeSerdn, InTHe, CaA" conponent i s
an optional elenent in the ghbove G2 I . If "A" is present, "A" is
preferably sel ected fromth\g’(grmoup %:@“Fr%?fitsilng C, P, G, Ca or mxtures
thereof. In a preferredBeribaIdéamtoﬁii,Iﬂi)K.Rb,&ke'mtoﬂnﬁxmm‘smrbpf'r']B" |fs
selected tp be one or nore .of Li w K. 20 Cs,. or,.m xtures thereof,
especi al | yg)preferred bei Mg ’i{efmeg,"l}lﬁ?‘d\ﬂg?ﬁr’%‘f“&};eég‘e‘feﬁ%reof. In a preferred
enbodi nent of the present im@edéon, "C' is a mxture of NN and My, i.e.

the catal yst contains b§t h"?‘r@lbl aﬂ My. In other preferred enbodi nents of
the present invention, ly f ependently range fromabout 0.1 to 4.0,

especially preferred bei g isabhowt10d 1 to 3.0; "b" may independently 25 range
fromabout 0.05 to 1.2. asne Ealga/ preferred being about 0.1 to 1.0; "c"
15 0.1 to 5.
may
10

e is0.1102.0

f is01t10.0

g is0.1t02.0

h is0.l1t02.0

m is12.010 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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independently-range fromabout 2.0 to 9.0, especially preferred being about
2.0 to 8.0; "d" may independently range fromabout 0.5 taqg ially
preferred being about 1.0 to 4.0; "e" may independently r4aﬁ%6e}u?r§oszlr?18€about
0.1 to 1.5, edfR¥¥131%By preferred being about 0.1 to 1.0; PCTUSHRA4RS3

i ndependent |y range fromabout 1.0 to 7.0, especially pref erred bei ng about

1.0 to 30 1.5; "g~ ende nge, fro bout 0.3 to 1.

especi al |y pref erre éfsﬂ(gﬁg n‘d ‘émlqncfg‘lbezuse‘{%%ﬂr‘?ﬁgpoftﬁ grplelﬁ‘ﬂ’é’ﬂrt‘qdy range
from about O. Eefcmbl&ﬂﬁcatemtes:s@pdrgedpﬁ sifier; ﬁl&dmb.eir&gmﬁ\bﬁwma 6k mixtuees Ihedof. and

m about, 0 3 4 February 2005 WO

"m' may i ndependept a fr
02/ 13963 PCT/ ‘%‘éﬁ%ﬂ’é i‘%@f‘fe&% PLDROT ‘%ﬁ‘ ‘Ct'ih epﬁ“é’é’ﬁ‘r?cf cHayE FRIPSH eealﬁvqée used
ei ther suppormgdant TypsallyRky supsbrt colipffes baRbah abdte 36 MdA0Ypeicer of DHPERAIEED ON

silica, al um na, zircon ia. or_mxtures thereof. especially
preferred hs LA RE e?%&fﬂ?%?@ﬂﬁﬁﬂfﬁd%%@ﬂ%ht of catal yst support

enpl oyed may var Bmﬂelosaddlya&mogmae%huﬁﬁmmﬁau&et ween about 30 and 70
percent of total catal st 5 We”é:gn(ﬁ nore preferably about 50 percent of
2061

total catal yst weight: scca’b-a‘l"—“ysﬁbuc]{'iﬁp it POWE4 81Ot hi s i nvention

‘include: Ko, Ni3.0 RsCE08 s8R0 © ¥h3ub; fof S0 W% Si O
K2 Ni 4.5 My13 Fezooel"cilig’“ae’PB goo Sb‘d 5¥013.6 0..+ 50 wt % Si 02

Cso.1 Ko.1 My2.0 Fe2. &Sar%s%aﬁao@afaa%asweusoﬁ 50-wE6 Si% Si O, 10

Cso.15 Ni & 0 My2.5 kgl & gt 50 wt % Si O
Cso.15 Ni 2.5 My23 Fel $ Bi ??ggu fcgﬁ?%&%%beibgﬁéﬁga %%‘9‘@8 *+ 50 W %
SiD, Cso.1 KO.1 Ni @soc%:MguFersﬁlolamusloeme.memum@&esmsmnls 0 0. +50

