WO 01/ 30493 PCTI US99/ 28994 5 10 SPECI FI CATION 15 CATALYSTS FOR THE
AVMOXI DATI ON OF ALKANES 20 BACKGROUND OF THE | NVENTION Field of the .
I nvention 25 The present invention is directed to a catalyst and a process
for thewddlsiogt i C ammoxi dation of propane and i sobut apgrjged/Iresar
correspondlng a4- unsaturated nononitriles; i.e., acrylonitrile and i
nmet hacrylonitrile, utilizing the dlsclosed catal yst. Because of the price
differential between propylene and propane, an 30 econom c incentive
exists for the devel opnent 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. ammoxidation of propane to
acryl ®nitrile produced either insufficient yields or processes that
necessitated adding hal ogen'pronoters to the feed. The latter 35 procedure
woul d require not only reactors nmade of special corrosion-resistant:
materials, but also a quantitative recovery of the pronoter. The added
costs thus elininated the advant ages of the propane/ propyl ene price

di ff ntial. Recently, US. Patgp fi1gg gqand 5,498, 588 assigned to
t he assi gnee of the instant appllcatlo ave been directed to novel
propane ammoxi dati on 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 inprovenents in these catal ysts. 5 SUMVARY
OF THE INVENTION It is the object of the present invention to provide an

i npr ol&d cat al ystCATALYSESeHQB('HiEMbMMO}@ATIONSQE)AhKANESt ed
mononitriles, in particular, the ammoxidation of propane and isobutane to
acrylonitrile or nethacrylonitrile. 10 It is a further object of the
present invention to provide an inproved catalytic ammoxidation process
for maki ng unsaturated nononitriles fromlower paraffins, in particular

the cggalytic ammoxidati g, BRASRTUND OF TRENVENTICHN

Field of the Invention

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

Because of the price differential between propylene and propane, an

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

Earlier attempts in the pnor art to develop an efficient process for the
ammomdatxon 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 corrosion-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 methacrylonitrile from propane and i sobut ane,
respectively. Other objects as well as aspects, features and advantages of
the present 15 invention will becone apparent fromthe study of the
acconpanywogdo®sl osure and the appended cl ai ns. Accor diPRE/USE/28A¥ aspect
of the invention, there is provided a catalyst conprising the elenents in
proportions indicated by the followng enpirical formula: 20

VSbaSnbTi : : . .5
Tsacde1. b RBaTyte seet piafesh of NP iR sERIVRET) Lol RS Rylinichld a0
<d<0. 5and poosdmne; SThé presend/imvension ig directed todmrofemibftsCinthebebatadysts. and x
Is determ ned by the oxidation states of the cations present in 5 the
catal yst. In another aspect .of the present invention, a process for making
an a,D-unsaturated nononitrile conprises contacting in a reaction zone in
t he vapor phase a parain lected _fromthe qgroup consisting of propane and
| sobut &ne 10 wi th oxygen a X0 Tlg&m&ﬂ)f a catalyst, the
gaseous conposition in the reaction zone containing a nole ratio of
paraffin to ammonia in the range of from2.5 to 16 and a nole ratio of
paraffin to oxyghnisithetobect afithe pfeséniinvahtioh to providd @n isgirdvebtstalssit

having t h%m? l'ﬁenaenr:]l;nsoleigé{igr{ 8 flja{l}a%]ss toI Qgsla %E‘a?tgd%oﬁorﬁtrﬂes, 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 mononitriles 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
VSbaSnpTi.FeaOx

where

l1sa<18

0<b<0.35

25 0<c<0.15

0<d<0.8

O<b+¢x<0.5

1<a-d<1.8

and when a-d> 1.2



enpirical forrmula: 15 VSbaSnbTi cFedOx where 1<-a51.8 0<_b<0.35 20
05c¢50. 15 0<d<-0.8 O0<b+c50.5 15a-d<1.8 and when a - d > 1.2 25 then )
0<d<0. 5and 0. 35b+c50.5 and when a - d 51.2 then 0.2<d50. 8and O<b+c<0.3 and
X is det eN@OHIM9DyY t he oxidation states of the cations HELEH28984 t he
catal yst. 3 WD 01/30493 PCT/ US99/ 28984 In a further preferred enbodi nent of
the present invention, the catalyst conprises the elenents in proportions’
i ndi cated by thg Eﬁ'd 9‘&"4‘@.5%&63%+ go?l a: 5 VSbaSnbTi cFedOx where
1.3:5 a 5 1.8 05b50. 10 05¢50.1 0.2 5 0.6 O0<b+c<0.3 15a-d51.2 and
X is deternineddmdtmmnom+dhsﬂdh states of the cations present in

