PROCESS FOR THE AMMOXI DATI ON OF SATURATED HYDROCARB%Q%%%%&’ + Tk
The present invention relates to a process for tthe armnxidatioréﬁg_g;g,M
saturated hydrocarbons, that is to say the conversion of al kaneS {luto
a mxture 5 containing [err],[err]-unsaturated nitriles.
1t"is well-known to those skilled in the art that very many proposals
have been fornmul ated regardi ng t he anmmoxi dation of olefins and, in
articular, tha ool Qvever. . al.thaugb 10
Eydr ocar bons, mg&@éigﬁeg%&v MOXIDATION O 3 SR T : ageous
starting materials on the econom c scal e, it is also well-known that
they do not have a conparabl e reactivity in this type of reaction to

form especial ly [eﬁﬁkiiféééﬁt”$?$éﬁéﬁéﬂjfgfééé Yo algfocess One

of the difficulties encountered In the ammpx| dat i on sat ur at ed

hydrocarbons r¢girdesel SmhbRidation 'GF Sfstiddatidd My ddcarbdnaVenayaikabl e
catal ysts capabl e of dehydrogenating the saturated hydrocarbon

under conditi ogs whiCbh&i BbfivéLsén bf NElldirfed Mhtc?@ migeuRestion of the
amoni a and/or that of the hydr ocar bon whil e ensuring a reasonabl e
selectivit$p conteihbny &pf-twsatutated nitadilesated nitrile (targeted

pr oduct), for exanple for acrylonitrile starting from propane, or
for enhanced val ue produttsig sbellriomwioriad thoae [skidied 28 thel etkn), for

exanple, for acrylonitrile and propyl ene _
that very many proposals have been formulated regarding

the ammoxidation of olefins and, in pafticular, that of
propylene. However, although the satufated

10 hydrocarbons, which are more widely available, are more
advantageous starting materials on the economic scale,
it is also well-known that they do not have a
comparable reactivity in this type of reaction to form
especially «,f-unsaturated nitriles.

15 One of the difficulties encountered in the
ammoxidation of saturated hydrocarbons resides in the
necessity to be able tQ have available catalysts
capable_of.dehydrogenating the saturated hydrocarbon
under conditions which minimise or eliminate the

20 combustion of the ammonia and/or that of the
hydrocarbon while ensuring a reasonable selectivity
either for o,f-unsaturated nitrile (targeted product),
for example for acrylonitrile starting from propane, or
for enhanced value products (abovementioned nitrile and

25 olefin), for example, for acrylonitrile and propylene
starting from propane.. |

It has already been proposed, in American



starting from propane. It has already been proposed, in
Anerican 2 Pat ent No.

3, 365,482, to amoxi di se, especially i sobutane to nethacrylonitrile,
on a nol ybdenum based catal yst deposited on eta-alum na, doped with
ant i nony, at 508[err]C, starting frgm a gaseous m xture containing
5 i sobutane, air, ammonia and steam (1.0/4.5/1.0/12.5); t he
selectivity foﬁmﬂﬁ&ﬂﬁ§ky'%”b%gtggzgféshsﬁmé313§£é¥ esﬁﬁﬁﬁ%il-egree of

conversion of the 1 sobut'ané~o g froma )
gaseous m xtur a ' . L al 0. 67/12.8),
with the sane qub“%ag‘t%a?%?eéﬁ8°§?1§égfg$%t,é‘%ﬁ%rﬂs‘gﬁ%’é’% \}“I}{ %a%g.{r acryl o-
nitrile falls U f €8n 0L+ £ 0. b.oN : e of 29
% T o P P O BRENT Wop el T oy g BuRR® O\ 2
witers testedat Gosgtits a¥aRkifg! EPOMOL FAHEGHE hiktuke odri@ivaRur phase,

mul ti conponent netal oxides cont ai ni ng nol ybdenum and bi snut h and
having a- 5  iscbutiane¢ afir|hamhghtaoind dtesrh 6r/uepl.iga..dL2amears
that, despite the relatively noderate tenperatures used, the
proportion of dhebsslectiplbgufors pé&Ehackyronirildd reachesecds % goxin al |
cases (at least 15 % and that certain catalytic conpositions tested
have very |ittlaedegree goft conversion ofsthetissbutanalesf 122 %.eacti on,
despite bei ng used under conditions which are in the expl osive

_ Starting from a gaseous mixture of propane/
air/ammonia/steam (1.0/4.7/0.67/12.8),'with the same
10 catalyst ana at 550°C, the selectivity for acrylo-
nitrile falls to 15 % for a degree of conversion of the
propane of 29 %.
In “Chemistry-Letters, 1989 (pp. 2173-2176)",
the writers tested, for the ammoxidation of propane in
15 the vapour phase, multicomponent metal oxides
containing molybdenum and bismuth and having a
structure of the type of that of scheelite. It appear§
that, despite the relatively moderate temperatures
used, the proportion of combustion products (CO, CO,)
20 is very high in all caseéi(at least 15 %) and that
certain catalytic compositions tested have very little
activity with respect to the desired reaction, despite
being used under conditions which are in the explosive
region or very near the said region.
25 It is obvious that the coproduction of large
quantities of CO and CO, is undesirable on the
industrial scale.

In addition, the use of reaction mixtures



region or very near the said region. 25 It is obvious that the

copr oduction of |arge quantities of CO and CJerr] is undesirable on
the i ndustrial scale. In addition, the use of
reagti on m xtures ' 3 whi ch
are in the explosive region is even |less desirable on the industrial
scal e since the process is used in & statlonary bed.

- A-5, 008, 427 d dat f
propane or 1 SolTH: 475 18 ther sPpROREFR) roRkar Fa S ROMAN i 1i | o by

reaction in th séf.[%lf:rle on th@hi‘ﬁﬁugﬁ:waf’%?& o A0Eh MU gl %éé?ae iy esence

of a cata comprising vanadi'um ~antinony,” oxygen —an

titani um and/ or,ddq 13 d/ grtaltg_g a%gdf,g& chromumand/or 10 gallium and
optionally one or nore other e chosen from 23 very diverse

netals. Apart fromthe paten¢OtBOALE| 0080427 GebdtMeSla PrdB¥ For
" characteristics of the process described in this docunent are the

cal ci nati ors t ergiy aimoxidatiba 6&t ?kupanevwsi.-cmma:m tol5 at |east
780[err]C, and the al kane/amonia (from2.5 to 16) and al kane/ oxygen

(from1 to 10) ayf-mnsazuirated mononitrile by déactivmcas the wapouwke it
"possible to obtain - good productivity with regard to unsaturated
nitrile \phiamea wikhabxygenhand smesniatimgthempredence 24X a
However, this docunent, which is thus -
catalyst comprising vanadium, antimony, oxygen and
titanium and/or tin and/or'zron and/or chromium and/or

10 gallium and optionally one or more other elements
chosen from 23 very diverse metals. Apart from the
composition of the catalyst, the main characteristics
of the process described in this document.are the
calcination temperature of the catalyst, which must be

15 at least 780°C, and the alkane/ammonia (from 2.5 to 16)
and alkane/oxygen (from 1 to 10) molar ratios.

This process would make it possible to obtain
good productivity with regard to unsaturated nitrile
with a catalyst which does not-agglomerate.

20 ' However, this document, which is thus
essentially centred on operating conditions such as
calcination temperatufe or reactant ratios, does not
make it possible more particularly to select
compositions containing an active phase which makes

25 possible good selecti&ity for unsaturated nitrile.

It thus remains desirable to have available a

process for the ammoxidation of alkanes which makes it

possible to obtain, with an appreciable selectivity, a



essentially centred on operating conditions such as cal cination

tenperature or reactant ratios, does not make it possible nore
particularly to sel ect conpositions containing an active phase which
makes 25 possible good selectivity for unsaturated nitrile.

It thus remains desirable to have avail able a process for the
ammoxi dati on of al kanes whi ch nmakes it 4 possible to obtain, with an
appr eci abl e selecéivit

T xture of enhdHEEITEaPhc SBPARGEEVRERE FTAMFSH, (OtALAiAe pp o A
t ted nitril ' ' i t.r4.l.e, ol € s s ' th
"osces i st ar pgaturpReBopiLEnIEr A afRddldf adiuchicrite, SAMTETD, €

of oxides of ¢ (ol : ' i able to
Y, &éngug e losses in_éévﬁ?%#?t gﬁ%g%?dQ%%PanQ§§'E§

have ~availa a process in\ ! al yst woul d
be relatively g Hals@1t0cR’ €RE" EoPRtle B61 | V€ dbiddl of carbdRsence of

hal ogenat ed pronoter and for gas m xtures whi ch are not necessarily
in the explsosive region. 1tlQould also be HighBrliswiradld e maveent

i nvention is thus a process for the ammoxi dation of al kanes in the
vapour plagadlablehgupheacproceds als Grhible ailnd wailicbrfatialysg at

| east one active phase, characterised in that the said active phase
corresponds towonddf bel velativebyrsimple 1o prepand and mctive in the
VSb[err] M err] Ox (1) i n which:

absence of halogenated promoter and for gas mixtures
which are not necessarily in the explosive region.