Ww%Si O  Cso.1 KO.d R B CO" Mb13.6 0. +
50 W % Si O, The cat afysfs ’(‘S?@%’n e‘bgég%?n%: APy e %‘gbé ‘15‘%@%8? ed by any
of 't he nunerous 15CmelKhoH§BoMﬁzo@aioa%ﬁo,ﬂeejﬂrza&bbmmmc4h5(mw% Bimgwn to those

of skill in the [ cat al yst nuf act ured by
co-precipitati ngaﬁr Cagp?tf gfljtge SePt laveélﬂ?rém 3‘?‘??&”??6"3”?& OEH tHeUmstrass may
t hen be d¥i echeandb@cwmd ptapa:aiitmamﬁe}omlq&watcsﬂﬂ@ of Alill BYthert, ViRr ¥xandplkethe O-
preci pitat ed urrr ed.and spray dried_in accordance W th

r| a
convent i onal © éfr@?yuﬁlcﬁge DYt CQrRIHPitANRE threvadiqusingaedientss There-et s or for med

into spears mmpitdtmgmass&nary&hén b2QrikaErduRd toha aﬁﬁr&pna&' sARr ME&nX@Je , thk B&
port in the form of tﬁe sIurry

cat al yst co onent S, %/"HE ed wWth a sup
f ol | owed by JP‘rIfﬁe gpt S'Fa &S e‘?Wﬁﬁ%’@hé‘f@d‘%ﬁ@@?ﬂ@&&hdﬁn\mthmi supports.

techniques. The catalyst may be extruded as pellets or formed into spears in oil as is wel]

20 knowninthe art. Altematively, 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, Te, 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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For particul ar procedures for manufacturing the catal yst, see U S. Patents
5,093, 299; 4,863,891 and 4, 766, 232 assigned to the Assi grlefgeb?uark?ﬁo resent
i nvention, herein incorporated by reference. 25 The "A" conpone

catal yst (i.eWo1P@ast one of C, P, Sn, Te, B, Ge, Zn, BAT/USMB4253Ca. W or
m xtures thereof) may be derived from any suitable source. For exanple,
cobalt, ni ckel d, gnesi um may be introduced into the catalyst using
nitrate salts. ‘inﬁhéll‘q P comprpeuof tharaalystihe at lsest erppiddl NanKoﬁ/tt ke Tat aI yst

as an insol ul@kﬁlmsbmaifﬁmwbehu@kd%u%otﬂbb&é}ysthb%rbxlh%%}aslars%@%mﬂ 1150'?.8“' ts in

an oxi de. Phosphorus may be introduced in the catal yst as an kal i ne
metal salt orcalgpstiop %Y%@r@%&%t Brefezably, salip suchas nitresivhich ﬂgarepdlbwaﬂahle

preferably  iapd &OUeRBIas: RBOSHIONLdRs @fqﬁc@rpo{;ﬁh Cht A féi%}ﬁenﬁ alégt
pre-formation of calcium nolybdate or by i ngnatlon or y ot means
known in thhe art. Bm%wb&m@mdmwhwm;ym@sommwsaa_irwmgs@oﬁypl cal | y,
the "B" conphghii fwﬂ SR ik Sie! £ bie) :

Ti. or mxtures t e#e%% %Zhl(erﬂa%édﬁﬁblé I nt gg%g hﬁSEIe'\%%dg%'?f%%n oxi de
or as a salt siahie exidespoen h@‘eﬂr@mam prafewid. IAMSHﬂcdlly pefeoxd seircePyrafitentadigy |
salts such ag; Lk .8 .easily soluble are
used as the rrgans ﬁlgﬁdg@rﬂ%%r@%& gﬁh‘%"%@#@%@ u%o d?u’ga%%t alyst. 5