then0.2<d50,8and0<b+c<0.3

and x is determined 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 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
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
VSbaSnpTi.FeqdOx

where
1<a<1l8
0<b<0.35
20 0<¢<0.15
0<d=<0.38
0<b+c<0.5
1<a-d<1.8
and when a-d>12
25 then0<d<0.5and 0.3<b+c¢<0.5
and when a-d<1.2
then0.2<d<0.8and0<b+c<0.3
and x is determined by the oxidation states of the cations present in

the catalyst.




15 the catalyst. In a further preferred enbodi nent of the present invention
the catalyst conprises'the elements in proportions indicated by the
following empirical formula: 20 VSbaSnbTii FedOx where 1.55a51.8 05b50.1
25 05c50WB0130®35 d:5 0.6 O<b+c50.15 15a-d<-1.2 4 WORECH/UEYHMN4

PCT/ US99/ 28984 and x is determ ned by the oxidation states of the cations
‘present in the catalyst. In still another preferred enbodi nent of the
present invention, the 5 calcination tenperature for the preparation of
the catalyst is at |east 780C. Calcination tenperatures as high as 1200C
may be utilized.InHofuntber ptﬁemdammmmb@ﬁf&emresentsnmmwon,rthe icatalpstge of

{om comptRPRTEte s Hampas in SRRl MRt b7 By BoPRBREHER o

cal ci nat i fyandw@gperature range for a given 10 conposition can be determ ned
easily by routine experinentation. In the amoxi dation process of the
preser® invention, the reaction is carried out in the gaseous phase by
contacting a mxture of the paraf{igB,sna9FROa and nol ecul ar oxygen in the
reaction zone. In addition, an inert di'Tuent - such as ni trogen, helium
carbon di oxi de awHereater nmay be utilized in 15 the practice of the

i nvention. The rﬁg%i on)séerrperature range can vary from 350 to 700C but is
usual | y between §5%0C. The latter tenperature is especially useful in

the 0<b<0.2
10 0<c<0.1
0.2<d<0.6
0<b+c¢<03
1<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
VSbaSnpTicFedOx

where

15<a<18

0<b<0.1

25 0<¢c<0.05

03<d<06

O<b+¢x<0.15

lsa-d=<12



case of propane ammoxi dation to acrylonitrile. The average contact tine
during the process can often be from0.01 to 20 10 seconds, but is usually
fromO0.02 to 10 seconds, nost preferably between 0.1 to 5 seconds. The
pressure MWPOWR4Beaction zone usually ranges from2 to 73CTESE 2805+
preferably, from2 to up to 50 psia. For specific details as to the

catal yst preparation preferred in the 25 practice of the present

| nventi on, ref er Q! 5 dBbéleninRd YySho i ditordstARb i e cafishl BiRnt f t he
assignee of the present application and herein I ncorporated Dy reference.
5 WO 01/30493 PCtheisaly#tos4 DETAI LED DESCRI PTI ON OF THE : | NVENTI ON The
catal yst and process of the present invention are herein set forth in
further detail. The exanples are presented for illustration purposes only
and are 5 not cdnsitilbamsther préfengd embodithent of theliresantdfivestiod,thdabl e |

gk i N ML ICHUAR M- CHE TR

VSb1 55, Q6 il efinetafiyds od il s 1200 Cnid 18 Blizeg? 50.14 20%
S102 2 VS(b)él.g S 04 re b0x ¢ £%‘.@%o 8 3809 Cmay be ehized. g%&%g *20. 17 58. 35

2096102 3 cafitination teBPerasarus eoally in. the rasge 06790°60 1050°C arepreferdad.20. 63
57.86 20%,S102,.4 VSbél. 61Sn. 05T. OSF%IQOX + 1.36 480 15.3,.00 0.80 1..99 1.99
20. 57 57A2 DS ABEIEUEC °’6’§§?¥‘§§§Pe§% © fap yaxy from gomghositian fo compegitiong 5

2. 01 19. 9InAhdparticular narrow optimum calcination temperature range for a given

10 composition can be determined easily by routine experimentation.