10 The subject of the present invention is thus
a process for the ammoxidation‘of alkanes in the vapour
phase in the presence of a solid catalyst comprising at
least one active phase, characterised in that the said
active phase corresponds to the following empirical

15 formula (I):

VSb_M, 0x (1)
in which: | |
- a represents a whole or fractional number
equal to or greater than 1,
20 - M represents an iron and/or gallium and/or
indium atom,
- b represents a whole or fractional number
equal to or greater than 0.5, |
- x represents a whole or fractional number
25 specified by.the oxidation number of the
other elements ;f the active phase.
Preferentially; in the formula (I) of the

active phase described above:



- a represents a whole or fractional nunber equal to or

greafer than 1, 20 - M represents an iron and/or gallium and/ or
i ndi um at om - b represents a whole or fractional nunber
equal to or greater than 0.5, - X represents a whole or
fractional nunber 25 specified by the oxidation nunber of the
ot her elenents of the active phase. 5 Preferentially, in the

formula (1) of the ctive g?ase descri bed a

b : )
5 L Uhé synbBE BYPBBY o8 cTERESASRER & Ofigte,ax fractional

nunber up to 20 and is preferabl et yeen . and 1

- the synbol b represeﬁ?gggrmﬁﬁlg°o¥§f?%ét*%nﬁﬁefeﬁ?bly between ﬂunber up
to 20 and is preferably pgiwegn 1 and 10.

Among the netals represented by Min the formula (1) of the active

phase, iron is geneLallythe symBbE/EI£&SkESedtl S G D222t Bhal

selectivities for 10 wunsaturated nitrile and for ethylenic hydrocarbon to

be olgt ai ned, whil enlia¥ef0ugoed 26tand tds preferably betweefCd0rding to
the present invention, acyclic sat ur at ed "hydrocar bons having from 3
to 12 carbon atons afpd@r10vl ecule are reacted in the vapour phase with

Among the metals represented by M in the
formulg (I) of the active ﬁhase, iron is éenerally
preferred as this enables exce;lent selectivities for

10 unsaturated nitrile and for ethylenic hydrocarbon to be
obtained, while having.good activity.

According to the present invention, acyeclic
saturated hydrocarbons having from 3 to 12 carbon atoms
per molecule are reacted in the vapour phase with

15 ammonia and oxygen in the presence of a catalyst whose
active phase has just been specified.

Of course, in the cohtext of the present

'érocess, it is possible to use diluent gases which are
inert under the reaction conditions, such as helium,

20 nitrogen and argon. Likewise, steam can be added to the
gaseous reaction mixture within wide limits. The
reactive gas (saturated hydrocarbon, ammonia, oxygen)
can thus be diluted with an inert diluent and/or with
steam. In this mixturé, Ehe content of steam can vary

25 within wide limits, in particular from 0 to 50 % and,
preferably, between 3 and 30 %. For a good
implementation of the process according to the

invention, the content of reactive gas will be at least



15 _ammoni a and oxygen in the presence of a catal yst whose active

phase has just been specified. O course, in the context of
the present process, it is possible to use diluent gases which are

i nexkt under the reaction conditions, such as helium 20 nitrogen and
argon. Likew se, steam can be added to th gaseous reaction m xture
wthin wwde |imts. The reactive gas (saturated hydrocarbon, ammonia,
oxygen) %R QA phRrdrbHigdatiifagl 206! diluent and/or with

steam In this mxture, tﬁe content of steamcan vary 25 wthin wde

limts, in particular frageRihotRE Paddive gas Pridie@¥pectitieen 3 and 30
% For a good I npl enmentati on of the process according to the

i nvention, thecoptleatt 6 ba8Gta¥ed dapdibddrith Alarn®dSla and oxygen

6 3 %and preferably at |east 20 % Wthin the
reactive gas, klan vaspewithén wide Iimitsi s of saturated hydrocarbon,
ammoni a and oxygen can vary within wide limts. 5 The
content of 5saturated hydTheactntent ¢fiesaturateddntdrocaybon dnpthker abl y
between 5 and 70 % That of . amonia is preferably between 3 and 50 %
and that of  reacgiygegassiprprefemablyhetwaers SamdiF00%. That of

For a good inpl enentation of the frocess 10 according to the invention,
the conpositi of®BPRiReis preferakiy Petwearur: and 150 & emdsithatt BE expl osi ve

i on. Regar di ng t he_ampxi dati on of propane in the absence of
regro oxygen ig preferably between 3l;né)45 %.

For a good implementation of the process
10 according to the invention, the composition of the
reaction mixture will be outside the explosive region.
Regarding the ammoxidation of propane in the absence of
inert diluent, the composition (propane, oxygen,
ammonia) will be advantageously chosen from inside the
15 quadrilateral ABDE which appears in the ternary diagram
ABC represented in the appended Figure 1.

In this ternary diagram, segment AB
reﬁresents the ammonia conﬁent from 100 % to 0 %;
segment BC represents the propane content from 100 to

20 0 %; segment CA represents the oxygen content from 100
to 0 %. Point D, situated on segment BC, corresponds to
a propane content of 45 %; in the binary system |
(propane/0,) ; point E, situated on segment AC,
corresponds to an ammonia content of 79 % in the binary
25 system (ammonia/oz);

Segment DE marks off the ternary diagram into

‘two parts: a triangle CDE within which is éituated the

explosive region (determined at 1 bar and at 25°C) and



i nert diluent, the conposition (propane, oxygen, ammonia) wll be
advant ageously chosen frominside the 15 quadril ateral ABDE which
‘appears in the ternary diagram ABC represented in the appended Figure
1. In this ternary diagram segnent AB represents the
ammoni a content from 100 %to 0 % slegrrent BC represents the propane
content from 100 to 20 0 % segnent CA‘represents the oxygen content

f 100 Q %..Pqint D, . Si.t t BC t

argin opane cont eén?quoa‘dquf‘g' a%er:]:-ia% ﬁéﬁbﬁﬁgﬁsngngig‘&n@e c°%$sg’£)%’ﬁ°s ae?r] ;); f
. . _ ! t ant

S % i n the. b e ¥estti¥ laaBons mixtfh S2PPMBvARATLAIE MY O] T ©

DE marks of f thahdgdmnary diagraminto two parts: a triangle CDE
within which is situated the expl osive region (determ ned at 1 bar

and at 25[err]C) and _ Regarding the ammoxidation of propane in' the a
quadrilateral ABDE within which the conposition of the reactive

gaseous ni @ ur exddencedeiningeeuaiyubfit gas(e§)0&ed/or of steam, it
Regar di ng the anmmoxi dati on of propane in the 5 presence of inert diluent
gas(es) and/ or wifllsbeamdviisable towdetebminevitkebdampasiteion ifaHehe
conposition of the ternary m xture (propane, oxygen and anmonia) in
or der t 0 termaglye mitiuret {prapanereokxyger danid capmonialhdm tdmier
di l uent gas and/or the steamis in | ow proportion. _
to situate it in the abovementioned diagram, when the
diluent gas and/or the steam is in low'proportion.
10 Regarding the ammoxidation 6f propane by
means of air as the oxygen source, the composition
(propane, air and ammonia) will advantageously be
chosen inside the quadrilateral ABFG which appears
within diagram ABC represented in the appended Figure
15 2.

In this second diagram, segment AB represents
the ammonia content from 100 % to 0.%; segment BC '
represents the propane content from 100 to 0 %; segment
CA represents the air content from 100 to 0 %. Point F,

20 situated on.segment BC, corresponds to a propane
content of 16 % in the binary system (propane/air)}
point G, situated on segment AC, corresponds to an
ammonia content of 35 % in the binary system
(ammonia/air).

25 Segment FG marks off the ternary diagram into
two parts; a triangle'CEG within which is situated the

explosive region (determined at 1 bar and at 550°C) and

a gquadrilateral ABFG within which the composition of



10 Regar di ng t he ammoxi dati on of propane by nmeans of air
as the oxygen source, the conposition (propane, air and ammonia) will
advant ageously be chosen inside the quadrilateral ABFG which appears
Wi thin di agram ABC represented in the appended Figure 15 2.

In this second di agram segnent AB represents t he ammoni a cont ent
from1l00 %to 0 % segnent BC represents the propane content from 100

to 0 % segmentyy reaé@&v%?%%%%%ﬁ%smﬁggugérw ?ft§&$?ﬁéé§?g&§i§(b % Point

F, 20 situated on segmen responds Content of
16 %in the bi nadgdgexy,St em (propane/air); poi nt G situated on segment
AC, corresponds to an anmoni a content of 35 %in the binary system

(ammoni a/air). 25 This se2B8HHEALafinibeksl Obé U LB Nale/ dl0r am
into two parts; a triangle CFGwithin which is situated the

expl osi ve regi avhe(ieittieTioxydenydlliant 298s dhiobOt € ddxdesfbhds to ah
qguadrilateral ABFG within which the conposition of
8 t hé5 r eantyigen gontent equivatent| toathabtefeths aibe(= 21 % chosen.

This second diagramwi || be used in the case where t he oxygen/di I uent
gas m xture corxygemidort dnathe Sassywyhereothimtmixfine|imtdafidikat of the
air ([err] 21 % oxygen) or in the case where this mxture is
defi ci ent in oxygen wlth respect to the air.