Bi smuth may be i nfaindedveeithe mmcmmnmmaity&tamammxyuteam_,rcmomd&airbn whi ch

upon calgin ] he ..0X] e salts lch are
easily dlgpe%gg’qﬁé\%uflcﬁa{rtﬁ% g’tﬂge et'rcl)xh]:g ‘S"Sugém‘@é% %]?efglg FW&"‘Q’F’&S"W’ erred.
An especi al | yalqsalefpmfs;rmd foraber exge Wit which theigy tegmifhrinty@ibpersed withis Métchaiirt r at e
whi ch has beﬁ[%st X errd eld in.a solution of nitric acid. To introduce the

iron conponent SiFEE PR E S Y%t , one may use any conmpound of iron 10

whi ch,. upon cal cﬂmahmmadmdrd confpShbint ofithe dalaBystGxdy bR SntrofScedifiol dnb GroBbMRNm
eIerrents wat er. (&]*} salt %are)ﬁreferredfor the ease with Wmchthey
may be uni f oP RS UEH %@dﬁw FriPRRtp e Q Bepigoyide. Howeer, 1ids prelsrpddiatias ferric

ni trate. Thehymdlizhleaun GopueamanslyRientnd @11®e Lali%s bs IBYouRE Jf e HRRHAGHN r om
any nol ybdemfgnrﬂom de such as dioxide, trioxide, pentoxide or heptaoxide.

However PSEPIETerEd) Stptking matena) iy ARHROBIYTYbepiamolibd®e c onposabl e nol ybdenum
salt be utilized mg cﬁtkl?s@ﬁ’d’pfesar&fb}xrhﬁmg% h SRGRYBRution it SriRfunf " €1 €1 1 ed

starting material is ammpni um heptanol
' heptamolybdate with a silica sol to which a slurry containing the compounds, preferably

nitrates of the other elements. is added. The solid material is then dried, denitrified 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 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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The catalysts are prepared by m xi ng an aqueous sol ution of anmoni um

hept anol ybdate with a silica sol to which a slurry contairﬁla%)ré}g2 05
conpounds, preferably nitrates of the other elenents, is added. TIQe solid
material is tMEH2E#%&d, denitrified and 20 cal ci ned. Pref eCEiEoy 24253
catalyst is spray-dried at a tenperature of between 110C to 350C,

preferably 110C t 0C st preferably, 110C to 180C. The denjtrification
tenperature may ﬁ?%{ﬁg’@n? fogﬂ‘efﬁ’g’@”fiﬁf"’ﬂ% lon 10 pqcur arepisp welljemowg mghgprior piipg) |y,
cal ci nati on . tagdséden{dddg@).S. Pat. Nok. SUOELIH: 163,891 ; NRINVETE anBOAG doP HERAC
‘preferably between ﬁgoc to 650C. The catal ysts of the instant invention are

useful i n anmiSPABIE By, refgrnsee d tnically. dhe apymoxideion paoryss s pestormaad by sonsaceing n

sel ect ed fr oftdpiiener NaPutgleRsSin Silel prderRf oﬂ%ﬁﬂ%a%ﬂ@o? SPRIA Y bl @ﬁoot{ata}\?? grures

thereof. to acrylonitrile, methacrylonitrile and m xtures thereof,
respect i vél y an gfyvateddeppneraiye torpredvee iheprovloniritess mgthagmlopitrde.af mckotrerpfer at ur e

and pressur e ogaksimey & éﬁplef;y'ea.hm eclBhRGHsats, NS y ﬁ?)f%ﬁﬁxieﬁ t\d. gaspand

anmoni a in the presence of the catalyst. Preferably e anmoxl dati on
reaction is B@PP’GP?*F@‘FW%M?WE@% 18 ghetfend shouidwangpfron80.59tdwet. types of
react or s .suchreRSaply s P4 341 e HORGLRS o?a&&{ém?%"éléﬁnolﬂ fedd i nd G .
reactors, for the manufacture of acrylonitrile are wel'l Known A The prior
art. For exaigy wary frae beween 66:1 tol2di Gheresieteallyomd wpperrliniit Br thPatmotie-olefin 230, 246,

herei n i ngor C ' i tabl.e, February 200 WO
02/ 13963“%0&% 8”“11?%2‘%3&%%‘%{3‘? 'p‘u ’%ﬁ*‘s’Ih c??“téfiagmlé%%% ﬁ’éf“f"é}ﬂm}”égﬁé‘tnis-o refegedccur
are al so wel feekrationfor the chigyy of the insiant izventiou ifeteioeoduoyon b ScryRaitrile NOsn