In the ammokidation 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 nitrdgen, 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 temperat.ﬁre is especially useful in the
case of propane ammoxidation to acrylonitrile.

The average éontact time during the process can often be from 0.01 to

20 10 seconds, but is uéually 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 specific details as to the catalyst preparation preferred in the

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

reference.



20% S102 6 VSb1.6Sn. 02T1. 02Fe.50x + 1.62 480 15 3.00 0.81 2.00 1.99 20.14
57.28 20%8102 -7 VSb1.5Sn.2Ti.1 Fe.1 Ox + 1.46 480 15 3.00 0.79 2.00 2.01
20.07 57.19 20% Si 02 8 VSbl.38Sn.05T1.1 Fe.30x + 1.07 480 15 3.00 0.79
2.00 2. 0WVOOUII357 16 20% Si 02 9 VSbl. 4T. 15Fe. 350x + 1.RHF/VUEH28843 00 0. 79
2.01 2.00 20.66 56.86 20%%%6102 10 VSbl.5Sn0.05Ti O 1 FeO 350x 0.84 475 15
'3.00 0.81 1.97 2.01 19.54 56.08 + 20%5102 11 V8b1l.4T1l. 15Fe. 350x + 1.05 475
15 3.00 0.79 2.01 2 HRTAILED ESCRIPFION OF THE INVERAFDIFCT/ US99/ 28984
Oorrparative Exanpl es Table Il Feed Ratios Conp:. 031-18 Acrylonitrife

Exanpl e WAH Tenp. Pressure Cony. Selectivity No. Catalyst Conposition

() 60 (57, il Pl S e s i, &

0. 87 480 ffﬁrtheﬁﬂefhlBOThe efadplis dre. presdified for Husti¥Eibaukfoses only and are
VSb1. 3110. 15Fe0Q. 20x +.0,59 480 15 3.00 0.80 2.01 2.00 19.61 54.33 20%5102
15 VSb§ 6 mebeonsl qrqg'lﬁqu% 15 3.00 1.02 2.02 1.99 20.10 53.80 20 % S102
16 VSb1l. 8Sn0O. 05Ti O 15FeO. 10x 0. 37 480 15 3.00 0.81 1.96 2.02 20.24 53.42 +
20985102

Examples of the Invention

10 Table 1
Feed Ratios
C3H8|Acrylonitrile
Example WWH |Temp.|Pressure Conv.| Selecti

No. Catalyst Composition (hr') | °C) | (psig) {C3HB|NH3 | O2 | N2 | (%) (%)

1 VSb1.58n.05Ti.05Fe.350x + | 0.82 | 480 15 3.0010.79 | 2.01 | 2.00[20.28] 59.14
20% 8102

2 VSb1.6Sn.02Ti.04Fe.60x + | 1.60 | 480 15 3.00 ) 0.81]2.00}1.99|20.17] 58.35
20%Si102

3 HVSM .8Sn.05Ti.05Fe.60x + | 1.23 | 480 15 3.00|0.79 | 2.00 { 2.01{20.63] 57.86
20%8i02

4 VSb1.618n.05T1.05Fe.60x + | 1.36 | 480 15 3.0010.80 | 1.99 | 1.99|20.57] 57.42
20% Si02 _ _

5 VSb1.388n.05Ti.1Fe.30x + | 0.94 | 475 15 3.00}0.79 | 2.00 {2.01{19.91] 57.33
20% SiO2 _

6 VSb1.6Sn.02Ti.02Fe.50x + | 162 | 480 15 3,00 { 0.81|2.00 [1.98[20.14] 57.28 |
20% SiO2 4

7 VSb1.58n.2Ti.1Fe.10x + 146 | 480 15 3.00 0.79 | 200 } 2.01120.07] 57.19
20% Si02 _

8 VSb1.38Sn.05Ti.1Fe.30x+ | 1.07 | 480 15 3.00]0.79]2.00|2.01|2027] 57.16
20% Si02

9 VSb1.4Ti.15Fe.360x% + 1.05 | 480 15 3.00 {0.79 | 2.01 {2.00{20.66| 56.86
20% Si02

10 [VSb1.55n0.05Ti0.1Fe0.350x| 0.84 | 475 15 3.000.81]1.87}2.01)19.54| 56.08
+ 20%S102

