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(54) Title: METHOD FOR PREPARING AMMOXIDATION CATALYSTS FOR A FLUIDISED-BED OR MOVING-BED REACTOR

(54) Titre: PROCEDE DE PREPARATION DE CATALYSEURS D'AMMOXYDATION POUR REACTEUR A LIT FLUIDISE OU A
LIT TRANSPORTE

(57) Abstract

A method for preparing catalysts including mixed oxides based on vanadium, antimony and optionally tin and/or titanium and/or iron
andloroﬁ:ermetals.anddeposiwdonacmier,aswellasmeuseﬂmeoffwmeammoxidationofalkanu,mdiscloud. Said method
includes impregnating a solid oxide camrier with a solution of respective vanadium, antimony or optionally tin and/or titanium and/or iron
and/or other metal compounds in at least one saturated slcohol, contacting the resuiting impregnated solid camier with an aqueous buffer
solution having a pH of 6 to 8, separating and drying the solid, and calcining the solid in two stages, firstly at 300-350 °C, and then at
400-800 °C. Such catalysts are suitable for use in a fluidised or moving bed.

(57) Abrégé

"~ -La présente invention concemne un procédé de préparation de catalyseurs comprenant des oxydes mixtes & base de vanadium,
d’antimoine et éventuellement d'&ain et/ou de titane et/ou de fer et/ou d'auntres métaux, déposés sur un support ainsi que leur utilisation
pour I'ammoxydation des alcanes. Leptowdedeprépmﬁond’uncamlysemdéﬁm précédemment, est caractérisé en ce qu’il comprend:
llmprégnauond'unsupponsohdedetypeoxydeil'aided’umsoluumdansaumomsunalcoolsamtedecomposésmpecufsdevanad:mn.
d'antimoine, éventuellement d’étain et/ou de titane et/ou de fer et/ou d’autres métaux; 1a mise en contact du support solide imprégné obtenu,
avec une solution aqueuse tampon A pH compris entre 6 et 8; 1a séparation du solide et son séchage; la calcination du solide en deux étapes,
tout d’abord & une température de 300 °C 2 350 °C, puis 2 une température de 400 °C 2 800 °C. Ces catalyseurs sont adaptés 3 une mise
en oeuvre en lit fluidisé ou en lit transporté.




of indium These m xed oxides are prepared by m xing aqueous
suspensi ons of conpounds of the various netals,

2 heating with stirring:and then evaporating the water, dryi ng
and cal ci nati on. . These patents give no specific indication
regardi ng the woaetygnikgghnol ogy associatgd with the peRIPRYSI02022 t he
ammoxi dati on of al kanes whi ch they descri be. However ,
for the type of reaction represented by the amoxi dati on of al kanes,
it turns out th@ROCESS FOR \THE HREPARATION ©F AMMOXTDATION) CATALVSTS Or S
nore 10 advant ageous. Due to the hlgh exothern1C|ty of the
reactions involved i n EOR 2 EHTIDEZRD) (B R M HRD REACTOROSSi bility of
usi ng one or a number of stationary bed reactors (rmul ti tubul ar
reactors) on an industrial scale does not appear very realistic,

i ndeed appears ruled 15 out, in particular if it is desired to achieve

hi gh productivities! thPF&EFntlﬂnMGBFé°Berﬁéé§§§aF9 aj processgr der to
renove the heat. given off, to yse ti,tubul ar reactor of very large
(70 o b who! §oF ‘iebafﬁma&ft%#. miBaRaPeigRe: Gﬁged\mcwapg diffbed out

20 froman inves nt _vie 0|n n_conp son. with the
Statlonarygbed° mimonY an Elonally on tin and/or enr gL Ean1um

and/or on iron and/or on other metals deposited on a
support and to their use as catalysts for the
ammoxidation of alkanes.
Certain mixed oxides of vanadium and of
10 antimony or éf vanadium, of antimony and of other
metals are known compounds which have been described,
among many other mixed oxides, in Patent FR-A-2 072
334.
A description i§ given in Patent US 5 008 427
15 of a process for the ammoxidation of propane or butane
in the preéence of a catalyst which can in particular
comprise oxides of vanadium, of antimony and of iron or
of titanium or of chromium 6: of gallium or of tin and
optionally of other metals. These catalysts have the
20 essential characteristic of having been calcined at a
temperature equal to or greater than 780°C.
Likewise, a description ﬁas been given in
Patent EP-A-0 558 424 of a process for the ammoxidation
of alkanes which is catalysed by mixed oxides of
25 vanadium, of antimony, of irén and/or of gallium and/or
of indium. These mixed oxides are prepared by mixing

aqueous suspensions of compounds of the various metals,



reactor, fluidized or noving bed reactors have a greater ability to
reason, better
suited to the 25 anmoxi dati on reaction of alkanes. This better ability
i ncrease in
productivity by increasing the al kane 2 content in the feed m xture.

-di scharge the heat given off and appear, for this
to transfer the heat nakes it possible to envisage an

Such an operation cannot

envi saged i n theating with stitrrimgrandecthermastaporatingethe swatdne,
limtations with respect to heat transfer (whi ch reveal
t he exi stence dtydngoandpoalcinatiomthe reactor) dictate the use of
probl em of

relatively low 5 al kane contents, so as to avoid any

3

be

t hensel ves by

expl osi veness or fl anmabThese Bﬁt?hbsggsvﬁ1R@uFEe°1flc indication The
garatlon of a
Eheg an
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present invention relates to a process for the_ pr
catal yst for arFFEFGFEthBEdreaCt°roFeﬁBG?%395eﬂsF%§t?E?

E represents aa g gggnt mhlch can give an OXIde of rutile
structure or F whi ch, in conmbination with V, Sb,
Sn, Ti, Fe or t n r el . '

phase of rutile or triruFore g?fug Eh%rg & of! F0EBE16n FePrdbeiicéa

by the ammoxidation of alkanes, it turns out that the

use of a fluidized bed or moving bed react
10 advantageous. Due to the high exothermici

reactions involved in the ammoxidation of

or is more

ty of the

alkanes, the

possibility of using one or a number of stationary bed

reactors (multitubular reactors) on an industrial scale

does not appear very realistic, indeed app

ears ruled

15 out, in particular if it is desired to achieve high

productivities. In fact, it would be necessary, in

order to remove the heat given off, to use a

multitubular reactor of very large size or a whole

battery of multitubular reactors, which is ruled out

20 from an investment viewpoint.

In comparison with the stationary bed

_reactor, fluidized or moving bed reactors

have a

greater ability to discharge the heat given off and

appear, for this reason, better suited to

the

25 ammoxidation reaction of alkanes. This better ability

to transfer the heat makes it possible to envisage an

increase in productivity by increasing the alkane

content in the feed mixture. Such an operation cannot



solid solution of rutile structure - a represents a whole or

fractional nunmber 20 equal to or greater than 0.5 -
b, ¢, d and e represent, independently of one - _ anot her, a
whol e or fractional nunmber fromO - to 100 - X
represents a whole or fractional nunber 35 determ ned by the
oxi dation nunber of the ot her el ements,

4 and a sbei énoipaged Oh tMedCas¥pPef a statiensty beéd ocesstdei ng
characterized in that it conpri ses: t he i npregnation
of the solid shppausebghe limitations witbotrespeatito dieatastamsifesat ur at ed
al cohol of respective conpounds of vanadi um of antinony
and optional | y (whichnrewdadr tbémselves ubhy the existence ofinal/lwt 0$podt on
and/ or of elenment E, - bringing the inpregnated solid support
10 ipbthenzearkes) cdhetatenrhe ufeeficvatabively low

solution at a pH of between 6 and 8, - t he segaration of the
solid and Phe 8L§pRE contents, so as tpcpgpid any problem of (¢

| ci ti f th lid i t t .15 fi t of all t
Camerature of SxHopaivpeps oF £laffaBility ofthe, gos MrtRER w6 o

tenperature of 400[err]CT£g present invention relates to a process
for the preparation of a catalyst for a fluidized bed
or moving bed reactor comprising an active phase of