Cetorence. TymRast fproipfd el BRfnr s 40 Bt SRSk Beros Bt e s g

propyl ene or13.&bbutylene in the presence of amonia and oxygen with a fluid
bed catal yst at an el evated tenperature tq produce the acrylonitrile or
net hacryl onitril ?hEW%ﬁ?%edﬁpgaméﬁ%bﬁ@’e%F B3 of pypt 288 GAoni ¢

reasons, 1HOWB00ET, preférred Sare£hedip 0P th 009S RspRbifily grirred BERIcOBLe HB4RE, Fit i 0 Of
the oxygen to olefin in the feed should range fromO0.5:1 to 4:1

h )
‘preferably fFBRFHmMS piioyeh notprtical i espergllyin e pmeepkfohicd0sesopisewith in t he
feed in the preRehictRingiBY comdcytithé M Hes Wesas0. 5:1 to 5:1. There is really
‘no upper limt fq; the ampni a-olefin 1 o ratio, but there is generally no
reason to exceed '&°PRAPGS Yireastiqn meybeaecarrnd and perifind vy anyPpfdhemetiads kioed
ratios for t{encsedialonsh tRbr! BRe bidf kdfMbd MM ER bb@ibid e%}fﬂﬁen?%ﬁg%c#ﬂ & of
acrylonitrile are an anmmonia to propylene ratio ih the rafigé of.91 to
1.3°1, ard aqeqxctqramﬁ,cg&gw@qq@r Pragppypodte ®1ventito temove 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

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



12.0:1. The reaction is carried out at a tenperature of between the ranges
of about 260 to 15 600C, preferred ranges being 310to 5006, e%?lﬁ’eﬁf
preferred being 350 to 480C. The 20 contact tine, although not cri caI is
generally in tWeo¥@EHge of 0.1 to 50 seconds, with prefer8abEsBR2AY to a

contact tinme of 1 to 15 seconds. The pro.ducts of reaction may be recovered

and purified by hod knov.vn t hose illed in the art. One
such net hod |W\?8‘?ngat§(tr ug%ﬁr’?ra?g‘ CW E}"a@%é’tfs}s(g dPe‘h%‘gHPJ with
col d wat er Orsoalnoﬁmllbﬂﬁb}ai%g%QSNOﬂtFlﬁdﬂy,raQﬂiﬁtﬂﬁ: dflﬁféltéﬂxﬁdﬂqﬁtﬁat&fwak Afiett €act i on

and .then purif r i on rimary
utility of thH&™ %’é‘ﬂ’%t éﬁ;ﬁgﬁ&ﬁﬁ? 9?%@1@%%?%* g‘%&)@"ﬂt‘lﬁé %1-%8t i on of
propyl ene to Iagal\sdspﬂﬂm |1|9.$5g BIgN@Y.SYH,OF hﬁSgIKN‘@ ain was%éwé‘mﬂﬁm@ )s6h,bas used
for the oxi datw 8‘ %%eg!y%@ne to acr)fl ic aclid. Such processes are

typical Iy 1wd ¥atpiigpo ant Slurcy wasPlendedng thep spray dried spgives 19egatplist he
presence of an@@atalws&as héut RédedBHolnY 2P0 O RliBwid byl NRulsial 15 S LRAGEnANY the
acrolein is converted in the presence of a catal'yst to primarily acrylic

acid in the SEEERHO00SE iyeve arfipishedearalspst described herein is suitable for
use in one orc 119d les ARREhdH & ﬁﬁ@é’ﬂbﬂﬁﬁﬁrﬁuoh@dﬁf&ﬁra &R, §egcj: H%E}{efat e the
i nst ant |nvent|ontﬁe$ ilovmn exanpl €s are provi ded PO 55

illustrative %@}Yﬁd’é"@“ss%ﬂi‘fp' waﬁmh@h ON“E?&P&Q granoreef cobalt, lﬁﬂujlpm,ﬂranllmonv
KO2Ni 3. OVi?. QF&:?&QE‘e&:M3§ﬁ%Q§%o§ sﬁfé&ﬁ}gl%’rth%'e }Q{ epar ed

as follows: 196.49g of amoni um hept ano yb at wer e sso 4
February 2005 V\dmmygﬁglmﬁwmaﬁezmmfomwmmmmt c&ﬁ&ganuf SI lica

so] cont ai ni j.on fo | owed
by 5.96g of %gmﬂo‘%@ @%ﬁ&%yﬁk& Lure %ﬁ&?%{t&goﬂg?w ftga SET{EE Mdded
cont ai ni ng: @Gtallggwm@m@i WHtr Gmildd re3Sign dinfiNons) 2 fekl &Bmaﬁﬁzg?eﬁgam«: of

