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US-A-5,214,016 describes a different process for

preparing mixed vanadium, antimony and tin oxides, consisting
in preparing an aqueous suspension of a mixture of the
compounds of the elements which will be present in the mixed
oxides and then in calcining the mixture, the novel
characteristic of this process being the use, as the tin
compound, of a stannous salt of a saturated acyclic
monocarboxylic acid having from 1 to 18 carbon atoms.

These processes of the prior art lead to mixed
oxides which can be used as catalysts for the ammoxidation of
alkanes.

However, it remains desirable for the catalytic
properties of such compounds to be further improved.

The present invention provides a process for the
 preparation of a mixed oxide comprising vanadium, antimony
and tin and corresponding to the empirical formula (I):

VSb,Sn,0, (I)

in which:

- a represents a whole or fractional number equal to
or greater than 0.1,

- b represents a whole or fractional number equal to
or greater than 0.5, and
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i.n whi ch: - arepresents a whole or fractional nunber equal to or
greater than 0.1, - b represents a whole or fractional nunber

eqyal to or greater than 0.5, and 2 2

-. X represents a whole or fractional nunber determ ned by the oxidation
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3.33-3.35 - contactingotlleGillcoholic solution thus cjtzimed
1.74-1.76 1 : _ 150
1 48-1 50 With an aqueous BO%‘QQ%_:% g%mpris:.ng an ammonium da®¥; liw

order to precipitate the mixed oxide, and
- separating and calcining the mixed oxide.
Characterization of the crystallographic SnO, rutile
phase is carried out by X-ray diffraction analysis, the lines
characteristic of the phase of SnO, rutile type corresponding
to the following lattice spacings d (in A):

3.33-3.35
2.62-2.64
2.37-2.38
1.74-1.76
1.66-1.67
1.57-1.59
1.48-1.50
1.40-1.43
Preference is given, among the mixed oxides of
formula (I) defined above, to those for which:
- a represents a whole or fractional number equal to
or less than 100, and '
- b represents a whole or fractional number equal to
or less than 100. |
Preference is still more particularly given to the
mixed oxides of formula (I) for which:
- a represents a whole or fractional number from 0.5
to 50, and
- b represents a whole or fractional number from 1

to 40.

The vanadium, antimony and tin compounds used in the

process must be soluble in a saturated alcohol or a mixture
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vanadium trichloride, vanadium tetrachloride or vanadium
triiodide. _

Mention may be made, as examples of soluble antimony
compounds, of antimony pentachloride, antimony trichloride,
antimony tribromide, antimony trifluoride, antimony
triiodide, antimony trioxide or stibine.

Mention may be made, as examples of soluble tin
compounds, of stannic chloride, stannous chloride or stannous
bromide. |

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 of separation or of recycling by
distillation or evaporation. Thus, alkanols having from 1 to
6 carbon atoms, such as methanol, ethanol, n-propanol,
2-propanol, n-butanol, 2-butanol, tert-butanol, pentanols and
hexanols, and cyclohexanol are preferred.

The alcoholic solution obtained above is then mixed
with an aqueous solution comprising an ammonium salt, in
particular an ammonium carboxylate (for example, acetate,
citrate or tartrate), ammonium oxalate, ammonium carbonate or
ammonium hydrogenphosphate, so as to precipitate the mixed
oxide. Preferably the mixture thus has a pH of from 5 to 9,
more preferably in the region of 7. Use of ammonium acetate



conpounds, of antinony pentachl oride, antinony trichloride, antinony
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st | bi ne. Mention may be nade, as gxanples of soluble tin
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atmospheric pressure or at reduced pressure, at a temperature
of for example, from 30°C to 200°C, without these values
being of critical importance. |

The mixed oxides of formula (I) are then calcined,
preferably at a temperature of 400°C to 800°C. The
calcination is more preferably carried out at a temperature
of 500°C to 750°C.

_ The present invention also provides a process for
the ammoxidation of alkanes in the vapour phase in the
presence of a solid catalyst comprising at least one active
phase, wherein said active phase comprises at least one mixed
oxide of the empirical formula (I) which has been prepared by
the process as defined above.

In general an alkane having from 3 to 12 carbon
atoms per molecule is reacted in the vapour phase with
ammonia and oxygen in the presence of the above catalyst.

Of course, in the context of the present process, it
is possible to use diluent gases which are inert under the
reaction conditions, such as helium, nitrogen and argon.
Likewise, steam can be added to the gaseous reaction mixture
within wide limits. The reactive gas (alkane, ammonia,
oxygen) can thus be diluted with an inert diluent and/or with
steam. In this grouping, the content of steam can vary within



addi ti on of aqueous ammoni a. After precipitation of the m xed
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In this ternary diagram, segment AB represents the
ammonia content from 100 to 0 vol%; segment BC represents the
propane content from 100 to 0 vol%; segment CA represents the
oxygen content from 100 to 0 vol%. Point D, situated on
segment BC, corresponds to a propane content of 45 vol% in
the binary system (propane/0,); point E, situated on segment
AC, corresponds to an ammonia content of 79 vol% in the
binary system (ammonia/o0,).

Segment DE delimits the ternary diagram as two
parts: a triangle CDE within which is situated the explosive
region (determined at 1 bar and at 25°C) and a quadrilateral
ABDE within which the composition of the reactive gaseous
mixture will be advantageously chosen.

Regarding'the ammoxidation of propane in the
presence of inert diluent gas (es) and/or of steam, it is
advisable to determine the composition of the ternary mixture
(propane, oxygen and ammonia) in order to situate it on the
abovementioned diagram, when the diluent gas and/or the steam
is in low proportion.

Regarding the ammoxidation of propane by means of
air as the oxygen source, the composition (propane, air and
ammonia) will be advantageously chosen inside the
quadrilateral ABFG which appears within diagram ABC



Wthin the reactive gas, the respective contents of al kane, ammoni a and
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in the case where this mixture is deficient in oxygen with
respect to the air.

Starting from propane, a mixture will be obtained
containing essentially propylene and acrylonitrile.
Acrylonitrile is an intermediate produced industrially on a
large scale. Propylene is a starting material traditionally
used to produce acrylonitrile and various other intermediate
products well known to those skilled in the art.