Starting from propane, a mixture will be
obtained containing essentially propylené and

10 acrylonitrile. Acrylonitrile is an intermediate
produced industrially on a large scale, propylene is a
starting material traditionally used to produce
acrylonitrile and varidus other intermediate products
well-known to those skilled in the art.

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

The process according to the invention is
more particularly suitable for the ammoxidation of

20 propane.

If the saturated hydrocarbon used can be of
technical grade, it will not contain significant
quantities of compounds containing ethylenic
uﬁsaturation. Thus, the propane involved will only

25 contain trace amounts of propylene.

The process according to the invention is

carried out in the form of a vapour phase reaction.

Consequently, any device suitable for carrying out



In oxygen with respect to the air. Starting from propane, a

mxture will be obt ai ned containing essentially propylene and 10
acrylonitrile. Acrylonitrile is an internedi ate produced industrially
on a large scale, propylene is a Starting material traditionally used
to produce acrylonitrile and various other internediate products
wel | -known to those skilled in the art. ®5 Starting from

i sobut ane, a mxture w.l,l be \ bt ai ned cont ai ni met hacryl Qnitrile
and i sobut ene JRO%x: atr"f‘-°5‘ut°é‘n8§.:"dag1°n reactions "I‘hergb? ovcaé%@‘%@ ng to
the invention i oy € rLi Larl itable for the ammoxi dati on of
20 propane. chn be u ' Tﬂ?fbkﬁgeggté?égé% %%éﬁ%ﬁéu%éklused can be of

techni cal gr ad%oﬂéiﬂ@dx{?yl&gtﬁrcBB&@EHtEhQQJE%%g%% itrhcuasrfl‘i:fcﬁ@:tiisees tHe

conpounds containing et Ic unsa , propane
i nvol ved wi Il Glde/ o2 sta@ibakPy! badCoRTOENS SENtiPIARY IBRE.
The process according to the invention is carried out in the form of

a vapour plgse reaction. The reabRi&f0HERbLYat@FY Lif\Gditerili 12 Neétvedhn
gﬁ%i: ggt iOch)tn or3meiuzlamidolssneechhanSpicaféhebyppmw&as63590°c am@Bn be used.
“The process can be carried out continuously or noncontinuously and it
can conprise tis90°C.

Thé total pressure of the reaction mixture
can be greater than or.equal to atmospheric pressure.

10 It is generally between 1 and 6 bar and, preferably,
between 1 and 4 bar.

The gas flow rate is fixed such that the
hourly volume rate is between 100 and 36,000 h™! and,
preferably, between 200 and 20,000 h71.

15 The hourly volume rate is defined as the
ratio total gas volume/volume of the catalyst/hour.

Of course, those skilled in the art will be
able to find a compromise between the temperature, the
gas flow rate, the precise natﬁre of the catalyst used

20 and the various other parameters of the reaction taking
into account their production objectives.

In the proceés according to the invention,
the catalysts can be prepared or used in the following
way .

25 An active phase consisting of é mixed oxide
‘containing the elements V, Sb and Fe and/or Ga and/or

In is first synthesised.

This active phase can optionally be deposited



use of a stationary bed or of a fluidised bed. 5 The reaction
tenperature is generally between 300[err] C and 550[err] C and,

pref erably, between 350[err]C and 500[err]C. The
total pressure of the reaction mxture can be greater than or equal
to atnospheric pressure. 10 It is genﬁbally between 1 and 6 bar and,
preferably, between 1 and 4 bar. The gas flowrate is

fixed h th t . rly. vol JAale 5.0 . kO 000
nlerr] and, | on B8 iporapffd’ sldd dTHE i3 S R A P8R gakte

The hourly vol ygRgLaiRi bR ggf]}zﬁﬁﬂiaéo Wifose skil1dd 9.62 eha! ag8s spch
vol unme/ vol une of the catal yst/hour. course, those

skilled in theaglt suk! bxdfple, aluibra,! BiliRG,a 49TRRIELBAIAGE Ween the
tenperature, the gas flowrate, the precise nature of t he catal yst

used 20  andzibEodfé] OtérDES S mi MR, C M tanike okddet beNniakiafl
I nto account their production objectives. In the process

accordi.ng 60 tbrideyebyiwsing varidue teihalignies kmowhetpr epased or used in
the foll ow ng way. 25 An active phase consisting of a
m xed oxi de skiltedt i ntlng ate, duwleriss iviprégnatdohcoandéposiaiand/ or
Inis first synthesised. This active phase can optionally
be deposited by "slurry". 10

The catalytic phase, consisting of the active

phase alone or of the active phase deposited on an
10 inorganic oxide or mixed with the said inorganic oxide,
can then be used in the bulk fbrm or in the particulate
state; it can thus bé used in the powder form or can be
put into the form of, for example, balls, pellets,
ektrudates or crushed particles, according to various
15 known techniques.

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

20 For an implementation of the procéss in a
moving bed or in a fluidised bed, the catalytic phase
is generally formed by spraying, drying and
calcination. |

The catalytic phase thus formed or existing

25 in the powder form constitutes the catalyst according

" te the invention. |

When the catalytic phase comprises the active

phase deposited on an inorganic oxide or mixed with the



on an inorganic oxide or mxed with the said inorganic oxi de which is
known to those skilled in the art, such as, for exanple, alum na,
silica, silicalalum na, zirconia, cerite, nmagnesia, titanium oxide or
niobkium 5 oxide, by using various techniques known to those

skilled in the art, such as inpregnation Qr deposition by "slurry".
The catal ytic phase, consisting of the ackh ve phase al one or of the

active phase deégq_%i t_i_ggrggﬁilghoi %e, igow&f%g‘g%&%(éﬂaﬂgﬁ%% wﬁtn’[]htehe sai d

I nor gani ¢ oxi de, en- be’ use orm-or

particul ate consif?! Cin! b E2Agi8USE e}“%ﬁ"thﬂH%ﬂgﬁﬁge%hLOE QfeCan be
, ?e, alTs, pel a

put into the formo for exanp ets, extrudates or

crushed particlglge?anl dePdsiLiNg i0Usn tire ﬂie.cfyaeimeag
For an inplenentation of the process in a stationary bed, these

techni ques cannfiingOhitewRfR! €he said DES+RIAIY ¥ideLating on an inert
support or on -ceramc or netal substrate of nonolithic type. 20

For an inplsenent ati on of Ihhehat OE6TFows, dthe syntHeFi) JFedher ackive
flui di sed bed, the catal ytic phase is generally formed by spraying,
drying and phasel andajitsndeposition on the iHvergmaiial wikidepbasétihus
formed or existin 25 I n the powder form constitutes the catal yst
accordi ng migdnghwithvthei smid inorganic oxideNwdillt be Edratytic phase
conprises the active phase deposited on an inorganic oxide or m xed
with the described separately, but the description will also

apply to the variant of synthesis of the active phase

10 in the presence of the inorganic oxide.
The preparation of the active phases used in

the process according to the invention can be achieved

by various known techniques, such as mixing of suitable

salts or oxides of the various elements in water or in

15 another solvent, followed by evaporationlto dryness, or
by precipitation by addition of a base such as aqueous
ammonia or of an acid such as hydrochloric acid, or
-épraying of a suspension obtained after mixing the
suitable salts.

20 The most commonly employed suitable salts
contain anions and cations which can, for example, be
decomposed by heat during the subsequent stages.

Examples of suitable salts or oxides of
vanadium which may be.mehtioned are ammonium vanadate,

25 vanadium oxyhalides such as VOCl,, VOCl,, (vbz)c1, vocl,
VOBr, VOBr,, VOBr,, VOF, and VOF,, vanadium halides such
as VF,;, VBr,, VCl,, VCl,, vcl,, VF;, VF,, VBr, and VI,,

vanadyl sulphate, vanadyl acetylacetonate, meta-vanadic



said inorganic oxide, a variant of preparation can consist, in a
S|ngle stage, in synthesising the active phase and depositing it on
the inorgani c oxide or mxing it wwth the said inorganic oxide. 5
In what follows, the synthesis of the active phase and its deposition
on the inorganic oxide or its nixing with the said inorganic oxide
will be first descri bed separately, 1But the description will also

apply to the varia t of synthesis of the active phase i n, the presence
of the inorganii® 3/rb°nylvanadlumTh¥aﬁP€§£r5?%6%°BF°??EP%&£|ve

phases used in rocess acco ding to t | nveption. can, he achi eved
by vari ous knovﬁf"‘?e‘@ﬁﬁ%d‘g% "s’ﬁ%? ?‘Fn&@!' B&Q@amg& 902' 3’&2 s or

oxi des of the v elenents in mater or in 15 anot her sol vent,
foll owed by evaporatia@dn to dryness, or by precipitation by addition

.of a base such as aqueouq?c 1es2UF 2,3 ¢ g%%gfsggtgc%g S @egs ydrochlorlc

acid, or spraying o suspen3|on obt'ai ne M XI Ng

sui t abl e sakts.an¥ihony which may!Bbe He EzBﬂQHDQ#X gﬁg&ﬂg&ﬁ SU|tabIe salts

contain ani ons and cat’i ons which can, or exanpl e deconposed by
heat during theotpdissprice, Sntd@id>ny halides such asESE‘ﬁP Lspd1 suitable

salts or oxides of vanadi um whi ch may be nentioned are a ni um
vanadate, 25 \sbmdi $BI xyBBti £ SSlRIC lands [ @htimo Gl Bblidte,
(verr])d, vaod, 3 VCOBr QVCBr[err] !%Ei[err], VOF[err] and VOF[err],

vanadlun1halldesntiudny acetate, VihsﬁmbnyVBakerate.\ﬁitfméﬂy &hdeidd,,
VG [err], VF[err], VF[err], VBr[err] and Vl[err],
antimony butoxide, the gthylene glycol derivative of
10 antimony, antimony oxysulphate, or antimony oxides such
as 8b,0;, Sb,04 or Sb,0;.