10 general empirical formula (I):
VSb,8n,Ti Fe,E0, (1)

in which:
- E represents an element which can give an
oxide of rutile structure or an element
15 which, in combination with V, Sb, Sn, Ti, Fe
and/or with another element E, can give a
phase of rutile or trirutile structure or a
solid solution of rutile structure
- a represents a whole or fractional number
20 equal to or greater than 0.5
- b, ¢, d and e represent, independently of one
another, a whole or fractional number from 0
to 100
- X represents a whoie or fractional number
25 determined by the oxidation number of the

other elements,



800[err]C The el enments E are in particular chosen from
ger mani um nmanganese, ruthenium niobium tantalum 20 gal I'ium

chrom um rhodium nickel, nolybdenum al um nium thorium calcium
tungsten and magnesi um There may be a nunber of elenents E in the
formula (1) and, in the present textq the expression elenment E
covers one or a nunber of elenents E. 25 The conpounds of
vanadi um of andddysokiid suppozt lof @ixildd aypen of iron and of the

el ement E used in t he process nust be soluble in a saturated al cohol
or a m Xtuhee sHid procdss bdinghamracterized in that it

5 In the present text, a conpound is regarded as

sol ubl e when i teomptidgsds ty, neasured at 25[err]C, is at | east 5 grans
per litre of saturated al cohol or of wat er. These conpounds can be
introduced together;~ 5 thedmpregnatienof ithe ssligh suppess Ryd a
separately in an al cohol,, the different al coholic solutions thus

obt ai ned t &n being ni x e AW H.Ih el A% Hleqas tcans fAatprated ajgohol of

non-limtingly, an alcoholic sol.utlonls a by dissol vin the

different conpounds of vaRRSMY ‘#ngP%““Y'f °a% Yo, of

tin, of titanium of r e .t ernedi ate
: . %ﬁd ég#ngLﬁiﬁaéfﬂE@E %?d)%£t3¥Jtlé¥%1dﬁ

preparation of solutions Ment i on

may be made, as exanpl es ﬁ{dﬁm‘%elron aﬂ/ﬂ@ﬁl&gﬂw% of vanadyl

acetyl acet onat e, vanadyl
- bringing the impregnated solid support

10 obtained into contact with an aqueous buffér
solution at a pH of bétween 6 and 8,
- the separation of the solid and the drying
thereof,
- the calcination of the solid in two stages,

15 | first of all at a temperature of 300°C to

350°C and then at a temperaﬁure of 400°C to

800°C.

The .elements E are in particular chosen from
germanium, manganese, ruthenium, niobium, tantalum,

20 gallium, chrom;i.um, rhodium, nickel, moiybdenum,
aluminium, thorium, calcium, tungsten and magnesium.
There may be a number of elements E in the formula (I)
and, in the present text, the expression element E
covers one or a number of elements E.

25 The compounds of vanadium, of antimony, of
tin, of titanium, of iron énd of the element E used in
the process must be soluble in a saturated alcohol or a

mixture of saturated alcohols.



15 trichloride, vanadiumtrifluoride, vanadi um tetrafl uoride,
vanadi um pent af | uori de, vanadi um tribrom de, vanadi um di chl ori de,
vanadi um trichl ori de, vanadi um tetrachl ori de or vanadiumtrii odi de.
Mention may be nmade, as exanples of soluble 20 ant i nony conpounds, of
anti nony pentachl oride, antinony trechl oride, antinony tribrom de,
antinony trifluoride, antinony triiodide, antinony trioxide or

‘st i bi ne. Ihkthe opressnbetentle, a asompeumd ebs af egantdidid e

tin conpounds, of stannic chloride, stannous chloride 25 or stannous
br oni de. as soluble whenibbs neglukeihity,; measuwedlas 25°Colimlat
titani um conpounds, of titaniumdichloride, titanium tetrachl ori de,
titaniumtrichlefrfleS grampiper litre of saturated alcohol or of 6

tribromde, titaniumtetrabromde, titanium tetrafluoride or titanium
di i odi de. water. ThesgrGempAuRQdS B3R RGeintrodueed tergsthen:i upl e
. q ¢ . Lde. i i ohl o d e di br oni d
ron Crrboa sensh, bhRce e e B 58"uL L ShREIRS seprabafE SA0i0T
ferric | phat ferr tbposul phate,. ferric formte, ferric
acetiatte:sufgrrign afcoﬁé%ét?Pﬁc%fgﬁgfg?gf%i??%°§%%;%3i%§l?%$r?%u%Igate,
ferrous |actal guphsfgar tieh®6behs midld with one andbfiefd! Udhedaponol s

€ y a

used in the process o i nvention are nore particular anol s
and but non-limitingly, an alcoholic solution is prepared

by dissolving the different compounds of wanadium, of
10 antimony and, if appropriate,.of tin, of titanium, of
iron and of element E, without the intermediate
preparation of solutions of each of the compounds.
Mention may be made, as examples of soluble
vanadium compounds, of vanadyl acetylacetonate, vanadyl
15 trichloride, vanadium trifluoride, vanadium
tetrafluoride, vanadium pentafluoride, vanadium
tribromide, vanadium dichloride, vanadium trichloride,
vénadium tetrachloride or vanadium triiodide.
Mention may be made, as examples of soluble
20 antimony compounds, of antimony pentachloride, antimony
trichloride, antimony tribromide, antimony trifluoride,
antimony triiodide, antimony trioxide or stibine.
Mention may be made, as éxamples of soluble
tin ccmpounds,.of stannic chloride, stannous chloride
25 or stannous bromide.
Mention may be made, as examples of soluble
titanium compounds, of titanium dichloride, titanium

tetrachloride, titanium trichloride, titanium



cycl oal kanols. Use will preferably be nmade of al kanol s and
cycl oal kanols in which the boiling point is not excessively high, in
order to facilitate the operations 15 of separation or of recycling by
distillation or evaporation. Thus, alkanols having from1 to 6 carbon
atonms, such as nethanol, ethanol, n-propamgol, 2- propanol , n-butanol,
2- but anol, tert-butanol, pent anol s and hexanol s, and cycl ohexanol ,
are 20 pref eribttomide, titanium tefhabsohidesupptanium an oxi de, such as
an alumina, a silica, a silica/alumna, a zirconia, a cerite, a
m xed oxi de of tetrafilnenidef oxi tibanivwm diiodidewngnesi a, a titani um oxide,
a niobiumoxide or a 25 | ant hanum oxi de. The size of the
particles of the solid Mentigapmay:besmadeeras| gxamphesoofeseluble 1, 000
[err] mand preferably from20 [err]mto 300 [err]m

7 iron \GEPREHD ﬁpoPFaﬁF°Eh§%§B%EF%§FrclﬁPntﬁﬁlﬁbl?Elde'

t t bi | i.t § L
Compaunas s EShbeb8 8 TR BEL S, “ELdb fseasdn. ot e
of supports ha nga@etokgrrgg gl%ﬁfg anggtsuESﬁate, feg#ﬁér]/g and

preferably of af Teast quallty of

the fluldi zati gh;ghuiBfiace, £etghdl }éam?gsd §92r8bogcdenead 80-pL0e!

parameters such I n par ICU e re |ve ensi e support,
acetylacetonate, ferric benzoate, ferric oleate,
ferrous lactate or ferric lactate.
10 The saturated alcohols used in the process of

the invention are more particularly alkanols and
cycloalkanols. Use will preferably be made of alkanols
and cycloalkanols in which the boiling point is not
excessively high, in order to facilitate the operations
15 of separation or of recycling by distillation or
evaporation. Thus, alkanols having from 1 to 6 carbon
atoms, such as methanol, ethanol, n-prppanol,
2-propanol, n-butanol, 2-butanol, tert-butanol,
pentanols and hexanols, and cyclohexanol, are
20 preferred.
The solid support is an oxide, such as an
alumina, a silica, a silica/alumina, a zirconia, a
cerite, a mixed oxide of cerium and of zirconium, a
magnesia, a titanium oxide, a niobium oxide or a
25 lanthanum oxide.
The size of the particles of the solid
support is generally from 10 um to 1,000 um and

preferably from 20 um to 300 um.



