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(54 Title: CATALYSTS FOR THE AMMOXIDATION OF ALKANES

(57) Abstract: An ammoxidation catalyst characterized by the following empirical formula comprising: VSb,Sn, Ti.FeyO,; where
1sa<1.8, 0£be0.35, 0c£0.15, 0<d<0.8, O<b+c=<0.5, 1<a-d<1.8 and when a-d>1.2 then G<d<0.5 and 0.3<b+c<0.5 and when a-d<1.2
then 0.2<d<0.8 and O<b4+c<0.3 and x is determined by the oxidation states of the cations present in the catalyst. Preferably, the

catalyst has been calcined at a temperature of at least 780 °C.




5 10 SPECI FI CATI ON 15 CATALYSTS FOR THE AMMOXI DATI ON OF ALKANES 20
BACKGROUND OF THE | NVENTI ON Field of the Invention 25 The prg@q&&“ba&@ntion
is directed to a catalyst and a process for the catalytic anmoxi dation of
propane and | sohutane to their corresponding a,- unsaturated nononitriles;
i.e., acryl omAPPM and methacrylonitrile, utilizing the *aIEPE¥aY

catal yst. Because of the price differential between propyl ene and propane,
an 30 econonic incentive exists for the devel opnment of a viable catalyst
and catalytic process for the conversion of propane to acrylonitrile.
Earlier attenpts in the prior art to develop an efficient process for the
amoxi dati on of propane to acrylonitrile produced either insufficient

yi el ds or 5brocesses t hat necessitated addi ng hal ogen pronoters to the
feed. The latter 35 procedure would require not only reactors nmade of
special corrosion-resistant materials, but also a quantitative recovery of
the pronoter. The added costs thus elimnated the advantages of the
propane/ propyl ene price differential. Recently, U S. Patents 5,008,427 and
5, 498, 588 Hysi gned to the assignee ofSEREIFDEATTOMNpp!l i cati on have been
directed to novel propane ammoxidation 26 April 2004 WO 01/30493

PCT/ US99/ 28984 catal ysts and the process of utilizing these catalysts to
produce acrylonitrile from propane. The present invention is directed to

i nprovenents in these catalysts. 5 SUMVARY OF THE INVENTION It is the

obj ect of jdie present ciawenyses FORPTAN ASTHOXTIARIGN GFALKalngEor the
ammoxi dati on of paraffins to unsaturated nononitriles, rn particular, the
ammoxi dat i on of propane and isobutane to acrylonitrile or
methacrylonitrile. 10 It is a further object of the present invention to
provi de an inproved catalytic ammoxidation process for mating unsaturated

nononi tri l fromlower par k- ] rti r lytic
amoxi dat i process for the%gmpmfék%ﬁ IN‘B‘E?I’I&%H\?

Field of the Invention

25 The present invention is directed to a catalyst and a process for the
catalytic ammoxidation of propane and iscbutane to their corresponding o,B-
unsaturated mononitriles; i.e., acrylonitrile and methacrvlonitrile, utilizing the
disclosed catalyst.

Because of the price differential between propvlene and propane, an

30 economic incentive exists for the develppment of a viable catalyst and catalytic
process for the conversion of propane to acrylonitrile.

Earlier attempts in the prior art to develop an efficient process for the
ammoxidation of propane to acrylonitrile produced either insufficient yields or
processes that necessitated adding halogen promoters to the feed. The latter

35 procedure would require not only reactors made of special corroéion-resistant
materials, but also a quantitative recovery of the promoter. The added costs
thus eliminated the advantages of the propane/propylene price differential.

Recently, U.S. Patents 5,008,427 and 5,498,588 assigned to the assignee

of the instant application have been directed to novel propane ammoxidation



acrylonitrile and nethacrylonitrile from propane and i sobutane,
respecttvely. O her objects as well as aspects, features and ﬁﬂﬁﬂ%@@@s of
the present 15 invention will become apparent fromthe study of t
acconpanyi ng wosodesur e and the appended cl ai ns. Accor di ngrhsedspasssaspect
of theinvention, there is provided a catalyst conprising the elenents in
proportions indicated by the followng enpirical formula: 20

VSbaSnbTi cFe d@ta&&tﬁl\&ﬂ{ fhe ﬂr‘é%é ogutlﬂﬁng ke %étal% %rgfi&%omﬁ%bqbl% %-8@9 3

O<b+c<-0.5 1< a--d<l.8 and when a -
PCTI US99/ 2898BTaPABA. 3kg Bressnhmyeption is dnr@t@l % imprekenteatts q tede Sathlyats.