Examples of suitable salts or oxides of iron
which may be mentioned are iromn nitrate, iron
perchlorate, iron oxychloride, iron halides such as

15 FeCl;, FeCl,, FeBr;, FeBr,, FeF;, FeF, and FeI,, iron
phosphate, iron sulphate, iron iodate, pentacarbonyl-
iron, iron acetate, iron acetylacetonate, iron citrate,
iron formate, iron gluconate, iron glycerophosphate,
iron lactate, iron malate, iron methoxide, iron oleate,

20 iron oxalate, iron tartrate, iron 2-ethylhexanocate, or
iron oxides such as Fe,0,, Fe,0, or FeO.

Examples of suitable salts or oxides of
gallium which may be mentioned are gallium nitrate,
gallium perchlorate, gallium oxychloride, gallium

25 halides such as Gaci3,'GaC12, GaBr;, GaF; or GaI,,
gallium sulphate, gallium acetate, gallium
acetylacetonate, gallium oxalate, or gallium oxides

such as Ga,0; or Ga,O0.



vanadyl sul phate, vanadyl acetyl acetonate, neta-vanadic

12 aci d, hexacar bonyl vanadi um vanadyl triisopropoxide, and
vanadi um oxi des such as V[err]err], Verr](err], VO VJerr],
Vierr]Jerr] and V[err](err]. Exanpl es of
suitable salts or oxides of 5 ant i rmn\p/_ whi ch may be nentioned are
anti nony oxychl ori de, antinony hal fdes such as SbBr[err], Sbhd[err],

SbF[err], Sbl[err], Sbd [er SbF[err], and Sbl[err], anti nony sulphate
antimony acetate, anti rmrﬁf‘af“lé?]t f sé’ﬂ-ttlaf‘?&ﬁysé&ﬁﬁxf’ﬂe°x’-des Sfant i mony

b Ide, th hyl | d t n ant i nony

og;gﬁ: pﬁatfa eo(rat ene‘%gll%io %Leluvanlt\i%n%d §rf3bf'ﬁaﬂ”g’é+¥f Cep[ err] qderr]f
b t i des o

?:oﬁ Lerrl qerr%ndlumbpeerrfehn °|roarFeed are ?l"%haﬁif'a?gfghc r%% f:%i &Eﬂ@ﬁl’or at e,

' hi | | I
L3 o0y S ol Sk iy L, Shcer

‘phosphate, §r onisdi @R P osgHate, A%A1Gm Qﬁ&baseabomamm qT,oda\':éon iron
acetate, iron acetyl acetonate iron citrate, I ron orrrate i ron

gl uconate, ironifdieerEuadY)atiddiun acekiyick8shate, in@lumel ate, iron
met hoxi de, iron oleate, 20 iron oxalate, iron tartrate, iron

2- et hyl hexanoatmetisxide, ox rimdiwx dxidescBudh &e[enfd.Gl am,b. okefaor] Jerr]
or FeOQ Exanpl es of suitable salts or oxi *des of

gal liumwhich may be nmentThenecttive phhbeulsngénetally syntlg@éiseunby
perchlorate, galliumoxychloride, gal i um
the so-called evaporation method, in the following way: o

10 an aqueous suspension of the suitable salts or oxides
is prepared and the suspension is evaporated by heating
between 20 and 100°C until a viscous paste is obtained,
which is dfied. The precursor thus obtained can then be
ground and calcined between 200 and 1000°C. The active

15 phase thus obtained can then, after cooling, be ground
so that its particle size does not gxceéd apprbximately
400 um.

The precursor can also be obtained according
to a variant comprising precipitation with addition,

20 for example, of agqueous ammonia or of hydrochloric
acid, during or at the end of mixing of the salts or
oxides. It is preferable to heat the suspension between
20 and 100°C to bring precipitation of the species to
completion.

25 The suspension obtained can be evaporated
according to the conditions described above, or

filtered and washed. The péste or filtration cake,

which are obtained respectively by evaporation or by



25 hal i des such as GaCl[err], GC|[err], GBr[err], GF[err] or Gl[err],

gal | i'um sul phat e, galllunlacetate, gal I'i um acetyl acetonate, gallium
oxalate or gallium oxi des such as Gferr]Jerr] or Gferr]O

13 .- Exanpl es of suitable salts or oxides of i ndi um
whi ch may be mentioned are indiumnitrate, I ndi um perchlorate, indium
hal i des such as InC[err], InCJerr], i4 InCI InBr[err], InBr[erg],
InBr, InF[err],_JlInl[err], In[ferr] or |nd|un1phosphate i ndi um
sul phate, i ndi Fh} n, are theg; Gﬁ?‘a@et%’c’%‘m‘?rﬁiﬂ R I’5}?"acetonate

I ndi um met hoxi r indium des sych a [err CIerr In[err]O or
I nO a°°°rdcln$h3 oaehe EopiLLoRe “Yenerihed

the so-called ey I thod. in.the follo aqueous
suspensi on of t%ogﬁgeﬁ: Bl é‘ﬁgar-' gpgrakiond Sthsy! r\?% %’%’eepaﬁ%eed aé%d‘ YFhe
suspension is 2 Qrated by heating bet ween 20 and 100[err]C until a
Vi scous paste i's talned which is dried. The precursor thus

obt ai ned capn then be Thigl QHRS @ Cé %é)@{gfﬁqu %}S,OJBQQ G The
active 15 phase thus obl?'al ngg ga% ﬁf Cc00 ﬁz%b oun%

so that its pardn en@ %h:za.oilaegnaegaﬂee@ﬁ;&wr&wm He/ mixed wit® [errim

The precursor can also be obtai ned according to a variant conprising

preci pi tation whieh indeighn®8, ox28e (sf OWhER Gt & krifwrd He WhosaBRi1d e Of
hydr ochl ori c acid, during or at the end of m xing of the salts or
in the art. By way of examples of inorganic oxides
capable of being suitable for the preparétion of

10 catalysts which can be used in the context of the
process according to the invention, there may be
mentioned, in a nonlimiting way, alumina, silica,
silica/alumina, zirconie, cerite, magnesia, titanium
oxide or niobium oxide.

15 The deposition on these oxides or the mixing
with these inorganic oxides can be carried out by
various known techniques; such as, for example,
impregnation or deposition by "slurry".

The quantity of active phase, which can vary

20 within wide limits, is iﬁ'practice between 5 and 100 %
and preferably between 10 and 50 % by weight with
fespect to the combined active phase + inorganic oxide.

- Another method commonly used in the context
of the invention is the mixing of the inorganic oxide

25 with the suitable salts or oxides of the various
elements of the active phase according to the
conditions described above in the context of the

preparation of the active phases. Once this mixture has



oxides. It is preferable to heat the suspension between 20 and
100[err]C to bring precipitation of the species to conpletion. 25
The suspensi on obtai ned can be evaporat ed according to the conditions
descri bed above, or filtered and washed. The paste or filtration

cake,

14 filtration, are then dried, gro

whi ch are obtai ned respectith% by evaporation or by

and cal ci ned according to

t he conditions _described above in the context of .the _evaporation
method, to gi vé&&STe ™86, the precyrgeE cancbe obtained byitheyd9-e phase

ti [ 1 be .d ited .. oxj des or
mixed with O called e¥aperation, PRCPTCHRT LAELTR Bro AL EBD| | | od

on one, of. nobye inorganic can be

1 21 o g e B BEPASS, oy LORLERR) CuPi ion aze, SR Bt

suitable for the prepara

context of thegrie " %\E‘Qﬁﬁﬁsaﬁﬁcgégéme& Oaé%%%%ﬁ’f g %engﬁrcﬂtql%\‘xsb €

mentioned, in a non

ting way, um na, I'ca/al um na,

zirconia, Gerildescti8Ra8ShBovh! LANEHE contex*d £ Ky \HE%H ioH g 15
The deposition on these oxides or the m xing th these 1 norganic
oxi des can be Qﬂﬁ{h@diqgtphxses. vari ous known techni ques, such as, for

-exanpl e,

10

15

20

25

| npregnati on or deposition by "slurry".
The active phase, alone or deposited on an

inorganic oxide or mixed with an inorganic oxide such
as those described abo#e, constitutes the catalytic
phase.