11 |VSb1.4Ti.16Fe.350x + 1.05 | 475 15 3.00 | 0.79 { 2.01 {2.00{19.65] 56.05
20% SiO2




5 The follow ng table provides additional exanpl-es of the invention and
conparative exanples. The "C' in front of the Exanple No. denotes a
"conparative" exanple. 10 7 WD 01/ 30493 PCT/ US99/ 28984 Table 11l Feed

Rati os COvMOOMM93 onitrile Exanple WWH Tenp. Pressure COMA/USSMREE4 | vity

No. Catal yst Conposition (hr') (C (psig) C3H8 NH3 02 N2 (%9 (% 17
VSb1.5Sn. 0511. O5Fe. 350x + 0.82 480 15 3.00 0.79 2.01 2.00 20.29 59.14 20%
Sio2 18 VM%%35OX + 0.76 480 15 3.00 0.79 2.01 2.00 21.38
59.06 20% .oon. 02T1. 04Fe. 60x + 1.60 480 15 300 0.81 2.00 1.99
20.17 58.35 20%5!' 02 20 VSbl.38T1l.1Fe.30x + 20% SiO2 0.70 480 15 3.00 0.79
2.00 2.01 20.17 58.21 (C21 VSbl.5Sn. EableII05Fe. 2250x + 0.67 480 15 3.00
0.81 2.00 1.99 20.81 57.99 .20% S102 C22 VSbl.2SnO 05110. 05Fe0.1 Ox + 0.53
480 15 3.[00 0. 80 1.97 2. 09 19.d4 574. 89 [ 209107 PekdWaod. 8SN. U]l L. U5F€] 60x +
1.23 480 |16enm®. OO0 0. 79 2.00 2.01 20./63 57 86 |20% Si (02 (24 M=SH8|AsRrdtrile

végizgi; Enq?q""ﬁgcf%‘?‘}“iﬁ“';{ ”?egg ﬁi éﬁglﬂ'ﬁ()fo@?%&? é’f’é42 20%

Si 02 26 \[Sb12 3§ 'r1F°1°’1:*e. 30y %48(. 3 17485 15390 (k79 ()280] 291 (79-19] 095-%69. b1
57. 33 20%-RHoE et oo st a2 PO H SR st Peel oo R % P -0
1.99 20. 14 57. 28 ogg,sm : 9012001 18- 70
14 [VSb1.3T10.15F€0.20x + 0.59 | 480 15 | 3.00{0.80 [2.01|2.00 [19.61| 54.33
20 % Si02
15 |VSD1.6Fe0.50x + 0.67 | 480 15 | 3.00 | 1.02 [2.02]1.99 [20.10] 53.80
20 % Si02 -
16 |VSb1.85n0.05110.15Fe0.10x| 0.37 | 480 15 | 3.00 | 0.81]1.96|2.02|20.24| 53.42
+ 20%SI02
5
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



20% 5102 28 VSb1l.5Sn.2T1.1 Fe.1 Ox + 1.46 480 15 3.00 0.79 2.00 2.01 20.07
57.19 20% Si 02 29 VSbl.38Sn.05Ti.1 Fe.30x + 1.07 480 15 3.00 0.79 2.00
2.01 20.27 57.16 20% $102 C30 VSb1l.2Sn.35Ti.05Fe.1 Ox + 1.71 48Q 15 3.00
0.79 2.00VQ0BI4%%0 13 56.94 20% Si 02 C31 VSbl.5Sn. 125T1. BEHUSBE4, 0. 68
480 15 3.00 0.81 2.00 1.99 20.57 56.86 20% Si 02 32 VSbl.411. 15Fe. 350x +
"1.05 480 15 3.00 0.79 2.01 2.00 20.66 56.86 20% Si 2 C33 VSb1.38Sn. 05Ti. 1
Fe.20x + 0.64 485 15 3.00 (.79 2.00 #yu@ie #923 56. 79 20% $102 C34

