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AMVOXI DATI ON CATALYSTS AND PROCESS FOR THEI R PREPARATI ON The pr e$em4so-4 TS

I nvention relates to a process for

titani um oxi des containing a crystalline phase of the rutile [err] type,
m xed oxi des produced by such a process and to a process for the

‘ammoxi dati on of al kanes using such an o&ige_as a catalyst. Certain m xed
vanadi um and anti nony oxi des or m xed oOXxi

es of wvanadi um .antinony and

ot her netals described, anong numerous other mixed oxides, in FRRA-2 072
334. Simlarly, EP-A-0 492 805 describes the preparation of_ innunerable

| neMMbXEDAT XN At KeRs T mwcwm:ssmtémgmhi PREPARATEERI UM
COﬂpOUﬂdS of vari ous netals I n an agueous soO ution o yar ogen

conpounds,

by m xi ng
per oxi de,

subsequently calcining said m xture at a tenperature of greater

than [err] preferably greater than [err], and then treating the cal cined
m xture W th a nonoh¥Heopyesenti hpdenxyonorplatds Al aofpriceess Eerpounds
V nolar ratio of 0.1:1 or 0.2:1. The present invention provides a
process forPtﬁEaplesamaxﬁdnvahadlnmxednbxmdaycandrmsmngxmmn@mldmﬁ ant i nony
and titaniumof -the enmpirical formula ( %err in which: a represents an

have a Ti:

i nteger or FPRERLIBIRE. ﬂuﬁﬁﬁﬁteé&épetBheﬁegP

I nt eger or f[ac I onal, nunber..

mixe oxldes produced by such a process and to a process for
the ammoxidation of alkanes using such an oxide as a
catalyst.

Certain mixed vanadium aﬁd antimony oxides or mixed
oxides of vanadium, entimony_and other metals described,
among numerous other mixed oxides, in FR-A-2 072 334.

Similarly, EP-A-0 492 805 describes the preparation
of innumerable compounds, includipg mixed oxides of vanadium,
antiﬁony, tin and titanium, by mixing compounds of various
metals in an aqueous solution of hydrogen peroxide,
subsequently calcining said mixture at a temperature of
greater than 750°C, preferably greater than 780°C, and then
treating the calcined mixture with a monohydroxy or dihydfoxy
compound. All of these compounds have a Ti:V melar ratio 6f
0.1:1 or 0.2;1.

The present invention prevides a process for the
preparation of a mixed oxide comprising vanadium, antiﬁony
and titanium of the empirical formula (I):

Vv8b,Ti,0, (I)
'in which: -
- a represents an 1nteger or fractlonal number
2

equal to or greater %han 0{ B fy

- b represents an znteger or fractioﬁhl number

preparing m xed vanadi um antinony and

atbe en&dle TiQ.rtypeseties an

to



»

-2~ equal to or greater than 0.1, and x represents an integer or fractional
nunber determ ned by the oxi datlon states of the other elenents, wherein: -
respective conpounds of vanadium of antinony and of tit.anium are dissolved
in at |east one saturated al cohol, - the glcoholic solution thus obtained
Is contacted with water, for exarrpl e i n aqueous sol ution containing an

anmoni um salt, in order t@gRaectli bat §réleed ¥BANOY.4€, apyad - the m xed
oxide is separat ed and cal Ci ned. These m xed oxi des exhi bi t X-ray

diffraction lines which akerepaesehesi ahi En€kgarCbysifidcadiondlli auaibase Of
the rutile [err] type and do not exhibit X-ray diffraction |lines which are

characteristic of the crydesermghaghbg phasexidatliefn |statids oferchanidtlfar
and/or [err]. The characteristic lines of the phase of the rutile TiQ2 type
correspond-to the foll ow ajementsce spacings d (in A): 3.24-3.27 2.48-2.52

2.29-2.31 2.18-2.21 2.05- 2 07 1.68-1.70 1.62-1.64 1.48-1.51 1.45-1.50
wherein:

- respective compounds of vanadium, of antimony
and of titanium are dissolved in at least one saturated
alcohol,

- the alcoholic solution thus obtained is contacted
with water, for éxample in aqueous solution containing an
ammonium salt, in order to précipitate the mixed oxide, and

- the mixed.oxide is separated and calcined.

These mixed oxides exhibit X-ray.diffraction lines-
which are characteristic of a crystallographic phase of the
rﬁtile TiO, type and do not exhibit X-ray diffraction lines
which are characteristic of the crjstallographic phases of «-
Sb,0,, cervantite, and/or Sb.0,;.

The characteristic‘liﬁés of ‘the phase of thé rutile

Tio, tyPe correspond to the following lattice spacings d (in

A):
3.24-3.27
2.48-2.52
2.29-2.31
2.18-2.21
2.05-2.07
1.68-1.70
1.62-1.64
1.48}1;51 B

1.45-1.50



¥

- 1.42-1.46 1.36-1.37 1.30-1.31 1.24-1.26. The characteristic lines of _

[err] (cervantite) phase correspond to the followng lattice spacings d.
r] 4.45 3.45 3.07 2.93 2.73 2.65 2.47 2.40 2.24 2.16 2.00 1.91 1.86 1.78
2 1.63 1.59 1.56 1.52 1.47 3 -

1.42-1;4§
1.36-1.37
1.30-1.3i
1.24-1.26.
The chéractgristic lines of the a-8Sb,0, (cervantite)
phase correspond to the following lattice spacings d (in A):

4.45

2.24
2.16
2.00
1.91
1.86
1;78
1.72
1.63
1.59
1.56
1.52
1.47
1.42
1.3%.

The characterisgtic lines of the 8b(0,, phase



.

1.,42 1.37. The characterlstlc lines of the [err] phase -4- correspond to
t e followng lattice spacings d (in A: 5.95 3.11 2.97 2.58 2.36 2./10 1.98
1.82 1.74 1.57 .1.55 1.48 1.44. Anong the m xed oxides of forrmula (I)
defined above, which are prepared by the process of the invention,
preference is given to those for which: - 4 -a represents an integral or
fractional nunber - equal to or less than 100, and - b represents an
integral orcbraespons trurtier ﬁnmkdwnng(iaﬁuxnﬁtdpanﬂmﬁs &i fi 13) : nore

particul ar preference is given to the m xed OX|des of formula (I). for
whi ch: _ 5.95

1.98
1.82
1.74
1.57
1.55
1.48
1.44.

Among the mixed oxides of formula (I) defined abovg,
which are prepared by the procéss of the invention,
preference is given to those for which:

- a represents an integral or fractional nuﬁber

equal to or less than 100, and

- b represents an integral or fractionai number

equal to or less than 100.