The catalytic phases involved can be used in
the bulk form or in the particulate state. These phases
can therefore be used in the powder form or can be put,
for example, into the form of balls, pellets,
extrudates or crushed particles, according to various
known techniques.

For an implementation of the process in a
stationary bed, there may be mentioned, by way of
examples of techniques which are possibly suitable for
the preparation of the catalysts which can be used in
the context of the process according to the invention:
pelleting or coating oh an inert support or on a
ceramic or metal substrate of monolithic type.

The catalytic phases according to the
invention can, for example,lbe shaped by:compression,
so as to obtain pellets. These pellets can then be
optionally crushed into ffagments. The precise values

of the pressure, diameter and thickness of the pellets



The quantity of active phase, which can vary 20 within wide limts, is in
practice between 5 and 100 % and preferably between 10 and 50 % by
wei ght with respect to the conbi ned active phase + inorganic oxide.
Anot.-her nethod commonly used in the context of the invention is the
m xing of the inorganic oxide 25 wth the suitable salts or oxides of the
vari ous el enents of the active pha according to the .
condi tions desgrisb bove in the cgntext of the eparation of the
active phases.géﬁbégfgfgxﬁiﬁ%ﬁ?é°$mé§e f%agments can be Bhoken gy

15 been 'Eﬁgge. Eﬁflfé&cﬂsﬁ%%\: ﬁe&%ﬁ@#@eﬁp@ﬁ itgg %géegtgFlfcal led

evaporation or precipitation e ast he

filtration cakgrgggﬁgeaafoﬂbiﬁjgﬁglfgéa or dried, ground and cal cined
according to the conditions 5 described above in the context of the

preparation of t heTRét bya PERESShases according tolBBeactive phase,

al one or deposited on an I norgani ¢ oxide or mXxed with an inorganic
oxi de suchs  invefitibAsCaslesTdc 19el RdpvEited vl ahuiferthguppbetybic. 10
phase. The catal ytic phases involved can be used in

t he bul k form cani noabeiparThe nasitvretc chifheuppplittsés not critbcaberefore
be used in the powder formor can be put, for exanple, into the form
of balls, pell8pslongbas %itisidehamsiaally vsieat withi cleepectctor thag to

vari ous

reactants under the chosen reaction conditions. By way
of examples of supports capable of being suitable for
10 the preparation of catalysts which can be used in the
context of the process accordiﬁg to the inventicn,
there may be mentioned: silica, alumina,
silica/alumina, sintered clay, carborundum, magnesia,
magnesium silicate and diatomaceous earth. This support
15 is preferably nonporous and can especially be based'on
refractory oxide in the particulate form, the most
commonly empioyed support béing clay-based. This
support can, for example, éonsist of inert, complete,
solid and rough clay balls with a diameter of between
20 0.5 mm and 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 alsoc be -
made necnporous by enamelling.
This support can also be a ceramic substrate,
25 the said substrate preferably being in the form of an
inert and rigid structureiof monolithic type comprising
channels or ducts. Such supports are well-known and

have been widely described in the literature. The



known techni ques. For an inplenentation of the process in a
stationary bed, there nay be nentioned, by way of exanpl es of

techni ques which are possibly suitable for 20 the preparation of the
catal ysts which can be used in t he context of the process according
to the invention: pell eting or coati g on an inert support or on a
ceram c or netal substrate of nonolithic @pe. The

catal ytic phaseg%bascttr%rt isnglsteQS%ggchZQre %gixﬁn%}éo ee{%!i:crfs%[bs pe%leate’s be

shaped by conpression, as'to ob I hese can

then be q}t%%c&a g%z lﬂtﬁ dﬁ&&aééﬂ?iﬁ} Sas Ttlt\'g? gﬂﬁ(ﬂ HupEtis,

of the pressure, ter I ckness o e pel

16 and paidddiledities€almifis, [ hAITEEL S SEFedfa A0SR Bhe those
skilled in the art dependi ng upon the acceptable pressure drop in the

reactor. = carbides oflB8réat atykiti®bases according to the 5 _
I nvention can al so be deposited on an inert support or can coat it.

The nature ®f this supporhiiesstippotti taniadlso be & anétly Abgtrate.
chemcally inert with respect to the reactants under theé chosen
reaction condi Sumhs suppondy are webdl-lknowp! eSubtalslemeta]l cubatdrates bei ng
suitable for 10 the preparation of catal ysts which can be used in the
cont ext of the aneoespecieddydthgseocobbtainedcfrémmlloys oft Harom,may be
mentioned: silica, alumna : :
nickel and chromium, or those obtained from alloys of
iron, chromium, aluminium and cobalt, such as those
10 known under the trade name Kanthal, or those obtained
from alloys of iron, chromium, aluminium and yttrium
known under the trade mark Fecralloy. The metal can
also be carbon steel or simple cast-iron.
When a coated catalyst is used, the quantity
15 of catalytic phase, which can vary within wide limits,
is in practice between 1 and 50 % and preferably
between 3 and 35 % by weight Qith respect to the
' éqmbined support + catalytic phase.
Thus, certain catalysts, useful for an
20 implementation of the process in a stationary bed, can
be obtained by coating ground, intermediate or
finished, catalytic phases in a manner known per se.
This conventional method consists in depositing a layer
of intermediate or fihiéhed catalytic phase around
25 inert but rough balls. Once the balls are covered with
the desired quantity of the catalytié phase, they are
dried with hot air between 70 and 150°C for at least

30 minutes and then introduced into an oven in order to



silical/alumna, sintered clay, carborundum magnesia, magnesi um
.silicate and di atomaceous earth. This support 15 I s preferably nonporous
and can especially be based on refractory oxide in the particul ate
form the nost commonl y enpl oyed support being clay-based. This
support can, for exanple, consist of ine(r)i8 conpl et e, solid and rough
clay balls with a dianeter of between 2 0.5 mMmmand 6 mm The precise

| f the di of he.hal | h f ' f th
recoptabl e B8 eedfed wesyeln 2RY PRACER Errres St neftanto be

made nonpor ous g&;yy lolhd - LS support can al so be a
ceramc substreé%? dotﬁg ggfdaguég??gt% %?%.%Pably being in the form of

an inert and rigi dc%&rtu%uasteiaeg}ag_ hibhCatd RS SAMIP EcH

channel' s or ducts. Such supports are nown and havquzen wi del y
described in thgydlentintlati®n S#€the process according to the

17 ~ substrates used which are made of ceram ¢ substances are
especi al | y 8 hosgwvaditidniifga @ovilg BBENos UPThfdifed bed cdidwl erite,
alumna, mullite, porcelain, -and the car bi des of boron or silicon.

5 Hhtaingdpbyt thantabhnifaeen kdwh pebsdédatef drying Bych
supports are well-known. Suitable nmetal substrates are especially

t hose obt ai ned sfprayizng dps aoprefenably nonnedueingatmdsphener By t hose
obtai ned from al |l oys of iron, chrom um al um nium and cobalt, such as

those 10 kné@wehusgecreratirndefadiewsdni fiaappreprinke bt ai ned

calcination at a temperature of the order of 400 to

10 1100°C, powders are obtained which are spherical in
shape and have a diameter of betweeﬁ 5 and 700 pm,
Powders consisting of at least 80 % by weight of.
particles whose sizes are between 5 and 200 um are
preferred in the context of use in a fluidised bed.

15 The catalytic phase thus used in the bulk
form or the particulate state constitutes the catalyst
according to the invention.

The products of the reaction can be recovered
from the effluent gases by any suitable means. For

20 example, the effluent gases can pass into a condenser
containing dilute sulphuric acid in order to neutralise
the unreacted ammonia. The gases can then pass through
a refrigerated absorbing column to condense the
acrylonitrile, acetonitrile and hydrocyanic acid, the

25 uncondensed vapoufs.containing mainly unreacted
propane, propylene, light hydrocafbons and, if
appropriate, CO,. The acrylonitrile and hydrocyanic’

acid can then be separated from the acetonitrile by



from,alloys of iron, chromum alum niumand yttrium known under the
trade mark Fecrall oy. The netal can al so be carbon steel or sinple
cast-iron. When a coated catalyst is used, the quantity 15
of catalytic phase, which can vary within wide limts, s in practice
between 1 and 50 % and preferably etween 3 and 35 % by weight with
respect to the conbi ned support + al ytic phase. "

Thus, certain tg éii%%ioﬁsgﬁal ﬁgr %é??é%?%w#égy¥|nggghjgn of the process

in a stationary can ground, internediate

or fini s g qoguaip! aelahﬁ éui-é‘ GaliPHG] HIWLAV1 P dn 168 THIS

convent i onal nsists In p03|t ng a layer of i nternmediate or
fini shed Cata'%ﬂfﬁ Eﬁaﬁéﬁﬁkguadth35acryiﬁﬁitf&ﬁerfE&H‘Hﬁﬂ hSrarGagantibe balls
are covered with desired quantity of the catalytic phase, they
are dri edewigt.h hot air between 70 and 150[err]C for at | east 30
m nutes and then introduced into an oven in order to be
cal ci ned bet ween 300 andTh@Oeramples Belew atlldustHamethe presén@ and
500[err]C, for at least 3 hours. Certain catal ysts which
are useful for imwention.inpl enentati on of the process according to the 5
I nvention in a noving bed or fIU|d|sed bed can be obt ai ned by the

t echni que, knoEXAMPLEsd -of Agd ef er abl y
nonr educi ng at nosphere. By

according to the invention, of the

followi irical formula (IT):
10 VSb, cFe,0x/A1,0, (25/75 % by weight)
(IT)

a) A solution (a) of ammonium vanadate is prepared by
dissolving 2.34 g of NH,VO, in 400 cm® of
demineralised water, a solution (b) of iron

