EPECIFICATICN 10 PARAFFI N AMMOXI DATI ON USI NG VANADI UM ANTI MONY 4%, 3
BASED CATALYSTS W TH HALI DE PROMOTERS 15 BACKGROUND OF THE INVENTLCN 28”
Field of the Invention The invention relates to an inproved process for the
catal yti c- anmoxi dat'i on of paraffins containing from3 to 25 5 carbon atons
to [err]-unsaturated nono-nitriles, especially paraffins containing 3 to 4
carbon atons. In particular, the present invention is directed to the
anmoxi dati on of isobutane to nethacrylon|arlle and especially of propane to
acrylonigtrile. 30 Because of the price differential between propyl ene
and propane, an econom c incentive exists for the devel opnent of a viable

catalytic process for conversion of é&ﬁﬁ&éﬁiéy?crylonitrile. Previ ous
attenpts to devel op an efficient proce S t he ammoxi dati on of propane

to acrylonitrile produced either insufficient yields of acrylonitrile or
proces§ gﬁ wherein the catal yst used for the reaction did not have
suffici

PARAFFIN AMMOXIDATION USING VANADIUM ANTIMONY OXIDE
BASED CATALYSTS WITH HALIDE PROMOTERS

15

BACKGROUND OF THE INVENTION

20 Field of the Invention

The invention relates to an improved process for the
catalytic ammoxidation of paraffins containing from 3 to
25 5 carbon atoms to a,B-unsaturated mono-nitriles, especially
paraffins containing 3 to 4 carbon atoms. 1In particular,
the present invention is directed to the ammoxidation of
isobutane to methacrylonitrile and especially of propane to
acrylonitrile.
30 Because of the price differential between propylene and
propane, an economic incentive exists for the development of
a viab;e catalytic process for conversion of propane to
acrylonitrile.
Previous attempts to'develop an efficient process for
35 =the ammoxidation of propane to écrylonitrile produced either
insufficient yields of acrylonitrile or procésses wherein

the catalyst used for the réactipp,did not have sufficient



-2- lifetine characteristics to make the process economical. For exanple,

U S. Patent Numbers 4,000,178, 3,833,638, 4,010, 188 and 3, 746, 737 are

‘rel at'ed to the amoxi dati on of propane to acrylonltrlle usi ng various types
of catalyst 5 systens wherein an hal ogen pronoter is used during the
reaction. In addition, Geat Britain Patent 1,333,639 relates to

ammoxi dation of propane using a bisgubh- ol ybdenum cat al yst system and a
hal ogen pronoter. In each of these cases, either the catalyst utilized does
not have a

econon1cali%gstiﬁ%gcg?gghge Fgﬁégsoﬁggégﬁ%ekhgt ?088 |ne§%§ﬁgkﬁcefﬁe

P ont nanEeoaabBie) f ﬁ‘aie&@”ﬁ&%bi‘% 358088378, 5699546 4“85% 233
and 4, 877, Z6ﬁlgr§a§' LAa! 90'7% %QPQ% @g&tﬂ%baattbomoamwlw tildrl &£

ut|I|Z|ng m X nmetal oxi de catalyst and novel procedures for processes for
preparing phepanedtal wekrydngkrineduseng"Raeiedsy tebés dEwadialidtese

systens canh be inproved and

5 systems wherein an halogen promoter is used during the
reaction. In addition, Great Britain Patent 1,333,639
relates to ammoxidation of propane using a bismuth-
molybdenum catalyst system and a halogen promoter. 1In each
of these cases, either the catalyst utilized does not have a

10 sufficient lifetime characteristic to make the process
economically viable or the yields of acrylonitrile obtained
during the process are unattractive from a commercial
standpoint.

More recently, U.S. Patent Numbers 4,767,739;

15 = 4,784,979; 4,879,264; 5,094,989; 4,837,233; and 4,877,764
are directed to propane ammoxidation to acrylonitrile
utilizing mixed metal oxide catalyst and novel procedures
for processes for preparing these catalyst which produce
improved yield. However, these systems can be improved and

20 the present invention is directed to such an improvement.

Summary of the Invention

25 It is an object of the present invention to provide an
improved process for the ammoxidation of paraffins to .

unsaturated nitriles.