Finally, mofe particular preference is given to the
mixed oxides of formula (I) for which:

- a represents an integral or fractional number

from 0.5 to 50, and

- b represents an integral or fractional number

from 1 to 40.
The vanadium, antimony and titanium compounds

employed in the process must be soluble in a satu;ated



<

- a represents an integral or fractional nunber from0.5 to 50, and -
b represents an integral or fractional nunber * froml to 40. The
vanadi um antinony and titani um conpounds enployed in the process nust be
soluble in a saturated -5- alcohol or a mxture of saturated al cohols.
In the present text, a conpound i's reggrgeg as soluble when its solubility,
measured at [err], is at least 5 grans pér litre of saturated al cohol.

nese. COMPR£0: be hiktQUCes LOOSEDELa LUEYnGRD. akiOchE! BteBlng! | DE

di ssol ved separately 1n an alco e separate alcoholic sofufrons thus

obt ai ned bekag, ShbSaapcRAEY1 8 ¥6da bl 28¢s810b 16" wnERNELA! L¥zuBiis gyt hout

limtation, an alcoholic solutioh 1s prepared by dissolving the various

conpounds,megddiped 40t £so@(i fheapr eRaE At § 0grohs SPLHL 1 9BSe0b£CASBuRALERE
vanadi um antinony and titani um conpounds. Exanples of sol ubl e vanadi um

conpounds ahtshoImyThes 8E8bhpOaAdar an badyhtasehybacebgasher; VeRagykan
trichloride, vanadiumtrifluoride, vanadiumtetrafluoride, vanadi um
pent af | uoralize Fireti ofh a1l bbendilsscYeeddsepadatéalyr ideanvabadhaln, the
trichloride, vanadiumtetrachl oride and vanadiumtriiodi de. Exanpl es of
sol ubl e aree¢pd¥ite crpochdliehschubignbethunt dbhainadebahngnsupsequently
pentachl oride, antinony trichloride, antinony tribrom de, antinony
trifluori deixegdtvhthyorei aaather - afenrasallyy i butdwishausnlindhpthpnsi an.
‘alcoholic solution is prepared by dissolving the various
compounds, without intermediate preparation of solutions of
each of the vanadium, antimbny and titanium compounds.

. Examples of‘soluble vanadium compounds whicﬁ may be
mentioned are wvanadyl acetylacet§nate,'vanady1 trichloride,
vanadium trifluoride, wvanadium tetrafluoride, vanadium
pentafludride, vanadium tpibromide, vanadium dichloride,.
vanadium trichloride;, vanadium tetrachloride and vanadium
triiodide.

Examples of soluble antimony compounds which may be -
mentioned are antimony pentachloridé,.antimony trichloride,
-anfimony tribromide,. antimony trifluoride, antimony
triiodide, antimony trioxide and antimony hydride.

Examples of soluble titanium compounds which maylbe
méntioned are titanium dichloride, titanium tetrachloride,
titanium trichloride, titanium tribromide, titanium
tetrabromide, titanium tetrafluoride and titanium diiodide.

The saturated alcohols employed in the process of
the invention are, more partiéularly, alkanols and
cycloalkanols. It is preferred to use alkanols and

cycloalkanols whose boiling point is not excessively high, in

order to facilitate the operations of separation or of



Exanpl es of soluble titani um conpounds which may be nmentioned are titani um
dithloride, titaniumtetrachloride, titaniumtrichloride, titanium
tribromde, titaniumtetrabromde, titaniumtetrafluoride and titanium

di i odi de. The saturated al cohols enployed in the process of the invention
are, nore particularly, alkanols and cycloal kanols. It is preferred to use
al kanol s and cycl oal kanol s whose boiling point is not excessively high, in

order, to fagidit-atig RS &l 1S ' Of consefaed €£¥C! i Ng by
distillation glrytcgva%?%t i oﬁs.r&(%onseqégient Wﬁi‘%ﬂ% snhav?rrllsgeﬁ%m%yi o6

carbon at oM k@We sahABIHA S om &f RANY cFHYP R, ZsRERPES ChetRaRYi anol ,
2-butanol, tert-butanol, pentanols and hexanols, and. cycl ohexanol are

preferred. Evhaalcighaligrapdsi on ?@m Apvsutsnéhen2 ibyeanyi ) h water,
SO as to precipitate the m xed oxides. The operation is preferably carried

out in an acgerasbueingl Opeaditaiobsmad tWestndl s napdr ¢yelbhexanohnapai um
carboxylate (for exanple acetate, citrate or tartrate), ammoni um oxal ate,
amoni um caprefemrest. anmoni um hydr ogen phosphate, which enabl es a pH of
from5 to 9, and preferably about 7, to be obtained. Amnmonium acetate at a
concentration of two The gkeoholie solukien ohtained aboupods thennmipxedr
to maintain the pH of this solution preferably at about 7, it may be
necessary pﬁHéFb?ﬁFRﬁslQQ)#ﬁnﬁ?eﬂ#?ﬁ#?*ﬁﬁ%%iéh?ym%h?éh°F§dﬁﬁssT ey formed

during the'operation is preferably carried out in an aqueous solution of
an,amménium salt, in particular an ammonium carboxy;ate (for
example acetate, citrate or tartrate), ammonium oxalate,
~ammonium carbonate or ammonium hydrogen ?hosbhate, which
'enables a pH of from 5 to 9, and preferably about 7, té bé
‘obtained. Ammonium acetaté at a.concentration of two mol per
litre in water has a pH of about 7. |

In order to maintain the pH of this solution
preferably at about 7, it may be necessary progressively to
neutralize the acidity which is poééibly formed during the
precipitation of the mixed oxides (fof example, hydrohalic
acid formed when an antimony halide and/or a titanium halide
and/or a vanadium halide is/are employed) by means of a basic

. compound. In the proéess of the invention, it is preferred to
carry out this neutralization by the controlled, progressive
addition of aqueous ammonia.

After precipitation of tﬁe mixed oxides ©f the
inventi§n,,they are separated from the saturated
aléohol/water ligquid by any techﬁique which is commonly used
for this type of operation, especially'by.filtration. The
isolated mixed.oxides are then dried, at atmospheric pressure

or under reduced-pressure; at a temperature of, for example,



precipitation of the m xed oxides (for exanple, hydrohalic acid forned when
an’ antinmony halide and/or a titanium halide and/or a vanadi um halide is/are
enpl oyed) by neans of a basic conpound. In the process of the invention, it
is preferred to carry out this neutralization by the controlled,
progressive addition of agueous ammoni a. Qfger precipitation of the m xed -
oxi des of "the invention, they are separated fromthe saturated

aIcohol/matﬁgqiig@i@aF¥y§ggo§ecgﬂéggevgmﬁﬁg ﬁéiﬁggggnhg Hgggiggi this type

of operation, especl i 1tratTon. I SO m xed oxI des are then
dried, at ajfy &&.pressure or under reduced pressure, at a tenperature
of , for exanple, -7- fromJ[err] to [err], these val ues being of no

critical inportance. rHEemik&@doRxad8sScef £bomivha(L)) apeethBANcEREERBAY,
generally at a tenperature of from/[err] to [err]. Calcination is

preferably gaier£llpuat ad Behpepatairer 6f ofrémosopecrtot 80pect]. The present
I nvention al so provides a process for the amoxi dation of al kanes in the
vapour phaséaleinabipnesenprebérablyl carched| gat abnaatempgratukeasf one
active phase which conprises at | east one m xed oxide of enpirical formula
(1) and whiErema3002enterepdPf@d by a process as defined above. In
accordance with the present invention, al kanes-preferably having from3 to
12 carbon atoms per ecPreeeREeinvention also provides a process for :

the ammoxidation of alkanes in the vapour phase in the.
presence of a solid catalyst contaihing at least one active
phase which comprises at least one mixed oxide of empirical
formula (I) and which has been prepared by a process as
defined above.

In accordance with the present invention, alkanes
preferably having from 3 to 12 carbon atoms per molecule are
reacted in the.vapour phase with ammonia and oxygen.