10 the void content of the support or the gas flow rate. The
desired fluidization of the catalyst of the I nvention, in particular
for application in the anmoxi dati on of al kanes, will be carried out
under optimum conditions by the person skilled in the art, by 15
taking into account these various paraneteps. It is

pref erabl e, anong solid supports exhi biting the characteristics

i ndi cated above, to use Anothet!|important hchinHcEesifEL® 6 Nghé Gedrd
i nventi on. The inpregnation of the solid support by the 20

al cohol i ¢ sol utsuppofttie tbepubhlistyfts Hee nixtptegnated Byran swlyeidn of t he
conposition of the active phase of formula (1) is carried out by
usi ng a vol une @f the compewnds|ef sthetmeralwieh the |astiveaphaseequal to

t he total pore vol une of the support. \Wen the volune of 25 t he

al cohol i ¢ sol ut"Fg‘f‘\sfr suseswilhbe ipade & sypperts havingm twtaheexmport,

it wll represent. at | east. 50% of the said total pore volune. The
dur ati on ofgt hevolumei?rgr%b ¢+3h %t:‘ep"’fggnéf‘dcﬂrﬁf&ﬂa.%lﬁﬁ ofaptmdeasF vary

in practice acc&rggn %p t he nethod of m xing the support and the
sol ution which 15 ¢hoSdf" The i npregnated solid support is

Lo DO 6 a5 SR AP, 2P SN B EloRols g MY o
sai d buffer sol gty PLE/664ban PE149 &8bend on other parameters such
as in particular the relative density of the support,
10 the void content of the support or the gas flow rate.
The desired fluidization of the catalyst of the
invention, in particular for application in the
ammoxidation of alkanes, will be carried out under
optimum conditions by the person skilled in the art, by
15 taking into account these various parameters.

It is preferable, among solid supports
exhibiting the characteristics indicated above, to use
silicas in the process according to the invention.

The impregnation of the solid support by the

20 alcoholic solution of the compounds of the metals
forming part of the composition of the active phase of
formula (I) is carried out by using a volume of
alcoholic solution which is less than or equal to the
total pore wvolume of the support. When the volume of

25 the alcoholic solution is less than the total pore
volume of the support, it will represent at least 50%
of the said total pore volume. The duration of the

impregnation step is not critical. It can merely vary



aqueous sol ution of an ammonium salt, optionally cont ai ni ng aqueous
ammoni a. The amonium salt used is nore preferentially an anmoni um
carboxylate (for 10 exanpl e acetate, citrate or tartrate), ammoni um
oxal at e, ammoni um car bonate or anmoni um hydr ogenphosphat e, whi ch
makes it possible to have a pH in tige region of 7, optionally in the
presence of aqueous ammoni a. Thus, ammoni um acet at e/ aqueous 15 '
- ammoni a buff er imopractheeaaecpadingutear thevmeéthsdi 6£dmixing the The
vol une of the buffer solution brought into contact with the

i npregnat ed suppppertsasduthet golutionowhijebaierchbaent he total pore vol une
of the support and is preferably greater than the total pore volune
of 20 the support. The impregnatedhgolid suppentnid thendbreughk¥ from
t he l'iquid by the neans commonly used for this oggration, for
exanpl e by fil tREP| 6ANERCEyWikht ARf aghRgus buffer solution hayingian dried
at a tenpegatur i ch makes_ 25 It possible regove, t he ter apd

whi ch depeRds Bﬁ : EEtVﬁsoneggﬂrg ﬁﬁgeprﬁg?fﬁ££¥e° hB?EY?ﬁﬁm?sgc%? i ed
out . I f t,he opgration {sScearrie Ut _at _atnosphery c, pressure,
Che drying tenperar Bhe BrER bRSERF.880HE pm oSt SPEBLF béing an

J from 19&&?{;&&%5&298{5@5&] &n BERGLAL 'é#&?”&%é%&ﬁéii&ﬁg ! over

180[err] C. _ the operation I's carrred o uhde pres
than atnmospher penBa$¢atHECaqhbBul’ ¥indnt &8TPC¥RLVARMEATUm salt PRsb@VES.

generally equal to or greater than 50[err]C
more preferentially an ammonium carboxylate (for
10 example acetate, citrate or tartrate), ammonium
oxalate, ammonium carbonate or ammonium
hydrogenphosphate, which makes it possible to have a PH
in the region of 7, optionally in the presence of
agqueous ammonia. Thus, ammonium acetate/aqueous
15 ammonia buffer solutions are particularly well suited.
The volume of the buffer solutibn brought
into contact with the impregnated support is equal to
or greater than the total pore volume of the support
and is preferably greater than the total pore volume of
20 the support.
The solid obtained is separated from the
- liquid by tﬁe means commonly used for this operation,
for example by filtration or by centrifuging.
It is then dried at a temperature which makes
25 it possible to remove the water and which depends on
the pressure under which the operation is carried out.
If the operation is carried out at atmospheric

pressure, the drying temperature will advantageously be



5 The duration of the drying can vary w dely according to

the tenperature chosen. It will generally be determ ned so as to
renove nost of the inpregnation : water. It is nost often between a few
m nutes and a few tens of hours. 10 The solid thus dried
I's calcined in an oven at a tenperature of 300[err]C to 350[err]C and
then at a tenperature of 400[err]C to 800[err]C, and nore
preferential | yfrom 100etween2000¢er prefapdbIPOEeom] L10fOrtdbhessecond st age
and for periods of time varying, by way of information, froma 15
few m nutes toIfevheabperationnbstcgeptedl bytfunder a préfsuraulesetro 20
hour s. The ratio by weight, in the final catalyst, of
the active phatbaof atmespherit)pressurenhthe dfyihg temperatuxieceaml yst is
generally from5 to 50% 20 Preference is given, anong the

m xed oxi des be loweryhgeperaldyphaualotoforngreatey HWRABNSAPE- defi ned
above, to those for which; ) E_represents one of _a_nunber of
el ements > TBﬁoéEﬁaFFBH1ﬂﬁcEBF,dﬁ&EP?uﬁ?naYﬁﬁYnVﬁﬁ?BY 25

ggﬁg:ugh or Ie§§°Pﬁ&ﬁn¥0g°;gggg?§$égﬁgF§Q§Lghg;e;taC&LQ&gilngggéég%lﬁ'5 and

50 1 . b, .¢c. dand e
repr esent , indgﬁeﬁggﬁFP§n89 8o as to remove gost oﬁ the impregnation

water. It is most often between a few minutes and a
few tens of hours.

10 The solid thus dried is calcined in an oven
at a temperature of 300°C to 350°C and then at a
temperature of 400°C to 800°C, and more preferentially
between 500°C and 750°C, for the.second stage and for
periods of time varying, by way of information, from a

15 few minutes to several hours, most generally from
30 minutes to 20 hours.

The ratio by weight, in the final catalyst,
of the active phase of formula (I) to the whole of the
said catalyst is generally from 5 to 50%.

