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precursor of the invention can be an organic or an inorganic conpound of
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pl ace. ®hi @nd eaidined etupde 79 Thelisbéf sedoptmetels inclydes VahisSmocestcof c@use, igigonimty tb the
for instaneesentemeastinds 5 of sone el enents such as T1 that form peroxo
conpounds carin gnaer papet tibe|inyrationracatslyst grecurserieprawiied whighis 8 product pithpprogesg of
are usual | ymmenecf Befregeinepethads.added after the vanadi um and anti nony
conpounds hayB st anether gspectof !Héf“&?"é’m}fﬁﬁ"%li Prwe% e'omfr’enwg Gcﬁa'yﬂbé!f“é’h‘f"'“p"ses

3,984, 383 {lpapre 995 opest ?J&%‘? soc °:§"£€ g
Hgv'%ﬁg@apg t""ﬁ'ﬂ‘“f’c? i !H ‘%‘%’?

r%p(
the |atter Bam 0{%
l'ses Ilus ran% Sb%xt ard ot?oor}ércﬁr?side}ea %ﬁ{/\ﬁr{ 0 the

j

and t he obfé'f g":t egﬁ
aspec AvVent 1 on a cat pre ‘ursor is

of second rret Loll
present process ano

V"&b %*ﬁemﬁmﬁri\oduct of the pr ocess of any one of the foregoing
nethods aspect of the invention there is provided a
process f0r Redatayet viis AalidAstghtty Hafis ©XTPAtbrt 8 8601534 HsYdutus: @ Precursor nmade by -
one of the fQioREsHkd,0P (22588 RE SEDL (72BEY) Welelshiriedd S0 ddloPlatrafd SESLHF bérdshteed €d
product ssat niic GBI THY GFakgRERAY ¥bdtiettet bn & h&prétameGMrp heh Bred overnight at 1age O RWva O
[err], andthewmnsdt trpdtéd dt 650° Sifar's hbils. idwas ket geTt dnti@oadend) to [err]. Wien the
drying i s a Haufafthecapdiyatpradumpr, wab khan pixediwiti 1 petcent ofigrafhite, phifeted, ctkished il atryened
havi ng par toi 20436 nebisia itetas aativated by dicining B810T Gifog ¢ hbur,atmankBolédto 2010 Crand taersfronlthe
fol |l owi ng evearifwae placed inasinnel el wakized witlveartnivater dgoringdhreugh thi catalystmtiioo erdar depeardd | n
any waysol| i imithe fillgate (@iButipe)-at i ve Exanple A A catal yst was nade as taught by
Harris U.S. patatrfion3r gaticlesaze retentior, test wasarrifh oy on @ gorficarof the activatsiiiglalysinthetest r |
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The parti ciistues wes stiredddfortabout 4ihgurs wittoheatingdteflwg. Pudng bisttime thetdispersion gradually turned
wei ght .80 Theregnather bidck. Inifiajiy; the dispergidndacame quite Msgous,ut thiengd pul with asiditien of 1aPicexdf water
conmmer ci al Whilp giilitefiwing. Jhe 2y Kiswas theR evaperaied gmp hotelate togiearalryness@nd themeompletely dried
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A portion of this activated catalyst was washed with water in a Soxhiet extractor for several hours until the

wash water appeared clear. The washed catalyst was then dried by heating at about 100° € for about 3 hours.
It was still very hard and of a particle size of 20-35 mesh. The composition was VSb, ;0.
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Exanple 1 26.99g of [err] powder were slurried in 600 cc of water in a 2
liter beaker. "While vigorously stirring, 175g 45 of a 30% H202 solution in
wat er. was -added in three aliquots oEP@@GDI&1@84135g, and the [err] began to
dissolve. This is the step in which the peroxovanadiumion forns. About 10
m nut es el gp petween each aliquot addi- tion. Stirring was continued for
45 "m nut es and a red solution which fornmed,slowy fornmed a sol.

73.15g of DPOVElEIsg e\, 6f Sdwdliarers i If G00bR WhieF iR A 2REbESRAr, Wil {i50rdsig g2 263 1
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heat i ng 5( r erhis Wihe stdpit Whikh thel Pefoxdvikivin/ioh féhing. RBEE H OMinGtedipadd betwiesH daBItaligsdt addi-
green, t hemol iStilig wasiebrtingdd|for sevielaFhotkis RGET AhdH redSOLASHBWHIbH ifdred/dicwiydotfed H$H). This
t hi nned OUtsolhab Btirfed €br bbontm6miore Kb @ndformedtagel. Whi | e still refluxing. The
slurry was t hwith sticring,Gbait 0Dco water wes tapidedl taethé gel roatbin it dowrite 2 tasavisboudsehor gel. 71.47g
conpl et el y othowdeted 3b,Qgwas adrad with sti3i0g 0 fapm en crange slurry, vbicheatfet refluxing fordipus akcdaep d
for 8 heur grean. TGS 98s Cratalysbiresrsanfithe kleimsChes 1:7Y ofia . 2 GOsebl was ad@edIGh sticdry, A
portion of t hihesigay wisythen evapgrated to neartdpieds\and the esyiling gasteriried oviermight ipan dverrat 140°
The cal ci n€dThesa dsied sdlidsupte then apiciped, cruphed @nd stev iactivated exa¢tly 9s in Exampled cillis was
cat al yst wéhe final satalyst.which wamnat washed. FheJinelralsine yakwagwvery bard.sever al  hours
until the wash water appear ed clear. The washed catal yst was then dried by
©:

heat i ng*sat Cameaative BxampleByr about 3 hours. It was still very hard and of a
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sol was ad ehitdathi Tha gasbousfeed compbinantsabeinieteyedtiroughimass flowagnimiibtsddo thebattera of titirgace S S
and t hesor epuihtougighqmetieet lely Weter ipivteadnceg tirougihna septupat the top of tieer prghedl leg Tirsing @ sytingee d
sol i ds wer punipaEhve feeal icfied todhe catalystiferd prerrdn trnechefore coliettionaf productetile ams oftepsh examiiten
Exanpl el . @Bti3g-60minutes during whith thexpredugtys collegtedder apglysisnot washed. The fi nal

cal ci ned cat &1 the examples the conversipn yield andsleptivityare defingagfellows:B A cat al yst was
prepared starting with [err] and [err] according to the nethod taught by

U. S. pa¥fent 3,984, 353, as foll ows: agles _ wer e refI uxed for 5
hours in 70g of 30% HABYeESiPno5n cROLRs BFoPape fhagged ¥ 100 Q) sol 20 or

suspenS| on was forned. 70g addltlopl 3 r/(giugpr rolifSeq2dded and the

di spersi on was pouredy jelfjo a largeg o «2foPqgylerr] and this
was—stifred 15 mnutées until evol ut|on gas ub es stopped The
resul ti ng orange slurry was evapor abkes poodvearphoduesis and t hen dried
overnightat [err]. |tsedectimdnycal cim aromeBe meacted & HAUAZ) 1t was then
broken into large particles calcined at [err] for 1 hour, cooled, crushed
and si evedelampi@- 35 nesh, then washed with water and dried, as in Exanple
1. 25 4 The catalysts of the present invention are all useful for the
ammoxi dat i on ircthis pafmpiaifi precrufififie ez ihbur) The catdlght weasiatcalyst df Examplel €. tThe refctio e S
of such anparatire was 40SC andthe molbtfe@riation weleds drapahadtINHR GNE;0f The cantactiirhecgas 2120
t he anmoxi skaendean runs of the foll ow ng exanples, the catalyst is in.a
t ubul ar 3/ 8 iResits for this arslittwifolibwisganmtogidatiof runeate shown indable 10C,= isPropylere@a/dN ipacrylenit-
equi pped wile.h a preheat leg and Is imersed in a tenperature controlled
nolten salt bath. The gaseous feed conponents are netered through mass fl ow
control | erEBxamaed t he bottom of the reac- 30 tor through the preheat |eg.
Water is introduced through a sep tum at the top of the preheat Ieﬂausmg

In this, gxampla 4h "é’e‘?‘é&"‘fﬂa 9o lysm?s
syringe pur °
col | ect® onn§?° ol (512 4 FI‘?E" fhe Aeleg °de'3 '”8 Wpénﬁ’h%?wg r}q‘hﬁ‘f”&"tﬂﬁ?‘l’ﬁg
whi ch the "is collected for analysis. In the exanples the
.conversion, yield and selectivity are defined as foll ows:
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35 nol es propane reacted conversion =
nol es propane charged x 100 (% noles product produced yield =

mol es propane charged x 100 (% nol EROBFIFI4BE produced sel ectivity

nol es/ propane reacted x 100 (% Exanple 3 45 In this exanple the pre-run
tine was 1 Compdrativd BanpRical yst was the catal yst of Exanple 1. The reaction
tem perature was [err] and the nolar feed ratios were 5 propane/1 [err].
The cont act tinthis exaspléthe pro-@ntirdsvas R hodrs. Thé aadyat vias fedathiir of Exbihple\A I The reaction
anmoxi dat i ¢tampetatuse wes@ 76 aud thermolaxifded ratios were 5 propans/1 NHg/R Yh/e: HigD. TAd\cdntact time was
acryl onist - 1B®ecdnl. Exanple 4 In this exanple the pre-run tinme was 19
hours. The catal yst was the catal yst of Exanple 2. The reaction 55

t enper at ur @omparativeExample® t he nol ar feed ratios were 5 propane/1 [err]/1
H20. The contact time was 2.2 seconds. 4 EP 0 371 614 Bl Conparative
Exanpl e C | n o fisexamplaing ere-fypdimgwas 9.8 hours. ke caialystovag thy gaislvst of emparetive Fxagiple\fia s
t he cat#l yJhegactiontamparaturawasii@ ¢ and theimlar feestyptios wera 5 aropane/ 1 NEls/2 P2/ bikD- Thesonist ar
feed rati ofmawpL2-L5859Ypane/ 1 [err]. The contact tine was 5 1.8 seconds.
Conparative Exanple D In this exanple the pre-run tinme was 0.8 hours. The
catal yst was the catal yst of Conparative Exanple B. 10 The reaction
tenperature was [err] and the nolar feed ratios were 5 propane/1_[err]. The
contact™time was 2.2 seconds. 15 TABLE 1