Within the. context of the presént pr&cess it is of
course possible to use &iluent gases which are inert under
fhe reaction conditions, such as helium, nitrogen and argon.
ﬁikewise, steam can be added to the gaseous reaction mixture
within wide limits. The reactive gas (alkane, ammonia,
oxYQen) can Ehus be diluted with an inert diluent and/or with
steam. In this context, the content of steam éaﬁ vary within
wide ;imits, in particular from Q to 50 vol% and, preferably,
from 3 to 30 vol%. For-good impleméntation of the process
according to the invention, the content of reactive gas will
be at least 3 vol% and preferably at least 20 vol%.

Within the reactive gas, the contents of alkane,
ammopia énd oxygen can vary within wide limits.

The content of alkane in the reactive gas. is



reacted in the vapour phase wi th amonia and oxygen. Wthin the context of
‘the present process it is of course possible to use diluent gases which are
inert under the reaction conditions, such as helium nitrogen and argon.

Li kew se, steam can be added to the gaseous reaction m xture within w de
limts. The reactive gas (al kane, anmeni8a,- oxygen) can thus be diluted with
an inert diluent and/or with steam In this context, the content of steam
can vary BFeferabivefremi bstoj A0puplkeculhati pErrOmERigO igoPYResfedably
preferablg, from3 to 30:vol % For good inplenentation of. the process
accor di ngt¥omt hetPnilnvrdh, apd &bﬂgeﬁﬁ ekYgencipy Preferably feom 3 &t 3
vol % and ggeﬁﬁggbly at least 20 vol% Wthin the reactive gas, the contents
of al kanej~a fa and oxygen can vary within wide limts. The content of

| k i th i i, f er,abl f 5t 70 | % That .of
ot a s preforoEPY PRam SRpieBBnEataen R thAl BHOCSAR, ATICE G ditubl y
f 3t 0 . i | tati th . di t th
oot onthe YAyeheioh 0888 LERRSIRRLAL 88 he BRLRAACE ARG O 1Ne

chosen sOpgsboabeyOlbSLiEsble sBXAEOTLY Be 8UkATASHA idhhildAPST OPane, the

m xture tained wll essentially contain propylene and-&acrylonitrile.
Acryl oni t fbg€ohs an internediate which is produced industrially on a large
scale, while propylene is a raw material which is traditionally used to

~produce acrylonitrsk@rting from propane, the mixture obtained will

essentially contain propylene and acrylomitrile.
Acrylonitrile is an intermediate which is produced
industrially on a large scale, whilé propylene is a raw
material which is traditionally used té produce acrflonitrile
and various other intermediate products which are well known
to the person skilled in the art.

Starting from isocbutane, the mixture obtained will
comprise methacrylonitrile and isobutene or n-butenes.

'~ The proceés according to the invention is more

particularly suitable fo¥ the ammoxidation of pfopane.

If the alkane employed is of technical grade, it
"will not contain significant quantities of compounds having
ethylenic ﬁnsaturatibn. Thus, the propane employed will
generally contain only minor amounts of pfopylepe, for
example less than 10 vol%. |

The process according éo the invention is-carried
out in the form of a vapouf phase reaction. Consequentlf, any
device suitable for carrying out an ammoxidation or oxidation
reaction in thé vapour phase can be used.- The process can be
carried out continuously or batchwise and it can use a fixed

bed or a fluidized bed.



and various other internmedi ate products which are well known to the person .
skilled in the art. Starting fromisobutane, the m xture obtained will
conprise nmethacrylonitrile and i sobutene or n-butenes. The process
according to the invention is nore particularly suitable for the

ammoxi dation of propane. If the al kane ¢hptoyed is of technical grade, it
wi Il not contain significant, quantities of conpounds havig&ﬁeth | eni c

unsaturation. Thus TAh&RTpate ORRIFAINIMG 145 gehFenesrk roR P NG ¥ nor
o the | noaNon 8 SR e PG o0l oL phase reaction. -
oxi dation roact] on 16 (RETh ARSI & 6 e &t A AR B h

Fhul o geq Ssytl: UgHe g Yol S SmAlh s Yreliue ] ZERPEC M1 1o

[err] and guref1ak) YerddnPM [+ 'd Befx | fidd prid¥edB} SF&SGRSHE o BdE.

reaction mxture nmay be greater than or équal to-atnospheric pressure. It
is generally from Irhé dadaflowhiy of £t YeudiPneHat Orlle Hedurlpovghemé! ow
rate is set such that the hourly volunme rate is generalLY. from 100 to
36, 000 [ emEte aed gersdmylaly VExfowMOGkd BRNITDGFerand phefepably fobmne
rate is defined as the ratio of '

200 to 20,000 h™.

The hourly volume rate is defined as'the.ratio of
total gas volume/volume of catélyst/hour.

The person skilled in the art will of course be able
to find a suitable compromise between the temperature, the
gas flow rate, Ehe precise nature of the catalyst employed _
and the variocus other-parameters of the reaction, taking into
account his or her production objectives. |

The catalyst which is used in the process for the
émmoxidation of alkanes can comprise one only or a number of
the mixed vanadium, antimony and titanium oxides defined
above, making up the active phase of-the catalyst, or can
additionally comprise an inorganic oxide éuch as, for
example, alumina, silica, silica-alumina, éirconia, cerite,
magnesia, titanium oxide or niobium oxide, 6n which the said
active phase is deposited or with which the active phase is
-mixed, using. various techniques'which are known to the person
skilled iﬁ the art, such as impregnation or slurry
deposition. - |

The catalytic phase, consistiné of the active phase
alone or of the active phase deposited on an inorganic oxide

or mixed with the said inorganic oxide, can then be employed



total gas vol ume/vol une-of catalyst/hour. The person skilled in the art

wi Il of course be able to find a suitable conpromi se between the
tenperature, the gas flowrate, the precise nature of the catal yst enployed
and the various other paraneters of the reaction, taking into account his
or her production objectives. The catalyé@ which is used in the process for
t he annDX|dat|oE of . al kanes, can conprise one only or a nunber_ of the m xed

vanadi um t?’f a u‘?ﬁ%ﬁ%"s’-?ié’ﬂ?%cﬁ%%’%e 1 hekPRgtRBT EHRTAcPrVe

h f th ' dd | I d h
o0t o o s iy £ 23 L4 TGk oL 5 T RshPRLTh BIAED o
nmagnesi a, (f'[ alruégn &\Aﬂg“ﬁé?ﬁl obi um O‘b S%ar%:L c tQSc ga gcu)ve phase

is deposité&d or W'th e et TV m &2, 2GEPhG Ver Fdus

technlquesggyfghgnghggﬁwgbéﬁhi$€ operson skilled in the art, such as

| npregnation or “-slurry deposit The catal ytic phase, con5|st|ng of the

active phase al one Qﬁoﬁflﬁifbﬁﬁﬁt¥€i&ﬁa§§ Qﬁ@gﬁf&@gsﬂnlﬁna'EQ&G&”bEdOX'de
or mxed with the said inorganic oxide, can then be .enpl oyed - in

bul'k form aixduplde PRPoEAHBLIE Such Ctedlinighes Neref pet1beiusng bP povvder
formor can be shaped, for exanple as balls, pellets, extrudates or crushed

particles, qnzxﬁnbrqptd)amfimHStk@ﬂM@tifﬁéﬂbﬂU@ﬁtoF&rceﬂaheaeataheaalof t he
process in a.fixed bed, exanples of possible such techniques are
pel l eti zi ngpulrstrate of monolithic type.

For implementation of the process in a moving bed or
in a fluidized bed; the catélytic phase is génerally.shaped
by atomizing, drying and caleining.