20 the present invention is directed to such an inprovenent. Summary of the
I'nventi on 25 It is an object of the present invention to provide an
i nproved process for the ammoxidation of paraffins to unsaturated nitriles.
-3- It is a further object of the present invention to provide a fluid bed
catal ytic process for the conversion of propane to acrylonitrile. Oher
objects, as well as aspects, features and 5 advantages of the present

i nvention will becone apparent fromthé studying of the acconpanying

di scl osure and the id & nfur ther fasjgot e atte ghesernt] fvdentoion hgo present
invention are achieved by the process of the present 10 invention, which
conpri ses tBOPrdR e sE¥wkd thed apaitad yiat¢ pradess 0o oLt gamedfsione of
hydrocarbon to the correspondjng unsaturated nitrile. The process conprises
reacting a RYRIe the @Fpakenitmike hydrocarbon with amoni a and oxygen at a

f between 250[err]C to 600[err]Cin the presence of a
temperature o Other objeéts,]as well gs agpects, fegkures and

5 ad#antages of the present invention will become apparent
from the studying of the accompanying disclosure and the
claims.

The foregoing and other objects of the present
invention are achieved by'the process of the present
10 invention, which.comprises the process for the ammoxidation
of a C3 to Cs paraffinic hydrocarbon to the corresponding
ﬁnsaturated nitrile. The process comprises reacting a C;
to Cs paraffinic hydrocarbon with ammonia and oxygen at a
temperature of between 250°C to 600°C in the presence of a
15 catalyst having the embirical formula as follows:
VvSbpRaDgOx
wherein A when present is Sn and/or Ti
when present is one or more of Li, Mg, Na, Ca,
Sr, Ba, Co, Fe, Cr, Ga, Ni, Zn, Ge, Nb, Zr, Mo,
20 W, Cu, Te, Ta, Se, Bi, Ce, In, As, B, Al, P
and Mn
and wherein v is 1, m is 0.5-75, a is 0 to 25, d is 0
to 25, and x 1is determined by the oxidation state of the
cations present, and a minor quantity of an halogen-
25 containing component. Preferably, the halogen containing

component is characterized by the following fermula:



15 <catalyst having the enpirical formula as foll ows:
Vlerr]Sb[err]Alerr]Derr]Jerr] wherein A when present is Sn and/or
Ti D when present is one or nore of Li, My, Na, Ca, Sr, Ba, Co, Fe, C, Ga,
‘Ni, Zn, Ge, No, Zr, M, 20 W Cu, Te, Ta, Se, Bi, Ce, In,
As, B, Al, P and Mh and wherein v is 1, m is 0.5-75, a is O0to 25, d
iIs 0 to 25, and x is determ ned by the oxidation state of the cations
present, and a minor quantity of an hal$gen- 25 contai ni ng- conmponent.
Preferably, the hal ogen containing conponent is characterized by the
foll owi ng fornmul a: -4- R X or x&erbk, yhere R=Hydrogen, Cferr]-Cferr]
alkyl, and X =F, d, Br, | or ni?tures t hefeof. In a preferred enbodi nent
of the present inventionghge5 ﬁgﬁ@&}bgéﬁ,hagkggargpﬁYi§ selected fromthe
ab

group consi sting of isobutane, propane, nost prefer y propane. |In another
aspect of the presefid i ents,oci,hed,cad By mMiXRIHe’ thereof.
In a pref;rred'embodiment of the present invention the

5 paraffinic hydrocarbon is selected from the group consisting
of isobutane, propane, most preferably propane. In another
aspect of the present invention the feed may comprise a
mixture of propane and propylene.

In a still further preferred embodiment of the present

10 invention the halide component is present in the feed
mixture in an amount of between 10 to 10,000 ppm.
Preferably, the halide component is present in an amount of
between 15 to 5,000 ppm, most preferably between 20 to
1,000 ppm. ' |

15 ’ In another preferred embodiment of the process of the
present invention, the ratio of the oxygen-containing gas to
paraffin is between about 0.1:1 and 5:1. The ratio of
ammonia to paraffin is between 0.1:1 and 5:1. Optionally, a
diluent gas such as nitrogen may be added to the reactor.

20 The typical ratio of diluent to paraffin in the reactor can
range between 0 to 30:1. The process can be operated at an
elevated temperature of between 250°C to 800°C, preferably

between 400°C to 650°C and, most preferably, between about
460°C to 520°C.
25
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oxygen-containing gas to paraffin is between about 0.1:1 and 5:1. The ratio
of anmmonia to paraffin a diluent gas

Detaltbdcpeseriptiandof theOrhventhion
such as nitrogen nmay bé& added to the reactor. 20 The typical ratio of
diluent to paraffin in the reactor can range between 0 to 30:1. The process
can be operated at an el evated tenperature of between 250[err]Cto

800[ err] C, prefdhabproestascof 406 @negsento i8&NdridnC isndlinesttedhrizg etladl v,
bet ween about 460[err]C to 520[err]C. 25 _ -5- Detailed Description of the
| nventi on method of preparing acrylonitrile from propane or

5 propane/propylene mixtures and methadrylonitrile from

isobutane or isobutane/isobutylene mixtures. The process

comprises reacting the paraffinic hydrocarbon with ammonia
in an oxygen-containing-gas (preferably air) over a wvanadium
antimony oxide based catalyst in the presence of one or more

10 halide compounds.