VSb1.38Sn. 05Ti.1 Fe-1 Ox + 0.47 485 %TTD 0.79 2.00 2.01 19.58 56.27 20%
Si 02 35 VSbl.5Sn0 05T10. 15FeO. 350x + 0. 68 480 15 3.00 0.80 1.96 2.06 19.84
56.17 20PBI02[36 VShI, 5SA0 USTIU. T HEU 350X F U Hlefighs S 300108414 97

2.01 19. 57 56 V8 Z00& 7 37 V351 4T. SHe 3 Z0% .05 &5miayanei] 0. 79
2.01 2. 00[EsBwBE 56. 05 S102 C38 YW [Bempirressire| 1 jk 2006 51Cav.0 sd&tdgh 15
3.00 0.79 Nwo| 2. gataist Cogpasiior; 5 | hrg) \I§BJ (psig) NE3 11022 1 %) + 0(%87 480
15 3.00 Of 807 1|V361.56n06T-085e88Px35 . 7/(P-82] 0B 021540 :matnrsasm 020 FeBIB5PxX +
0.84 480 ks_3 %@ 55 200102 Ic41] \/Sh1 _5%n 35Ti |1
Fe.350x + 1871 |VRah5SA5T0858380x2g A G478 1480 1’§ o095 0.232.00{ 200 £2138 | o 5096

01/ 30493 04FG! W@Wm 551|200 1000007 Baus TP

Pressure Conv. 2Sulsmt ivity ___
20 |VSb1.38T1.1Fe.30x + 20% SiO2 | 0.70 | 480 15 ]3.00 [0.79]2.00]2.01 [20.177| 58.21

C21 |VSb1.58n.125Ti.05Fe.2250x + | 0.67 | 480 15 3.00 [0.81]2.00]1.99120.81] 57.99

20% SI02

C2Z |VSb1.28n0.05Ti0.05Fe0.10x+ | 0.53 | 480 | 15 | 3.00 |0.80]1.97|2.00|19.64| 57.89
20%Si02 1

23 |VSbi1.85n.0511.05Fe.60% + 123 [ 480 | 15 |3.00 |0.702.00]|2.01 [2063| 57.86
20% SIO2

C24 |VSb1.38TL.1Fe.20x + 20% SiO2 | 0.68 | 485 15 3.00 [0.79|2.00} 2.01 | 20.14| 57.85

25 |VSb1.615n.05T1i.05Fe.60x + 1.36 | 480 15 |3.00]0.80]1.99|1.99 [20.57| 57.42

20% SIO2 |

26 [VSb1,385n.0511.1Fe.30X + 084 | 475 | 15 | 300 [0.70]2.00|2.01| 10.01| 57.33
20%8I02

27 |VSb1.65n.0211.02Fe.50x + 162 | 480 | 15 | 3.00 [0.81(2.00 1902014 57.28
20% SIO2

28 [VSb1.58n.2TI.1Fe.10x + 146 | 480 [ 15 | 3.00 (0.7912.00| 2.01]20.07| 57.19
20% Si02 _ -

20 [VSb1.385n.05T1.1Fe.30K + 107 | 480 | 156 | 3.00 |0.79(2.00| 2.01 | 2027 | 57.16
20% SI02

C30 |VSb1.25n.35T1.05Fe.10X + 171 480 | 15 | 3.00]0.79|2.00]|2.00|20.13| 56.94
20%8102 _____

C31 [VSb1.55n.12511.06F8.2250x + | 0.68 | 480 | 15 | 3.00 |0.81|2.00]1.99|20.57| 56.66
20% SI02___

32 |VSb1.4TI.15F8.3650X + 1.05 | 480 | 15 | 3.00 |0.79|2.01|2.00|20.66| 56.86
20% SiO2 _