TABLE 1 Conversion of - Yields, % Sel ectivities, %

Exanpl e Pr epane, cokversithl of  HCN yields[ @ I'] Sunt  selectiVitiesH@N [err]

9
Eo. 4 B -53-55.%19—_* 10. 0

*

ASfum* 2(7)535 Example %o%e, X 1_177 5@17[%3:4 OS_IEII 1
7. 72.7 C . 9.7 5.6 1.2 0.4 7.2 57.8 12.4
4.0 74.2 25 p13-1 7.7 gl 0.6 3 97 1387 1§.% 494 gls.s

55.0 14.2 43 73442 30 7-9% of-4AN R IHCHP-# [ er r5P-B5 10Qi nk41. R-Tret hod
of making a cdtal yst p®@etursos.éhavislg vessadi wd and Sarg | @wzoay 4.0 oxisde form
in theatomicratio of 680 to 3zin iJee renage &rom 0.58.¢ 0 4.2 bys.agi ng.an
aqueous sol ution containing the nonoperoxovanadium 40 ion, [err] until a
vanadi um contai ning sol or gel is formed, and reacting said vanadium while
i n said aquéeous—sot—orgetr—formr—wtH—an anti nony conpound whi ch contains Sb
havi ng aval ence of 3, thereby reducing the average val ence of the vanadi um
to | ess®t harf o Ma ¥¥i+f¥%i ng antinony to a val ence state of 5. 2. A nethod
of claim1 wherein said ratio is in the range from1 to 3. 3. A nethod
according to claiml1 with the additional steps of drying said precursor and
thereafter calcining 45 the resulting dried product at a maxi num
tenperature in the range 650 to [err], thereby producing a catalyst 4. A
net hod Bf §]a§ism3 wherein said tenperature is in the range 700 to [err] 5.
A met hod of “¢l'ai m 3 wherein said tenperature is in the range 750 to 850C.

. 1. A method of making a catalyst precursor having vanadium and antiomony in oxide form in the atomic
\/ ratio of Sb to V in the range from 0.8 to 4, by aging an aqueous solution containing the monoperoxovanadium
' 40 ion, VO(O,)", until a vanadium-containing sol or gel is formed, and reacting said vanadium, while in said
aqueous sol or gel form, with an antimony compound which contains Sb having a valence of 3, thereby reducing
the average valence of the vanadium to less than 5 and oxidizing antimony to a valence stats of 5.
2. Amesthod of claim 1 wherein said ratio is in the range from 1 to 3.
3. Amethod according to claim 1 with the additional steps of drying said precursor and thereafter calcining
45 theresuiting dried productat a maximum temperature in the range 650 to 1000° C, thereby producing a catalyst.
4. Amethod of claim 3 wherein said temperature is in the range 700 to 875°C.
5. Amethod of claim 3 wherein said temperature is in the range 750 to 850°C.
8. A method of claim 1 wherein said vanadium compound is a vanadium oxide.
7. Amethod of claim 1 wherein said antimony compound is an antimony oxide.
50 8. Amethod according to ciaim 3 wherein the drying step is a spray drying step and the catalyst produced
is microspheroidal and has spheroids with particle diameters in the range from 10 to 200 microns.
9. Amethod according to claim 1 wherein the aqueous solution containing the menoperoxovanadium ion
VO(0O,) * is formed by reacting a vanadium compound with an aqueous hydrogen peroxide solution, the ratio
of mols of H,0, used to atoms of V present being at least 1.
55 10. A method of claim 9 wherein said atomic ratio of SbtoV is in the range from 1 to 3.
41. A method for making a catalyst from the catalyst precursor defined in either claim 1 or claim 9 which
additionally comprises drying said precursor and thereafter calcining the resulting dried product at a maximum
temperature in the range 650 to 1000°C, thereby producing a catalyst.
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crospheroidal and has spherolds wuth partlcle diameters in the range from 10 to 200 microns.

9. A method according to claim 1 wherein the agueous solution containing the monoperoxovanadium ion
VO(0,) * is formed by reacting a vanadium compound with an aqueous hydrogen peroxide solution, the ratio
of mols of H,0, used to atoms of V present being at least 1.

§5 10. A method of claim 9 wherein said atomic ratio of SbtoV is in the range from 1 t0 3.

11. A method for making a catalyst from the catalyst precursor defined in either claim 1 or claim 9 which
additionally comprises drying said precursor and thereafter calcining the resulting dried product at a maximum
temperature in the range 650 to 1000°C, thereby producing a catalyst. '
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