The catalysts useful in the process of the present
invention are described by the following
VySbnAaDaOx

when present is

empirical formula:

wherein A Sn and/or Ti

when present is one or more

15 D of Li, Mg, Na, Ca,

Sr, Ba, Co, Fe, Cr, Ga, Ni, Zn, Ge, Nb, Zr, Mo,

W, Cu, Te, Ta, Se, Bi, Ce, In, As, B, Al, P

and Mn

and wherein v is 1, m is 0.5-75, a is 0 to 25, d is O

20 to 25, and x is determined by the oxidation state of the

cations present, preferably m is 0.5 to 50, a is greater

than 0 to 20_and d is greater than 0 to 20, especially

preferred being m equal to 0.5 to 40, a equal to 0.01 to

15 and d equal to 0.01 to 15, and a minor quantity of an
25 halogen-containing component, preferably characterized by

the following formula:



The process of the present invention is directed to the nethod of preparing
acrylonitrile frompropane or 5 propane/propyl ene m xtures and

nmet hacrylonitrile fromisobutane or isobutane/isobutylene m xtures. The
process conprises reacting the paraffinic hydrocarbon with anmonia in an
oxygen-cont ai ni ng-gas (preferably air) over a vanadi um antinony oxi de based
catalyst in the presence of one or nore 10 halide conpounds. The catal ysts
useful in the process of the present invention are described by the-
following enpirical forrmula: V[err]Sb[& r]Alerr]Derr]derr] wherein A
when present is Sn and/or Ti 15 D when present is one or
more of Li, My, Na, Ca, Sr, Ba, Cog-ke, o¢.x%a N, Zn, G, No, Zr, M, W
Cu, Te, Ta, Se, Bi, Ce, In, As, B, A, P and and wherein v is 1, mis

0.5-75, ais 0 to 25 d iwh@rd0 RERydBogafd C¥—C+§ dekeinmi ned by the
oxi dation state of the cations present, preferably mis 0.5 to 50, ais

greater than 0 to 20 aandl K=#B, @leatBy, thar Guixtifks edpecedt ]y preferred
being mequal to 0.5 to 40, a equal to 0.01 to 15 and d equal to 0.01 to

15, and a mi nor Theset abpvef-mentibnkd vgaadiam antiimgpnyooxddentasadef er abl y
characterized by

5 catalysts may be prepared by methods known in the art. In
particular, an effective method of preparation is the
peroxide method disclosed in U.S. Patent Numbers 4,784,979
and 4,879,264, herein incorporated by reference. In
general, the method disclosed in these patents comprises

10 making a catalyst precursor by reacting the VO(0;)+ with an
antimony compound containing antimony in the valence state
of 3+. Typically the vanadium ion is made by reacting
hydrogen peroxide with a vanadium compound. Thi§ precursor
is thén dried and calcined typically by spray drying to form

15 nmicrospheroidal catalyst particles. .In addition, the
.catalyst may optionally be washed at any one of the points
in the procedure of making it as disclosed in U.S.
Patents 3,860,534 and 5,094,989 herein incorporated by
reference. Moreover, the catalyst may be.treated by the

20 methods disclosed in U.S. Serial Numbers 112,027 and
213,325, and U.S. Serial Number 304,029, assigned to the
assignee of the present invention, herein incorporated by
reference. The catalyst may be unsupported or supported on
a suitable carrier. Preferably the catalyst is supported on

25 a carrier such as silica, alumina, zirconia and/or mixtures

thereof.