Starting from isobutane, a mixture will be obtained
containing methacrylonitrile and isobutene or n-butenes.

The process according to the invention is more
particularly gsuitable for the ammoxidation of propane.

If the alkane used is of technical quality, it will
not contain significant amounts of compounds containing
ethylenic unsaturation. Thus, the propane involved will
generally only contain trace amounts of propylene, for
example less than 10 vol%.

The process according to the invention is a vapour
phase reaction. Consequently, any device suitable for
carrying out ammoxidation or oxidation reactions in the
vapour phase can be used. The process can be carried out
continuously or noncontinuously and it can comprise the use



6 represented in appended Figure 2. In this second di agram
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of mixed vanadium, antimony and tin oxides as defined above,
constituting the active phase of the catalyst, or can
additionally comprise an inorganic oxide, such as, for
example, alumina, silica, silica/alumina, zirconia, cerite,
magnesia, titanium oxide or niocbium oxide, on which the said
active phase is deposited or with which the active phase is
mixed, by using various techniques known to those skilled in
the art, such as impregnﬁtion or slurry deposition.

The catalytic phase, consisting 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 used in
bulk form or in a particulate state; it can therefore be used
in powder form or be shaped, for example as balls, pellets,
extrudates or crushed particles, according to various known
techniques.

For use of the process in a stationary bed, these
techniques can be, for example, pelleting or coating on an
inert substrate or on a ceramic or metal substrate of
monolithic type.

For use of the process in a moving bed or in a
fluidized bed, the catalytic phase is generally formed by



continuously or noncontinuously and it can conprise the use

7 of a stationary bed or of a fluidized bed. The reaction
temperature is generally from 300[err]C to8550[err]C, preferably from
400[err]C to 500[ err] C. The total pressure of the reaction m xture
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By way of examples of supports suitable for the
preparation of catalysts which can be used in the context of
the process according to the invention, there may be
mentioned: silica, alumina, silica/alumina, sintered clay,

carborundum, magnesia, magnesium silicate and diatomaceous
earth. This support is preferably nonporous and can be
especially based on a refractory oxide in particulate form,
the most commonly employed support being clay-based. This
support can, for example, consist of inert, complete, solid
and rough clay balls with a diameter of from 0.5 to 6 mm. The
precise value of the diameter of the balls can be chosen as a
function of the acceptable pressure drop in the reactor. This
support can also be made nonporous by enamelling.

This support can also be a ceramic substrate,
preferably in the form of an inert and rigid structure of a
monolithic type comprising channels or ducts. Such supports
are well known and have been widely described in the
literature. The substrates used which are made of ceramic
substance are especially those comprising, as the main
substance, cordierite, alumina, mullite, porcelain, and the
carbides of boron or sgilicon.

This substrate can also be a metal substrate. Such
substrates are well known. Suitable metal substrates are in



For use of the process in a stationary bed, these techniques can be, for
exanple, pelleting or coating on an inert substrate or on a ceramc or

netal substrate of nonolithic type. 9 For use of the process in a
noving bed or in a fluidized bed, the catalytic phase is generally forned
by particular those obtained £r®m dirom,z atickel and ehrendum

calcinationalloys or tH¥sd dtlaiied @@E?%.:‘\om ch¥om ﬁr,m%iu:nlg.%ti NeRed by
conpression, so.as tqQ obtain pellets. ese pell'et's can'then optio be
crushed int &%@k YSph SYsite &% Ehpgey dnoyn pndesy dheutsadei asmeer and

t hi ckness ofRanthalsl lcat Tk wﬁdgﬁie@ iﬂﬂ;ta.hq_fromechmd gt s gg_?g%?g_b eg?lﬁn

by those ski g e art .accordi Q e pressure drop

t%e_ react or I.‘Jét%q'um LRy |k<¥fﬂ"mofm{&%§ s  Fradenage Freradloryt Thephase

can consi st setajacan mdssube icarbon mtieelsbrgaimple &;Bthﬁib&,OL tﬂe aCFLVG
hase and its deposi i i lLdg or its mXxture wt e.sa
Pnorganic oxi de. gQﬁgﬂgg%g?%f%%Q%ﬁa Eérfgﬁrgﬁgé Pe &S%O§FPEHFORfan
inert suppor@tadydde phase,t whtieh canuveryf withinswiger Limdteot der ihi cal so
long as it iprachdibe: MetwdeRC! atidl 180" $3AKC nko gﬁsfaﬁasig“t EerS@ 5NGna
chosen reacfion cqnditions . By way of &xanples df supports
suitable fofot X AWeight with,respecs | $hecaupPpeTlsedcaalyticont ext
of the procphaseccombimgtioni.he i nvention, there may be mentioned: silica,

alum na, silicalalumpa,. sintered cl car borundu magnesi a, nmagnesi um
silicate and diatongg% Fe ESH ?nTﬁP$¥§XﬁSSVtuF§¥BHLﬁEFaBPy nonpor ous and
can be espedmpilemenieddonnof ther prbcegsoinda stapidhagyl bed, f aaf) behe nost

consi ot of Pherined Bpkbatdbli b triaRes, THS-RUARREY, 6 sinfaneRe o

from 0.5 toc8tdlytisePhasessdnyal wayoknowa Bexneeer Thist tenbehtional be

chosen as amethod consists in depositing a layer of intermediate or
finished catalytic phase around inert but rough balls. Once
the balls are covered with the desired quantity of the
catalytic phase, they are dried with hot air at from 70 to
150°cC foF at least 30 minutes and then introduced into an
oven in order to be calcined at from 300 to 600°c, preferably
from 450 to 500°C, for at least 3 hours.

Certain catalysts which are useful for an
implementation of the process according to the invention in a
moving bed or fluidized bed can be obtained by the technique,
known per se, of drying by atomization, preferably in a
nonreducing atmosphere. By such an operation, followed if
appropriate by calcination at a temperature of the order of
400 to 800°C, powders are obtained which are spherical in
shape and have a diameter of from 5 to 700 pym. Powders
consisting of at least 80% by weight of particles whose sizes
are from 5 to 200 um are preferred in the context of use in a
fluidized bed. '

The catalytic phase, alone or thus used in bulk form
or in a particulate state, constitutes the catalyst.