The catalytic phases cén, for example, be shaped by
compression.so as to obtain beiiets. These pellets can then
optidnally be crushed to give fragmepts. The precise values
for the pressure, the diameter and thickness of the pellets
‘and the particle size of the fragments can be chosen by the
person_skilled in the art.according to the pressure drop
which is acceptable in the reactor.

A variant preparatién of the catalytic phase caﬁ
consist in carrying out, in a single stage, the synthesis of
the active phage and the deposition thereof on an inorganic
oxide or the mixing_thereof-with the said inorganic oxide.

The catalytic fhases can aléo be deposited on an
inert substrate or can be coated. The nature of this
substrate is not critical, provided that it.is chemically
inert with regard to the reactants under the choaen’reaction
coﬁditions.'Examples which may be mentibned.of subgtrates

suitable for the preparation of catalysts which can be used

in the context of the process according to the invention are:



coating onto an inert substrate or onto a ceramc or netal —substrate of
‘monol i thic type. For ‘i npl enentation of the process in a noving bed or in a
fluidized bed, the catalytic phase is generally shaped by atom zing, drying
and- cal cining. The catal ytic phases cam4 for exanple, be shaped by
conpression so as to obtain pellets. These pellets can then optionally be

crushed toipio®, f4PGERLS sTDECRL 8LLAENnY Al HESLELEAl BEaP! €8aYHErahltm,
di aneter and thickness of the pellets and the particle size of the

f r agment smagule da £ haaghebyuiheipeeses skél dedtonatbousr ba2€ROr ¢hig to the
pressure drop which is acceptable in the reactor. A variant preparation of

t he cat al substphteecisaprefasablyi nonpsryuagandt cahnin papghieulasgbe t he
synt hesis of the active phase and the deposition thereof on an inorganic
oxi de or hagediciny reafractorytbxifie $ai thenpagthculakedéorfhetbeat mbgti c
phases can al so be deposited on an inert substrate or can be coated. The
nat ure ofcempenkyipempheredssnbetrate| baingpedaydbasedat Thisi subgtbratel |y
inert with regard to the reactants under the chosen reaction conditions.
Exanpl es S#PchiPayerampie: i epeaiset efibirertescoupigbere polidnhangr #puehti on

of catalysfs i cap pbe used in the _context of the pracess according to
t he inveﬁ?*%%wg?gfs W1gﬁl?c§}aﬁFEﬁ¥nﬁ? ketregRaly 'ﬁﬁg giﬁ?éred cl ay,

Substrate 15 prof orp) PP RONRRr SUBRRKAECRR FHOpRPLLBUPArbBoDAERA%En &

refraCtOrﬁbé&%&fnént&h@hgaﬁéggghgéedégﬁn%higﬁ EBSLcceptable in the
reactor. This substrate can also be made nonporous by
enamelling.

This substrate can also be a ceramic substrate, the
said substrate preferably being in the form of an inert and
rigid structure of a monolithic type comprising channels or
ducts. Supports of this kind are well known and have been
widely déscribed in the literature. The substrates used which
are made from ceramic materials are, in particular, those
comprising cordierite, alumina, mullite, porcelain or the
carbides of borqn or of silicon as the principal material.

This substrate may also be a metal substrate. Such
substrates are well known. Suitable metal substrates are, in
particuiar, those obtained from alloys of iron, nickel and
éhromium, or those obtained from alioys 6£ iron, chromium,
aluminium_and cobalt, such as those known under.the tradename
KANTHAL, or those obtained from alloys of iron, .chromium,
aluminium and yttrium, which are_known under the tradename
FECRALLOY. The metal may also be carbon steel or simple casﬁ
iron. | o

When a coated catalyst is employed, the quantity of



copmonl y enpl oyed substrate being clay-based. This substrate can, for
exanpl e, consist of inert, conplete, solid and rough clay balls with a

di anmeter of between 0.5 and 6 nm The precise dianeter of the balls will be
chosen according to the pressure drop which is acceptable in the reactor.
This substrate can al so be made nonporoudsibpy-enanel ling. This substrate can
al so be a ceram c substrate, the said substrate preferably being in the
form of an ¢atalytnd phgise¢ shnusamyewdfthdnmerde tlHind s/ Ead dypprsicigice
channel s or ducts. Supports of this kind are well known and have been

wi del y desct&b&gomnlt ke 5i0t 8. aeamde preferabdst fatoas Sude Ithi%eh ki evedeghet f rom
ceramic materials are, in particular, those conprising cordierite, alumna,
nullite, poFBipkiNeoto: fhecovisradd sombimgtion ff fuhatrate + rafalvkipal
material .. Thjs substrate may al so be a nmetal substrate. Such substrates are
wel I known. P3&Ffabl e netal substrates are, in particular, those obtained
fromalloys of iron, nickel and chrom_um or thqQse obtainf fromall oys of

iron, chromum alum ﬁﬁ"l‘fmce?rﬁfat?dbéiatt,alé’lﬁ% & SEF KRR ?Tthe
jadenare KT SherRediiee ol R LIGMAL e fdd Moo oo™
T OSRRIR LRl R A A R0 o OB LR oL
limts and EBtBﬂ@Qﬁkﬁ%hases'in a manner known per se. This conventional
method consists in depositing a layer of intermediate or
finiéhed c#talytic phase around inert but rough balls..Once
the balls have been covered with the desired quantity of
catalytic phase, they are dried in hot air at from 70 to
150°C for at least 30 minutes, then introduced into an oven.
to be calcined at from 300 to 600°C, preferably from 450 to
' 500°C, for at.least 3 hours. | |
Certain cataiysts which are useful for
implementation of the process according to the invention in a
moving bed or in a fluidized bed can be obtained by the
téchniqué, known per se, of spray-drying in a pfeferably
nonreducing atmbsphere; By means of such an operatign,
followed if appropriate by calcining at a temperature of the
-order of from 400 to 800°C, powders are obtained which are
spherical in shape and have a diameter of from 5 gb 700 pm.
Poﬁders copsisting of at leaét'80 % by weight of particles
whose size is from 5 to 200 pm aré preferred in the context.
of use in a fluidized bed.
The catalytic ﬁhase, alone or employed thus in bulk

form or in the particulate state, constitutes the catalyst.

The products of the reaction can be recovered from



is from1l to 50 % and preferably from5 to 35 % by weight relative to.the
overal l conbination of substrate + catal ytic phase. Thus certain catal ysts
whi ch are useful for inplenentation of the process in the fixed bed can be
obtai ned by coating the crushed, internediate or finished, catal ytic phases
I n a manner known per se. Thi's conventional nethod consists in depositing a
layer of ingrenededhener ghibllssbd angt aby:&lo%rma%%em@awd F*dleréxamﬁ:?é Ougfe

balls.Once the balls have been Covered™with the desired quantity o

catal yti c pefifknehbegages @ancpais’ Holtcdial cdnden@®r/@drntdiflitg fdiiiie | €ast
30 minutes, then introduced into an oven to be calcined at from 300 to
[err], prefendphyuricoacd80ino order] tof meutirdldzst thehamreadiyd ainionia.
catal ysts which are useful for inplenentation of the process according to

t he i nvent i Bhei gagesoeang thed @assn thrdughdiaz ew fixdgreomat dik alidaxbiaty by t he
techni que, known per se, of spray-drying in a preferably nonreducing

at mospher e. B} URBaA®. Srdedcifoasamsienas dhe frinydwad trilmpragetconithile

cal cining at gg erature of the order of from400 to [err], powders are
obt ai ned thEa VgBQEW@PPGanﬁﬁwsﬁﬂﬁeqﬂﬂ?ﬂﬂ%ﬂ?%ﬁ«ﬁ%ﬂﬁﬁ%ﬁ entaiim t o 700

[err]. Powders_consistin f at | east 80 %.Dby weight of rticles whose
size is frofirs™rd 200 BFERINS e H-EPY HF e lg(ﬁ&t'é 39‘@?“{&’3’??? £nd,

fluidized bgd. §? . ti ha al oane ot . enplo %$ﬁ h in byl k fqrm or

in the particuft §°§?§%§¥'c§ﬁ§fi?ﬁFe§°FH§°85F5g3§t¥ &y%% O (amspaolmei

reaction Caeah?thﬁsphﬁf%%ﬂa¥y9ed from the acetonitrile by distillation,
and the acrylonitrile/hydrocyanic acid mixture recovered can
‘then in turn be distilled in order to separate the

acryionitrile from the hydrocyanic acid.