20 Preference is given, among the mixed oxides
of the active phase of formula (I) which are defined
above, to those for which:

- E represents one or a number of elements
chosen from nickel, gallium, aluminium or

25 niobium |

- a represents a whole or fractionmal number
equal to or less than 100 and preferably of

between 0.5 and 50



anot her, a whole or fractional nunber fromoO ' to 50, at

| east one of these synbols being greater than 0 and
preferably equal to or 5 greater than 0.5 X
represents a whole or fractional nunber determ ned by the
oxi dati on nunber of the _ atgher el enent s. '

Anot her subject of the present inventionis a 10 process for the

vapour - phase amoxi<ati &, od, ad kb Se irepresents, findeperaibntdd, wf rome ng bed
reactor, in the presence of a catalyst conprising an active phase of
general ly enpi ri cadndthem), aa (Whole or fractional number from 0
VSb[err]Sn[err]Ti[err]Fe[err]Eerr]Jerr] (n 15 I n whi ch:

- E represents an el eteB0watthleast gne of these symbols beimng de of
rutile structure or an el ement whi ch, in conbination with
V, Sb, Sn, Ti, Fe greater thamd) AndiRTEESKANNG euserfo BT can give a
20 phase of rutile or trirutile structure or a

solid sol WPion of rutil <E3ERE SFhan 0.5 a represents a whole or

Lragf | gnglndngmr)ggresent |ﬂ%ﬁ%ﬁualvgf‘% 2{@&3{;&,& q‘iﬁ%ﬁﬁ)t her, a
whol e or fractional nunQﬁétéfﬁ{Héh by the oxldatloﬂ ndéber of the
other elements.
Another subject of the present invention is a
10 process for the vapour-phase ammoxidation of alkanes in
a fluidized bed or moving bed reactor, in the presence
of a catalyst comprising an active phase of generally

empirical formula (I):
VSb,Sn,Ti_Fe,E 0, (1)

15 in which:

- E represents an element which can give an
oxide of rutile structure or an element
which, in combination with Vv, Sb, Sn, Ti, Fe
and/or with another element E, can give a

20 phase of rutile or trirutile structure or a
solid solution of rutile structure

- a represents a whole or fractional number
equﬁl to or greater than 0.5

- b, ¢, d and e represent, independently of one

25 '~ another, a whole or fractional number from 0

to 100



- X represents a whole or" fractional nunber : det erm ned by

t he oxi dati on nunber of the _ ot her el enents, and a
solid support of oxide type, 5 the said catalyst process being prepared by
t he process descri bed above whi ch conpri ses: - t he

| npregnation of the solid support by a 11 _ solution in at |east
one saturated al cohol of respective conpounds of vanadi um
of antinmony 10 - x repﬁdseﬁtsoaahhdlefoflﬂraaﬂiaﬁapfnﬁmmaﬁlun1

and/or of iron and/or of elenent E, - bringi ng the inpregnated
solid support determﬂhédlh?dthétdxtdﬂtﬁﬂﬁ ntmbennofigtieeus buf fer
solution at a pH of between 6 and 8, 15 - the separation of the
solid and the drying other elementgher eof, - t he
calcination of the solid in two stages, first of all at a

t enper at ure ofaB§OPePP}t§t§uPP°rt of oxide tzBe[err]C and then at a
tenperature of 400[err]Cto 800

[e
Accor di ng Po tﬁEepFééénFaFﬁ@¥ﬁF|Bﬁ°°8P§aﬁE§n9 PrePﬂE?#nBYfFBﬁ1Br?Sei§
carbon atons p ﬁ 3 reacted in the vapour-phase with
anmoni a and oxéﬁ@ﬁrF @ ab°VFhEth§sﬁﬂEQereﬁ catal yst, the conposition and

description o= "Rhe" e Rk B e FheTRRT A0, hpBoRE By cfent
process, it is possible L@ ysgofl jHeQt 98868 YHbCHadhfated alcohol of
respective compounds of vanadium, of antimony
10 and optionally of tin and/or of titanium

and/or of iron and/or of element E,

- bringing the impregnated solid support
obtained into contact with an aqueous buffer
solution at a fH of between 6 and 8,

15 - the separation of the solid and the drying
thereof,

- the calcination of the solid in two gstages,
first of all at a temperature of 300°C to
350°C and then at a temperature of 400°C to

20 | goo°c.

According to the present invention, alkanes
having f£rom 3 to 12 carbon atoms per molecule are
reacted in the vapour-phase with ammonia and oxygen in
the presence of a catalyst, the composition and the

25 preparation of which catalyst are indicated in the
preceding descriptibn.

Of course, in the context of the present

process, it is possible to use diluent gases which are



12 inert under the reaction conditions, such as helium ni t rogen
and argon. Likew se, steam can be added to t he gaseous reaction

m xture within wide limts. Thus, the reactive gas (al kane, ammoni a,
oxygen) can be 5 diluted by an inert diluent and/or by steam In this
conbi nati on, the steam content by vol unme gqan vary wWthin wide limts,
in particular fromO to 50% and preferably between 3 and 30% For good
i npl ement ati on inert ainddre thed aafit tATD cdind] tiionshe surheals tieliumg reactive
10 gas content will be at |east - 3% and preferably at |east 20%

The respecti ve rlthogen andricgaend Gdkewise, steamntcamt dbebypddeiduee i n t he
reactive gas can vary within wde limts. 15 The al kane
content in the thea@dseoumyreaction mimifuneywithia wide 3 imidsz0oThRsat of
amonia i s preferably between 3 and 50% and that of oxygen is
preferably bet dih traghivesgas (alkane, ammonig,,OXygemli C®@MBSpane, a

m xture wl] be,, 20 bt ai ned whi ch .contai ns_ essentially acrylonitrile.
Acrylonitride i%"%?%gﬁfr ASiLReF tudidipent ﬁf’iﬁftﬁ?eg’y stean., J& 5848 y on a
| ar ge scal e. Startin h i.sqQbut ane, nethacrylonitrile

will essential ISR e Fhe AFe déntlnt & es‘?’bé’%ﬁ’di ng to the
Invention i's s en WA TiftA" | dh PUdEEd1%d P30
preferably between 3 and 30%. For good implementation
of the process according to the invention, the reactive

10 gas content will be at least 3% and preferably at least
20%.

The respective alkane, ammonia and oxygen
contents by volume in the reactive gas can vary within
wide limits.

15 The alkane content in the reactive gas is
preferably between 5 and 70%. That of ammonia is
preferably between 3 and 50% and that of oxygen is
preferably between 3 and 45%.

Stafting with propane, a mixture will be

20 obtained which contains essentially acrylonitrile.
Acrylonitrile is an intermediate which is produced
industrially on a large scale.

Starting with iscbutane, methacrylonitrile
will essentially be obtained.

25 The process according to the invention is
more particularly suited to the ammoxidation of
propane.

While the alkane used can be of technical



propane. ' Wil e the al kane used can be of technica

13 quality, it will not contain significant anmounts of conpounds
wi th ethylenic unsaturation. Thus, the propane used will generally
only contain m nor anounts of propyl ene, for exanple less than 10%

5 As indi cated above, the proggss according to t he

I nvention is inplenented in the formof a vapour- phase reaction in a
fluidized bed qualdeyngilteeill notr eantain shonpfdcans amoubescefri ed out
conti nuously or non-continuously. 10 The reaction

t enperat ure i scompgundisawith etbyienéin 886&€turdt368] er Th@santheref erably
bet ween 400[err] C and 500C. The total pressure of the
reaction ni xtuP&opane ugged wildr gereralfynoslyeqgontais minorpampuats
pressure. 15 It is ggnerally between 1 and 6 bar and preferably

bet ween 1 and fPE Rropylene, for exampig.lrgg Fhapolflfe rate is generally

bet ween 100 and 36,00Q err%. Fb depends on the gas flqQw rate but
al so on ot Rer paraneters cpated; pBRver, Lhe BrergesspaceoraiBg, kPe i s

ferably b 1200 _and_2Q, 000 . he_hour | |
Pate | o dof i nedBs, ipgention 1?0%5?%%%8%#&/ §BeuAeTRy Of 8 Ee!an}u‘zy”é%//\r/\gulrjm

ratio. hase reaJtiGAiSCs FHQ4ATLIAI biflobinkBed t Wi !

be able to fing a conprom se between tenperature,
reactor. The process can be carried out continuously

or non-continuously.