The products of the reaction can be recovered from
the effluent gases by any suitable means. For example, the
effluent gases can pass into a condenser containing dilute
sulphuric acid in order to neutralize the unreacted ammonia.



function of the acceptable pressure drop in the reactor. This support can
al so be nade nonporous by enanelling. This support can also be a
ceram c substrate, preferably in the formigf an inert and rigid structure
of a nonolithic type conprising channels or ducts. Such supports are well
known and hékiee lmsesmeﬁytmmcpahaothmug‘heélﬁﬁﬁg&ﬁte‘@&&&ﬁiﬁ es used

whi ch are Meglor @n t egg& J y. risi as the
mai n subst ance, cord‘;er |'? éﬂl&?u‘?ntp%a chﬁﬁ&c f[;éo'rc "‘lt kl'ioﬁut S e ar bi des
of boron or hydteeyanic acid, the smaeondensed capaurs dontainding mﬂm‘ltyate

Such subst r 39Se&d EedBbto Wpﬁfb JERE, f’%’ﬁ %é&&%ﬂ dd)

9 particul ar_those obtal ned fromiron, Nic rom uma oy's or t hose
obt ai ned fr ARPFRELEL 0(F%m TRy Gmﬁaiéebami avﬂﬁysyagéshassdt R8Be

known under tmmaobemé@r&m tlod dmm_ﬂ@q&& iR D aHE UM
al um nium a ttrlumal

h d F | | The
metal can al b’ée%?ﬂ%ﬁ O%/‘é’(? #G? éﬁﬁe far ear::airaemi(;cra %}’ c'g’éﬂ‘bd

catal yst is hesdﬂ:setﬂ.leﬂ i el terotutn ofo (naépd:;ate: mimsnrydlunﬂtﬁare \Exrom
wi thin w de r ce between 1 and 50 vol % and, preferably,
bet ween 5 ané#%g&}e %/rgiv\%gﬁawth respect to the support + catalytic
phase conbi nati on. 'I'he Examples helowifuxther yicklgistusadia | theopresent

i npl enent at i gy &ieide, Process in a stationary bed, can be obtained by
coating the crushed, internediate or finished, catalytic phases in a way
known per se. This conventlonal met hod consists in depositing a | ayer of

i nt er nedi at CEXAMPLES sdspdrmtgﬂ TGS OF.MIXED |oﬂmg§.)ut rough baI |s. Once
the balls ar withgthe deSJred j b ' ]
then introduced i nto an oueixed aoxifie (A) [ richop tenfpyiomnb 1) forn
600[err]C, preferably

A solution of 15 g of anhydrous SnCl,, 4.57 g of
vanadyl acetylacetonate and 17.22 g of 8bCl; in 100 ml of
absolute ethanol is prepared.

The ethanolic solution is poured dropwise into 500
ml of aqueous solution containing ammonium acetate (2
mol/litre) in order to have an initial pH of the order of
7.0. During the precipitation of the mixed V, Sb and Sn
oxides, the pH, which tends to decrease due to the release of
hydrochloric acid, is kept comstant by addition of a
concentrated aqueous ammonia solution (containing 30 % by
weight) .

The precipitate thus formed is isolated by
filtration, washed with water, dried for 12 h at 140°C and
then calcined for 3 h at 700°C.

The compound of formula VSb, ,Sn, ;0, thus obtained is
then compressed under a pressure of 4300 bars. Pellets with a
diameter of 3 cm and with a thickness of approximately 0.5 cm
are then obtained. These pellets are crushed into fragments
with a particle size of between 0.3 and 0.8 cm, constituting
the catalyst (A) in accordance with the inventioﬁ.



from 450 to 500[err]C, for at |east 3 hours. Certain catal ysts
which are useful for an inplementation of the process according to the
invention in a noving bed or fluidized bedtkan be obt ai ned by the

t echni que, k se, £ drAr,‘ by atom zatio ef-rabl .
nonr educi ng gg%@%ﬁﬁe?e. By Tt ) e T
calcination at a tenperat umg

obt ai ned which are spher|c§L lgha have a dlaneter of fron15'to 700
[err]m Powders consisting o by wei ght of particles whose
sizes are from5 to 200 [err]mare preferred in the context of use in a

f|UidiZ€d bed. TheTBQxéatékiaéc(ﬂhﬁsfs % Qﬁ&ré& by UBo LB&Wihd Qﬂék
formor in a gart cula%e st titu e catp

broducts of PRECPRSEE; BREREIDER FACBTRMBLSTT ORIE HESCHY 1 1:0R GRBaRASrY
sui t abl e neamacetjbacetennte, ahlel®{ 22 ugndf ganteimony pessachlorideondenser
containing dilute sul phuric acid in order to neutralize the unreacted
anmoni a. . 10 The gases can then pass

t hrough a r cEEAMBLEE:t 3d-absBrepagati . 2Rt Hos
acetonitrile and hydrocyanhgxaalgx!age‘ﬂfgo%geeﬁgdfgfggkgﬁ% Qﬂégﬁﬂ&gﬂ
mai nl y unreacted propane, propyrene rocar bons and, |
appropriate, CJerr]. The £8£¥¥$§#L¥§hﬁgk9d hydr ocyani c aci d can then be

separated fromthe acetonitrile by distillation and the recovered
acrylonitril e/ hydrocygpi c_aci X n,then be disti ts,furn to
separate the acryloni?gﬁlﬂlff n?fﬁé gﬁ?gc§3nP5 BRT oF ideof 1ngT% E& 8npl es
bel ow f urt hesamé| procefurehaspinsBramphectbot. theEMﬂhEiﬁEtIEhTiEEcarr;ed
PREPARATI ON g&tN%§EEBC%|§E8800°C instead of 700°C.

EXAMPLES 4 TO 11 - Preparation accordi to _the invention of
different mixed oxides

Different mixed oxides are prepared by following the
procedure described in Example 1 but by using different
amounts of vanadyl acetylacetonate and of antimony
pentachloride or by calcining at a different temperature or
alternatively by using another saturated alcohol.

The amounts of vanadyl acetylacetonate (VaAA) and of
antimony pentachloride, the calcination temperature and the
saturated alcohol used are indicated in Table 1 below for
each of the examples.