15 nitrate is prepéred by dissolving 16.2 g of
Fe (NO;) ;#9H,0 in 70 cm® of demineralised water and
a suspension (c) of antimony chloride is prepéred
by dissolving 10.2 g of Sb,0; in 250 em® of 1IN
hydrochloric acid. Solution (b) is added to

20 solution (a) with stirring at approximately 70°C
and then suspension (c) is added. 47.3 g of Al,0,
are then added at approximately 90°C. The mixture
is held at 90°C for 6 h, evaporated to dryness,
and the residue is dried at 120°C for

25 approximately 15 h and then calcined at 550°C for
10 h.

b) The product of formula (II) thus obtained is then

compressed under a pressure of 4300 kg/cm?.



such an operation, followed if appropriate by calcination at a
tenperature of the order of 400 to 10 1100[ err] C, powders are obtained

whi ch are spherical in shape and have a di aneter of between 5 and 700
[err]m Powders consisting of at |east 80 % by wei ght of

particles whose sizes are between 5 and O[errfmare preferred in
the context of use in a fluidised bed. The catal yti c phase

thus used in the bubkyiets afll Ehik éﬁEaiHuéiﬁ%&&ﬂéfdﬂ&ﬂ&%eggggtgtg es the

cat al yst according to the 1 nventlion. roducts of

the reaction can beah@CQVehfdkness of ABAdIEMRId14E M, s0RRES TRY@NY SUitable

nmeans. For 20 exanpl e, the effluent "gases can pass into a condenser
containing dilute sgbpiidtsCassi grushéd AW fragiiHt=AWith a partibeeunreact ed
ammoni a. The gases can then pass through a refrigerated absorbing
colum to condense bhife of betwéen 003 rddd, 0 .4 D RichsitieutddghyHdeocyani c
acid, the 25 uncondensed vapours contai ning mainly unreacted

propane, psopyl ene, catghystyal donrdeseerdande with the appenpioate, CJerr].

The acrylonitrile and hydrocyanic acid can then be separated fromthe
acetonitrile by 19
distillation and the recovered acrylonitrile/ hydr ocyani ¢ acid
m xture can t hERAMBLE; 3; || cJPreparation of ithe) catadysir {Ag)t he
acrylonitrile fromthe hydrocyanic_, acid.,

according to the invention, of the

following empirical formmla:

VSb, .Fe,Ox/Al,0, (25/75 % by weight)

10 coated on clay

The product of formula (II) obtained in stage
a) of Example 1 is then'used in the following way.
15 g of the said product prepared above are
slowly dusted over 100 g of inert support composed of
15 clay balls with a mean diameter of 4.8 mm, placed
beforehand in a rotary céating device and moistened
with 10 % aqueous glucose solution; as soon as the
balls are dry on the outside, a small quantity of the
glucose solution is spraféd. The product of formula
20 (II) is then again dusted onto the balls. These
operations are continued alternately until all the
product of formula (II) has been coated on.
Drying is then carried out at 120°C for
2 hours and calcination is carried out for 6 hours at
25 480°C.
The catalyst A, thus obtained consists of

10.4 % by weight of VSb, ;Fe,0x/Al,0, (25/75 % by



5 The exanples below illustrate the present I nventi on.

EXAVPLE 1 - Preparation of the catalyst (Alerr])

according to the invention, of the _ fol |l owi ng
enpi.rical formula (I11): 10

VSb[err]Fe[err]Ox/ Al [err]Jerr] (25/75 %H wei ght) a) A sol ution
(a) of ammoni um vanadate is prepared by di ssolving 2.34 g of

NH err]VJ err] Ll ~Qf dem neral i sed water, a
sol ution (b) ofdélltgg%q %?a%e& of sreypatie- prepared by dissolving 16.2 g of

Fe(NOerr]) [ er rexaidr@d 5] O | N PRepHEEES bn Obe d0ke e @ Ivi] (her and _
a suspension (C) of antinony cChiorirde IS prepare by di ssol vi ng

10.2 g of Sb[err]Jerr] in 25g8ce8k8ihy €6 €hk invention, d¥ dnechl oric acid.
Solution (b) is added to 20 solution (a) wmth stirring at

approximately 70[err]C followifigt &fpi FicdE NEdkule ) (TTX)added. 47.3 g
of Alferr]Jerr] are then added at approxinmately 90[err]C. The
mxture 5 i s held at V8B} q/Gal,Ox{Al,0, N(25AN5 & dyewetightt) yness,

and the residue is dried at 120[err]C for 25 approxi mately 15 h and
t hen cal ci ned @& 550her ppedfict of formula (TIX) VSb, ;Ga)0x/Ak®;pieduct of
formula (l11) thus obtained is then conpressed under a pressure
of 4300 kg/cnferr]. prepared in the following way: a solution a) @Gp

Pellets are thus obtained with a_dianeter of 3 cm . .
ammonium vanadate is prepared by dissolving 2.34 g

of NH,VO, in 400 cm® of demineralised water, a

10 solution b) of gallium nitrate is prepared by
dissolving 10.2 g of Ga(NO;); in 50 cm® of
demineralised water and a suspension c) of
antimony chloride is prepared by diséolving 10.2 g
of Sb,0; in 250 cm® of 1IN hydrochloric acid.

15 Solution b) is added to solution a) with stirring
at approximately 80°C, and then suspension c¢) is
.added. 47.3 g of Al,0; are then added at
approximately 50°C. The mixture is heated at 105°C
for 6 hours and evaporate& to dryness, and the

20 residue is dried at 120°C for approximately 15
hours and then calcined at 550°C for 10 hours.

b) The product of fdrmula III thus prepared in a) is
then compressed under a pressure of 4300 kg/cm?.
Pellets are thus obtained with a diameter of 3 cm

25 and a thickness of approximately 0.5 cm. These
pellets are then crushed to fragments with a.
particle size of betﬁeen 0.3 cm and 0.8 cm

constituting the catalyst B; in accordance with



and a thickness of approximately 0.5 cm These pellets are

-crushed to fragnents with a particle si ze of between 0.3 and
0.8 cmconstituting the 5 catalyst Alerr] in accordance with the
i nventi on. EXAMPLE 2 - Preparation of the catalyst (Alerr])
according to the invention, of the fol |l ow ng
enpirical formula: %/%b[err]Fe[err]C)(/Al[err]CIerr]
(25/ 75 % by wei ght) %4%) ventio coated on clay The
product of fornula ( DR HeE i n st age a) of Exanple 1 is then
used in the folgtidite W) Preparation ofthd &it catgl ypr oduct
prepared above are slowy dusted over g o nert support conposed

of 15 clay balls with a negecdr@iRbiCEcOthd. §n@3&tﬂ&@CQ§E the Dbeforehand
in a rotary coating device and noi stene o aqueous gl ucose
solution; as soon as the ﬁlﬁaaygogjﬁ ap the outside, a snall
quantity of the gl ucose solution 1s sprayed. The product of fornula
20 (I1) i% then again dusteysbytmd jox/A1L05. (Z8LFES by weigations are
continued alternately until all the product of formula .(I1) has been

coated on. Dr goagedsophehayabalksl out at 120[err] C for

2 hours and calcination is carried out for 6 hours at 25 480[err] C
The catal yst A2 thus obt Fheeprodnustsef formula (IDIY obtained gin of

VSb[err]Fe[err]OdAI [err]qurr] (25/75 %bg
stage a) of Example 3 is used in the following way.

15 g of the product of formula (III) thus
10 prepared are slowly dusted over 100 g of inert support
composed of clay balls with a.mean diameter of 4.8 mm,
'placed beforehand in a rotary coating device and
moistened with 10 % aqueous glucose solution. As soon
as the balls are dry on the outside, a small quantity
15 of the glucose solution is sprayed. The product of
formula (III) is then again dusted onto the balls.
These operations are contiﬁued alternatély until all
the said product has been coated on. Drying is then
carried out at 120°C for 2 h and calcining at 480°C for
20 6 h. |
The catalyst (B,) thus obtained, in
accordance with the invention, consists of 4.3 % by
weight of Vsb, 5Ga,0x/Al,0, (25/75% by weight) coated on

clay balls.



