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10 SPECIFICATION
15 CATALYSTS FOR THE AMMOXIDATION OF ALKANES
20 - BACKGROUND OF THE INVENTION

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



20 BACKGROUND OF THE I NVENTION Field of the Invention 25 The present
invention is directed to a catal yst and a process for the caéeaA[yming
anmoxi dati on of propane and isobutane to their corresponding a, -

unsat urated mwaomsmei les; i.e., acrylonitrile and met hacr \dcaisbdrigba,
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is the obj ectﬁggn %%%%eoggg?pagg\%ﬁﬁ%ﬁt% 0 2stylontls or mathacrylomifeile.yst  for
the ammoxi®ation of lipmreafukthes objeclofthe praertinvonEom to irbPRle aninip@bddacul ar,
the ammoxi daéajtoln igf ro}plant?o and isqgbutane to ac‘{r:yl nitrile or
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will bec BeRtan promeArParly fovm theestydy offheragrompanying disdosureand t he
appended cl aidfd thRGHREHINDCLiRsONEe aspect of the invention, there is
provided a catalyst conprising the elenents in proportions indicated by
the foll owi ng enpi r Agedirding to one aspect of the invention, there is provided a catalyst

comprising the elements in proportions indicated by the following empirical
formula:
20

VSbaSnpTiFeaOx
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



formul a: 20 VSbaSnbTi cFedOx 25 where 15a51.8 0<=b<=0.35 05c-5 0.15
0<d50. 8- 0O<b+c<-0.5 1< a--d<1.8 and when a - d> 1.2 2 26 Apsd hpdfhsVO
01/ 30493 PCTI US99/ 28984 t hen 0<d<0.5 and 0.3<b + ¢<0.5 and vvhen a-dsl1. 2

t hen 0.2<d<_OwWBeM@o®xb+c<0.3 and x is determ ned by the oxpoptis®nsess at es of
the cations present in 5 the catalyst. In another aspect of the present

I nvention, a process for making an a, B-unsaturated nononitrile conprises
contacting in a reacgﬂegngQeO5Qna|@q3ygp_og< ghase a paraffin selected from
the group consisting o ropane and i1 sobutane 10 with oxygen and ammonia in
the presence of a camaiyrgen &thdfghgeous conpositiron in the reaction zone

contalnlngam)ler 0005 %?éﬁ ﬁ0(£< Bg_r‘:ﬂfﬁlalntherange of from2.51to

16 and a nole ratio o para 3 he range of fromabout 1 to

10, said catalyst hawid& idd®t@heted b tlRdki®LQhPthicADe
enpi ri cal for mul a: 1% VSbaanle cFedOY where 15a51. tl(h)é;%ytﬁ)%?%%}%w

0. 15 e cat

In another aspect of the presént invention, a process for making an
o,pB-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.



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. 3-<b+€50.5 and when a - d 51.2 then 0.2 < d50.8 and 0 < b ’Bﬁpn’fzﬁ 43 and
x is determ ned by the oxidation states of the cations preser12t i ?’le
catal yst. 3 2808p#H43 2004 WO 01130493 PCT/ US99/ 28984 | n edruusbdnsys4
preferred enbodi nent of the present invention, the catalyst conprises the
el ements in proportions indicated by the followng enpirical formula: 5
VSbasSnbTi , FeaOx where 1.3 :5 a < 1.8 05b50.2 10 05¢50.1 0.2 <d :!g 0.6
O<b+c<0.3 15a-d51.2 apd x is determ ned by the oxidation states of the
cations present in 133 Butherpaelpmed embodimentiof the presfrdrineentim tsh eatalysof

t he présent i gyRPEik& tHe ek ; SO .S LN _proportions
i ndi cated by theﬁf ol | g\/?/i ng %intg:ﬁr[?{(’:oglo forﬂr%llgit:ehrztg t@%@‘%@%ﬁ%’ﬁg . 25

where .5 :!frmuas g
5

VSbaSn,Ti.FeaOx
where
1.3<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



05b50.1 05C50.05 0.35d<-0.6 O0<b+c50.15 15a--d51.2 26 April 2004 WO
01/:30493 PCTI US99128984 and x is determ ned by the oxidation z%tnlggrg%&i t he
cations present in the catalyst. In still another preferred enbodi nent of
the present i WRMHIA, the 5 calcination tenperature for troeussspmaati on
of the catalyst is at |least 780C. Calcination tenperatures as high as
1200C nay be utilized. However, calcination tenperatures usually in the