0. 2<d< 0. 8and 0<b+c<0.3 and x is determ ned by the oxidation states of the
cations present in 5 the catalyst. In another aspect of the present
invention, a process for making an a, B-unsaturated nononitrile conprises
contactingsin a reaction zoneg v RO qﬁﬁﬁ affin selected from
the group consisting of propane an utane LU wtiroxygen and ammonia in
the presence of a catalyst, the gaseous conposition in the reaction zone

containing a nole r %is%hgfobﬁ@f&ftilg Brésgnmﬂéi nprtogl ean 1g1proved catalyst

for the ammoxidation of paraffins to unsaturated mononitriles, in particular, the

ammoxidation of propane and isobutane to acrylonitrile or methacrylonitrile.

10 . It is a further object of the present invention to provide an improved
catalytic ammoxidation process for making unsaturated monenitriles from lower
paraffins, in particular, the catalytic ammoxidation process for the production of
acrylonitrile and methacrylonitrile from propane and isobutane, respectively.

Other objects as well as aspects, features and advantages of the present

15 invention will become apparent from the study of the accompanying disclosure
and the appended claims.

According to one aspect of the invention, there is provided a catalyst
comprising the elements in proportions indicated by the following empirical
formula:

20

VSbaSnpTicFeaOx

where

1<ax<18

0<b<0.35

25 0<cx0.15

0<d=<08

O<b+e¢<0.5

1<a-d<1.8

and when a—-d > 1.2



of from2.5 to 16 and a nole ratio of paraffin to oxygen in the range of
fromabout 1 to 10, said catalyst having the el enments and prgpgb[t"lz@@g

i ndicated by the enpirical formula: 15 VSbaSnbTi cFedOY where 15a5l1

05b50. 35 20 OwamBo@®3 15 0<d< 0.8 0<b+c50.5 15a-d<1.8 ancrukvensss: d>1. 2
25 then 0<d<0. 5and 0. 3-<b+c50.5 and when a - d 51.2 then 0.2 < d50.8 and O
<b+c<0.3and x is determ ned by the oxidation states of the cations

present in the catajneglo <d 29548003 2004 < ¥B 01130493 PCT/ US99/ 28984 In a
further preferred enbodi ment of the present I'nvention, the catalyst

conprises the el errenmsdwheprm'pdrﬂl Bns indicated by the fol I owi ng enpirical
LO{jmJI 3 056V8basanl ﬁhen <\ﬁh§6%an%1 03<b+c<0'3 1.8 05b50.2 10 05¢50. 1 0.2
and x is determined by the oxidation states of the cations present in
5 the catalyst.

In another aspect of the presént invention, a process for making an
o,p-unsaturated mononitrile comprises contacting in a reaction zone in the vapor
phase a paraffin selected from the group consisting of propane and isobutane

10  with oxygen and ammonia in the presence of a catalyst, the gaseous composition

. in the reaction zone containing a mole ratio of paraffin to ammonia in the range

P

of from 2.5 to 16 and a mole ratio of paraffin to oxygen in the range of from about .
1 to 10, said catalyst having the elements and proportions indicated by the
empirical formula:
15
VSbaSnpTicFeqOx
where |
1<a<18
0<b<0.35
20 _ 0<e<0.15
0<d=08
O0<b+c<0.5
1<a-d<18
and when a-d>1.2
- 25 then0<d<05and0.3<b+¢<0.5
and when a~-d<1.2
then 0.2<d<08and0<b+c¢<0.3
and x is determined by the oxidation states of the cations present in

the catalyst.



O<b+c<0.3 15a-d51.2 and x is determ ned by the oxidation states of the
cations-present in 15 the catalyst. In a further preferred enjao 'r{|r§8¢,4of
the present invention the catalyst conprises the elenments in proporiions

i ndi cat ed by Whe130443 owi ng enpirical fornula: 20 VSbaSnbHEarksedesss 25
where 1.5 :!g a:5 1.8 05b50.1 05C50.05 0.35d<-0.6 0<b+c50.15
15a--d51.2 26 April 2004 WD 01/30493 PCTI US99128984 and x is determ ned by
the oxidation states of the cations present in the catalyst. In still

anot her preferred enbodi nent of the present invention, the 5 calcination
tenperature for the Iﬁr%ﬁ%}ﬂrlﬁ#eﬁqedteﬁ@oéﬁv%tﬁthq Bresent|inwetticG 6 catalyst

Cal ci nati on tSmﬁhééé&!h%%léﬁeﬁh%p&%oﬁ%ﬁﬁ%&@&eﬁ%y#&% h{u@%‘%ﬁ%g@ﬁ%}@

cal cination tenperatures usually in the range o

preferred. TFR?IIHHH mum cal ci nation tenperature can vary from conposition
to conposigion, but the particular narrow optinmm cal ci nati on tenperature
range for a given 10 conposition can be determ ned easily by routine
“experinentation. In the ammoxi dati onVBb&SeeBsFaD:t he present invention, the
reaction is carried,Qut in the gaseous phase by contacting a m xture of
the paraffin, ammonia and nol ecul ar oxygen in the reaction zone. In
addition, an inert 13=<a<18

0<b<0.2
10 0<£e<0.1
02<d=<0.6
7 0<b+c<0.3
l1<a-d=<12
and x is determined by the oxidation states of the cations present in
15 the catalyst.