21 wei ght) coated on clay balls. EXAMPLE 3 - Preparati on of

the catal yst (B[err]) according to the invention, of
the following enpirical formula (111):

VSbl-err] Ga[err] Ox/ Al [err]Jerr] (25/75 % by wei ght) a) The product
of formula (I111) VSb[err]Ga[err]OdAI[errz]qerr S prepared in

the followi ng way: a solution a) of anmoni um vanadate is

prepared by di MZ 34 %r arati g :¥H| err!\_@ & r[!”l n 400 cnferr]

of demineralis a 1 nitrate is

prepared by di ssol é{ S d i &cghequugn%rw[gghgn 50 cnferr]
of dem neral i sed né—ol—susp?rm—cn—éj—d‘f—

antinmony chloride is prepare N%%%%Z %@f (IV) : of
Sb[err]derr] in 250 cnB of (if 1y Shrmala Solution b) is
added to sol-ution a) with stlvggn % o ;gg@gpg%'[m%ytgmerr]c
and then suspension c) is 1$1n,0x et 47, g o err err] are

t hen addedsat (Iv) appr oxi rrately 90[err]C. The m xture is heated at
105[err]C for 6 hours and evaporated to dryness, and the 20
residue is drial atAladletid 4rofHumviv &apallate is preparbdupg and
then calcined at 550[err]C for 10 hours. b) ‘The product of fornula
1l thus prepared idisgolwing 1.5 g of MQW3CMDZEQSMB wider. a pressure of
4300 kg/ cnR. Pellets are thus obtained with a dianmeter of 3 cm
25 and a t hi deminerakisgdwatiemt & ysup@n@ncpnmbieof antimony pellets
are then crushed to fragnents with a article size of between

0.3 cmand 0.8 cm chloride 1%@@%%@@4@5@&?&@55 BBedr PELi bzRcor dance
W th 10 in 13.4 cm® of 37 % hydrochloric acid and 150 cm®

re

of demineralised water, and a solution c) of
indium nitrate is prepared by dissolving 10 g of
In(NO;);.5H,0 in 50 cm® of demineralised water.
Solution ¢}, then suspension b) and then 30.3 g of

15 Al,0, are added to solution a) with stirring at
approximately 80°C. The mixture is held at this
temperature for 6 h and then evaporated to
dryness, and the residue is dried at 120°C for
approximately 15 h and then calcined at 550°C for

20 10 h.

b) The product of formula (IV) thus obtained is then

compressed under a pressure of 4300.kg/cm?.
Pellets are thus obtained with a diameter of 3 cm
and a thickness éf approximately 0.5 cm. These

25 pellets are then crushed to fragments with a
particle size of between 0.3 and 0.8 cm
constituting the catalyst C in accordance with the

invention.



22 the inventi on. EXAMPLE 4 - Preparation of the

catalyst (B[err]) according to the invention, of the
enpirical formula: 5 VSb[err]Ga[err]Ox/ Al [err]J err]
(25/-75% by wei ght) coated on clay balls

The product of formula (I11) obtained in stage a) of Exanple 3 is

used in the foll ow ng way. 24 15 g of the product of fornula

(rrr) thus 10 g are s gg Xrggf&?dof)v!g;e iggaq_ I;Ht i@rt support
conposed of cl % th a : pl aced
beforehand in a rotary coati ”chgi"&ﬁ%% %e ing%'atﬂleq,f\mtg; 10 % aqueous
gl ucose solution. As soon out si de, a

small quantity 15 of the gl uggigoﬁg_ﬁ#t% -i'._.gcaepr%]_aﬂl%%gr oduct of

formula (111) is then again dusted onto the balTls. ese operations
are continued alternately unt@g’g Oox/Al.,0} he2s A5l e i been coated
on. Drying is then carried out at 120[err]C for 2 h and cal cining at

480[err] C fsor a30 A6sblution a) of ammonihite weaiaiatd iEBpeiephrednby
obtained, in accordance with the invention, consists of 4.3 % by
wei ght of VSb[err] Gdliiesol@ihgl 2 e34 |9 ek INHRG/ 159409 em? g ) coated on
clay balls. demineralised water, a solution (b) of iron
nitrate is prepared by dissolving 16.2 g of
Fe (NO;) ;#9H,0 in 70 cm® of demineralised water and
10 a suspension c) oflantimony chloride is prepared
by dissolving 14.6 g of Sb,0; in 30 cm’® of 37 %
hydrochloric acid and 300 cm® of demineralised
water. Solution b) is added to solution a) with
stirring at approximately 70°C, and then
15 suspension c¢) is added. The mixture is brought to
reflux and 47.3 g of Al,0, are added. The mixture
is held at this temperature for 6 h and evaporated
to dryness, and tﬁe residue is dried at 120°C for
approximately 15 h and then calcined at 550°C for
20 ‘10 h.
b) The product of formula (V) thus obtained is then
_ compressed under a pressure of 4300_kg/cn@.
Pellets are thus obtained with a diameter of 3 cm
and a thickness of approximately 0.5 cm. These
25 pellets are thén crushed to fragments with a
particle size of bétween 0.3 and 0.8 cm

constituting the catalyst D in accordance with the

invention.



23 EXAMPLE 5 - Preparation of the catalyst (C

according to the invention, of the fol |l ow ng
enpirical forrmula (I1V):

VSblerr]In[err]O/ Al [err]ferr] (25/75 % by weight) (1v) a)
A solution a) of ammoni um vanadate is pr%%ared by di ssol vi ng
1.5 g of NHerr]VJerr] in 250 cnferr] dem neral i sed water,

a suspension ( P ST 1 -. g %E!roré’g,ﬁ- o; Eégggr%gaggtdl ssol vi ng

6.53 g of Sbh[e in : hl ori c
acid and 150 cnferr] of deg%er&lgs]sd?%%gf%gdwg?gohﬂy on c)
of indiumnitrate is prepa

In(NJerr])[err]5Herr]Oin 50 cnferr] giydanice’ Jf $8d ¥19bwin

Sol ution c), then suspension b) and thm—'_t_IE——ﬂ‘Ferr]qerr]
are added to solution a) with stirring gpirical forma@R oXi mately

80[err]C. The mxture is held at this tenperature for 6 h and
“then evaposated to dryness, vBll Lke, rox/al 90# s(28/75 by
120[err] C for approxi mately 15°h and then calcined at 550[err]C
for 20 10 h. b) The pr oeigght)df formula (1V) thus obtained
IS then conpressed under a pressure of 4300 kg/cnjerr].

Pellets are thus obtai nedl pFeduct difirasmposiftidnc iiSb; sFe, ;0x/ahsPa

t hi ckness of approximately 0.5 cm These 25 pellets are then
crushed to fraégﬁ

ATE %ikn ‘aelght) is prepaned:|jasceorddngr toetheen 0.3 and 0.8

following procedure. A solution (a) of ammonium

cm

10 vanadate is prepared by dissolving 2.54 g of NH,VO, in
400 cm® of demineralised water, a solution b) of iron
nitrate is prepared by dissolving 0.81 g of
Fe (NO;) ;09H,0 in 70 cm® of demineralised water and a
suspension (c) of antimony chloride is prepared by

15 dissolving 10.2 g of Sb,0; in 21 cm® of 37 %
hydrochloric acid and 250 demineralised ecm®. Solution
(b) is added to solution (a) with stirring at
approximately 70°C and then suspension (c) is added.
The mixture is brought to reflux and 47.3 g of Al,0, are

20 added. The mixture is maintained at this temperature
for 6 h, is evaporated to dryness, and the residue is
dried at 120°C for approximately 15 h and is then
calcined at 550°C for 10 h.

This product is then compressed undef a

25 pressure of 4300 kg/cm?. Pellets are thus obtained with

a diameter of 3 cm and a thickness of approximately

0.5 cm. These pellets are then crushed to fragments

with a particle size of betwéen 0.3 and 0.8 cm,



constituting the catalyst Cin accordance with the I nventi on.
24 EXAMPLE 6 - Preparation of the catal yst (D)

according to the invention, of the foll ow ng
enpiical formula (V)

VSb[err]Fe[err]Ox/ Al [err]Jerr] (25/75 %é)é/ wei ght) 5 a) A sol ution
a) of ammoni um vanadate is prepared by di ssolving 2.34 g of

NH err]VQ err] J%%ﬁg?%uﬁqksrELeOLa%?%¥st (), é¥”@&%§?ﬂ£ﬁi water, a

solution (b) of ate I's prepar Issolving 16.2 ¢

of VBB NGHE] 101/ £L1D, o778l @ b ¥R1GAER! 0@l alem neral i sed

wat er and 10 §'§uspeﬁ%ion c) of anfinony c foride s pr epar ed
by dissol ving WeclrdagbeSWiehr thbeinventiaW,. cnierr] of 37 %

hydrochl oric acid and 300 cnferr] of dem neralised wat er .
Sol ution b) isCOMPABATIVEOTESTOR a) W tPreparation ofSitiHe icatadlyst
approximately 70[err]C, and then 15 suspension c¢) is added. The
m xture isSrought to , ~refl ux{®Bhdonely . ih ;acrordanever Wwilthr thear e
added. The m xture is held at this tenperature for 6 h and -
evapor at ed to dryness, and timventioh. of; the didollowidgierr] C for
approximately 15 h and then cal ci ned at SSp[prr!C for 20 10 h.
b) The product of formula (V) thus o 1a: conpressed
under a pressure of 4300 kg/cn®. Pellets are thus obtained with
a dianeter of 3 cm VSb, ;0x/Al1,0, (25/75 % by
weight)
10 A product of composition VSb,; ;0x/Al,0,