range of 790 to 1050Gnare iphakbanifd by (hexRRLLAYMEALGHIRALAN. Lomparature

can vary from conposition to conmposition, but the partrcu F- (el 1

opti mum cal ci nati on t Btre range for a given 10 conposition can be
determ ned easily by routine experinentation. In the amobxi dation process
of the present invention, the reaction is carried out in the gaseous phase
by contacting a m xt@H‘é“-@?ﬂ?fﬁ’@rBaﬁrfaﬂf?‘ilﬁmbO@Mioaﬂmwemﬂténwlﬂtonoxh@gen in
the reacti o ZQN8nati | bl ' ' h.as njtro hel i um
carbon di oxi de anﬂa%}%?rg@r%?/ﬁ%%fﬁﬁ PF?%@(?I ?ﬁéﬂ%ﬁéy Sk ?{;iﬁaﬁ%%ﬁg'

i nventi on. TheCalemetionfempengbvnes as dighaagy 20040 meayrbye dtiliwer 33 oviewre,00C but i s

usual | y bet m%ﬁ&-g@%%m% ?515 [ .1ienpera i cially useful in
the case of pr ocpané amoxi da %iglrl\g 0 g%rtéﬁ %g@ro&:‘}é&’ t?ﬁgg@n&ee‘i‘rédge%ﬁ?@act
time during tHBhqemiesm cisnatideteriyerdtuserth Cdrytftom 26nBEsiSeE & inpdattion, S
usual ly from 0. .seconds st preferably between 0.1 to 5 seconds.
The pressure |er‘fR t2t H%%fa%técc By P ¢ C?Qﬁﬁ%ge"w%ﬁ?‘?e 8ngesfop digivenpst
pref er abl yi0 f reompRsitionwantbe dstbrprined edstly bypectihs exgieindidtatias 10 the
catal yst preparati onhpé%f erred..i %Ot he 25?*p£ac't ice of the present
i nvention, reference’l ATROFIJatioR prosesg gfithe Dpgsentinyention dhe reastion is he
assl gnee of t haryiedsenin thp ghéadat iphAscbtlcdifi@idy 4 REALROSANE Pabyesn! ef er ence.
5 . . ' '
' 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 specific 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.
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Exanpl eWMHTenp. PressureConv. Sel ectivity No. Cataly

Composition(hr') (C (psi
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+1. 23480153. 000. 792.
+1. 36480153. 000. 801.
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2004 WD 01/ 30493 PCT/ US99128984 DETAI LED DESCRI PTI ON OF THE

i nventi on %%d}ﬁeégmp set
illustration

350x

05Fe. 60x
STLOSFe. 60x

+0. 94475153, OQQrtke? d@&;ﬂ, Ciﬂh‘b&:ﬁi:ﬁﬂesf:’&e&ﬂ%eﬁtéﬂ?foﬁﬂﬁi&ﬂra@ﬁﬂ TRi#dsel $HK- S¥f¥are

+1. 6248015%10%%(58%%5% &

7VSbl. 5Sn2
8VSb1. 38Sn. 05Ti .

ﬂ 920..

1457. 28 20% S102
§3.000. 792. 002. 0120. 0757. 19 20% S102
1 Fe.30x +1.07480153. 000. 792. 002. 0120. 2757. 16 20% S102

9VSb1l. 4T. 15Fe. 350x +1.05480153. 000. 792. 012. 00200. 6656. 86 20% 5102

10VSb1. 55n0. 05710. 1Fe0
11V8b1. 4T1. 15FE3HER

5|XO 84475153. 000. 811. 972. 0119. 5456. 08 +20%%102
A75E8E 000. 792. 012. 0019. 6556 05 20% S1O2

10 Table I
Feed Ratios
PEEN C3H8/|Acrylonitrile
. Exampte WWH |Temp. |Pressure Conv.| Selectivity
- 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 VSh1.88n.05Ti.05Fe 60x+ | 1.23 | 480 15 300079 2.00201|20.63} 57.86
20% Si02

4 VSb1.61Sn.05Ti.05Fe.60x +| 1.36 | 480 15 3.00)0.80 ] 1.89 |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 3.00 1079 | 2.00 {2.01]20.27] 57.16
20% Si02 ‘