The Examples below further illustrate the present

invention.

EXAMPLES OF THE PREPARATION OF MIXED OXIDES

- EXAMPLE 1 - Preparation of the mixed oxide (A) éccording to
| the invention, of the following empirical
formaula: VSb,Ti.O,

A solution of 10.92 g.of anhydrous TicCl,, 3.05 g of
vanadyllacetylacetonate and 15.22_g of S'bcis in 100 ml §f
absolﬁte ethanol is prepared.

The ethanolic solufion is poured dropwise iﬁtq 500 ml of
an aqueous solutioﬁ containing ammonium Scetate (2 mol/litre)
to give an initial_pH of the order of 7.0. Dﬁring'
precipitation of the mixed V, Sb and Ti oxides, the pH, which

- tends to decrease owing to‘the liberation of hydrochloric
acid, is kept constant by adding concentrated aqueous ammonia

solution (30 % strength by weight).



- 13 - the effluent gases by any appropriate nmeans. For exanple, the
‘effluent gases can pass into a condenser containing dilute sul phuric acid
in order to neutralize the unreacted amoni a. The gases can then pass
through a refrigerated absorbing colum 14 order to condense the
acrylonitrile, acetonitrile and hydrocyanic acid, the uncondensed vapours
cont ai ni ng mai nIfhaymremipitaropemes foopsd che, isoLhtedybyofil boatiand, if
appropri at e, !err]w The acrylonitrile and hydrocyanic acid can then be
separ at ed hadhevitdetwieri |drbsd dfexil? hidh, 1493Ct apd then calcined
acrylonitrkkglgyg{oc anic acid mxture recovered can then in turn be - :
distilled i"P*ordédt & 1ﬂﬂm§ale the acrylonitrile fromthe hydrocyanic acid.

The EXx I bel furth LI te.th t . tiopn. EXAMPLES OF
THE PREPARATI ON% SRS (B4 ESAMPLE YSb ThnOpet P FPBRLB8H H xed oxi de
A di he J ti t he follow A f | a: A

() rseer S Bl el S0P 0e8h 0ol S LS ORLEIPE, S3bo BTN LorT)
cand 17.22. ghledydeh s 180aqLe o 8Pso! uheoghhanphy binRLgPgEed. The |
p 6 B M 6T

et hanolic solution 1's poured dropw Se Tn an aqueous sol ution

cont ai ni ng L 44K8 OEE) 36 €5 (@ MRLL | %ﬁ%ﬁ)oﬁeagiax.\ﬁ/. agBEQlat b%FLlB'E'sOLrEhe

order of 7.0. During precipitation o e mx and oxl des, the

pH, which tanfshdd {ie€s eesegruhis othhg phbetaibopick Bydeeehl 6ric caci d,
i's kept constant by addi ng concentrated aqueous anmoni a solution (30 %
strength by veigh Jconstituting the catalyst (A) according to the

invention.

EXAMPLES 2 AND 3 - Preparation of various mixed oxides

according to the invention

Various mixed oxides are prepared by the procédure
described in Example 1 but using different quantities of
vanadyl acetylacetonate (Exémple 3) or antimony pentachloride
(Example 2).

Mixed oxides according to the invention are thus

'obtained, having ﬁhe following formulae:

Example 2 V8b,,Tis0, (reference D)

Example 3 V8b,,Ti,,0, (reference E)

COMPARATIVE TEST 1 - Preparation of the mixed oxide (B)

prepared according to a process of the

prior art, of the.followina empirical
formula: V8b.Ti.0, -
The mixed oxide of composition VSb,Ti O, is prepared iﬁ 3
stages by coprecipitation in an aqueous medium.
9.52 g of titanium ﬁetzaéhloride are dissolved in 100 ml
6f-an HCl/ﬁg) soluﬁion with a pH of 0.5-1.0. The soclution is

held at a low temperature by means of an ice/water bath. It



- 14 - The precipitate thus forned is isolated by filtration, washed with
water, dried for 12 h at [err] and then calcined for 3 h at [err]. The
conmpound of forrmula [err] thus obtained is subsequently conpressed under a
pressure .of 4300 bars. Pellets with a dianeter of 3 cmand a thickness of
approximately 0.5 cmare then obtai ned- ¥hese pellets are crushed into
fragments with a particle size of from0.3 to 0.8 cm constituting the .
catal yst (2§ SkesrBra§etotend0i°fveandothiExARMPRT 2t YND i3 -heddefamatl on of
vari ous m xed oxides according to the invention Various m xed oxides are
prepar ed bY°¥Phe procedure described in Exanple 1 but using different

quantities of vagnadyl acetyl acetqnate (Exanple 3) or antinon ent achl ori de
(Exanple 2). M 'Edaoifaé’?daéé’?}}’ﬁﬁ?& F&g‘ﬂﬁé’-‘. FPe %%R%V%Léﬁ%ot%i%d,

21175 AR .l R
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in 3 stlageaowtsear 8¢ BhdhiYh =k tAIUWEILS 'Iﬁfilii%mkept constant at
approximately 7 by additﬁ'.on of agueous 'ammonia.

The two solutions thus prepared are mixed' and are left
with stirring for 30 minutes. The mixed oxi_de whiéh
precipitates is separated off by centrifugation, washed,
dried at 140°C for 12 hours and then calcined .for 3 hours at
700°cC.

The compound of formula V.SbsT:i.sOx thus obta.ined is then
compressed v;mder a pressure of 4300 bars. Pellets with a
diameter of 3 cm and a thickﬁess of approximately 0.5 cm are
then obtained. Tﬁese pellets are crushed into fragments with

a particle size of from 0.3 to 0.8 cm, constituting the

catalyst (B) not according to the invention.