C33 [VSb1.385n.0571.1Fe.20x + 064 | 485 | 15 |3.00|0.79|2.00]2.01|2023| 56.79
20% Si02

C34 [VSb1.365n.05TL.1Fe.10x + 047 | 485 | 15 | 3.00 |0.79(2.00{2.01| 1968| 5627 |
20% Si02

35 |VSb1.55n0.05T10.15FeD.350x + | 0.68 | 480 | 15 | 3.00 |0.80|1.96|2.06| 10.84| 56.17
20%S102 _

36 |VSb1.58n0.05Ti0.1Fe0.350x + | 0.84 | 475 | 15 | 3.00 |0.81]1.97|2.01|18.54| 56.08
20%Si02

37 |VSb1.411.15Fe.350% + 20% 106 | 475 | 156 | 3.00 |0.79|2.01|2.00| 10.65| 56.05
sio2

C38 |[VvSb1.38Ti.1Fe.10x + 20% SiO2 | 0.48 | 485 15 | 3.00 |0.79(2.00|2.01[20.19| 55.75

C39 |VvSb1.25n0.05Ti0.15Fe0.10x + | 0.67 | 480 15 3.00]0.80}1.96]2.08 | 19.59| 55.70

20%Si02 _

40 |VSb1.5Sn0.05710.1F€0.350x + | 0.84 | 480 | 15 | 3.00 |0.81]1.07|2.01]20.78] 55.65
20%Si02 .

C41 [VSb1.55n.3511.1F8.350x + 1.71 [ 480 | 15 |3.00|0.79]2.00|2.00 | 19.06| 5558
20% Si02




No. Catal yst Conposition (hr')

VSbl. 2Sn. 35Ti

(© (prig) C3H8 NH3 02 N2 (% (% (42
.15Fe.1 Ox + 1.79 480 15 3.00 0.79 2.00 2.00 20.04 55.39 20%

S102 43 V1. OSb1.5Sn0 2110. O6FeO 350x 1.30 480 15 3.00 0.82 1.97 2.04 20.96-
. 02Fe. 50x + 1.56 480 1PCI/s99%/2B98H 2. 00

55.35 + X0O@IPBA93CA4 VSbl. 8Sn. 04Ti
1.99 20.29 54.92 20% Si 02 45 VSb1l. 8Sn. 02Ti

.02Fe. 60x + 1.28 480 15 3.00

0.82 2.01 2.00 20.09 54.81 20% Si 02 C46 VSbl.3T10. 15FeQ 20x + 0.59 480 15
3.00 0.80 2.01 2.00 19. 61 54.33 20 %8102 C47 VSb1l.5Sn(2110. 15FeQ 350x+