9 VSb1.4Ti.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




26 April 2004 WO 01/ 30493 Conparative Exam | es PCTI US99/ 28984 Table Il 5
Feed Ratios Canp. C3H8Acrylonitrile Exanpl eWMTenp. PressureComg 1epbyVity
No. Cat al yst Conposition(hr') (C) (psig) C3HBNH302N2( %9 (%9 12VSbl .38Ti.1 Fe. 1l
Ox +0. 4848513%000949392. 002. 0120. 1955. 75 20% 5102 PCT/US99/28984

13VShl .'2Sn0. 05710. 15Fe0. 10x0. 67480153. 000. 801. - 2. 0619. 5955. 70 + 20%si 02
14VsSbl. 3Ti 0. 15FeQ. 20x +0. 59480553. 000. 802. 012. 0019. 6154. 33 20 % Si Q2
15VSb7. 5FeO. 5Qumparfid 1891. 022. 021. 920. 1053. 80 20%&si 02

16VSbl . 8SnO. 05Ti 0. 15FeQ. 10x0. 37480153. 000. 811. 962. 0220. 2453. 42 + 20%5i O2
The follow ng table provides additional exaggl es of the invention and
conparative exanples. The "C' in front b} Exanpl e No. denotes a

"conparative'~example 10 7 26-April 004 WO 01/30493 PCTI US99/ 28994 Tabl e
1l Feed Ratif&mgx"rrp! eVAFerp—RrdssuleC3HB Acryl opgeiRdtipe CAn VISelect]vity
No. Cat al yst Cempes) t1on(hrl) (O (pgivak{RHENEROANR( Y (% s ﬁ;g;zgm;e
No. Catalyst Composition | (hr') | (°C) | (psig) {CaHB|NH3{ 02 | N2 | (%) (%)
127 |VSb1.38Ti.1Fe.10x + 048 | 485 | 15 [3.00]0.79
hvdiredl 200|20120.19} 55.75
13 [VSb1.25n0.05T0.T5Fe0.10x| 0.67 | 480 | 15 | 3.00]0.80 |19
phadopmive 6208 18581 8570
14 |VSDb1.3Ti0.15Fe0.20x + 059 | 480 | 15 |3.00[0.60|20
0 % Si0a 1]2.00]1961| 54.33
15  |VSb1.6Fe0.50x + 0.67 | 480 15 |3.00]1.02]202
20 % SI02 ) 1.99 {20.10 53.80
16 [VSb1.8Sn0.05Ti0.15Fe0 10x| 0.37 | 480 | 15 | 3.00 | 081 1.8
oo os 6{202120.24| 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 |



17VSb1. 5Sn. 05Ti . O5Fe. 350x +0. 82480153. 000- 79- 2--012. 0020. 2959 14 20%50211.
18VSh9. 5Sn. O5TLO5Fe. 350x +0. 76480153. 000. 792. 012. 0021. 3859. 06%83@?8%
19VSb1. 6Sn. 02T. 04Fe. 60x +1.60480153. 000. 812. 001. 9920. 1758. 35

20VSbl . 38T1. 1WPAL/3EI + 20% Si 020. 70480153. 000. 792. 002. 012Cech7iE8/%ds4
C21VSbl. 5Sn. 125Ti ASFe. 2250x +0. 67480153. 000. 912. 001. 9920. 8157. 99 20% Si 2
C22VSb1. 25n0. 05Tl 0. 05FeO. 1 Ox +0.53480153. 000. 801. 972. 0919. 6457. 89 20%5i 02
23VSbl. 8Sn. 05T. O5Fe. 60x +1.23480153. 0001%‘%_.%2. 0120. 6357.86 20% Si 2
C24VSb1. 38T1. 1Fe20x+ 20% Si O20. 66485153 2.002. 01201457. 85

25VSbh1. 61Sn. 05T. O5Fe. 60x +1. 36480153. 000. 801. 991. 9920 5757 42 20% SI o2
26VSb1.385Sn. ObT1. 1| Fe. 30x_+0. 944/5153. 040, 7p2-00F- doa 7 .