In a further preferred embodiment of the present invention the catalyst
comprises the elements in proportions indicated by the following empirical
formula:

20
V8baSnwTi-FeaOx
where
oy 7 1.5<a<18
- 0<bx<0.1
. 25 0s¢<0.05 -

03<d<086

O0<b+c¢<0.15

l1sa-d=<12



di l uent such as nitrogen, helium carbon di oxide and water may be utilized
in' 15 the practice of the invention. The reaction terrperaturz%Aaﬂggogan
vary from 350 to 700C but is wusually between 430 to 520C. The latter
tenperature i VeYIBal |y useful in the case of propane amcwaisshagisen to
acrylonitrile. The average contact tinme during the process can often be
from0.01 to 20 10 seconds, but is usually fromO0.02 to 10 seconds, nost

preferably between Oahd % Qs JetsLaddY I ' .eaction zone
usual |y ranges from2 to 75 psia, rmgttm%?}eafagrﬁggf%é #krt%?n%ﬁ{l?%s RRSSH B0

psia. For specific dékeratalyge to the catal yst preparation preferred in the
25 practice of the present invention, reference is nmade to U S. Patent
5,008,427, assigned_to the assignee of the present application and herein
i ncorporated by ref & &l @nothep profepred embodimapt of f1R0N8S:RGHY 4SRN ARO84

DETAI LED DEgSCRIREh b Ferdidratrhl! ma%aqsgaﬁ% 88 tt3LeaRiifheRE QP RRS: Ploolil®

present invention are herein set for r les are
presented for §licinationtempensines aediginas/12000C aray bebutildded c Glwsieter, ed

linmting. Exa i ble | E '
Carphcr i on ¢ o anafin tebie R nllhud dn [Pl P EF SRADGOT: angpretersad o1
Conposi t i on( hrThe @)tipengadr@idi3@aReauté ejn IaiSiitorh S PssTdo BRI @ndRition,
+0'82480153'08081té§§1>8%%¢ 020, 2959'% 20%,S102 2VSh1.6Sn. 02T1. 04Fe. 60x
+1. 60480153, 000415 PEHC GG T 1 S 3m B galanaton temperature range for a given

10 composition can be determined easily by routine experimentation.
__ In the ammoxidation process of the present invention, the reaction is
) carried out in the gaseous phase by contacting a mixture of the paraffin,
ammonia and molecular oxygen in the reaction zone. In addition, an inert
diluent such as nitrogen, helium, carbon dioxide and water may be utilized in
15  the practice of the invention.

The reaction temperature range can vary from 350° to 700°C but is "
usually between 430° to 520°C. The latter temperature is especially useful in the
case of propane ammoxidation to acrylonitrile.

The average contact time during the process can often be from 0.G1 to

20 10 seconds, but is usually from 0.02 to 10 seconds, most preferably between 0.1
to 5 seconds.

The pressure in the reaction zone usually ranges from 2 to 75 psia, most
preferably, from 2 to up to 50 psia.

For speéiﬁc details as to the catalyst preparation preferred in the

25  practice of the present invention, reference is made to U.S. Patent 5,008,427,
assigned to the assignee of the present application and herein incorporated by

reference.



3VSb1. 8Sn. 05Ti . 05Fe. 60x +1.23480153. 000. 792. 002. 0120. 6357. 86 20% Si 2
4VSb1. 61Sn. O5TLOSFe. 60x +1.36480153. 000. 801. 991. 9920 - 557. 4%62}%%] SHeX 11
5VSb1. 38Sn. 05Ti . 1 Fe-30x +0.94475153. 000. 792. 002. 0119. 9157. 33 20% Si 02
6VSb1l. 6Sn. 02 o@RHe350x +1. 62480153. 000. 812. 001. 9920. 1457 . ptGnrsodesszk02
7VSb1. 5Sn2T1. 1Fe. 10x+1. 46480153. 000. 792. 002. 0120. 0757. 19 20% S102

8VSb1l. 38Sn. 05Ti . 1 Fe. 30x +1.07480153. 000. 792. 002. 0120. 2757. 16 20% S102