COMPARATIVE TEST 2 - Preparation of the mixed oxide (J)
prepared according to a process of the |
formula: VSb.Ti0,

The mixed oxide of composition VSb,Ti O, is .p:iepared_ by
t-:he' procedure descr:;Lbed in Exaﬁple M of US-A-5,008,427.

| The compc.:und of formula VSb,Ti,O, thus obtained is then

compressed under a pressure of 4300 bars. Pellets with a

diameter of 3 cm dand a thickﬁesa of appfoximaﬁely 0.5 cm are

then obtained. These pellets are crushed into fragments with

a particle size of from 0.3 to 0.8 cm, constituting the



9.52 g of titaniumtetrachl oride are dissol ved in 100 M of an [err]
s6lution with a pH of 0.5-1.0. The solution is held at a | ow tenperature by
means of an ice/water bath. It - - 15 - is then heated to [err], and this
tenperature is held for 1 hour. In a second solution simlar to that above,
2.65 g of vanadyl acetylacetonate and 15.36 g- of antinony pentachloride are
di ssolved. This solution is then poured into a buffer solution of amoni um
acet at e whGEPYsS {(Ehinebnacenrdingappr bhendneeptiopy addition of aqueous
amoni a. ThHe two sol utions thus prepared are mxed and are left with
stirring f FEAMPLES 4 10 €pp RBArakidd QR YATLOUE MIXO0S £

of f by centrifugation hed, dried at [err] for 12 hours and then

cal ci ned fé¥5¥H%%H¥§—%¥E§€%—%E¥$¥$¥$9e conpound of fornula [err] thus
obtained is then,c ressed ynder .a pressure of 4300 rs. Pellets with a :
di ameter of 3 c*z"ém’c'imp st’ﬁf‘%ﬁﬁegi?"ngaBBFoRFﬁB?EFé g?"_sl?:?‘r‘ﬁ RO bt ai ned. -
These pell ushed. | fragments. W th. rti.cl i .of froomO.3

to 0.8 cmeﬁéﬁé%?%ﬁéiﬁg ?ﬁ%ﬁégfa?yggg(gflﬁgtaé%é%?&%ﬁg%ﬁﬁ%ﬁ%?#%ﬁéﬁfion
COVPARATI VI 5 ' f 1B Ik xed ' A i ng
to a proce?sglg?ca%%ea%riég?agraﬁ’ﬂgf 8t' h%gﬁ gf{}'éﬁ\;\n ﬁ%‘g%&h} ;Dcra{'lwe?él?%r rr&qg':q %fag{l)g ]
The mi xed o¥éslea®hl&pinesition [err] is prepared by

Mixed oxides according to the invention are thus

obtained, having the following formulae:

Example 4 VSbTi, ,s0, (reference F)
Example 5 VSb, ;Ti, ,0, (reference H)
Example 6 VSb, ,Ti,0, (reference I)

CHARACTERIZATION OF THE MIXED OXIDES PREPARED

The various mixed oxides A, D, E, F, H and I according
to the invention and B not according to the invention were
characterized by X-ray diffraction.on a PHILIPS P1800
diffractometer in the measurement range of 10° to 70° in 26.
The characteristic lines of the varicus oxides were then
compared with the characteristic lines of the pure products,
reported in International Tables of X-Ray crystallography.

The diffraction patterns obtained demonstrate clearly
that the catalysts (a), (D) and (E) are composed of a rutile
phase whose unit cell parameters are very similar to those of
rutile TiO,. The diffraction pattern for the oxide.(B) of the
prior art shows that the oxide (B) is composed of a rutile’
TiO, phase and of the oxide Sb‘On..

GENERAL PROCEDURE FOR THE AMMOXIDATION TESTS

The catalyst sample is brought initially on a measuring

bench to a temperature of 150°C while being purged with



the procedure described in Exanple M of US-A-5,008,427. The conpound of
formula [err] thus obtained is then conpressed under a pressure of 4300
bars. Pellets with a diameter of 3 cmand a thickness of approximately 0.5
cm are then obtained. These pellets are_c:{ shed into fragnents with a
particle size of from0.3 to 0.8 cm constituting the - 16 - ‘catal yst

(J) not acopsyigg ESrt e ﬁgi{?néhﬁn%ﬁwl-g&biez@eg -toPraeB%rsatfing, Whose

vari ous m xed oxides accordihg to.the 1nvention Various m xed oXI des are

prepared bycdhiSoRiOLEHULE éﬁéeik@eé e8rEXaRR! Bxdmpile WS hdich! @cirises
gquantities of vanadyl acetylacetonate, titaniumtetrachl oride or antinony

pent achl or ipeopdh & pdamibiles, 26%95EhN0heRi ke ahay el @ppHopriibite ,oliiaed,
having the followi ng fornulae: Exanple 4 - "[err](reference F) Exanple 5

[err] (referenceThl Exbapl préssure| 6Fr Lher peacticn mixEdARAGEERHAMT 110N OF
THE ‘M XED OXI DES PREPARED The various mixed oxides A, D, E, F, H and |

accordi ng t® baesi andnisobikediBenepeadEdrd fort ealche Hxangrlie.on were
characterized by X-ray diffraction .on a PH LIPS P1800 diffractoneter in.the
nmeasur ement rangEhef tptal] gas [Edow] rate[ der puchhdhettartde: doustliyc valese of
t he various oxides were then conpared with the characteristic |lines of the
pure productter EBBRI edsi Aremt dPRatroRAl 0P8bbes dhe-IRegCEy statvogiiphy .
' which is indicated for each Example.
Volume of active phase: 25 cm’.
The principle of the ammoxidation test for propane is as
follows:

- The catalyst is brought to a temperature T,, for example
310°¢, and,jﬁfter étabilization for 30 min at the
temperéture T,. the composition of the mixture at the
reactér outlet is determined by gas chromatbgraphy.

- The'perceﬁtage conversions and the selectivities
obtained with the catalyst examinéd at the inlet
temperature T; are calculated by relationshipslof the
type: |
conversion of propane (mol %) = propane converted/
propane introduced
selectivity for acrylonitile (mol %) = propane converted
to acrylonitriie/propané converted.

- The catalyst is then brought from 310 to.55§°c in 20°C
steps, aﬁd the percentage conversions and selectivities
are determined evéry 40 min.

In the ammoxidation Examples below, the foilowing

conventions are utilized:

temp. = reaction temperature



The diffraction patterns obtai ned denonstrate clearly that the catal ysts
(A, (D and (E) are conposed of a rutile phase whose unit cell paraneters
are very simlar to those of rutile [err]. The diffraction pattern for the
oxide (B) of the prior art shows that the oxide (B) is conposed of a rutile
[err] phase and of the oxide [err]. GENERAL PROCEDURE FOR THE AMVOXI DATI ON
.TESTS The catal yst sanple is brought ini1gatly on a neasuring bench to a
tenmperature of [err] while being purged with - 17 - heliumfor 10 m n,
and is thePC§GiH.ecredonyexsdan fdfowrwipase conposition is specified for each
Exanpl e and whi ch conprises propane, ammoni a, oxygen, heliumand, if '
appropri at @ (AGNtam sghectévitypforsactydpnikeideaction mxture is from1l to
6 bars and_is |ikew se specified for each Exanple. The total gas flow rate
i s such t hA{AENECHEIr Fy sediaGid vidive forBRenYd oyidmitod and Jramlenrer], the
preci se val,ue of ich s indicated for each Exanple. Vol une of active
phase: %g??T9x¥ﬂ§ 5?'ﬁEFﬂW&tBTfPHea&ﬁﬁﬁﬁFﬁgﬂﬁﬁh dragyand S faid ands
foll ows: - The_catalyst .i s brought. to a tenperature [err], for exanple
[err] and,°5’f‘?’ér%’t"8§?‘ﬁ?&&f’f’ogi’f‘5’3°§b‘c n at the tenperature [err], the

comos {1 gk HELXLUERLEL 1% SHOLALR el SURLSHENE] 085 ea

chr onmat ogr ercentage conversions an

obtai ned whhgt B¢ gaakgh¥al +£43W @%Qm%ﬁ/&g%fgnbﬁtcatalyst x hour.
The balance to 100 % of the selectivities cortesponds to
the formation of CO and CO, and, where appropriate, of

methane, ethane and ethylene.