27VSb1. 68n.021é|xm%§—e 50x +1.62480553. 000, 8[[2. 00 9L: T -3 ) o
28VSbl . 5Sn. 2T} 1 (3“""?‘5 syebo (1757, Glectivity
20VSb1. 385n. OL'\TiT"I %?alé@%g@%m: hrr*r?ngq sigh 348 b EJ % $902
C30VSbh125n. 35fT. F5FRo] el LT Ae0953. 052192 ho opo¥ |18 80 200i0es) @14
C31VSbl. 5Sn. 1P5%El (Veh5SHaEbsreds0a4 0] 06 |Aenl 218 Ola Ry e Riodd5s W
S102 32VSbil. Al 15F20%E0% +1. 05480153, 000. 790, 012] 0040 465888 22Tt
C33Vsbl . 38Sn. P5¥1. R -PHRIFHe4285153. 1600 440p. 02| DDI0STBBE T98Y 20.17| 58.35
20 |vSb1.38Ti.1Fe.30x + 20% Si02 | 0.70 | 480 15 3.00 10.7912.00] 2.01 f 20.17 58.21

C21 |VSb1.58n.12511.05F0.2250x + | 0.67 | 480 | 15 [3.00 [0.8712.00
20% Si02 _ , .00 1.99 (2081 57.99
C22 |v5b1.25n0.05T10.05Fe0.10x + | 0.53 | 480 15 506 [080115
209%.Si02 . 7 2091964 57.89
- 23 [VSb1.85n.051L05Fa.60x + 1.23 | 480 15 | 3.00 |6.79
) - - * "
o, 20% Si02 2,00{201[20863f 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 30 + 094 | 4756 | 15 |300(070(2.00( 201 ]
VSb1.385 01]1991| 5733
27 1VSb1.65h.02T1.02F6.50% + 162 | 480 | 15 [3.00 [0.81(2
VSo 18k 00]71.80(20.14| 5728
28 |VSb1.55n.2Ti.1Fe.10x + 146 | 480 | 15 [ 3.00 [0.79|2.001 201
TS 01|2007| 57.19
59 |VEb1.385n.05T1.1F0.30% & 107 | 480 | 15 | 3.00]079]2.0012.
VSh1.385 | 2.0112037] 57.16
T30 [VSb1.25n.35T1.06F0.10% + 171 480 | 15 {3.00(0.7912.00{ 200120
Vebi 28 13| 5694
C31 |VSb1.55n.125T1.05Fe.2250x+ | 0.08 | 480 | 15 | 3.00 |08T(200[ 155 5055
20% SIO2 | 50488
32 |[VSb1.4Ti15Fe.350%+ 105 [ 480 | 15 |3.00]0.75]2.0112.001206 -
20% S102 ' o| oo
C33 |V5b1.385n.057..1Fa.20x * 064 | 485 | 15 |3.000.79|2.00)20713023 5679
20% SiO2
» C34 |VSb1.385n.05T1.1Fe 10X+ 047 | 485 | 15 | 3.00[0.79]2.00]2.01 (1558 56357
‘. ) 20% Si02 —_— .
; 35 |VSb1.55n0.05T10.15Fe0.350x + | 0.68 | 480 | 15 | 3.00 [0.80(196[306 |68 5615
20%S102 :
36 |[VSb1.58n0.05Ti0.1Fe0.350x + | 0.84 | 475 | 15 | 3.00 [0.81/1.97| 207179541 5508
l20%si02 )
37 |[VSb1.4Ti.15F0.350% + 20% 105 [ 476 | 15 | 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 ,




20%5( 02 C34VSbl.38Sn. 05T. 1 Fe.1 Ox +0.47485153.000. 792. 002. 0119. 5856. 27 20%
S02 35VSb1.5Sn0. 05T0. 15FeQ 350x +0. 68480153. 000. 801. 962. 0619.%4%6“ éﬁ
2096102 36VSb1.5Sn0 05Ti 0. 1 FeO 350x +0.84475153. 000. 811. 972. V110" &9%%. 08
209802 37. VShWONIB0MIBFe. 350x + 20%.. 05475153. 000. 792. 012. 084BushRGHmsH5 Si O2
C38VSbt.38T.1 Fe.10x + 20% S020. 48485153. 000. 792. 002. 0120. 1955. 75

C39VSb1. 2Sn0. 05T0. 15Fe0. 10x +0. 67480153. 000. 801. 962. 0619. 5955. 70 20%Si 02
40VSh1.5Sn0. 05T0. 1 Fe0. 350x +0. 84480153. 000. 811. 972. 0120. 7855. 65 20%502