9VSb1l. 4T. 15Fe. 350x +1.0 10

T0VSb L. 55n0. 05710, 1Fe0. Jo0ROTHH ARTSS DT 1O O PHENVENIAAN 22006102
11V8b1. 4T1. 15Fe. 350x +1.05475153. 000. 792. 012. 0019. 6556. 05 20% S1O2 26 April
2004 WD 01/ 30493 Co | m.| es. PCIl US99/ 28984 _Tabl 5 Feed Rati os
Canp. C3HBAcr yl oni tr Wﬂ&%taf#%ﬂ:%cesa res 8P ’r?\}’e%‘?‘bﬁﬁ%ﬁrﬁlfl% forth & yst
Conposi t i on( hrfuythey ﬁpmb)m%d&hﬂﬂéﬁ%%ééﬁ)ltﬁ?ﬂsm“ﬁ&ﬁoﬂpufﬁosés eXly and are

+0. 48485153. 000, 792..002.,0120.. 1955. 75 20% 5102

13VSbl . 2Sn@. 0Pt §oTsidersd 87480153. 000. 801. - 2. 0619. 5955. 70

Examnples of the Invention

10 Table I
] Feed Ratios
PEEN C3H8/|Acrylonitrile
. Exampte WWH |Temp. |Pressure Conv.| Selectivity
o No. Catalyst Composition (ir') | £°C) } (psig) JC3HB|NH3| 02 | N2 | (%) {%)
1 VSb1.56n.05Ti.05Fe.350x + | 0.82 | 480 15 3.0010.79 | 201 {2.00|20.28] 59.14
20% Si02
2 VSb1.65n.02Ti.04Fa.60x+ | 1.60 | 480 15 3.0010.81)2.001.99}20.17] 58.35
20% Si02
3 VSh1.8Sn.05Ti.05Fe.60x+ | 1.23 | 480 15 300079 2.00201|20.63} 57.86
20% Si02
4 VSb1.615n.05Ti.05Fe.60x +{ 1.36 | 480 15 3.0010.80 ) 1.99 [1.99]|20.57] 57.42
20% Si02 _
5 VSb1.38Sn.05Ti.1Fe.30x + | (0.94 | 475 15 3001079 (2.00]2.01}19.91] 57.33
20% Si02
6 VSbh1.65n.02Ti.02Fe50x + | 162 | 480 15 3.00{0.81 | 2.00{1.99(|20.14] 57.28
20% Si02
7 VSb1.5Sn2Ti.1Fe.10x + 1.46 | 480 15 3.00 { 0.79 | 2.00 [ 2.01[20.07] &7.19
20% Si02
8 VSb1.385n.05Ti.1Fe.30x + | 1.07 | 480 15 3.001079] 20012012027 57.16
20% Si02 ‘
9 VSh1.4Ti.15Fe.350x + 1.05 | 480 15 300§ 0.79}2.01[2.00|2066] 5686
20% Si02 -
10 {VSbhi1.55n0.05Ti0.1Fe0.350x| 0.84 | 475 15 3.001 081} 197 |201[19.54] 58.08
+ 20%Si102 -
) 11 |[VSb1.4Ti.15Fe.350x + 1.05 | 475 15 300079 201{2.00]19.65] 56.05
- 20% Si02 '
6



+ 20%6i 02 14VSb1l. 3Ti 0. 15FeO 20x +0. 59480553. 000. 802. 012. 0019. 6154. 33 20 %
Si 2 15VSb7. 5FeO. 50x +0.67480153. 001. 022. 021. 920. 1053. 80 ZOW@é)gp il 2004
16VSbl . 8Sn0O. 05Ti 0. 15FeO. 10x0. 37480153. 000. 811. 962. 0220. 2453. 42 20981 O2
The fol | ow ng¥v@&B¥d93pr ovi des addi ti onal exanples of the i mnisbmgaand
conparative exanples. The "C' in front of the Exanple No. denotes a
"conparative" exanple. 10 7 26 April 2004 WO 01/ 30493 PCTI US99/ 28994 Tabl e

Il Feed Ratiq_&ww_gcﬂ%@ PressureC3H8 Acrylonitrite Can V. Selectivity
No. Cat al yst Conposition(hrl) (C) (psig) C3HENH302N2( % (%9

17VSb1. 55n. 05Ti . 05Fe. 350x +0. 82480153. 000- 79- 2- - 012. 0020. 2959 14 20%80211.
18VSb9. 5Sn. 05TLO5Fe. 350x +0. 76480153. 00Bakledl 012. 0021. 3859. 06 20% Si 2