Example VaAA 8bCl, Calcination Alcohol Mixed oxide
temp. used . Formula Reference

Ex.4 1.52 g 17.22 g 700°C ethanol V8b,,Sn,,0, c
Ex.5 | 0.76g | 17.22 ¢ 700°C ethanol |  VSb,&n,0, D
Ex.6 0.76 g 34.44 g 700°C ethanol vstL E

 Bx.7 0.76 g 8.61 g 700°C ethanol VSb;,58,,0, F
Ex.8 3.05 g 12.05 g 700°C ethanol VSb, .Sn,0, Gl
Ex.9 3.05g | 12.05¢ 800°C ethanol vSb, 51,0, @2
Ex.10 3.05 g 17.22 g 700°C 2-butanol VSb,5n.0, 'H
Bx.1ll 15.25 g 25.83 g 700°C ethanol V8b, ,Sn0,

Table 1



EXAMPLE 1 - Preparation according to the invention of the
m xed oxide (A) of followi ng enpirical formul a:

VSb[err][err]Sn.[err]Jerr] A 38l ution of 15 g of anhydrous
SnCl[err], 4.57 g of vanadyl acetylacetonate and 17.22 g of SbC[err] in
100 m of absolute ethanol is prepared. The ethanolic sol utlon S
pour ed drop\@mnmmﬁn OF e Wiy ofToME SREPARED ACOIDINGIRCEt at e

(2 nmol/litré
the precipi t"#%e

ave an I ni p Dur i ng
e n1xed V, Sb and Sn oxides, the pH, mhlch tends to
decrease due to the r'nieaﬁexé& dwalex d,0BY, ®2,d0, D,kEHt KOGt antandy I

addi ti on of a con rat ueou t 0 %b
wei ght) . el:g:}ep%[ng{e #a?[]i‘?sm“f%i}’?eré aili?lc%gg(i di‘HSH‘?‘i I"trati o%, :
“washed with d/ﬁfa'actﬁored.lsmg B di EfiracteineterC ofh Phifldpsc F1H00e triagiermxk at
700C. tHE UM zfdaqgfjnuﬂl% VY &gl il S Una[z%rcrde%%ﬂc

t hus obt ai nedils then conpresse dér a pressure of 4 bars. Pell

with a di amdigremfos the Hiffignenty qﬂ%mq)ftmm yighy t@(ﬂ ar e
then obt ai n%haﬂw@:mwtﬁﬁse SH U purd zfdcmswt:@pa:taeda ipardHec! €

si ze of between O. stltutl cat al (A) in accordance
with the i mF&ﬁ‘?"fﬂ'PtJ@nal Tabc.%&l\ﬁ-{ (&%’&Hﬁ?}ﬁ C,’Ol’dl ng to the
i nvention of a The d;ffradnogmhmldaaiﬂ@ d;émdrkﬁtn‘aﬂd mﬁm uhq:'eri cal

f I . '
p(r):aggr 2d ?)/?b%‘g'{ r]]tXNI Ny %%e ﬁ?c‘lsaedr Sha |tbe-c?] %sout u5| n 3.05 g

of vanadyl parameters of wh:.ch are very simxlar to those of SnoO, rut:.le.

COMPARATIVE TEST 1 - Preparation accordi to a process of

the prior art of the mixed oxide (J) of the following
irical formula: 5504 140,

The mixed oxide of compos:.tion VSb, ;Sn, ,,0, is
prepared by carrying out the preparation by coprecipitation
in aqueous medium. _ '

Solutions of 2.7 g of anhydrous SnCl,, of 15.25 g of
vanadyl acetylacetonate and of 25.83 g of antimony
pentachloride in hydrochloric acid are prepared separately.
These three solutions are poured simultaneously and dropwise
into a 2 mol per litre agqueous ammonium acetate solution (pH
of 7.0). During the precipitation of the oxides, the pPH is
kept constant by addition of a concentrated aqueous ammonia
solution (containing 30 % by weight).

The precipitate thus formed is isoclated by
filtration, washed, dried at 140°C for 12 hours and then
calcined for 3 hours at 700°C. '

The compound of formula VSb, ;Sn,,;0, thus obtained is
then compressed under a pressure of 4300 bars. Pellets with a
diameter of 3 cm and with a thickness of approximately 0.5 cm
are then obtained. These pellets are crushed into fragments
with a particle size of between 0.3 and 0.8 cm, constituting
the catalyst (J) not in accordance with the invention.



acetyl acetonate and 17.22 g of antinony pentachl oride. EXAMPLE 3 -

Preparation according to the invention of the m xed oxi de
(B2) of the follow ng enpirical 13 formul a:
VSb[err]Sn[err]qerr] The m xed oxrde (BZ) S prepared
accordr ng t COMPARATIVE TEST 2 c- z. paadttior X ko prodess) of

carri ed out ige gefloplef00peT 8%l (L) f [ne e300+ 10 11 -
Preparation di fferent
m xed OXi dew&%d oxi des are prepared by foll owi ng

the procedure descri bfﬂelﬂlﬁé&rwifdé St Lo dhipdibi tWbrfl I VA ERNG, A0 Pilepaled

vanadyl acetyl acet onate and anti non ent.achl ori de, or E)y calCining at a
different tARpeFaxTHing ouf th mr‘m ﬁo’?% SN FRRAHRL taki e iy agienhs |
The anmount s médinmnadyl acetyl acetonate (VaAA) and of anti nony

76 indi cat ed i n Tabl SoieiRl, of T ok ferlifhadlfy MR 82 30808 007

SbCl[err] mmmumtﬂmnammmw.zz g of antimony

tetema)trrol errl@g{ err errlf.";&:&;é]%.il %%E%%;gg egu%%lg'rﬂ%[erzhgc

et hanol vsrﬂ b m%rﬂﬂqued simul fanepugly; drppwisey intwaerd el
et hanol &F rifﬂiera &rs]amoxﬁum Reetate 79%11;1:1%:61(;;3 o0 gy ] C
et hanol err err 12. 0 700[ err]C

et hanol 'ﬁ’r %n lé"?r %‘é‘??*taﬁm‘ 9 tpe 3”6‘5‘%" 1‘%’?)?% i r]C
et hanol VSb:Ecmsth: Byvrgdditien rgf a (@oncdntridted. dd:hej:ualmrg.a

OOLE1C e, CRRALIIE Lypdiand, S0 1 B0 s
Table 1 The preci tate thus formed is isolated by

filtration, washed, dried at 140°C for 12 hours and then
calcined for 3 hours at 700°C.