EXAMPLES OF THE AMMOXIDATION OF PROPANE

EXAMPLES 7 TO 12 AND COMPARATIVE TRESTS 3 AND 4

Ammoxidation of propane is carried out as described |
above using, as catalysts, the active phases consisting of
the mixed oxides A, D, E,.F, H and I of the invention, and

" the mixed oxides B and J not according to the inventipn.

The specific conditions employed are as follbws:

- hourly volume rate = 1700 h*
- total pressure = 1.3 bars

. - composition by volume of the reaction mixture:

CH, = 25 %
NH, = 10 %
Oz = 20 %

He = 45 %
The temperature conditions and the results obtained are

collated in Table 1 below.



tenperature [err] are calculated by rel ationships of the type: conversion
of propane [err] = propane converted/ propane introduced selectivity for
acrylonitile (nmol % = propane converted to acrylonitril e/ propane converted.
- The catalyst is then brought from310 to [err] in [err] steps, and the
per cent age conversions and selectivities are determned every 40 mn. In

t he anmoxi dati on Exanpl es bel ow, the foll ow ngjgonventions are utilized:
tenp. = reaction tenperature [err] = conversion of propane [err] =

selectivity fmlylurnL e BT T o] serect] vIty Tpr_ acryljort trii
propyl ene S(a FxampdeEeC CatAt | TRER HBet oni | .8 [AH) h?éﬁ%’cy nﬁtanam P¥atd -
ot her annDX|datiEn by- pr opg¥ts prio®. A@@fé of GHu& i b of 2Y
: ; e %) ! é ) 1 (g/1
acrylonitrile, egkpressed |n g of acryj} onttri]e forng |tre cataLgﬁn
hour. The bal ancfg TO I0U Yo O (pEe_Selpcltivitles correspgnds to Tne
formation of [erf] and [efr] anll,3%hefe Apprbpriate| ofinethant ef hafe ghd
ethyl ene. EXAMPUESelmpTSIE| AMYOX| Digd ON G PROPANE EXAMBLES 7 T6a 12| AN
COVPARATI VE TESTS 3 AND 4| Amox|{ dati op of prppane ip carried out ap
descri bed above |ising, -as|cat al ys#28 [he2%ct| vedhhapes 3@onsf st¥hg pf the
m xed oxides A |D, E, F, Hand | gf,the ipveptipn, pndgq 15 102
_ 404 12 40 48 23 48
Example D 422 14 46 51 21 71
8 442 16 53 56 16 83
| ae1 18 53 57 15 95
_ 407 13 32 38 25 41
Example E 426 19 39 - 43 21 74
9 445 19 | 49 52 . 14 92
465 19 51 54 14 96
407 8 21 48 33 17
Example F 427 13 25 40 36 32
10 447 17 . 31 42 23 52
468 21 36 43 18 75
389 10 29 46 25 29
Example H | 407 14 32 46 23 44
. 11 428 21 35 47 18 73
446 24 37 - 50 17 88
388 15 20 35 30 30
Example I 408 20 35 45 29 69
12 | 425 24 37 44 .12 88
446 25 39 48 7 97
Compara- 424 5 _ 60 83 8 30
tive B 443 7 58 77 8 40
test 3 464 9 49 72 6 44
485 16 35 57 5 | s2




the m xed oxides B and J not according to the invention. The specific

“condi tions enployed are as follows: - hourly volune rate = 1700 [err] - .
total pressure = 1.3 bars - conposition by volunme of the reaction m xture:
[err] =25 %[err] =10 %[err] =20% [err] =45 % The tenperature _
conditions and the results obtained are collated in Table 1 bel ow - 19
- Exanpl es Cata- Tenp DC S( ACN) S(ACN S(am  prod.
| yst (O [err] (in % + [err] moRYP - ACN used
(in % (in % (in%cf (a/1 388 6 25 31
42 15 . Ig A 408 . 39. 28
> < a - -
TR b g kP TR T M ET ) P
24 43 46 | used [15 (inl®P |404 (12%) | (ind®) | (g/1 48
23 48 Hixanpl e D 422 14 46 51 x h) 21
718 compard4Z = [l6426 »3 22 J6 57 16, 4 831461
18 53 57 - 115 - 95 1407 13 32 38
25 41 Hixangive o= 448426 3 19 32 2] 21 43 9 21
Zg ° 51 tes%i45 1191468 £f86 42, 92 " 67 13 | 1792 455

Table 1
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407 8 | 33 17 Exanpl e F 427

13 32 10 447 17

31 42 468 21 36 43 18

3 s 1JIIIIIIIIlllﬂi!lllllllllllﬂ 3% e mamle  H

407 -2 - @ 44 11 428

21 35 47 18 73 446 24 37 50

17 88 388 15 20 CcLAfiss 30. . 30 Exanpl e

I 408 20 - 35 45 29 69 12

425 24 1. Frocess fopl the prehidiration &F 4lGmixed Bhide 39

48 7 97 Conpar a- 424 5 60 83
8 gomprising vangdium, sEimony and titaniign of the?ém%?rlcal 844
40 test 3 464 9 49 72

485 fgrmula (I3 : 57 5 52 - 20 - Exanpl es

Cata- Tenp DC S( ACN) S( ACN S(am _prod. lyst (O
‘lerr] (in [err] nox) ACN used (in %

(5i7n K (2|2n % (g/I &g{}l?;ao 448 (IA)ZG 3 ’ 32 ?2 63
21 9 test 4 468 4 42 67 16
17 Table 1 -

in which:
- a represents an integer or fractional number equal to
or greater than 0;1;
- b represents an integer or fractional number equal to
or greater than 0.1, and
- X represents an integer or fractional number determined
by the oxidation states of the other elements,
wherein:
- regpective compounds of varnadium, of antimony and of
titanium are dissolved in at léast one saturated alcohol,
- the alcoholic sélution thus obtained is contacted with
water in order to precipitate the mixed oxide, and
.- the mixed oxide is separated and calcined.

2. Process according to claim 1, in which:

a represents an integer or fractional number equal to
or less than 100, and

- b represents an integer.or fractional numbér equal to
or less than 100.

3. Process according to claim 2, in which:

a represents an integer or fractional number of from

0.5 to 50, and



. -
- 21 - CLAIMS 1. P@i’!ﬂ?& for the preparation of a mxed oxide conprising

vanadi um anti nony i ﬂ"fﬂ)mg}e enpirical formula (1): [err] in
which: - a represen racti onal nunber equal to or greater

than 0.1, - b represents an int eger or fractjonal nunber equal to or
greater than 0.1, and - x represents an |nt7e?ger or fractional nunber

det er m ned bythe0|dat|ons ates qf .the other nent.

respective conpound S]ep\ygﬁg&tt A0 A RLRER T A 55&‘%1" %aﬁ“&%efré’fdlfsrsoﬁ\?ed
in at |east one satytated al cohol - the al coholic solution thus obtained
is contacted with water i'n order to pr eci pltate the m xed oxide, and - the

m xed oxide is sepgarat gg %régscglcgor}gqn fractl na?‘%fu??b%raqn{y 9t q._cpl3a| rr_hg.

in which: - a represents an integer er equal to or less

than 100, anghich t@lr %%Q'%biea%ah'&?d‘i%{ cSmpld i@ }larigiper equal to or
| ess than 100. 3. Process according to clfaim2, in which: - a represents

an integer oacet3lbicetdnate]Pandldylr @¥Piehldrdde), wRilfadium trifluoride,
vanadium tetrafluoride, wvanadium pentafluofide, vanadium
tribromide, vanadium dichlofide, vapadium trichloride,
vanadium tetrachloride or vanadium triiodide.