1.29 480 XO0—6—=8 54—4+9—99 W
VSb1. 55n. 125 psre—t—or—ro—#5—th 3 —Fo— oo Y2t H 20%
Si 02 C49 %s&fe 3.0D 1]02]2. Q2o 0
53. 80 C5( 48D) |CHE|NB{ 02TN2. 09 2. @B 19. 50
53.79 209 B IV S ENG [ 135 a801| On5 + | 3.001 0.7 $3200] 2003 20004 [0~ 5830 11 99
1.99 21. 01 [120% $iI024 8102 CH 1..8Bn. OUTi . 02Fe. bOx 1. 59 480 15 3. 00
0.81 2.00][1.89 Zgg - 259-05F o350 § $30 | 480\ASh 15 7"§8° Paﬁﬂeﬁ? 52.04 | 20086 |5 19535 1 | 34
480 16 3. (¢6=H; 20l 3$ L‘p -CJ41§’£,{, ﬁ- +
0.37 480 15°% oiopa %52 2b 3l 88 1o 10 251 :
VSb1l. 5Sn. 17561 . [VSH@Sa u D2Fe 8Dx44 4 b 48d. DO1%). $6.000} 2101 V210 Y 20%
Si 2 C56 IS BIOT10. 1 FeO 350K _+ 491 475 15 31 00 1 97 12. 01 20. 35
53.10 2046685 7o §15F5°r&°*1*5|=e 4DR5%| S0h STy | 30 -8R 12HT 200 1887 [0.5483 2| 01
2.00 20. 7 A1 Sen0bTIoT6re0 0608 2 | [1.25°| $a00P 18 13,00 082 o2 ok [0 ee ] 00 1+
2.00 20.71 . 090%si02
C48 |VSb1.55n.12571.05Fe.10X + 045 [ 480 | 15 [3.00,0.80]1.99|1.89|20.51| 53.63
20% Si02 _
C49 |VSb1.6Fe0.50x + 20 % SIO2 | 0.67 | 480 | 15 |3.00 [1.02|2.02[1.99]20.10] 53.80
C50 |VSb1.8Sn.3571.15Fe.10x + 1.26 | 480 | 15 |3.00(0.79]2.00]2.00]19.50| 53.79 |
20%S8102 _
C51 |VSb1.55n.12571.05Fe.10x + 044 [ 485 | 15 [3.00/0.80]1.99]1.909|21.03| 53.72
20% Si02
G52 |VSb1.85n.04T1.02Fe.50% + 159 | 480 | 15 | 3.00 [0.81|2.00|1.99120.08] 53.67
20%Ssi02
53 |VSD1.7Ti0.1Fe0.6 +20% SIO2 | 1.34 | 480 | 16 | 3.00 |0.80|2.00| 1.88 | 20.10] 53.60
C54 [VSb1.8Sn0,05110.15Fe0.10x+ | 0.37 | 480 | 15 |3.00 |0.81|1.96}2.02|20.24| 53.42
____|20%sio2
C55 |VSb1.55n.125T1.05Fe.10x + 044 | 488 | 15 |3.00 |0.80|1.98|1.9921.36| 53.28
20% SIi02 ] L '
[ C56 [VSb1.55n0.27i0.1Fe0.360x+ | 149 | 476 | 15 | 3.00 [0.81]1.97|2.01]20.35| 53.10
20%S8i02 '
57 IVSb1.5Ti.15Fe.40x + 20% SiO2 | 1.08 | 475 | 15 | 3.00 |0.79|2.01]2.00]20.71| 52.76
58 |VSb1.8Sn.0271.02Fe.60x + 114 | 480 [ 15 |3.00 |0.82]|2.01[2.00(20.71| 5264
20% Si02 . L
C59 |VSb1.85n.3511.05 Fe.60x + 232|480 | 15 |3.00(0.79|2.00]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 C59 VSbl. 8Sn. 35TLO5 Fe.60x + 2.32 480 15 3.00 0.79 2.00 2.01 19.85
51.27 20% S102 Wil e the invention has been described in conjunction with
the specific enbodinents thereof, it is evident that many alternatives,
nmodi fi calYQ#L04Rd 5 variations will be apparent to thosePé%Jﬁ”P’éﬂ’ n the art
in light of the foregoing description. Accordingly, it is intended to

“enbrace all such alternatives, nodifications and variations as fall within
the spirit and scope of the appended clainms. 9 W) 01/30493 PCTI US99/ 28984
What we claimas_our inventi'on is: 1. An anmoxidation catal yst
characteri zed byWhaeweslaisvaseoueiyentionlis: f or nul a conprising: 5

VSbaSnbTi cFedOx 4 whgre <r X A < d: 5 0.8
Sobacho 5 1oa ey BhSraTidatibn "-%glygt thaydprerBled by shefollowing empfficals 5
15 and wWhégrnfula cdndprisingt hen 0.2 < d 50.8 and 0 < b + ¢ < 0.3 and x is
determ ned by the oxidation stat ei’gﬁq thﬁ’c aé}i ons present in the catalyst.
20 2. Fhe catalyst of claim1 wher Sny d¥x51.8. 3. The catal yst of
claim2 wherein Q32,5 d:5 0.6. 4. The catalyst of claim3 wherein 15 a-d
51. 2.