The compound of formula VSb.Sn,0, thus obtained is
then compressed under a pressure of 4300 bars. Pellets with a
diameter of 3 cm and with a thickness of approximately 0.5 cm
are then obtained. These pellets are crushed into fragments
with a particle size of between 0.3 and 0.8 cm, constituting
the catalyst (L) not in accordance with the invention.
GENERAL PROCEDURE FOR THE AMMOXIDATION TESTS

 The catalyst sample is brought beforehand to a

temperature of 150°C on a measuring bench while purging with
helium for 10 min, and it is then subjected to a gas flow
whose composition will be specified for each example and
which contains propane, ammonia, oxygen, helium and, if
appropriate, steanm.

The total pressure of the reaction mixture, of
between 1 and 6 bar, will also be specified for each example.

The total gas flow rate is defined so as to have an
hourly volume rate (HVR) of between 100 and 36000 h™, the
precise value of which will be indicated for each example.

Volume of active phase: 25 cm’.

The principle of the ammoxidation test for propane
-is the following:

- The catalyst is brought to a temperature T,, for



12 CHARACTERI ZATI ON OF THE M XED OXI DES PREPARED ACCORDI NG TO THE

J NVENTI ON The m xed oxides A, Bl, B2, C, D, E F, G Hand I
according to the invention were characteril@d by X-ray diffraction using a
diffractometer of Philips P1800 trademark in the measurenent range 10[err]
to 70[err] |qxa@ple]31¢h6.caadaccﬂtectstablhazlng fore IO fmbmcrt Bhedes were

then conpar egﬁaﬁ,wafﬂnmb o a@r#eeraoﬂﬂd‘u'ﬁwns ¥ dHe ] %"Eth% R tRd

in the Intern ona X-ray Crystallo
d|ffractograﬁﬁtéﬁéaFFdeEﬁﬁﬁiﬂﬁﬁtBYtSﬁﬁ Ph%%% g%E%P?E?%‘%P%Yconposed of a
ggtgL22prﬁffl the unit Qahlcaﬁ¥aﬂgieﬁspe£caﬂts?earsnaetuﬁsseléatiﬁstiaese

- - atjon ac t
of the prior gFF‘BgS?gé ?eﬂaﬁgiﬁﬁé(ﬁfaﬂfgfé a# PPBM#%% éngﬁwgﬁgf #%%
VSb[ err][errabe[ ealthtatpd] asihg relationdhipai afdtbei tigpef conposition
vsbferr]. [erg&?%sa&lm[ 8 bPbRLhb éinpﬁsw OuDUofiGht¥odpPlbatdf

preparation By COpreci pi ueous
g of anhydrodntsn@ufedrp FopﬁnQS 25 g of vanadyl acetyl acet onate and of
25.83 g of aarﬁwaexvﬁzegt 2ak08crP1BRIELENLOLA RE1 Iy PL CpRESRAS S

separately. ese utirons are poured sinultaneousl’y and dropw se
into a 2 nDIcﬁEVeFFﬁﬂetaqESSU§°&ﬁﬁﬁﬁF&ﬁFSEE?EFGdsB¥ﬂP?Bﬂ (pH of 7.0).

D?rlng the FreflgltatLOEhafchhﬁ;Qétdﬁi,thbﬁ Broughkepiromodsoatd 5§02addbyi on
of a concentrated aqueou nia.selution (containin % by [ ).

The preci pi t APEF Fﬁﬁg%FoP%egBFE P§8Ig#&dcﬁﬁvgf?f?ﬁtPSﬁ?egg%ﬁ%g,a%?igggat
140[ err] C f oseldchdsvitiasdarecdetekmined évers #6uminat 700[err]C.

The conpound of for mibg Vgl sm,xag%gg[ BLkbpl 5" beFbR Lk 51 gBshged i s

t hen conpressed under "a pressure 0 et's Wt
conventions are used:

DC (C,H,) = conversion of propane

S (ACN) = selectivity towards acrylonitrile

S (ACN+C;H,) = selectivity towards acrylonitrile
and propylene

S (Ammox) = selectivitity towards acetonitrile,

hydrocyanic acid and other ammoxidation by-products.

The remainder to 100 % of the selectivities
correspond to the formation of CO and CO, and optionally

" methane, ethane and ethylene.

EXAMPLES OF THE AMMOXIDATION OF PROPANE
EXAMPLES 12 to 19 AND COHPARAIIVE TESTS 3 AND 4

Ammoxidation of propane is carried out, as described
above, by using, as catalysts, active phases composed of the
mixed oxides of the invention A, Bl, B2, C, D, E, H and Gl
and the oxides, not in accordance with the invention, J and
L.

The specific conditions used with the catalysts A,
Bl, B2, H, Gl1, J and L are the following:

- hourly volume rate = 1700 h™

- toﬁal pressure = 1.3 bar

- composition by volume of the reaction mixture:



dianeter of 3 cmand with a thickness of approximately 0.5 cmare then
obtai ned. These pellets are crushed into fragnments with a particle size of
between 0.3 and 0.8 cm constituting the gBtalyst (J) not in accordance
wi th the invention. 13 COVPARATI VE
TEST 2 - Preparation according to a process of the prior art of the m xed
oxide (L) of the followng enpirical formula: VSb[err]Sn[err]Jerr]

The m xed oxi de of conposition VSb[err]Sn[err](err] is prepared by
carrying out the preparati®Bsly 2% eci pitation in aqueous nedi um
Solutions of 15 g of anhy us_Shpgl gerr], of 3.05 g of vanadyl

acetyl acetonate and of 17.22 g of antinony pentachloride in hydrochloric
acid are prepared. These t&r ee=séPubi ons are poured sinultaneously and
dropwise into a 2 nol per gdtra agpi@ous anmoni um acetate sol ution (pH of