10 The reaction temperature is in genera1 
between 300°C and 550°C and preferably between 400°C
and 500°C.

| The total pressure of thé reaction mixture
can be greater than or equal to atmospheric pressure.

15 It is generally between 1 and 6 bar and preferably
between 1 and 4 bar.

The hourly volume rate is generally between
100 and 36,000 h'', It depends on the gas flow rate but
also on other parameters of the reaction. The hourly

20 volume rate is preferably between 200 and 20,000 h,

The hourly volume rate is defined as the
total gas volume/volume of the catalyst/hour ratio.
Of course, the person skilled in the art will
~be able to find a compromise between the temperature,

25 the gas flow rate, the precise nature of the catalyst
used and the various other parameters of the reaction,
taking into account his production objectives.

The products of the reaction can be recovered



25 the gas flowrate, the precise nature of the catalyst used and

the various other paraneters of the reaction, taking into account his
production objectives. The products of the reaction can be
recovered 14 fromthe

ef fl uent gases by any suitable neans. Foris4 exanpl e, the effluent gases
can pass into a condenser containing dilute sul phuric acid in order
to neutralize from thécefifleentcgasenvby cany heuitalbbe cagaiisen Poss t hrough
5 a refrigerated absorbing colum to condense the acrylonitrile,
acetonitril e assamplieocthai effituenttipases canypasedimteda vepodesseont ai ni ng
mai nly unreacted propane, propylene, |ight hydrocarbons and, if

appropri ate, Cepntghaingrdidntersutphnniayaecidyimi erden teinevtralire be
separated fromthe acetonitrile bi distillation and the recovered
acryl oni tril| e/ the unraggkegdyammenia: d TRt graes faRhEheRPys8t threghn jts
turn to separate the acr;loait I le tronltfe hydroc%gaic acid. 15

The exanpl 8s b8l BREFLEELRFERaPRRTPIRG Fplumn” to; opdengp the EXAMPLES
OF THE PREPARATI OF D OXLDES. .. E LE 1 - . Preparatjon of
catalyst (A) aBSSTAPRACFALe, Acstonitrile and hyREoeyemAti SHEQoNPToi ng o
m xed oxi de 2gncondensed vapoursogoﬁgyiﬁiﬁglmgfﬁfyl&ﬁreggpégnSCk and a

propane, propylene, light hydrocarbons and, if
appropriate, CO,. The acrylonitrile and hydrocyanic

10 acid can then be separated from the acetonitrile by
digtillation and.the recovered acrylonitrile/
hydrocyanic acid mixture can then be distilled in its
turn to separate the acrylonitrile from the hydrocyanic
acid.

15 The examples below illustrate the present

invention.

EXAMPLES OF THE PREPARATION OF MIXED OXIDES.
EXAMPLE 1 - Preparation of catalyst (A) according to
the invention comprising a mixed oxide
20 : of empirical formula: VSb5Sn50x and a

silica support
The dry impregnation is carried out (that is

to say with a volume of solution which is less than or
equal to the pore volume of the support) of 13 g of

25 @ silica, having particle sizes of 30 to 100 pm, a BET
specific surface of 320 m?’/g, a pore volume of 1.2 cm’/g

and a relative density of 0.36, with 15.6 cm® of an



silica support The dry inpregnation is carried out (that is
to say wwth a volune of solution which is |less than or equal to the
pore volune of the support) of 13 g of 25 silica, having particle sizes of
30 to 100 [err]m a BET specific surface of 320 nferr]/g, a pore
volume of 1.2 cnferr]/g and a rel atige density of 0.36, with 15.6
cnferr] of an 15 et hanol i c
sol ution cont aethago?idSsglatiSACeéntQiddng02.15 g 6f sAOBYl0.437 g

acetyl acetonate and 2.46 g of Shd 5. The i npregnated solid
I's poured in 106§ vahaedy]l atetylacetonatigcand 20#6tgoofcShbCaj.ni ng of an
ammoni um 5 acet at e/ aqueous amonia (65/15 g/l) buffer and with a pH
of 7.0. The iwprdgnsteflcgoiigaiat pdupgdcint 156 ughhpf

and dried at 120[err]C for 24 hours. . It is then calcined
for 1 h at 350PBr AAEesHE SRAKRtien copfpining,ef7ap| apmprium

The catal yst thus obt9ined conpri ses 17@6?% mei?ht of \

VSb[ er r ] SnPer r POEEREE/ RIREQUSKPERCORAR 485¢ 1y déiynPubfer and Withca support
and has a specé&kc szréace of 280 nmnerr]/g and a relative density of

0. 43. 15 ﬁﬁ *2°- Preparation of catalyst (B) according to

e o TP L 5L 0y L340t b Bnen meparagpd by, copppifhatl' ' o2
and dried at 120°C for 24 hours.
It is then calcined for 1 h at 350°C and then
10 for 3 h at 700°C.
The catalyst thus obtained comprises 17% by
weight of VSb.Sn.0, mixed oxide and 83% by weight of

silica support and has a specific surface of 280 m’/g

and a relative density of 0.43.

15 EXAMPLE 2 ~ Preparation of catalyst (B) accordi to
the invention qggprisigg a mixed oxide
of empirical formula: VSb5Sn50x and an

alumina support
The dry impregnation is carried out (that is

20 to say with a volume of solution which is less than or
equal to the poré volume of the support) of 39 g of
alumina, having particle sizes of 20 to 90 um, a BET
specific surface of 180 m?’/g, a pore volume of 0.4 cm’/g
and a relative density of 0.74, with 15.6 cm® of an

25 ethanolic solution coptaining 2.15 g of 8nCl,, 0.437 g
of vanadyl acetylécétonaté and 2.46 g of Sbsl,.

The impregnated solid is poured in 150 cm® of



The dry inpregnation is carried out (that is 20 to say with a volunme of
solution which is |less than or equal to the pore volune of the
support) of 39 g of al um na, having particle sizes of 20 to 90
{ferr]lm a BET specific surface of 180 nferr]/g, a pore volune of 0.4
cnerr]/g and a relative density ofy .74, with 15.6 cnferr] of an 25
et hanolic solution containing 2.15 g of SnCI4 0.437 ¢ of vanadyl

acet yl acet onat £n dgudodd FoDht{Hd Sontaining of an ammdiBidnpregnated solid
is poured in 150 cnferr] of 16

an aqueous sol atévatefidnaedus Jamihoria a(6®/15g/1) buﬁsat adred agitlous ammoni a
(65/15 g/l) buffer and with a pH of 7.0. The solid is
t hen separ at edpByo£eht0i f ugi ng 5 and dried at 120[err]C for 24 hours.

It is then calcined for 1 h at 350[err]C and then for 3 h at

700[err] C. The Teelidt 1$ ychen hespanated oy cernhtifuging % by

wei ght of VSb[err]SnSééerr m xed oxi de and 93.5% by wei ght of 10

al um na suppor?ngdrdried atsphRe7¢| £ox24 deeurs- 150 nferr]/g and a

relative density of 0.87, EXAMPLES_ 3 TO 5 - gggaratlon of
catalysts (C), (D) It is then calcined fog }gy at 1h Y thar

I nvention conpri si ng n1xed oxi des of 15
enpi ri cal fornﬁ?’ée3 b at 700°C.

The catalyst thus obtained comprises 6.5% by
weight of VSb,Sn,0, mixed oxide and 93.5% by weight of
10 alumina support and has a specific surface of 150 m?/g

and a relative density of 0.87.