- CA1VSb1. 5Sn. 35T TFE. 350XF I 71480153 000 FoP 0020649065558, 20% SL02 8 26
April 2004 WO 01/ 30493 PCI7TUS997 28984 Fged RatrT 0% 8 Aovior e
Exanpl e WAHTenp* &g s ur Aayl oni t MWreTe@afyessu®e| ect i vj ty| No @aﬁ%? ;
Conposi ti on( hf 2t Cl(psty 2N2|(0R) {(¢5 | cosial/gEpiie|pip) apiTh2 biEe. L @)
+1. 79480153 030‘?4?9@@:@%"6%3’2@’@'@*55 3 B(ABE[025 |3.00 [0.79]2.00]200|2004| 5538
43V1. OSbL. 5SNPr T oheae Rn st aotT a8 784128 p-=3h &
2096102 CA4VSD, ssi’msmz 02Fe. 50x  +1. 56480153. 00> 15‘?8?? %353?“?@ 5%382 120%
'Si 2. 45VSh1. BSHA0 M/EY B30 FELEEREOx 1. 20480138 P0G BPZOUBH SOTEGe] 83rs20%0

Si 2 C46VShl. pFos-+ikEiia. 4o Bo4e0153 doo 802 012 do1da1 54 B3
5~ R/SHTAS 02Fe 1.28 ’%90 15 |3.000.82[2.01]2.00]2009| 54.81

20% Si02
C46 zgt;z.g;g%15Fe0.20x+ 0.59 | 480 15 3.00 10.80}2.01]2.00} 19.61 54.33
CA7 :2/3,2‘18.;50821'30.2ﬁ0.15F90.350x+ 1.20 1 480 15 3.00 |0.82{1.97| 2.04 | 1098 54.00
C48 gg;1§gg.125ﬁ.05Fe.10x+ 0.45 | 480 15 3.00 }0.80|1.99] 1.99 | 20.51 5383
| ) C49 |VSb1.6Fed.50x + 20 % Si02 0.87 | 480 15 3.00 {1.02(2.02|1.98[20.10] 53.80
C50 ;{?’21é?gg.352.151:8.10x+ 1.26 | 480 15 3.00 |o.79{2.00| 2.00 1950 53.79
Co1 ;§;1é5ig;.1251'i.05F3.10x+ 0.44 | 485 15 3.00 [0.80|1.991199|2163| 53.72
Ch2 \Zlgozgﬂig;.Mﬁ.OZFa.SOxi— 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.125T1.05Fe.10x + | 0.44 | 488 | 15 1300 080(780[199]2i 35 5528
. 20% Si02
C56 |VSb1.5Sn0.2Ti0.1Fe0.350x+ | 149 | 475 | 15 [3.00 [081 (107|207 205
20%Si02 . ’ 5310
57 |[VSb1.5Ti.16F0.40x + 20% SiOZ | 1.08 | 4756 | 15 | 3.00 [079|201[200 13577 5356
58 |VSb1.88n.0211.02Fe.60x + 194 | 480 | 15 | 300 |0.8212072.00 (3077 5263
20% Si02
C56 1VSb1.85n.35T1.05 Fa.60x + 2.32 | 480 | 15 | 3.00|0.79]2.00(2.01[19.85] 515
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.