7.0). During the precipitatio, f the,Qxi des, t i e b
addi tion of a concent?tg? e??eoﬁi}eig‘hscqﬁﬁ?&ﬁ‘?ss&}s ra?gﬁ'lé(hc}r?tlga%tﬁgj% %tcb'yb
wei ght) . and E ahte theciqglilawinghus forned is isolated by filtration,
washed, dried at 140C f iyred for 3 hours at
700[err] C Tﬁeﬁ)%%zl tr}g%i‘%?éf%ér?u%; VS ‘f[;éi:r] Sn[err]O[err] thus
obtai ned is then conpred® (PRRESUr®reskdd PAK 4300 bars. Pellets with a
dianeter of 3 cm and Wi ddmod ik Ldiass w1 it ateadtion miditarden
obt ai ned. These pellets are_crushed into fragnents with a particle size of
between 0.3 and 0.8 cm co‘F@tﬁiTu?i’ﬁg the catalyst (L) not in accordance
with the invention. GENERAMPRSCBDERE FOR THE AMMOXI DATI ON TESTS

The catal yst sanple is bro¢1ght =b foogkehand to a tenperature of 150[err]C on
a nmeasuring bench whil e pufying th heliumfor 10 min, and it is then
subjected to a gas flow widee cenpbsktion will be specified for each

exanpl e and The temperature conditions and the results obtained

are collated in Table 2 below.



whi ch contai ns propane, ammoni a, oxygen, helium and, st eam
The total pressure of the reaction m xture, of between 1 and 6 bar, wll
al so be specified for each exanple. 16 The total gas flowrate is

defined so as to have an hourly volune rate (HVR) of between 100 and 36000

I f appropriate,

h-[err], the_precise value of which will be indicated for each exanple.
Vol unme of aqti ﬁaﬂ?ﬁ%ﬂi 22t L1YLEf Reaction [pc(c,igsPA(E Fﬂcmd)é (Ank8x)
anmoxi datior| test for priopgd i Premberdtake PMA4) | (in %) | cmy) [heiLq]) g yst
brought to g tenperaturg T[err]} fogee) (in %)
14 exanple ; reh—after—stabrtrprg—for—St—rmr—attthe—tenperat ur e
T[err], the|conposition jof the i xt#¥® at|th& rgaci®r |oA? eff i £0%et prnm ned
by gas phasqd chExampiegr ajphy? 430 . The ¥onJerd op P& cént ddes hnd t he
selectivitids obtafned on the chtal $3% exhnidled |at4X hé¢ il ef t erpture
Tlerr] are dal cul ated. usl ng reljti ofhthi ps{ of2% hd _t4be d?nvirsi dn_of
propane (in|ml % = conierted propgyy/ inptrgdudedsprdpagye fel egtivity
t owar ds acryrl onpihihg (I npl 99 = ppgpane] copverft 1) ¢4 21
acrylonitrille/ conygrted propane 450 - Jhe|c | Ystgd s |t heyg brpught
from 310 to |550[err] C byl i ncrenents g 20| ergq Clang t he Honyerspon
per cent ages - s—ar-e—det-pr e g—ev-er-y—d-O—rH- I n
t he ammoxi dgqti on exanpl e bel ow theidol | pwi Bg qomeenti Bk qr e 28sed
DC(C err] H 4rr] Exampls cosp/er gi on43d pr ppazte 45 B ACN) 16 =
selectivity jtoward4 acryjonitrije 450 FACKHCker ] H7%erd] ) B
selectivity Jtowards acry]jonitri|je 470 24 41 .45 land®pr opyl ene
S( Anmox) 3 sefectirvyirty t ovvara acefony fri I €34 34 hy&r ocjanic
acid and ot Her gxm‘géledat oncby- br od f:g S. 15 48 48 25
15 450 19 43 43 10
470 30 36 36 8
410 7 35 35 48
Example D 430 11 47 47 37
16 450 19 45 45 35
470 21 43 43 16
410 4 43 43 57
Example E 430 7 58 58 36
17 450 9 55 55 35
470 12 58 58 23
410 18 44 45 28
Example H 430 27 51 57 12
18 450 23 47 52 9
470 26 49 54 7
410 22 28 33 9
Example Gl 430 23 37 41 7
19 450 26 44 48 4
470 24 42 46 4
Comparative 410 22 30 35 12
test J 430 25 37 40 9
3 450 23 34 38 7
470 22 32 40 5
Comparative 410 8 41 47 32
test L 430 16 37 42 14
4 450 22 40 43 11
470 23 45 48 9

Table 2



The remai nder to 100 % of the selectivities correspond to the formation of
.CO and-Cd err] and optionally nethane, ethane and ethyl ene. EXAMPLES OF THE
AMVOXI DATI ON ‘OF PROPANE EXAMPLES 12 to 191ZAND COVPARATI VE TESTS 3 AND 4
Ammoxi dation of propane is carried out, as described above, by using, as
catal ysts, active phases conposed of the m xed oxides of the invention A,
Bl, B2, C, [EXBEMPLE 201 3 and the oxi des, not in accordance with the

i nventi on, JandL GO d|t|on ed W|th

catal ysts A, Bl Wﬂo&idﬁt s‘ﬁ?}? %ﬁ’ tﬁ'@%s out, cPe"“ﬁi’dﬁﬁ"y
vol ume rate —%’R)Obﬂ[é-rﬁ’i]ngl as catalyqtot a:lhqoraatamaephalse?: composed of -
conposi tion dhe \wHl#EE Bidd' Bf RHd 1WA B1.

15 %[err Herr] =25 % err] %
Oferr] =20% The specific condifions used are s!:[b@clffq Ow-m-t | ons
used with the cat al yst hdurly amtﬁarﬁﬁ&& f190gow-ng: - hourly
vol unme rate = 1200 h[e‘%] ?ngl ’bpressure = 1.3 bar -
conposition by volune o tﬁ%"eprreef(ﬁ"}r@n m C3H err] = 8
% NH[ er ompaition by volume of(the keactidmixture:
He =64% The t engeratyy g conditions and the results obtained
3ddg = _

NH, =10 %

0, = 20 %

HO =10 %

He = 30 %

The temperature conditions and the results obtained
are collated in Table 3 below.