EXAMPLES 3 TO 5 - Preparation of catalysts (C), (D
and (E) accordi to the invention
comprising mixed oxides of

15 empirical formulae:
¥5b2.55n2.50x

¥Sb5Sn50x
 ¥Sb2.58n2.50x
and a silica support
20 By using the procedure and the reactants
described in Example 1 and by adapting, if appropriate,
the amounts of the said reactants, the foilowing
catalysts are prepared:
- Catalyst (C) comprising 17% by weight of
25 VSb, ;Sn, ;0, mixed oxide and 83% by weight of silica
support and having a specific surface of 195 m?’/g;

- Catalyst (D) comprising 23% by weight of



VSb2. 5Sn2. 50« VSb5Sn50x

VSb2. 5Sn2. 50« and a silica support 20

By using the procedure and the reactants described in Exanple 1 and
by adapting, if appropriate, t he amounts of the said reactants, the
fol |l ow ng catal ysts are prepared: 17 - Catal yst (O

conprising 17% by wei ght of 25 VSb[err]Sn[err] Ox. m xed oxi de and 83% by
wei ght of sili omb,Sn,0, MmiRkied bxide hnadi Mg%abypeeight ofir atdcalf 195
mMerr]/ag; - Catal yst (D) conprising 23% by wei ght of

17 VSb[ er rdupHcertr [aBd Manciohgna chpearicf it Bunface gift 235 or'/gca

support and having a specific surface of 235 nferr]/g; -

Catal yst (E) conprisi ng Z3otadwshei @it qgmprising\/gt;[’ae%ﬂ weight] of ni xed

oxi de and 77% by wei ght of silica 5 support and having a specific surface
of 250 n{err]/g}?/sz.sSnz.sox mLommﬁémwmmﬂ%ﬁﬁmarEﬂs

The catal ytic perfornmances .of the catalyst,s (A (B) ,were

eval uated ith a SRR Y |aRd bR R sPeél"E:"é'a(ﬁ achk ﬂ?a%%q r‘%é?nal di aret er
of 1.8 cmand with a 10 hei ght of 20 cm equi pped with an axi al

t her nocoupl e, so as to be able to neasure the tenperature along the

catal ytic bed. | g %I?r'fﬂl: Mﬂt)‘ﬂoﬁrﬁsrs enpl oyed for

each amoxi dat i

The catalytic performances of the'catalysts
(A) and (B) were evaluated in a glass fluidized bed
reactor, with an internal diameter of 1.8 cm and with a
10 height of 20 cm, equipped with an axial thermocouple,
so as to be able to measure the temperature along the
catalytic bed. Approximately 15 cm’ of catalyst are
employed for each ammoxidation test; due to the
difference in relative density between silica and |
15 alumina, this wvolume corresponds, for example, to 6.4 g
for the catalyst (A) and to 13.0 g for the catalyst
(B).
The reaction mixture used in the series of.
tests carried out on fluidized bed reactor has the
20 following composition by volume: C,H;/NH,/0,/He =
25/10/20/45.
The total pressure of the reaction mixture ig
1.3 bar for each example.
The total gas flow rate is adjusted so as to
25 obtain different contact times; the contact time is
calculated by taking the volume of the catalytic bed

before fluidization (15 ocm®’) and the gas flow rate under



‘difference in relative -density between silica and - 15 alumna, this

vol ume corresponds, for exanple, to 6.4 g for the catalyst (A and to
13.0 g for the catalyst (B). ~The reaction mxture
‘used in the series of tests carried out on fluidized bed reactor has
the 20 foll ow ng conposition by volumag8 Cerr]Herr]/NHerr]/Jerr]/He
= 25/ 10/ 20/ 45. _ The total pressure of the reaction
mxture is staridsrd goridit ianeh of igeiperature and pressurelhe Thet al gas
flowrate is adjusted so as to 25 obtain different contact tines; the
contact tine iecntact timesinvalusd tane ap thedhawase Sofs tHotadt Alpw c bed
before fluidization (15 cnferr]) and the gas_flow rate under 3 s 18
standard condi¥3%s o%8Q REMARIrcllng (tesadr £lowhrate: gBnemyiminines

5 o e 7 g g P RRRL L B 2

I an brptY) AP R R R ore LT iR T O g (el 0 T e
' ' f th

tenmperature ang, pgfs%ﬁgﬁ%wgg'g éﬂ&lat%??grﬁgaé&%;r esence of the

axi al thernocouple i ctor, are cmmn and 35

Sp{)r;aﬂ'e i :sLoas ger c}ibt;./\:il.sc?ns-r NSe PEduisd il Y i g BERU AR A LfiSing Anto
account the presence of the axial thermocouple in the
reactor, are 105 cm/min, 52 cm/min and 35 cm/min.

10 The principle of the ammoxidation test for
propane is as follows:
- The catalyst is brought to a temperature T,,
for example 310°C, and, after stabilizing for
30 min at the temperature T,, the composition
15 of the mixture at the reactor outlet is
determined by gas-phase chromatography.
- The conversion percentages and the
selectivities obtained with respect to the
catalyst examined at the inlet temperature T,
20 are calculated using relationships of the
type:
conversion of propane (in mol %) = converted
propane/introduced propane
selectivity towards acrylonitrile (in mol %)
25 = propane converted to
acrylonitrile/converted propane.
- The catalyst is then brought from 310 to

550°C in increments of 20°C and the



- The catalyst is brought to a tenperature T[err], for
exanple 310[err]C, and, after stabilizing for 30 mn at the
tenperature T[err], t he conp05|t|on 15 of the m xture at the
‘reactor outlet is determ ned by gas-phase chromat ography.

- The conversion percentages and the 19 selectivities
-obtained with respect to the catal yst exam ned at the inlet
tenperature T[err] 20 conversion grexrcEaltragest ahditiheg sedleattiivitiiiess of the
type: conversion of propane (in mol % = converted

propane/ i ntroduced propm determined everyelddcmiini.ty towards acrylonitrile

(innml % 25 = propane converted to
acrylonitrilel/converted Bt dpithammoxidation examplias delevstthes t hen

brought from 310 {0 S550[err]C in increments of 20[err]C and .
t he following conventions are usedpy conver si on

per cent ag and the sel tivities etern1ned every 40
mn. ¥ qﬁ%“hﬁmﬁﬁﬂﬁﬂﬁﬁﬁP¥S«ﬂﬁﬂH&?tﬁﬁ +YPhe f ol | owi ng

conventions are used ture of the reaction
DC Jerr]Herr] = converdr §iHee= pf T Opan fEeTon éf”g) 2M€ SACN = selectivity

towards acrylonitrile - tjvity
L SACN selectﬁﬁ?%r RS :ltﬂ gtleylorﬁeéz%ﬁ.é

towards acrylonitrile
SACN+C,H, = selectivity towards acrylonitrile

and propylene
10 SAmmox = selectivity towards acetonitrile,
hydrocyanic acid and other ammoxidation by-
products
ct(s) = contact time in seconds.
The remainder to 100% of the selectivities
15 corresponds to the formation of CO and CO, and

optionally methane, ethane and ethylene.

'EXAMPLES OF THE AMMOXIDATION OF PROPANE
EXAMPLES 6 TO 10
Ammoxidation of propane is carried out, as
20 described above, by using the catalysts A, B, C, D and
E according to the invention.