19VSb1l. 6Sn. 02T. Q4Fe_60x +1 _60480153. 000, 812. 001. 9920. 1758. 35 20% 5102
20VSbl . 38T1. ++e ¥——2006-Si-020-—104841531000 392 PR{M4V 0. 1/58121
C21VSh1l. 55n. J.gsgﬁb,é\SFe 2250x +0. 674 &Q,;lifi?émgwgesg,}az. 00[1L. 9920] 815 g;?‘)‘gggg’ﬂ? o2
A 4 :
No. Catalyst Composition (hr') | (°C) | (psig) |C3HB|NH3 | 02 | N2 | (%) (%)
127 |VSh1.38Ti.1Fe.10x + 048 | 485 15 |300]0. .
200 SO0 0.79[2.00]201)20.19F 5575
13 |VSb1.25n0.06TI0.15Fe0.10x] 0.67 | 480 15 | 3.00 | 08011,
pdoreied 0]1.98]2.08 19;9 55.70
14~ |VSb1.3Ti0.15Fe0.30x + 0.50 | 480 15 | 3.00 }0.80 | 2.
20 % Si02 201[200]{19681| 54.33
15 |VSb1.6Fe0.50x + 0.67 | 480 15 | 3.00 | 1.02 12, ;
20 % SI02 021 1.99 {20.10 53.80
16  [VSb1.8Sn0.05Ti0.15Fe0.10x] 0.37 | 480 15 | 3.00[08%]1.9
s 2078102 6{2.0212024[ 5342

The following table provides additional examples of the invention and
comparative examples. The “C” in front of the Example No. denotes a
“comparative” example.
10 |



C22VSbl. 25n0. 05T1 0. 05FeO 1 Ox +0.53480153. 000. 801. 972. 0919. 6457. 89 20%&5i 02
23VSb1. 8Sn. 05T. 05Fe. 60x +1.23480153. 000. 792. 002. 0120. 6357. 86 %ﬁ(&%iz%d,
C24VsSbhl. 38T1. 1Fe20x+ 20% Si O20. 66485153. 000. 792. 002. 01201457.

25VSb1. 61Sn. O%PI8RE 60x +1. 36480153. 000. 801. 991. 9920. 575 7eciAIsAgodi O2
26VSb1.-38Sn. 05T1. 1 Fe. 30x +0.94475153. 000. 792. 002. 0119. 9157. 3i - 20%&! 02
27VSb1. 6Sn. 02Ti . 02Fe. 50x +1.62480553. 00- 0. 812. 001. 9920. 1457. 28 20% S102
28VSbl . 5Sn. 2Ti . 1Fe. 10x+1. 46480153. 000. 73%#3? 0120.0757.19 20% 5102
29VSb1l. 385n. 05Ti . 1 Fe. 30x +1.07480153. 000. . 002. 0120. 2757. 16 20% 5102
C30VShb12Sn. 35T. O5Fe. 10x+1, 71480153. 000. 792- 002. 0020. 1356. 94 20% Si Q21

C31VSb1l.5Sn. 1P5T1. O5Fe. 2250x+0. 6848015, U, 812, 00t U%@éféﬁ -

S102 32VSb1l. 4. :|.51 b 350x +1. 05480153'V‘994cf 79;_F" 012] 0040 gb54G. 86 trile
C33VSbl . 389n. . LFe. 1537000 erabraw®l 0140. A35q9. 79 CROUSEeORvity
S C.4BR 159 §§§ o 0] Bt ooy

©

C34VSbl . 38Sn. PoLL1 ke 04485102 Bg98 0947802
35VSb1. 5Sn0. 0bTU. 1hheabox  +0 w8483, girL. P3P |66%189H 2962072 2TFHEA 0
36VSb1. 5Sn0. 0b Tid) . [VsiHasch EiEre B4 2 D5 3 aeP D~ P70 4 S: D
Ui GBSO s e E I P B gt
19 |VEb1.65n.02Ti.04Fe.60 1.60
0% S!Og e.00x + 480 15 3.00 10.81(|2.00(1.99 [ 20.17 58.35

20 |VSb1.38T71.1Fe.30x + 20% Si02 { 0.70 | 480 15 3.0010.79}2.00]2.01120.17| 58.21

C21 [VSb1.55n.125Ti.05Fe.2250x + | 0.67 | 480 15 3.00 | 0.81 ]| 2.00] 1.99 | 20.81 57.99

20% Si02 _ .
C22 |v5b1.25n0.05T10.05Fe0.10x + | 0.53 | 480 15 506 [080115
209%.Si02 . 7 2.09]19.64 57.89
o 23 |VSb1.8Sn.056TL.05Fe.60x + 1.23 | 480 15 3.00 |0.79
) - - * "
o, 20% Si02 2,00[2.01[2063| 57.86

C24 |VSH1.38Ti.1Fe.20x + 20% Si02 | 0.66 | 485 15 3.00 |0.7912.00}/2.01[20.14] "57.85