Example Catalyst| Reaction [DC(C,H,)|S(ACN) |8 (ACN+ |8 (Ammox)
used |temperature| (in %) |{(in %)| C,H,) (in %)
(°C) | (dn %)
410 3 62 65 12
Example Bl 430 4 64 69 8
20 450 8 66 72 9
470 11 67 | 73 8

Table 3



are collated in Table 2 bel ow. II
16 . Exanpl es Cat al yst Reaction DC(C[err]H[err])"" ’ﬂﬂ’ﬂ#ﬂs

( Amox) used tenperaturgsg (in % (in %9 Clekr
(in % ([err]Q (in %
giO 15 39 47 20 Exanple A 430

45 49 16 12 LATMS 450 27
43 47 10 CLATMS 470 27 41
45 9 | 410 - 9 58 68
ig Exanpl e Bl ., 450Procé§)§) folr5 the p?e&:aratn.% of a %.xSed oxide,
470 xqemprisipng vanadium, antiqpny and tin and correspondxng 00
9 46  the SmpiricalSfoimmal®! €I) : B2 430 21
45 49 16 14 450 25 43
47 11 470 24 41 45
9 410 vSb,86,0,(I) 34 34 44
Exanpl e C 430 15 48 48 25 15
450 19 43 43 10 470
-30 36 in wigich: 8 410 7
2? 327 128 Eiaﬁﬁﬁfésents a Jhole or ffﬁﬁﬁifnal nuﬁbbr equéW’to
35 or greater than 0. 1470 21 43 43 16

.- b represents a whole or fractional number equal to
or greater than 0.5, and

- x represents a whole or fractional number
determined by the oxidation states of the other elements,
said mixed oxide exhibiting X-ray diffraction lines
characteristic of a erystallographic phase of the SnO, rutile
type, which process comprises:

- dissolving vanadium, antimony and tin compounds in
at least one saturated alcohol, o

- contacting the alcoholic solution thus obtained
with an aqueous solution comprising an ammonium salt, in
order to precipitate the mixed oxide, and

- separating and calcining the mixed oxide.

2. Process according to claim 1 wherein
a represents a whole or fractional number equal to or less
than 100 and b represents a whole or fractional number equal
to or less than 100. ’

3. Process according to claim 1 or claim 2 wherein
a represents a whole or fractional number from 0.5 to 50 and
b represents a whole or fractional number from 1 to 40.

4, Process according to any one of claims 1 to 3
wherein the soluble vanadium compound is chosen from vanadyl
acetylacetonate, vanadyl trichloride, vanadium trifluoride,
vanadium tetrafluoride, vanadium pentafluoride, vanadium
tribromide, vanadium dichloride, vanadium trichloride,
vanadium tetrachloride or wvanadium triiodide.



e

0 4w w3 57 Bam R Hllllllﬂ!lﬂl!ﬁﬂlllllHIll

55 | 55 35
58 23 4&% 18

ig Exanpl e U.4509roce§§0a§§ordin9220 any 5ﬁe of c§Z$ms 1 t$24
470 oWherein,&he solyble antimony compound is chosen from antimgny
32 28 pentathloride,9 antinoiy ¢richloridé, ant;mon939r1brqmid323

7 41 7
48 | 4 antimony tr;%%uor1de, antimo&yotriioagd24 antimggy trloigde
4 Conparati o st;bine. 410 - 22 30 35 12
Zggt ’3 J 346. 439§§cess aq%§rding $6 any ofif of claids 1 2§05
22 32 whergdn the solublgnpingcoppound is chosen fromgstannic g
41 47 chlordde, sta®dbus chloride or stannéﬁg bromide.l16 37
42 14 4 éio 22 4 43

11 7. Procesg;gccor n92§o any gne of ¢ glms 1 t096
Table 2 wherein the saturated alcohol is an alkanbXAbklEbyeloalkanol.

Amoxi dation of propage IS pgaead UibradBgieachRid F°GKErekY ¥RLNY: 25
catal yst, the active phHase conposed o0
saturated alcohol is an alkanol having from 1 to 6 carbon
atoms or cyclohexanol. |

9. Process according to any one of claime 1 to 8
wherein the alcoholic solution is mixed with an aqueous
solution comprising an ammonium salt so as to have a pH of
from 5 to 9, and the ammonium salt is ammonium carboxylate,
ammonium oxalate, ammonium carbonate or ammonium '

- hydrogenphosphate.

10. Process according to claim 9 wherein the pH is
in the region of 7.

11. Process according to claim 10 wherein the pH of
the solution is kept at a value in the region of 7 by
progressively neutralizing the acidity formed during the
precipitation of the mixed oxides using a basic compound.

1l2. Process according to claim 11 wherein the basic
compound is aqueous ammonia.

13. Process according to any one of claims 1 to 12
wherein after separation of the mixed oxide, the oxide is
calcined at a temperature of 400°C to 800°C.

14. Process according to claim 13 wherein the oxide
is calcined at a temperature of 500°C to 750°C.

15. Process for the ammoxidation of alkanes in the‘
vapour phase in the presenée of a s0lid catalyst comprising
at least one active phase, wherein said active phase
comprises at least one mixed oxide prepared by a process as
defined in any of claims 1 to 14.

16. Process according to claim 15 wherein an alkane
having from 3 to 12 carbon atoms per molecule is reacted in



the mxed oxide of the Imvention BT, @ ume rar="rach] L‘fe???ﬂﬂﬂmﬂﬂlllﬂﬂﬂlIHm

total pressure = 1.3 bar - (xnnxiytlon by vol une of t he feaktitn
ni xt ur e: : Cerr]Herr] = NH[err] =10 %
Oferr] =20¢he vapour phase WiEh'ifmomidOad@ oxygen. He =30 %

The tenperature condltlons and the resulis obtaiphed are collated in Table 3

bel ow.