It may be specified, by way of indication for
the catalyst A, that the minimum fluidization flow rate
is 9-10 cm’/min (velocity in an empty chamber of

25 6 cm/min).
The expansion of the fluidized bed is linear

as far as 60-70 cm®/min (35-40 cm/min). The height of



10 SAmox = selectivity towards acetonitrile,

hydr ocyani ¢ acid and ot her ammoxi dati on by- products

ct(s) = contact tinme in seconds. The remai nder to 100% of
the selectivities 15 corresponds to the formation of CO and CJerr] and
optionally nmethane, ethane and ethylene. 20 EXAMPLES OF THE AMVOXI DATI ON
OF PROPANE EXAMPLES 6 TO 10 : Ammoxi dati on of propane is
carried out, athe@atalyddic bed zhangesbfrom 09.8hemc{tdahpget bed, wRick, D
and E according to the .invention. It may be

speci fied, by vidy net flaiicddiziedn foar £low ratiee oft degst thant khe t he mi ni mum
fluidization flow rate .15 9-10 cnferr]/mn (velocity in an enpty
chamber of 25mingmumy Flyidization flow rate}hgoeilfafsemn oForh&lewui di zed

bed is |inear as far as_60-70 chL?r_r]/rrin (35-40 cmmin). The height
of rates greater than 70 cm ming, the h?*@%a‘?%l%?c bed changes

from 10. 8 s not ,fluidized for flow rates of |ess

d i.ch i
than t he. 5" (%%r%%ﬁ' %?Lﬁ |e|gIC?8t iISHQIFF"oWaF&FE)‘ to 16.5 cm For flow
h 70 | hei f th | ytic bed
| onger vari s, o O il kelipdratliee 8ol e Fontl B, tnen dephitrcs i 1

obtained are collated in Table 1 below.



‘obtai ned are collated in Table 1 bel ow.

SACN

21 Exanpl es Catalys ct Tenp DC SAMDX t
used (s) ([err]C) CHB (in %W + C3H6 (in %
(in % (in % Exanpl e A 5 445 3.5 34 36
32 480 5 21 41 42 25
10 455 8 50 51 26 o 15 450 8
41 42 : Z0 . Z 2 3
Exanpl e B | Exampd.es | fatalys|gct | Temp d oSACN S?mmox
490 27 7 2d t useqy (s) | (°C) + RPEGEHin %))
3 17 11 obin %) k 25
15 Exangl @xamp1é& a5 | 40| 449 5 36 [4 32 8
10 450 9 d% 43 20 480 42 25470 15
45 45 15 5 a5 —5)
26 190| 453 2 51 38 26
Exanpl e D 5 |470 Mq5 | £ 42 20
10 450 12 41 41 26 470 33 14470 13
41 41 2% pi 3 3V
23 'Example B 450| 4584 O 25 18 16
470 235 3 7 38 14 490 : ARB 11712 2B
430 24 30— 36 +6 48453 2222 —34 23 3+ 15 4
Table 1 Exampl&\() 97/(23285 5 | 470 9 2255 55 14
PCT/ FR96/ 02022 8 1.
Process for tje prepar gti on of 10 aig%t 195 fo g/g f uﬁii zgd li(%d o]
novi ng bed regctor congrising ag :
15 | 450 15 45 45 26
| 470 20 42 42 18
Example D 5 470 11 - 46 46 25
9 10 | 450 12 41 41 26
470 13 41 41 2]
15 | 430 14 37 37 23
450 16 39 39 18
470 23 38 38 14
490 17 23 23 14
10 Example E 15 | 390 8 29 29 35
10 410 17 26 26 22
430 24 30 30 16
450 22 31 31 14

Table 1



active phase of general enpirical formula. (

VSb[err]Sn[err]Ti[err]Fe[err] Ee umu“ “I““\m i n which: .

E represents an el enent which céo;ﬂwm oxi de of rutile
structure or an el enment i'n combination with V, Sb,
Sn, Ti, Fe 10Wo 97/23287 and/or with angnher el ement Epcgpgggsyezagz
phase of rutile or trirutile structure or a solid solution
of rutile structure - a represents a whole or fractiona

nunber equal to or greachAIMBan 0.5 15 - b, ¢, d
and e represent, independently of one anot her, a whole or
fractional nunmber fromO0l. Process for th@ peeparation of a catailgptesents
a whol e or fractional nunbe determ ned by the oxidation

nunber of the £9F a fluidized bedcpreperingsbed reacgoy gomprigingpport of

oxi de type, ai d process bei n Qharacterlzed |n that it
A activd " phase ég dxigprl; ferayilag (Tdpport by a 25

conpri ses:

solution in at |east one saturated al cohol of respective
conpounds of vanadium of antinony _

23 5 and optionally o‘f,s}g.lsnns@ cy i‘. cS’f titani um(I)

in which:

- E represents an element which can give an
oxide of rutile structure or an element
which, in combination with VvV, Sb, Sn, Ti, Fe

10 and/or with another element E, can give a
phase of rutile or trirutile structure or a
solid solution of rutile structure

- a represents a whole or fractional number
equal to or greater than 0.5

15 - b, ¢, d and e represent, independently of one
another, a whole or fractional number from 0
to 100
- x represents a whole or fractional number
determined by the oxidation number of the
20 other elements,
and a solid support of oxide type[
the said process being characterized in that it
comprises:
- the impregnation of the solid support by a
25 solution in at least one saturated alcohol of

respective compounds of vanadium, of antimony



and/or of iron and/or of elenent E, ' r—bringing-the

| npregnat ed solid support obtained.into con
aqueous buffer 5 solution at a pH of | ﬂ““i‘jﬁhﬂ!&fl
the separation of the solid and the drying o

the calcination of the solid in two stagegg first of all at

a tenperature of 300[err]Cto 10 350[err]C and then at a

tenperature of 400[err] Cdrd optionally of tiSD@And¥/chCof titanium 2.
Process according to Claim1, characterized in that the solid support

I s an oxi de, such &mﬁldﬂﬁ:ﬂﬁ;n and/dxc »f @1enentayl unina, a 15
zirconia, a cerite, a mxed oxide of ceriumand of zirconium a
magnesi a, a titani um oxi dximgingihenimpregmatiede salid [sapploartum oxi de.

3. Process according to either of Clains 1 or 2, characterized in
that the solid support habtaims@ inteo tdositacti i th am Bgyesmus] buffer, 000
[err]mand preferably from20 [err]mto 300 [err]m

4. Process gCCOI’dI ng to difdwiicy Aty PH ©f between GhangcBeri zed in that
the solid support exhibits a pore volune of at least 0.1 cnferr]/g
and preferably of at~ 25 the éﬁﬂa@tfﬁ’r’crﬁfer‘ﬂ golid and the drying process
according to one of Clalqﬁ 1t 4, characterized in that the ratio by
wei ght in the final %ﬂ%@t of the active phase of formula (1) to

- the calcination of the solid in two stages,
first of all at a temperature of 300°C to
10 350°C and then at a temperature of 400°C to
800°cC.
2. Process according to Claim 1,
characterized in that the solid support is an oxide,
- such as an alumina, a silica, a silica/alumina, a
15 zirconia, a cerite, a mixed oxide of cerium and of
zifconium, a magnesia, a titanium oxide, a niobium
oxide or a lanthanum oxide.
3. Process according to either of Claims 1
or 2, characterized in that the solid support has a
20 particle size from 10 pm to 1,000 um and preferably
- from 20 pm to 300 um.
| 4. Process according to one of Claims 1 to
3, charaéterized in that the solid support exhibits a
pore volume of at least 0.1 cm’/g and preferably of at
25 least 0.15 cm’/g.
5. Process according to one of Claims 1 to
4, characterized in that the ratio by weight in the

final catalyst of the active phase of formula (I) to



24 "~ the whole of the said catal yst is frowrﬁ—rrrf%ﬁ@

6. Process according to one of Cains 1 to |zed I n that
the sol ubl e vanadi um conpound i s chosen fU Hﬂ- ﬂﬁhﬁ | acet onat e,

vanady!| 5 trichloride, vanadiumtrifluoride,

tetrafluoride, vanadi um pentafl uoride, vaggdi Um trlbron1de vanadi um
di chl oride, vanadiumtrichloride, - vanadi um tetrachl ori de or vanadi um
triiodide. the whole of thePsaddsTata19ati A8 ERcpN8 €6 Soai,ns 1 to 10

6, characterized in that the sol uble antinony conpound i's chosen from
antinony pentachloride, #nti Paoeess accordihgotiodeneadli tRRYmEr 1t de,
antinony trifluoride, antinony triiodide, antinony trioxide or

sti bi ne. 5, charactegizRdodasthatc thei Bglublensanhdfuai eembound 15

7, characterized in that the soluble tin conpound is chosen from
stanni c chlori d& c@P&#NOGQOQhN@Pﬁd&loﬁcetylacstana&as vaoadyd.