Co( N03) 2. 6H, Q, 9.85q Bi (N03).3.5H, O, 1.66g KNO3, and
89. 73g of Ce( %%@%&g ggéﬁc%%%%vegh’ f(g% 51%&19’? Wau hgm‘f“&@iﬁe?%‘?{t slurry was
bl ended ard tabgoxisprelyyat d30°@d Otpsig ghd/@097 e, TiRtyadld 6t acrylobiifieGmk adlletied Wwas heat
treated 3 ho%e%su%;d‘ 290 C followed by 3 hours at 425 C and finally 3

Tablel
Examples Catalyst Composition Tetal C3™ Conv, to
| (all compositions are + 50 wt% SiO7) Conv, AN
Example Kg.2Ni3 gMg3 oFez pBig 5Co3 5Ce] oSbg sMoj3.6 98.0% 79.8%
Ox

Comp A Kg.2 Ni3 0 Mgo g Fes g Bip s - Cey.0Sbp.5 71.7% 56.9%
Moy3.6 Ox

Comp B Koz Ni3 g Mgz o Fez g BigsCo3s - Sbps 80.4% 64.1%
Moy3.6 Ox

Comp C Kp.2 Nig g Mg2 g Fes o Big 5 Co3 5Ce g - 97.1% 76.2%

_ Mo13.6 Ox

- CompD KpaNisgMg2 g Fez oBigsCozs - - 85.7% 67.3%
' _ Moi3 6 Ox ' ,

Comp E Kp2NizoMgagFezgBigs - - Sbps 79.6% 64.2% .

Moj3.6 Ox
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hours at 600 Cto give a finished catal yst. Conparative Exanples A through
G Using the preparation described above, several other ggialysy e
simlarly prepared which omtted one or nore of cobalt, ceriumor antinony
10 fromthe pM2A¥6I on. The conposition of these catal yseGI/ER0E243 set
forth belowin Table 1. In order to identify the illustrate the perfornmance
of the clained cobalt, cerium andIl ﬁﬂtli [E:gnt)[n Eﬁom)t ed catalysts to simlar
catal ysts omtting one or nore of s, all catalysts were

eval uat ed yndExanplesr [lar react | cataterChinipegtta. A 1 €€d CONst@l Gy NY aCdhv s Ure of
1 C3/ 1.2NH3/ 9.5 Ailr was d over th 0l i.ng catal ysts in an 1"

di aneter reactor 15 aDDrox?hg?néqc’f/'g%risarﬁ%é&””iﬁ%si g ahd O°B wih. Phe yilel d
of acryl oni|t r Exanplgas |dal2NeasoMed oBadBiosCassdeedsby blse | ER@ompl egCatiaky St
Composi tionTotal C3Cgnv. to (al | cogpositions are +|50 wt %0 $i 02) Conv. AN
Exanpl eKo. :M@L(‘Fp? ORI 0. 5Co3 5Cel . 0SbQ, SMb13. 698. 0%9. 8% Ox_Conp -
AKO. 2 Ni 3.0 MJ2™BFrel. 0 HL.NI3.0 MegeiFexn Bip® 57 Ler0m6. 9% MBS 128, 6 | Ox 668D BKO. 2
Ni 3.0 MB2. 0 Fe2.0 BiQ_5 Co3.5 - Shh;580,4%64. 1% MO 18.6 Ox Conp CKO.2 Ni 3.0
My2. 0 Fe2. 0—Bi-0-5-Co3-5 =07 1946 20 MD13 6 Ox Conp DKO. 2 N13.0 My2.0
Fe2.0 Bi 0.5 C5TBS. -85.%/@*?’!@%‘%@?-6%@ Conp EKO. 2| Ni -B4M2. 0 6E&% 0
Bi0.5 - - $b0.579. 6%§4. 2% Mp13. 6 ®4o17d,February 2005 WO 02/ 13963
PCT/ USO01/ 24353 Tabte—+—(Conttnued)—Netes:

L. “Total C3™ Conv.” is the mole percent per pass conversion to of propylene to all products.

2. “Conv. to AN” is the mole percent per pass conversion to of propylene to acrylonitrile.