( Anmox)

0

410 3
64 69
470 11
CLAI M5

Exanpl e 17cat BFSLBR-AEEPER nﬁ[f?l%ﬁ?}*{%ﬁr?#%?f¥ﬁ)& % (ACN+ S
alkane is puepdneteﬂpﬁsebutenéLn % (in 9% Cerr]Herr]) (in

62 185 Prgégéé]glﬁ§§ﬁ%?% to c%éiﬂ %@ or456'whereiﬂ,

in 8he reagbive gas, composed46f the alk@&ne, ammonia 7@&nd 9
oxyéZn tﬁé alkan conﬁent ig from 5 70 vols, tH&Pifimdnia
rocess ftor t preparation 0 m xed oxI de,

content 1s from 3 to 50 vol% and the oxygen content ig from 3
to 45 vol%.

19. Process according to any one of claims 15 to 18
wherein the reaction temperature is from 300°C to 550°C.

20. Process according to claim 19 wherein the
reaction temperature is from 400°C to 500°C.

21. A mixed oxide whenever prepared by a process as
defined in any one of claims 1 to 14.



_conprising VpRash meMRﬁwyl and tin and correspondi ng to the :

fornmula. (1): Jumml“emlm VSb[err]Sn[e T

whi ch: ts a whole or 2%actional nujr |

gteater than b represents a whole or frilacti ErErFFE '
equal to or greater than 0.5, and - X represenol e or
fractional nunmber determ ned by the oxigegreRcptates of the other elenents,
said m xed oxide exhibiting X-ray diffraction l'ines characteristic of a
crystal | ographic phase of t he an err] rutile type, which process

conpri ses: FOR \THE) PREPARA OF AMMOXTIN ATALY

| east one saturated al cohol - contacting the al coholic sol ut I on

t hus obtained with an aqueous solution conprising an anmoniumsalt, in
order to prefrpresse foxe thiex preprrationnef a mixed oxidpar apmglaﬁug

cal ci ni ng th@aﬁ‘a&‘iﬁmox a%@imony and tin Ehﬁcéa§r39§8fxd!lﬂ& t8 thal H&n%:.%é&@' n
a represents _a whqle or fractlonal nunber equal to or less than 100 and
represents a formmdag (I kact i onal nunber equal to or |ess than 100.

3. Process according to claiml or claim2 wherein a represents a whole or
fractional nunber fromO0.5 to 50 and b ggg:;sgn{f? a whole or fractional
nunber from1l to 40. 4. Proces W g to any one of clains 1
to 3 wherein the soI ubl e vanadi um conpound i s chosen from vanadyl

acetyl acet ongheqn gladyl trichloride, vanadiumtrifluoride, vanadi um
tetrafl uoride, vana I'um pent af l uori de, vanadiumtribrom de, vanadi um

di chl ori de, vanadi um tr B Flepriegentgapawhaket orr Searsiraelopuphsrdegual to

triiodide. or greater than 0.1,
- b represents a whole or fractiomal number equal to

or greater than 0.5, and

- X represents a whole or fractional number
determined by the oxidation states of the other elements,
said mixed oxide exhibiting X-ray diffraction lines

. characteristic of a crystallographic phase of the Sn0O, rutile
type, which process comprises:

- dissolving vanadium, antimony and tin compounds in
at least one saturated alcohol,

- contacting the alcoholic solution thus obtained
with an agqueous solution comprising an ammonium salt, in
order to precipitate the mixed oxide, and

- separating and calcining the mixed oxide.



19 5. Process according to any one of clains 1 to 4 wherein the
sol ubl e antinmony conpound is chosen from anti nony pentachl ori de, antinony

trichloride, antinony tribrom de, antinony trifluoride, antinmony triiodide,
antinony trioxide or stibine. 2. Process according to any one of
claims 1 to 5 wherein the soluble tin 1 ﬂpound I's chosen from stannic

chl ori de, stannous chl oride or stannous_brom de. 7. Process
according to any one of claims 1 to 6 Waii n the saturated al cohol is an
al kanol or cycl oal kanol .. 8. ess according to claim?7 wherein
t he saturated al cohol is an al kanol roml to 6 carbon atons or

cycl ohexanol . 9. Process acyf JJ to any one of clains 1 to 8
wherein the al coholic solution .is fg
an amonium salt so as to have a éﬁ
I s anmoni um car boxyl ate, anmoni um ¢
hydr ogenphosphate. - 10. 3R
is in the region of 7.

the pH of the solution is
progressively neutralizin
the m xed oxi des using a

0 9, and the ammonium salt
\oni um car bonat e or anmoni um
to claim9 wherein the pH
i W@yt o claim 10 wherein
of 7 by
precipitation of
cess according to

h. ¢ 13.

(p*ter separation of

t he m xed oxi de, the oxide
800[err] C 14.

calcined at a tenperatur
for the ammoxi dation
solid catal yst conpri si
phase conprises_at Igp
in any of clainms 1 t°Q
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16. Process according to claim15 wherein an al kane hav

i to 12
- car,bon, atons per nolecule is reacted in LACENE%H‘SHEETI

t he vapour phase with ammoni a and oxygen.

20

{
according to claim 16 wherein the al kane is propane or {i o %f
18. Process according to claim15 or 16 erein, in thg rfe 'EQV

S ———

=

conposed of the al kane, ammoni a and oxygen, the al kane{c nnt S fron‘5 to
70 vol % the anmonia content is from3 to 50 vol % and §{he oxygen content|is:

from3 to 45 vol % 19. Process according to any-ome—ei~—clains 16

to 18 wherein the reaction tenperatur ABSIRACIM 300[ err] C to 550[err]C.
20. Process according to claim19 wherein the reaction tenperature is from

L. AL o et e a0 LB <

Process for the preparation of a mixed oxide, comprising

vanadium, antimony and tin and corresponding to the empirical
formula (I):

V5b,8n,0, (I)

in which:

- a represents a whole or fractional number equal to
or greater than 0.1, _ "

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

-"x represents a whole or fractional number
determined by the oxidation states of the other elements,
said mixed oxide exhibiting X-ray diffraction lines
characteristic of a crystallographic phase of the 8nO, rutile
type, which process comprises:

- dissolving vanadium, antimony and tin compounds in
at least one saturated alcohol, '

- contacting the alcocholic solﬁtion thus obtained
with an agueous solution comprising an ammonium salt, in
order to preclpitate the mixed oxide, and

- separating and calcining the mixed oxide.

Figure 1