9. Process _accor to one of Clains 1 to 8, characterized in that
the sol ubl @ t|F§ dfSeu¥@naddum tyifdyesides ovanrdimmum di chl ori de,
titani um ' é |§% hIorlde t|t niumtrichloride, titani_um

tribronide, tit Yegadium pengarluorides: vappddiide or titani um
di i odi de. 10 Proce cording to Qne of Clains,1 to 25

9. charact eri z&FPEOMiSe  FRARRSLM c%@ﬁr& ooy AT dam trlcgh8§éﬁefrom

! ron d! .Chl _Or' d na'?ﬂ%mt rte@:t}la%iﬂg?ider gg‘eyragﬁglgin]b%%g‘%g(aip.gr on tribrom de,

iron diiodide, ferrou rate, rric sul phate,
ferrous 7. Process according to one of Claims 1 to

10 6, characterized in that the soluble antimony compound
is chosen from antiﬁony pentachloride, antimony
trichloride, antimony tribromide, antimony trifluoride,
antimony triiodide;_antimony trioxide or stibine..

8. Process acdording to one of Claims 1 to

15 7, characterized in that the soluble tin compound is
chosen from stannic chloride, stannous chloride or
stannous bromide.

9. Process according to one of Claims 1 to
8, characterized in that the Soluble titanium compound

20 is chosen from titanium dich1oride, titanium
tetrachloride, titanium trichloride, titanium
tribromide, titanium tetrabromide, titanium
tetrafluoride or titanium diiodide.

10. 'Process according to one of Claims 1 to

25 9, characterized in th#t the soluble iron compound is
chosen from iron dichloride, -iron trichloride, iron
dibromide, iron tribrémide. iron diiodide, ferrous

nitrate, ferrous sulphate, ferric sulphate, ferrous



25 t hi osul phat e, ferric formate, ferrlc acetate, ferric
acetyl acetonate, ferric benzoate, ferric ol eate,

: , \ tate or
ferric | actat e. _ _ 11.. Process accor \!M“m Emmm aine 1 to

5 10, characterized in that the saturated alco s * chosen
from al kanol s and cycl oal kanol s and prefeggbly al kanols having from1
to 6 carbon atons, such as nmet hanol , et hanol, n-propanol, 2-propanol,

n- but anol , th&ob&ﬂ.@h@'te,t Celrrbul ZBehatBCNEaRRls asethesangeeriand 10
cycl ohexanol.. 12. Process according to one of Clains 1 to

11, characteri ag@tylacetionate,i Feretdeabentoatel, h€esplicdoleate,support by
the al coholic solution of the conpounds of the nmetals which form part
of the conposi tfiexrrous flactate orafervwdcphastask.formula (1) is carried out
by using a vol une of al coholic solution which is | ess than or

equal to the total pore Vdl.unProcesscacgopding theongi of Claimgolufe of the
al coholic solution referably representing at | east 50% of the said
total pore5 20100 I acterized in that f@e PPG@€§§e§cé&F&PH& Pﬁeénésof

P
anonium sal {, ST WSl 2 %'m“% %%“%m s ey U, 2ot
carbonate or aﬁﬂ&%&ﬂgl, ethanol, nfpropanol, 2-propanol, n-butanol,
2-butanol, tert-butanol, pentanols.and hexanols, and
10 cyclohexanol.
12. Process according to one of Claims 1 to
11, characterized in that the impregnation'of the solid
support by the alcoholic solution of the compounds of
the metals which form part of the composition of the
15 active phase of formula (I) is carried out by using a
volume of alcoholic solution which is less than or
equal to the total pore volume of the_support, the said
volume of the alcoholic solution preferably
representing at least 50% of the said total pore
20 volume.
13. Process according to one of Claims 1 to
12, characterized in that the impregnated solid support
is brought into contact with an aqueous buffer solution
of an ammonium salt, optionally containing aqueous
25 ammonia, the ammonium salt used preferentially being an
ammonium carboxylate, ammonium cafbonate or ammonium
hydrogenphosphate.

14. Process according to one of Claims 1 to



hydr ogenphosphat e. 14. Process accordimg to oneof—€CHains 1

to : ed I n that
t he vol une of the buffer sol ution brought i nt mﬁ m’&ﬁﬂh
I-npr egnat ed support is equal to or greater th

volume of the support and is preferably gﬁgater t han 5 the total por e
vol unme of the support. rocess according to one of

Cainms 1 to 13, 1éhaeiaerte§¢1%azsit tcaatth%het %1&&@ ¥e Rhaspugeeresponds
to the fornul a (I) i n which E represents one or a nunber of

elements 10 golution b@%@% ihed cbalkabt ¢dlth ¢Ke ahpHeghdEear
ni obi um - a represents a whole or fractional nunber

equal to or | esuppoat 180 egmadlptel erabirgatier than the totalbpbween 0.5 and
50 15 - b, ¢, d and e represent, independently of one

anot her, a whoN@meefn@bth@nahppomﬁeanﬁrasnQreferably greateroth8n at | east
one of these synbol s bei ng greater than 0 and preferably
equal to o  the total porg sglumet 9fn thessupport. - X represents a

whol e or fractional nunber determ ned by the oxidation
nunber of the 15. Pgogesscpeeoxding to one of Claimggl tprgcess

for the vapour-phas
P 1&, c%aracterized in that the active phase corresponds

to the formula (I) in which:
- E represents one or a number of elements
10 | chosen from nickel, gallium, aluminium or
niobium
- a represents a whole or fractional number
equal to or less than 100 and preferably of
between 6.5 and 50
15 - b, ¢, 4 and e represent, independently of one
another, a whole or fractional number from 0
to 50, at least one of these symbols being
greater than 0 and preferably equal to or
greater than 0.5
20 - X represents a whole or fractional number
determined by the oxidation number of the
" other elements.
‘16. Process for the vapour-phase
ammoxidation of alkanes in a fluidized bed or moving
25 bed reactor in the'presence of a solid catalyst,
characterized in that the said catalyst is obtained by
the process according to one of Claims 1 to 15.

17. Process according to Claim 16,



amoxi dati on of al kanes in a fluidized bed or noving —25bed réactor in the

presence of a solid catalyst, characterized in catalyst
i s obtained by the process according to one ﬂl“iﬂﬁ‘“ﬂﬁl‘ﬂmmﬁ
17. Process according to C aim 16,

27 characterized in that alkanes havigRg from 3'to 12 carbon atons

per nol ecul e, preferably chosen from propane and i sobutane, are

reacted in the o@UNtd¥Ided in thit RINEHEY RaihgOBH@m) 3 to 12
18. Process according to either of Cains 16 or 17, characterized in

that, w thin thafeictdttngdfer molediiliesi ﬁ:ﬂd’ﬂ;:&fb]lﬂ@:lﬁidmirmm a and
oxygen, the al kane content by volune is preferably between 5 and
70% the anmmoniproptiednd)iscsbutand,s gxrecfmreaaitied i) thebotapsmr Phase 50%
and the oxygen content by volune is preferably between 3 and 45%
19. Process acowkth ragmmmand atygens- 16 to 18, characterized in
that the reaction tenperature is bet ween 300[err] C and 550[err] C and
pref erabl y het ween 400[ er¥§C EBrpcesm@osyiding ¢o either of Claims

or 17, characterized in that, within the reactive gas
consisting of the alkane, ammonia and oxygen, the
alkane content by volume is preferably between 5 and
70%, the ammonia content by volume is preferably

10 between 3 and 50% and the oxygen content by volume is
preferably between 3 and 45%.

19. Process according to one of Claims 16 to

18, characterized in that the reaction temperature is
between 300°C and 550°C and preferably between 400°C

15 and 500°C.