the foll owi ng formul a: -6- R X or Xerr] where R=Hydrogen, (err]-Cerr]

al kyl 'and X=F, d, Br, | or mxtures thereof. These above-nenti oned
vanadi um anti nony oxi de based 5 catalysts nay be prepared by methods known
in the art. |In particular, an effective nmethod of preparation is the

per oxi de nethod disclosed in U S. Patert -Nunbers 4, 784,979 and 4, 879, 264,
herein incorporated by reference. In general, the nethod disclosed in these
patents conprises 10 npking a catalyst precursor by reactin he VO
(Qerr]) + with'3s BatidenyorRARRERdaE 0 ?%?ﬁ%?@dahgiﬁhﬁy ?ﬁg?i% belevte
state of 3+. Typically the vanadiun}%og IS e by reacting hydrogen
peroxi de with a vanadi um conpound. T p?ﬁc %or is then dried and

calcined typically by spra LYd ng, rm.15 . nm.cr roi dal catal yst
particles. |n addition, t%@ggéta y?&d#% oﬁtFng?1§EESSMashed at any one

of the points in the procedure of,guekgng i&;asgdisglosed in U S Patents
3, 860, 534 and 5, 094, 989 herein incor porat ed by

5. are present in the reactor in the amount of bgtween 10 to
about 10,000 ppm. Typically, the halide compound is fed to
the reactor along Qith the paraffin, ammonia and oxygen-
containing gas. Suitable halide-containing compounds useful
in the practice of the present invention are hydrogen

10 bromide, hydrogen chloride, hydrogen iodide and hydrogen
fluoride along with halide-alkanes such as methylbromide,
methylchloride, methyliodide, methylfluoride, ethylbromidg,
ethylfluoride, ethyliodide, and the like. The preferred
halide component is typically hydrogen bromide.

15 The contact time for the reaction would depend upon
various factors, among them being the catalyst used in the
surface area and the physical and chemical characteristics
of the product desired. However, in general the contact
times are short ranging from .1 to 20 seconds, preferably

20 Dbetween .1 to 5 seconds, most preferably being .1 to
3 seconds. The following examples of the process of the
present invention are set forth below for illustration
purposes only. The examples in Table 1 set forth the
unexpectedly high yields of selectivities of the process of

25 the present invention combined with the unexpectedly stable

performance during operation.



reference. Moreover, the catalyst may be treated by the 20 met hods
disclosed in U S. Serial Nunmbers 112,027 and 213, 325, and U. S. Seri al
Nunmber 304, 029, assigned to the assignee of the present invention, herein
i ncorporated by reference. The catal yst may be unsupported or supported on
a suitable carrier. Preferably the catalyst is supported on 25° a carrier
such as silica, alumna, zirconia and/or i &tures thereof. -7- The
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met hyl chl ori de, nethyliodide, nmethylfluoride, ethyl brom de, ethylfluoride,
ethyliodide, and the like. The preferred halide conponent is typically
hydr ogen brom de. 15 The contact time for the reaction woul d depend
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area and the physical and chem cal characteristics of the product desired.
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seconds, preferably 20 between .1 to 5 9eeonds, nost preferably being .1
to 3 seconds. The follow ng exanples of the process of the present
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- 10 - What we-claimas our invention is: 1. The process for the
Cerr] to (err] paraffinic hydrocarbon to its

corre m{mj@ﬂi ﬂm!saturat ed hydrocarbon conprising reacting the C(ferr]
to Cery hydr ocarbon wi th ammoni a and oxygen in a fluid bed
reactor at a tenperature of between 250[err]C to 600[err]C in the presence

of a catalyst having the enpirical fopoula as follows:
Vlerr]Sb[err]Alerr]Derr]derr] wherein A when present is Sn and/or Ti 10

D when presen .or e of , Sr, Ba, Co, Fe, C, &
N Zn, %e thhf& 9"1% q\ﬁf“‘h‘]"s %mve'l\é/& ‘%gals " In As. B, A, P and M
AN Wher e v b5 L. R Sabcieieds it dfhchadbich B & 1825 ccAng,X 15

determ ned by t Ilon state of the cations present, and a m nor
quantity QfarH¥ 13 iRIHYHIRABIN LS RPN ¥respondiie @rﬁlﬁﬁ%@ir@ié’d m 1

wherei n the hal ogen- containing conponent is characterized by the foll ow ng
hydrocarbon comprising reacting the Ci; to Cs paraffinic
5 hydrocarbon with ammonia and oxygen in a fluid bed reactor
at a temperature of between 250°C to 600°C in the presence of
a catalyst having the empirical formula as follows:
VvSbnAaD4Ox
wherein A when present is Sn and/or Ti
10 D when present is one or more of Li, Mg, Na, Ca,
J Sr, Ba, Co, Fe, Cr, Ga, Ni, Zn, Ge, Nb, Zr, Mo,
W, Cu, Te, Ta, Se, Bi, Ce, In, As, B, Al, P
and Mn; and
wherein v is 1, m is 0.5-75, a 1is 0 to 25, d 1is 0 to
15 25, and x is determined by the oxidation state of the
cétions present,
and a minor quantity of an halogen-containing component.
2. The process of claim 1 wherein the halogen-
containing component is characterized by the following
20 formula:
R-X
where R=Hydrogen, C;-Cz alkyl
and X=F, Cl, Br, I or mixtures thereof.
3. The process of claim 1 wherein the halogen
25 containing component is characterized by the following

formula:

X,



.22_;{9LHEL§;_B;X,Where R=Hydrogen, Cerr]-Cerr] alkyl and X=F, d, Br,

or_m xtures thereof, 3. The process of claim 1 wherein the hal ogen 25

co [ m““rmm is characterized by the following fornula: X err]

wh Rn\“u s e or mxtures thereof. 4. The process of claiml
wher&i rf t tfe Par affini c hydrocarbon i 1del-ected fromthe group consisting of
| sobut ane and propane. 5 5. The process of claim4 wherein the

par af fi ni c hydrocarbon i sherepir&, €1, BFhe Iposcadxtuires| &hereofherein the
hal ogen contai ni ng conpound is present in the feed mxture in an anmount of
between 10 to #0, 000hepprorgss of ctaim thahgredssdher rerafhitigherein the

hal ogen cont ai ni ng conpound is present in an anount Qqf betmegy 15 to 5,000
ppm hydrocarbon is selected from the group consisting o

isobutane and propane.
5 5. The process of claim 4 wherein the paraffinic
hydrocarbon is propane. '

6. The process of claim 1 wherein the halogen
containing compound is present in the feed mixture in an
amount of between 10 to 10,000 ppm.

10 7. The process of claim 6 wherein the haiogen
containing compound is present in an amount of between 15 to
5,000 ppm.

8. The process of claim 7 wherein the halogen
containing'compound is present in an amount between 20 to

15 1,000 ppm.

9. The process-of claim 2 wherein the halogen
containing compound is selected from the group consisting of
hydrogen bromide, hydrbgen chloride, methyl bromine, methyl
chloride, hydrogen iodide, hydrogen fluorine, methyl iodide

20 and methyl fluorine.

10. The process of claim 9 wherein the halogen
containing compound is selected to be hydrogen bromide.

11. The process of claim 1 wherein the halogen
containing compound is added to the reactor along with the

25 paraffinic hydrocarbon, ammonia and oxygen.

12. The process of claim 1 wherein the halogen

contaiﬁing compound is added to the catalyst.



8. The process of claim7 wherein the hal ogen containing conpound is
present in an anmount between 20 to 15 ‘1,000 ppm 9. The process of claim
2 wherein the hal ogen containing compound is selected fromthe group
consi sting of hydrogen brom de, hydrogen chloride, nmethyl brom ne, nethyl
chloride, hydrogen iodide, hydrogen fluorine, nethyl iodide 20 and net hyl
fluorine. 10. The process of claim9 wherein the hal ogen contai ni ng
compound is selected to be hydrogen brenide- 11. The process of claiml
wherein the hal ogen contai ni'ng conpound is added to the reactor along with
the 25 pasgétrace hydrocarbon, ammonia and oxygen. 12. The process of
claim1l whérern the hal ogen containing conpound i s added to the cat al yst.
PARAFFIN AMMOXIDATION USING VANADIUM ANTIMONY OXID
BASED CATALYSTS WITH HALIDE PROMOTERS

The process for the ammoxidation of a C; to Cs
paraffinic hydrocarbon to its corresponding o, B-unsaturated
hydrocarbon comprising reacting the C; to Cs paraffinic
hydrocarbon with ammonia and oxygen in a fluid bed reactor
at a temperature of betweeh 250°C to 600°C in the presence of
a catalyst having the empirical formula as follows:

VySbnAaDeOx
wherein A when present is Sn and/or Ti
D when present is one or more of Li, Mg, Na, Ca,
Sr, Ba, Co, Fe, Cr, Ga, Ni, Zn, Ge, Nb, Zr, Mo,
W, Cu, Te, Ta, Se, Bi, Ce, In, As, B, Al, P
and Mn; and
wherein v is 1, m is 0.5-75, a is 0 to 25, 4 is 0 to
25, and x 1is determined by the oxidation state of the
cations present,
and a minor quantity of an halogen-containing component,
preferably characterized by the fbllowing formula:
R-X or X
where R=Hydrogen, C;-Czo alkyl

and X=F, Cl, Br, I or mixtures thereof.