The catalyst composition of the instant invention is unique in that it contains three
5 promoting elements, cobalt, cerium and antimony, not previously utilized in combination in a
~ single ammoxidation catalyst formulation. Asillustrated 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
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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. "Total C3 Conv." is the nole percent per pass conversion to of propylene

to all products. 2. "Cony. to AN' is the nole percent per rsion .
to of propylene to acrylonitrile. The catal yst conpositi orzll @?ﬁigpﬁit ant
invention is unique in that it contains three 5 pronoting el enents, cobalt,
cerium and antinony, not previously utilized in conbination in a single
ammoxi dati on catalyst fornmulation. As illustrated in Table 1, for the
anmoxi dati on of propylene to acrylonitrile, a catalyst of the instant

i nventi opyhas: exhibited better performance than prior art catalyst

cont ai ni ng none, one or two of these elenments. Mre specifically, a

cat atyst1.com priotsé1@r tHeRatviersioh®F isTefangdleated fromnye srbey@dsiftinglogr - over al |
conversi on and hj gg‘g& | 0 conversions to acrylonitrile when _i)r opyl ene was
armoxi di PERPY&AEr isebRtyleps ormyxtures thapelta perylonitip snethaprglonitiilaand presence of
anmoni a i ' o ti.on h p | i .
conj unct ?ggn%{%e%éﬁgleggée%ﬁf iB’I(’:b‘%%e 'ttl(ljl ;]}r{reg{r%t‘}agglt“ ﬁ%aF?%F%}b%\%g&% .Pc%?%er%qwcdent

t hat nmangndpiessurekaidetefinithfaimeltdacoxypificordiniig g8 and Whdrhodig irpghear ent to
those skilled in the art in Iight_ of the foregoing description.

Accor di nBrepengerof 28 axids ¢atalysdewhereinghp eatelystdias thefilloming empiricat Hrmula;

nodi fJd cations and vari ati ons faal L. W thi e ~Spirit and broad scope of
t he 1]:aﬁlppended clai ns. Exanpl e@%%@‘%w?%%ot al C3Conc. to (all
conposi twheimre + 50 wt % Si O2) Conc. AN .

Exanpl eKO. 2Ni 3. Ovg2. OFe2. OBi O. 5C03. 5Cel . OSb0. 5Mbl 3. 698. 0%9. 8% Ox Conp
FKO. 2 Ni&. 0 MsatdeastonoofiCn Ps S, T B, Ge, 8, IodH, &3, W@ mixtwresthepeotkp, 2

Ni 3.0 .0 Fe2 | 0S =pv. 349, 7960-4% M13. 6 Ox ,Cl aiJrs: 10 1. A process
for the onve}ssaltg‘??gb?nca?ﬂdr BN K g@lg‘%t THRRIIER e un consi sting of 15
propyl eng, i sl NebndMgt ures thereof to acrylonitrile,

met hacrylonitrile and mxtures thereof respectively by reacting in the
vap@ar phase 0tad.@| evated tenperature and pressure said olefin with a
nol ecul %r oxgiggﬂncontgi ning gas and amonia in the presence of an oxide
cat al ystt, wh i'H Ok’ cat al yst has the followi ng enmpirical formula;

A, BbC, FedBi cGoq@ @Shpdb nOX
4 is01t5.0

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 7
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.
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wherein . Ais at least one of O, P, Sn, Te, B, Ge, Zn, In, My, Ca, W or

m xtures thereof B is at |east one of Li, Na, K Rb, Cs, 4litebr@iryBhyt Ur es
thereof Cis a mxture of N and My 20 ais 0O to 4.0 b is 0.01’?0 1.5 ¢
is 1.0to 1000 dis 0.1to50 eis0.1to2.025f is 0.1to 10.0 g is
0.1to 2.6 - his 0.1to2.0mis 12.0to 18.0 x is a nunber determ ned by
the val'ence requirenenis of the other elenents 30 present. 2. The process
of claiml| wherein the.catalyst is supported on an inert” support selected
from the3.gr ditg peaesioS thing 1 WheRin! B £3cletdd Horh the gé’duP%@fmsﬁng siaD), &, and

m xtures. thereof. 9 4 February 2005 The process of claim| wherein B is

sel ect ed fr dok héxtaleothpresonsi sting of Na, Li, K, Cs or m xtures thereof.
10

10