25 {VSb1.615n.05Ti.OSFa.60x + 136 | 480 15 3.00|0.80{1.99({1.99}2057] 5742

20% SI02
76 |VSb1.385n.05T1.1F6 30X + 004 | 475 | 15 | 3.006.79(2.00(2.01 '
VSb1.385 01{1991| 57.33
27 |V5b1.65A 02T1.02Fe.650% + 162 | 480 | 15 [3.00(081(Z
VSo 18k 00]71.69(20.14] 5728
28 |VSbi1.58n.2T.1Fe.10x + 146 | 480 | 15 [ 3.00 [079]3.00| 201
oSS 01|2007| 5740
29 |V5h1.385n.05T1.1Fe.30x + 107 | 480 | 45 |3.00|0.78]2.00] 2.
VSb1.385 | 2.01]2027| 57.16
T30 [VSb1.25n.35T1.05F. 10X+ 171] 480 | 15 | 3.00 {0.79|2.00]2.00 201
Vebi2Sn 73] 56.94
C31 |VSb1.55n.12511.05Fe.2250x+ | 0.68 | 480 | 15 [3.00 [087 (2001156 3057
20% SIO2 ' %8
32 |VSb1.4Ti.15Fe.350K+ 105|480 | 15 |3.00|0.79|2.01| 2001208 -
20% SI02 ' o %%
C33 |VSb1.385n.05T:.1F0.20x 064 | 485 | 15 |3.00|0.79]|2.00|2.6112023| 5679
20% Si02
» C34 [VSb1.385n.05TL.1Fe 10X + 047 | 485 | 15 | 3.00 [0.79|2.00] 201 [1956| 6.7
i) 20% SI02 L '
- 35 |VSb1.55n0.05T10.15Fe0.350% + | 0.68 | 460 | 15 | 3.00[0.80(196( 306 |1584 5655
20%SI02 :
36 [VSb1.55n0.05710.1Fe0.350x + | 0.84 | 475 | 15 | 3.00|081]1.97({201 17954 5508
I20%si02 )
37 |[VSb1.4Ti.i5F8 350K + 20% 105 | 475 | 16 | 3.00 [0.79(|2.01| 2.00 | 19.65| 56.05
Si02

C38 {V5b1.38TL1Fe.10x + 20% SIO2 | 0.48 | 485 15 3.00 |0.79|2.00] 2.01{20.19| 55.75

€39 |VEb1.28n0.05Ti0.15Fe0.10x + | 0.67 | 480 15 3.00 [0.80]|1.96(2.06119.59] 55.70

20%Si02
40 [VSb1.55n0.05Ti0.1Fa0.350x + | 0.84 | 480 | 15 | 3.00 |0.81]1.07|2.07]20.78| 55.65
20%Si02 '
C47_|V5b1.55n.3511.1Fe.350x + 171 480 | 15 [3.00[0.79|2.00|2.00{19.96| 5558
20% SI02 ,




37.VSbl. 4Ti . 15Fe. 350x + 209%. 05475153. 000. 792. 012. 0019. 6556. 05 Si A2
C38VSbl. 38T. 1 Fe. 10x + 20% S020. 48485153. 000. 792. 002. 0120. 19 5.

C39VShl. 2Sn0 05T0. 15FeO. 10x +0. 67480153. 000. 801. 962. 0619. 5955 D608 02
40VSb1l. 5Sn0. 0% rooLBE04820. 350x +0. 84480153. 000. 811. 972. 0120. 785Dbushd2888602
C41VSht. 5Sn. 35Ti . | Fe. 350x+1. 71480153. 000. 792. 002. 0019. 9655. 58 20% SI 02 8 26
April 2004 WO 01/30493 PCT/ US99/ 28984 Feed Rati os

Exanpl eV\W—lTerrp PressureC3H8 Aaylonitrile Cony. Selectivity No. Catal yst

- Composi tion(hf” ((, (P31 g)umwﬁsuzqu/g (A1 A2V R a0
+1.79480153. 000. . 002.°0020.04 55. 20% S|02 C3Hg [Acrylonitrile
43V1. OSb1. 5Sn{b* . OBEED. 3501, 304 WBETEO{Pr@ie| 972 04%;). 06  bénma bsetbctivity
20965102 C44VS| 9% +1| BRAdE) 5 3psigh (C3HEIMHBIA2 P8 (B9 54%02 [20%
Si 2. 45VSb1. 8Sr20; ,;1.-? -ﬁ@ BERdOs L. 284‘87615*30 D005 82200 D29 [POPIE.00 (Eo54] SFE380%0
Si 2 C46VSbl. BTes 302:042 1 54 B3 20¥8102
CATVSBL. 55n0. b110. FobpabB50X +1 29485?‘534 60p. 82115 197 I5* ER%%h Pé¥isil oo

| CA8VSb1. 5Sn. 1p5E. (¥SELES104N02RF045 480158 | 080 | SO, DI [0 00 h.90 12009 5492

20% Si02

45 ;I{.’?:’? s?g; 02T1.02Fe.60x + 1.28 | 480 15 3.00 |0.82|2.01(2.00[20.08| 54.81