1<a<18

0<b<035

0<c<0.15
10 0<d=<08

O0<b+c¢<0.5

l1<a-d<18

and when a-d> 1.2

then0<d<0.5and 0.3<b+¢<0.5
15 and when a-d <12

then 0.2<d<0.8and0<b+c<0.3

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

the catalyst.
20 2. The catalyst of claim 1 wherein 1.3 <a <1.8.
3. The catalyst of claim 2 wherein 0.2 <d < 0.6.
4. The catalyst of claim 3 wherein 1 <a-d <1.2.
5. The catalyst of claim 1 wherein 1.5 <a <1.8.
6. The catalyst of claim 3 wherein 0.3 <d < 0.6

25 7. The catalyst of claim 1 wherein the catalyst is calcined at a
temperature of at least 780°C.

8. The catalyst of claim 2 wherein the catalyst is calcined at a
temperature of at least 780°C.

L
I Ll Ll




5. The catalyst of claim1l wherein 1.5 5 a:5 1.8. 6. The catalyst of claim
3 wherein 0.3:5 d:5 0.6 25 7. The catalyst of claim1 wherein the catalyst.
is calcined at a tenperature of at |east 780C. 8. The catal yst of claim?2
wherein tWO0A#M83 yst is calcined at a tenperature of atPEEHUP288bC i 10
111111 HEEE 111110 IN I 1l ~l~ ~~~~ ~~~ 1111 14 S WD 01/ 30493 _
PCT/ US99/ 28984 9. The catal yst of claim3 wherein the cat aI yst is calcined

at a tenperaturg Ofl‘h%tcaltﬂ%ﬁoﬂm 3%eraiﬁtl:feaéa%l?{/§ qt4 Wherein the
catal yst is calcined at_ a erature of at |ea 780C 5 11 The cat al yst

of claim GeMGF%ﬁWGPﬁétWEWQ is calcined at a terrperature of at |east
780C. 12. The cafal in. t calcined at a

t enperature of g@ |)et2.1 tg%@W%l?er tqag?ﬁ'ﬁg a;gqx ‘ﬁﬁ%?acterl zed by
t he fol | oweigetdbure iof at leakd7807C1ul a conpri sing: VSbaSnbTi cFedOx where

1.35a_<1.8 05b50.2 15 05¢<-0,1 0.2<d50.6 O<b+c<0.3 15a-d51.2 and x is
det er mPned by t kbt oThesatalystefplaim 8wheseincthe; catelypt issalainehata t he

catal yst. .14, aim 13 wherein the catalyst is cal cined at
a te%per&%ﬁ‘?gl-%ﬁ“ét%}g{e?s t%%@ y

12. The catalyst of claim 6 wherein the catalyst is calcined at a
temperature of at least 780°C.
13. An ammoxidation catalyst characterized by the following empirical
10 formula comprising:
VSbaSnypTicFeqdOx
where
1.3sa<18
- 0s<b<0.2
15 0<c<0.1
0.2<d=<0.6
O0<b+c¢c<03
l1<sa-d<12
and x is determined by the oxidation states of the cations present in
20 the catalyst. .
14. The catalyst of claim 13 wherein the catalyst is calcined at a
temperature of at least 780°C.
15. An ammoxidation catalyst characterized by the following empirical
formula:
25 VSbaSnyTicFeaOx
where
1.56<a<1.8 _
0<bx<0.1 T

pses00s Hll\ll\ Il ||I\l \\I\l \\ \II\
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15. An ammoxi dation catal yst characterized by the follow ng enpirical
formul a: 25 VSbaSnbTi cFedOx where 1.55as1.8 05b-<0.1 05¢c50.05 I1*|1I1i

I M This Sheet Has Been Replaced ~iillltill LT T
WO 01/ 30WOPLPGIRE USQ9/ 28984 0. 3Sd_0. 6 0<b+c50.15 15a- d%ETJ?ISMAJﬁ X is

determ ned by the oxidation states of the cations present in 5 the
-catalyst. 16. The catalyst of claim15 wherein the catalyst is calcined at

a tenperature @f3sidLosst 780C. _..... _.. 11111111 1al 11111111N This
Sheet Has Been Replaced * CL II1l1IIIh u HIIIITERITT 12

0<b+¢<0.15

l€<a-d=<1l2

and x is determined by the oxidation states of the cations present in
5 the catalyst. .
16. The catalyst of claim 15 wherein the catalyst is calcined at a
temperature of at least 780°C.
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