5. Process according to any one of claims 1l to 4, in
which the soluble antimony compound is antimony pentachloride,
5htimony trichloride, antimony tribromide, antimony
trifluoride, antimony triiodide, antimony trioxide or antimony
hydride.

6. Process acqording to any one of claims 1 to 5, in
which the soluble titanium compound is titanium dichloride,
titanium tetrachloride, titanium trichloride, titanium
tribromide, titanium tetrabromide, titanium tetrafluoride or
titanium diiodide.

7. Process according to any one of claims 1 to 6, in
which the saturated alcoh§1 is an alkanol or cyclocalkanol.

8. . Process according to claim 7, in which the saturated
alcohol is an alkanol having 1 to 6 carbon atoms or
cyclohexanol.

‘ 9. Process according to any. one of claims 1 to 8, in
which the alcoholic solution obtained.is subsequently mixed
with an aqueous solution of an ammonium salt which enables a
PH of from 5 to 9 to be obtained in order to precipitate the
mixed oxide.

10. Process according to claim S8, in which the ammonium



- 22 - - brepr integer or fractional nunber of from1l to 40. 4.
Pf ocess accor di BMﬂ@g "‘Iﬂiul:l aine 1 to 3, in which the soluble
vanadi um conpou cac@tyl acetonate, vanadyl trichloride, vanadi um

‘trifluoride, vanadiumtetrafluoride, vanaggum pentafluoride, vanadi um
tribrom de, vanadi umdichloride, vanadiumtrichloride, vanadi um

‘tetrachl or isdd tori s/ cnmmbniuh  taBEbRPlabe, alnoREER 8%62a¢e)JaRAodR¥moNe of
claims 1 to 4, in which the soluble antinony conpound is antinony

pent achl or ickesbans tiernoy ammaoiiahi Bedregén nphgsphabeoni de, anti nony
trifluoride, antinony triiodide, antinony trioxide or antinony hydride. 6.
Process accordi fgl ¢ o Brgcese atcording fotcldimi 8 oki 30,t Ha whichl ¢he pH
titani um conmpound is titaniumdichloride, titaniumtetrachloride, titanium
trichloridet® t8R¥Hf uln tri broni de, titaniumtetrabronide, titanium
tetrafluoride or_titaniumdiiodide. 7. Process according to any one of
claims 1 to 6, i¥f whiRFCEREs sacepriéngatechdy PBeapfacladds ar to 11, in
cycl oal kanql ' Progﬁss according to claim?7, in which the saturated

-aIcohoIi:s%ﬁFé%ﬂ&ﬁﬁﬂp f nghe pixgdcapivhigroke Brinfeigedatopbort 7 by
P ' f.clai to 8,..1 I, t.h | lic,
so ut s on olSadEepe v ElY SRReRr1 Extndotte RriantR HBOGE 48 dordRtoduring

[ ' : ; 5t to. b t ai d i d t
o n Sable it rableoooogr gl LORS koot E.PRNAIEG A0S Lo

precipitate the m x FoCess a to C
amoni um compound_

13. Process according to claim 12, in which the acidity -
is neutralized by controlled, progressive addition of aqueéus
ammonia.

14, - Process according to any one of claims 1 to 13, in
which the separated mixeq oxides are calcined at.a temperature
of from 400°C to 800°C.

15. Process according to claim 14, in which the mixed
oxides are calcined at a temperature of from 500°C to 750°C.

1s6. Procéss for the ammoxidation of alkaﬁes in the
vapour phasg in the presence of a solid catalyst containing at
least one active phase which comprises at least one mixed
oxide of empirical formula (I) and which has been prepared by
a process as defined in any one of claims 1 to 15.

' 17: Process according to claim 16, in which at least one
alkane having from 3- to 12 carbon atoms per molecule is
reacted in the vaéour phase with ammonia and oxygen.

‘18. Proceés according to claim 17, in which the alkane
is propane or isobutane.

19. Process accofding to any one 6f claims 16 to 18, in

which, within the reactive gas'composed of the alkane, ammonia



- 23 - salt is Mate ammoni um oxal at e, amoni um car bonat e
"or amoni um hydr |ﬁ““l“4 . Process according to claim9 or 10, in
which the pHis ;g&l“ ss according to any one of clains 1 to
11, in which the tthe "mi Red sol ution i s mai ntained at about 7 by
" progressively neutraI|2|ng the acidity which is fornmed during the _
preci pitation of the m xed oxi des by nean84of a basic conpound.- 13. Process
"according to claim12, in which the acidity is neutralized by controll ed,
progr essi vansd ¢ixyasn of the)wbtanasanfient 148 fromeSstactOrvetl. tbhany one
of clainms 1 to 13, in which the separated m xed oxides are calcined at a
tenperatur@nmor?%rﬁqreﬁ@r}tths [£¥en 3 10 TR orebh ardobRengxyger| apntent ia

whi ch the nj xed oxides are calcined at a tenperature of fromJ[err] to
[err]. 16. rlﬂnb@es%" 47 YPe® ammoxi dat | on of al kanes in the vapour phase in

compr | Ses at 1 edd: %99#%%'%%% ShS fopi %2#?35%«2%%%‘%?&2? hifas
-B?EQeﬁéeﬁiéorﬁgﬂfe‘”‘m Qfe#é‘aﬁ?@h%?” £8m 000 R B BR80Fhg from 3
and oxygen. 16, roﬁiés%%*%%r%&*g’??%f%f%?ﬂq Gush 0 FHCHR R Efip ks doRIeRT @
. temperature is from 400°C to 500°C. ’
22. A mixed oxide of formula (I) as defined in claim 1

which has been prepared by a process as defined in any one of

claims 1 to 15.



I's propane or isobutane. 19. Process according to any one of clains 16 to
18, in which, within the reactive gas conposed of the al kane, amoni a -
24 - and oxygen, the al kane content is fromb5 to 70 vol % the amoni a
content is from3 to 50 vol % and the oxygen content is from3 to 45 vol %
20. Process according to any one of claigg 16 to 19 in which the reaction
tenperature i.s from[err] to [err]. 21. Process according to claim20 in
which the reaction tenperature is fromf[err] to [err]. 22. A m xed oxide of
fornula (1) as defined in claim1 which has been prepared by a process as
defined in any one of clains 1 to 15.ABSTRACT '

AMMOXIDATION CATALYSTS AND PROCESS FOR THEIR PREPARATION

Process for the preparation of a mixed oxide comprising’

vanadium, antimony and titanium of the empirical formula (I):
. V8b,Ti,0, ' (1)

in which:
- a represents an integer or fractional number equal to
or gieater than 0.1,
~ b represents an integer or fractional number.equal to
or greater than 0.1, and
- x fepresents an integer or fractional number determined
by the oxidation states of the other elements,
wherein:
- respective compounds of vanadium, of antimony and of
titanium are dissolved in at least one saturated alcohol,
- the'alcoholic solution thus obtained is contacted with
water in order to precipitate the mixed oxide, and

-~ .the mixed oxide is separated and calcined

.
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