C46 ggl;: g;gg1 S5Fe0.20x + 0.59 | 480 15 3.00 10.80}2.01]2.00} 19.61 54.33

CA7 gg:,‘ls.iﬁoszrlo.2ﬁ0.1 5Fe0.350x+ | 1.29 ] 480 15 3.00 |0.82{1.97| 2.04 | 1098 54.00

C48 ‘é!g,21é‘.iigg.125ﬁ.05Fe.10x + 0.45 | 480 15 3.00 }0.80|1.99] 1.99 | 20.51 5383

. ) C49 |VSb1.6Fed.50x + 20 % Si02 0.67 | 480 15 3.00 {1.02(2.02|1.98[20.10] 53.80
C50 ;’32188‘323521 5Fe.10x + 1.26 | 480 15 3.00 |o.79{2.00| 2.00 1950 53.79
Co1 ;§;1é5ig;.125'1'i.05F3.10x + 0.44 | 485 15 3.00 [0.80|1.991199|2163| 53.72

Ch2 \Zlgozgﬂig;.MTi.OZFa.SOx + 1.59 | 480 15 3.00]0.81[2.00{1.99]20.08] 5367

53 |VSbi1.7Ti0.1Fe0.6 + 20% Si02 | 1.34 | 480 16 3.00[0.8072.00] 1.98 | 20.10| 53.60

C54 |VSb1.88n0.05Ti0.15Fe0.10x+ [ 0,37 | 480 15 3.00 |0.8111.962.02[20.24] 5342

20%Si02
C55 [vSb1.55n.125Ti.05Fe.10x + 044 | 488 15 3.00 {0.8011.99{ 1.99{21.356] 53.28
. 20% Si02
C56 {VSb1.58n0.2Ti0.1Fe0.350x + 149 | 475 15 3.00 10.81|1.97]2.0120.35] 53.10
20%8i02 .
57 |VSb1.5Ti.15Fe.40x + 20% SiO2 | 1.08 | 475 15 3.00 |0.79|2.01]2.00[20.71 52.76
58  |VSb1.85n.02Ti.02Fe.60x + 1.14 | 480 15 3.00 [0.8212.01( 2.00 | 20.71 52.64
20% Si02
C59 {VSb1.8Sn.35T1.05 Fa.60x + 232 | 480 15 3.0010.7912.00( 2.01 | 19.85] 51.27 -
20% SI02

While the invention has been described in conjunction with the specific
embodiments thereof, it is evident that many alternatives, modifications and
5 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 scope of the appended

claims.



20% Si 02 C49VSb1l. 6FeQ. 50x + 20 % S1020. 67480153. 001. 022. 021. 9920. 10 53. 80
C50VSb1l. BSn. 35T. 15Fe. 1 Ox +1.26480153. 000. 792. 002. 0019. 50 53.9Apid %2
C51VSbl. 5Sn. 125Ti . 05Fe. 1 Ox +0. 44485153. 000. 801. 991. 9921. 03 53. 72 20% S102
C52VSbhl. 8Sn. 04Ti . 02Fe. 50x +1.59480153. 000. 812. 001. 9920. 09 53.67 20% Si O2
53VSh1. 7TIO 1 FeO 5 + 20% 51021. 34480163. 000. 802. 001. 9820. 10 53. 60
C54VSb1.8Sn0. 05T0. 15FeO. | Ox +0. 37480153. 000. 811. 962. 0220. 24 53. 42 20%Si 02
C55VSbl. 5Sn. 125T. 05Fe. 1 Ox +0.44488153. 000. 801. 991. 9921. 36 53.28 20% Si 2
C56VSbl. 5Sn2Ti O_1 FeO 350x +1.49475153. 000. 811. 972. 0120. 35 53. 10 20%Si 02
57VSb1l. 5Ti . 15Fe. 5HRIMS2005 S1021. 08475153, 000. 792, 012. 0020. 71 52.76
58VSb1. 8Sn. 02Ti . @2Fe 69)( +1, 6480% 3. ORO. 82%3]63. OOé%. 71 52.64 20%s! 02
C59VSb1. 8Sn. 3571°05 Fe B0 3N GAHTY Shtjaerenzss bydbe tollowingsempiricat forondsy 02
Wi | e the commidingon has been described in conjunction with the specific
enbodi nents thereof, it is evident that many alternatives, nodifications
-and 5 variations will be apparent tMBbi$meEeFe@illed in the art in |ight of

t he foregoing dé‘ﬁ Lption. Accordingly, it is intended to enbrace all such
alternatives, nodifications and variations as fall wthin the spirit and.
scope of the appendaciglains. 26 April 2004 CLAIMS: 1. An ai nnoxidation
catal yst characterized by the following enpirical fornula conprising: o
VSbl Sr bTi CFe, U+A£b=<0.35 .