208102 C47VSbl. 5Sn0. 2110. 15FeO. 350x +1.29480153. 000. 821. 972. 0419. 99 54. 00
20%6i 2 C48VSb1.5Sn. 125T1. GbFe. 1 Ox +0. 45480153. 000. 801. 991. 9820 20&3. 83
20% Si 02 C49VSb1l. 6FeQ. 50x + 20 % S1020. 67480153. 001. 022. 021. 9920. 10 53. 80
C50VSbl. BSn. 35T. 15Fe. 1 Ox +1.26480153. 000. 792. 002. 0019. 50 53. 79 20%g[ 02
C51VSb1. 5Sn. 125Ti . 05Fe. 1 Ox +0. 44485153. 000. 801. 991. 9921. 03 53. 72 20% S102
C52VSbh1..8Sn. 04Ti . 02Fe. 50x +1..59480153. 000. 812. 001. 9920. 09 53. 67 20% Si Q2
53VSbh1. 7TIO. 1 FeO 5 + 20% 51021. 34480163. 000. 802. 001. 9820. 10 53. 60
C54VSb1. 8Sn0. 05TQ, 15FeQ. | Ox +0. 37480153. 000. 811. 962. 0220. 24 53. 42 20%8i 02
C55VSb1. 5Sn. 125T$28¥S1 O« +0. 44488153. 000. 801. 991. 9921. 36 53. 28 20% Si O2
C56VSb1l. 5SnQRTi O 1 FeO.350%. +1. 49475 000.. 972,0120. 35 53.10 20%5i 02
57VSb1. 5Ti . 15Fe. QB‘%"é‘_‘L’Gé‘I" Fﬁgﬂif%fg e%)l thatollgym, empical fgmula
58VSb1. 8Snccﬁﬂ15lﬁsir(g2Fe. 60x +1.14480153. 000.822.012. 0020. 71 52. 64 20%8! 02
C59VSb1. 8Sn. 3571_05 Fe. 60x +2.32480153. 000. 792. 002. 0119. 85 51. 27 20%5[ 02
‘Wil e the invention has been descrﬂfﬁaﬁm’ﬁk&aﬁ;‘ unction with the specific
enbodi nents theré is evident that nmany alternatives, nodifications
and 5 vari ations vvlellrf’ be apparent to those skilled in the art in light of
the foregoing deserigptgon. Accordingly, it is’intended to enbrace all such
alternatives, nodifications and variations as fall within the spirit and-
scope of the appéh@ba&@.3fainms. 26 April 2004 CLAIMS: 1. An. ai nnoxidation.
cat alyst charact %é%%do Pé/ the follow ng enmpirical fornula conprising:

- 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<12 |
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 < 1.2,
The catalyst of claim 1 wherein 1 5<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

preparauon of the catalyst is at least 780°C..

10



VSbl Sr bTi CFe, HO., where 1<a<l8 0Sbs0.35 SC50.15 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 nrﬂ when a -
d 1.2 then 0.2<d_0.8 and s<b+c<0.3 and x is determ ned by theZQ)'gP 0Pdn
states of the cations present in the catalyst. 2. The catalyst of  claim!l

wherein 1.3 < a :!~ 1.8. 3. The catalyst of claim2 wherein 0.2 < d s 0OA
4. The catalyst of claim3 wherein 15 a-d 5 12.- 5. The catalyst of claiml
wherein 1.55 a:5 1.8. 6. The catalyst of claim3 wherein 0-3:5 d:!:-:: 0.6

7. The catal yst of- clHiefatelrheldain 3 wherein thei calsination teempemnat tisrethé or t he
preparatio | I 780C. 8. The catalyst of claim?2
nprgf;a‘rﬁtnﬁl o?%eaé# st gsfazti f%%t eﬁ?i{?.

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

at |east 780C. 10026 Pharculaly20sPhldim ANARréR R MRinafidn GhAkfkus gL ei n the
calcination tenperature for the pr egar ation of atine lgg%{agf‘i}stcyidi}géat | 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%‘%}%ﬁp eg%ﬁigqﬂ&natgq{btcmap@ﬁgpgmt% of the
catal yst | gprejardtionst théaRGlysdid at [Ea% 78642 yst of claim 6 wherein the

“calcination tenperature for the preparation of the catalyst is at |east
780C. 13.. An anhdxi daeicsplysiafslam6 vieminthe salcivetbrigmpbranirefdrake ng

enpiri cal TorMBn of HlRatals ¥ 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



VSbh, Snf 4Ti cFe4O., where 1.3 S a:51.8 0-<b 50.2 0 :f- ¢s0.1 0.2 <d5
0.6 0 <b+c<0.3 l<-a-d!'~ 1.2 and x is determ ned by the oxid irﬁgn_ igﬁ%es of
the cations present in the catalyst. 14. The catal yst of cl SRy rein
the calcination tenperature for the preparation of the catalyst is at

| east 780C. 15. An arnnoxi dation catalyst characterized by the foll ow ng
enpirical fornmula: VSb3SnbTi.Fe,dO , where 1.5 s a:5 1.8 0sbs0.1
0<ct0.05 11 26 AprQ3=<2098.60.3 5 d s 0.6 0 <b+c50,15 1 Sa-d<1.2 and x is
determ ned- by the x'bq_ati an states of the cations present in the catalyst.
16. The catalyst o <875 {l18 wherein the cal cination tenperature for the
preparation of the ggtajygtzp is at least 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