0<cxg0.15
. 0<d<038

O0<b+c<0.5

- l1<a-d<138
and when a—-d> 1.2
"then0<d<05and03<b+c<0.5
and when a—d<1.2 -
then02<d<08and0<b+c<03

and x is determined by the oxidation states of the cations present in the catalyst.

The catalyst of claim | wherein 1.3 <a<1.38.
The catalyst of claim 2 wherein 0.2 <d < 0;6.
The catalyst of claim 3 wherein 1 <a—d <12

The catalyst of claim 1 wherein I S<a<1.8.

S

The catalyst of claim 3 wherein 0.3 <d < 0.6

7.  The catalyst of claim 1 wherein the calcination temperature for the
preparation of the catalyst is at least 780°C, _

8.  The catalyst of claim 2 wherein the calcination temperature for the

- preparation of the catalyst is at least 780°C..

10



where 1<a<l8 0Sbs0.35 OSC50.15 0<d50.8 O0<b+c50.5 15a-d<1.8 and when
a - d> 1.2 then 0<d<0.5 and 0.3 b+c < 0.5 and when a - d 1.2 tgerﬂ
0.2<d_0.8 and s<b+c<0.3 and x is determ ned by the oxidation B 2REL08¢ t he
cations present in the catalyst. 2. The catalyst of claiml| wherein 1.3 < a
i1~ 1.8. 3. The catalyst of claim2 wherein 0.2 < d s OA 4. The catal yst
of claim3 wherein 15 a-d 5 12. 5. The catalyst of claim1l wherein 1.55
a:5.1.8. 6. The catalyst of claim3 wherein 0-3:5 d:!:-:: 0.6 7. The

catal yst of clain?1 wHisreaialyst pfeclaimi3owhassin tie calsingtiomtemperahoe firftae

prepar atio“pr%ﬁrﬁdb‘?: Dc%%eaé% St%f“é%?‘lﬁ?i‘?- 780C. 8. The catalyst of claim?2

wherei n the cal cination the preparation of the catalyst is .

at |east 780C. 10026 PhercalalydOsFblfin 4hARraatal MRinafibn GhidkMurs gL ei n the
calcination tenperature for the preparation of the catalyst is at |east

780C. 10. THEPRa{tog|of $he eatalyst kiatdeastiBBTGi n the cal cination tenperature for

the preparationyof t C | | t l.east 780C. 11. The _catal yst of
claim5 wherein gﬁ'e gg‘%éﬁ%&?‘i aﬁ?‘%ﬁp@eé%ﬁ’g cplginatigptempprapue fnithe of t he
cat al yst i prepardtionof theGidfalyslid at iEhg 7¢at@l yst of claim 6 wherein the
“calcination tenperature for the preparation of the catalyst is at |east
780C. 12, The catalyst of claim 6 wherein the calcination temperature for the

. preparation of the catalyst is at least 780°C.
13.. An ammoxidation catalyst characterized by the following empirical formula
comprising:
D | . VSh.SwTiFe,
where
13<£a<1.38
0<bz<02
0<c<01
0.2<d=<0.6
O0<b+c<03
l<a-d<12
and x is determined by the oxidation states of the cations present in
the catalyst.

14, The catalyst of claim 13 wherein the calcination temperature for the

Mo’

preparation of the catalyst is at least 780°C.
15.  Anammoxidation catalyst characterized by the following empirical formula:
V8h,SnpT1.Fe O,
where
1.5<a<18
0<bx<0.1l
0<¢c<0.05

11



13.. An anmoxi dation catal yst characterized by the foll ow ng enpirical
formula conprising: VSb, Snf4TicFed4dO., where 1.3 S a:51.8 @% <b. 28@2 0
f- ¢s0.1 0.2 <d50.6 0 <b+c<0.3 1<-a-d'~ 1.2 and x is deCethfl by

t he oxidation states of the cations present in the catalyst. 14. The

catal yst of claim 13 wherein the calcination tenperature for the
preparation of the catalyst is at |least 780C. 15. An arnnoxi dation catal yst
characterized by th&<fotPéwi ng empirical fornular VSb3SnbTi.Fe, dO,, where
1.5s a:5 1.8 Osttﬁg 1 g§1c1t0.05 11 26 April 2004 0.3 5d s 0.6 0 <b+c50, 15
1 Sa-d<1.2 and x is Het% imed by the oxidation states of the cations
present in the catalysi<156. The catalyst of claim 15 wherein the

cal cination tenperature Tor the preparation of the catalyst is at |east
780C. 12 and x is determined by the oxidation states of the cations present in

the catalyst. _
16.  The catalyst of claim 15 wherein the calcination temperature for the

preparation of the catalyst is at least 780°C.

12