(25/75 % by weight) is prepared according to the
following procedure. Alsolution (a) of ammonium
vanadate is prepared by dissolving 2.34 g of NH,VO; in
400 cm® of demineralised water and a suspension (b) of
15 antimony chloride is prepared by dissolving 10.2 g of
Sb,0; in 21 cm® of 37% hydrochloric acid and 230 cm®
of demineralised water. Suspension (b), and then 47.3 g
of Al,0;, are added to suspension (a) with stirring at
approximately 80590°C. The mixture is maintained at
20 this temperature for 6 h;'evaporated to dryness, and
the residue is dried at 120°C for approximately 15 h
and then calcined at 550°C for 10 h.
. This product is then compressed under a
pfessure of 4300 kg/cm?. Pellets are thus obtained with
25 a diameter of 3 cm and a thickness of approximately
0.5 cm. These pellets are thén crushed to fragments
with a particle size of between 0.3 and 0.8 cm,

constituting the catalyst (F), of composition



and a thickness of approximately 0.5 cm These 25 pellets are then

crushed to fragments with a particle size of between 0.3 and 0.8
cm constituting the catalyst D i n accordance with the

“invention. 25 COVPARATI VE
TEST 1 - Preparati on of the catal yst 27

(E) not in accordance with the I nvention,

of the follow . b L a: 5
Vool er 11 Pel or 1] CEPuelE/Aefn 135/ Ak gnggone) , nBEPLA! GBbotaiie

wei ght) with the ifvedHiet of conposition
VSb[err]Fe[err]x/A[err](err] (25/75 % by weight) is prepared
according to the foll owi ng procedure. A solution (a) of amonium 10
vanadate is prepared by dissolving 2.34 g of NHAVO3 in 400 cnB of
demi neral i sed \GENERAR PROCEDURE BORO THE QMMOXTIDATRON' ®28TSS prepared by

di ssolving 0.81 g of Fe(NJ err])[err].9H err]Oin 70 cnferr] of

dem neral i sed water and drhe catalyspcaample( ds bkoaghtnbaforéhaid deoi S
prepared by 15 dissolving 10.2 g of Sb[err](err] in 21 cnferr] of 37 %
hydr ochl ori & aca dtempe2garie mhdi5l°iCs et anneashirifigl bench while (b) is
‘added to solution (a) with stirring at approximately 70[err] C and

t hen suspen5|oﬁP%%Slns'%Kﬁhﬁhellum forhd Onminur 8ndsibrdagbheno ref |ux and

47.3 g of Alferr](err]_are 20 added, The mxture is maintained at this
t enper at ur e subjected to a gas flow whose composition will be

specified for each Example'and which contains propane,
ammonia, oxygen, steam and helium.

10 The total pressure of the reaction mixture,
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

15 36,000 hl, whose precise value will be shown for each
Example.

Catalyst'volume:

(catalytic phase + péssible support) : 25 cm’.

When the volume of the catalyst used will be

20 different from this value, the specific value wil be

~shown in the Examples;

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

- The catalyst is brought tb a temperature

25 ' T,, for example 300°C, and, after .

stabilising for 30 min at the

temperature T,, the composition of the



for 6, h, is evaporated to dryness, and the residue is dried at
-120[err] C for approximately 15 h and is then calcined at 550[err]C
for 10 h. This product is then conpressed under a 25
‘pressure of 4300 kg/cnferr]. Pellets are thus obtained with a

di aneter of 3 cmand a thickness of appro§knately 0.5 cm These
pellets are then crushed to fragnents with a particle size of between
0.3 and 0.8 cm 26

. . 3 t ;
constituting the catalyst (E) i “E&rrﬁé‘s.t 8, feactor outlet is

VSh F Ox/ Al tedali % i I
accE)(raI:I;]ncg[ \(/am'r'[]h t he Eﬁ{/;]nﬂ g:].rde 1%%&%&&%@%§T%£9&ogrﬁ%.ar ation

of the catalyst 5 - The conversion_perégﬁtaﬁgé é§?a€&9rdance with
t he i nvention, of the follow ng

enpirical fornmula: selectivities obtained on the catalyst
VSb[err]Ox/ Al [err]err] (25/75 % by

wei ght). 105 A pr esianiineti aenphei ihbDet \VEasérd €xte\ T clarled err]
(25/75 % by weight) is prepared according to the fol |l ow ng procedure.
A solution (a) of ammonium  calcudp&ddt wsingprebatiohdiyiph ssibltheng 2. 34 ¢
of NHerr]VJerr] in 400 cnB of dem neralised water and a suspension
(b) of 15 antinony chl ori dé¥P&sprepared by di ssolving 10.2 g of
Sb[err]derr] in 21 cmerr] of 37% hydrochloric acid and 230 cnferr]

of demineralised water. SuspefePr¥grehPn @fidPrerane7(% ip moles)of=

Allerr err], are added to suspensio a) with stirring at
[ 1a ] cogverteg £r pane/introducéh propane

10 selectivity for acrylonitrile (% in
moles) = propaﬁe converted to
acrylonitrile/converted propane

- The catalyst is then brought from 300 to
550°C by increments of 20°C and the

15 conversion percentages and the
selectivities are determined every
40 min. -_

In the Examples‘below, the following

conventions are used:

20 DC(C3H8)' = conversion of propane
S (ACN) = selectivity for
acrylonitrile
S (ACN+C3H,) = selectivity for

acrylonitrile and

25 propylene

S (cox) selectivity for carbon
monoxide and carbon

dioxide



approxi mately 80-90[err]C. The mixture is maintained at 20 this

tenperature for 6 h, evaporated to dryness, and the residue is dried
at 120[err]C for approximtely 15 h and then calcined at 550[err]C
for 10 h. This product is then conpressed under a
pressure of 4300 kg/cnferr]. Pellets are us obtained with 25 a
dianeter of 3 cmand a thickness of approXi mately 0.5 cm These

pel lets are then crushedg ments _ i Ie si ze of between
0.3 and 0.8 cm conts(tﬂfl{nut?ng t he cat al ys]t&(@') eké'tf fg"'orrpo& tion

27 VSb[err]Ox/Al[err]err] (25/75 % Qypdiid ance
with the invention. CENERAL PROCEDURE FOR THElKnM&dgxg?%%&%ESTS
The catal yst sanple is brought beforehand t geid and @Hpeat ure of 150[err]C

on a neasuring bench while purging with heliumfor 10 min, and it is
t hen subjected to a gas flow whose congagd)idxdidatiion B?products
specified for each Exanpl e and which contains propane, anmoni a,
oxygen, st@&am and hel i uns(cld,) = Thaeleitdvigyeon methahbe
reacti on m xture, between 1 and 6 bar, will also be specified for
each Exanpl e. The t ot athpae andvethydene.defi ned so
as to : have an hourly volune rate (HVR) of between 100 and

EXAMPLE 7 AND COMPARATIVE TEST 3

Measurement of the performances of the

catalysts (A,;) and (E).

10 The operating conditions used are the
following:
- Hourly volume rate = 1000 h-?!
- Total pressure = 1.3 bar

- Composition by volume of the reaction

15 mixture:

C,H, 48 %
NH, = 9%
0, =18 %
H,0 =20 %
20 He = 5%

The temperature conditions and the results

obtained are collated in Table 1 below.



15 36,000 h[err], whose precise value will be shown for each

Exanpl e. Cat al yst vol une: (catal ytic phase
+ possi bl e support): 25 cnB. When the vol unme of the

catal yst used will be 20 different fromthis value, the specific value
wi | be shown in the Exanpl es. The principle of the
ammoxi dation test for propane is th%pfollomﬁng: -
The cat al yst i?—bLoughL—Le—a—Lgnpﬂraturﬂ 25 Her+ for
exanpl e 300[ er] @staand, after Example 7 St eoppal-atsveygst r 3D min
at the Catalyst used tepperature,T[err], the conposigion of tpe
(ngterm' ned by gmﬁc)é%r%s?; .t."p.e" L S A A I 220 e
conversi on per ¢gAtcHgey and the| 25| 32 a b 7 sel@cti ¥} t| e¥ opt ai ned
on the catal yst] siach + c,5) % 60 exapmned at {he ijnlet |t enper &t uf e
T[err] are S (Azmox) % ;galfcyl ated dsingfregl atignghips| of, t he
type: smﬂ¥ % copver sijore o pr qpane (%o in wolesg S
converted propadéPentroduced—plofande—40 8 1 25 | 18 I ektPuity for
acrylonitrige (%in © +paBpEgohes) = propane converted to

acrylonitrile/converted propane

EXAIIPL_E 8 AND COMPARATIVE TEST 4
Measurement of the performances of the
éatalysts (aA,) and (E).
The operating conditions used are the
15 following:
1000 h'!

- Hourly volume rate

- Total pressure 1.3 bar

- Composition by volume of the reaction

mixture:
20 . . CHy = 7.5%
NH, =15 %
0, =15 %
H,0 =20 %
He = 42.5 %
25 ' The temperature conditions and the results

obtained are collated in Table 2 below.



The catalyst is then brought from 300 to 550[ err] C by

increnents of 20[err]C and the 15 conver si on percent ages
‘and t he selectivities are determ ned every
40 mn. In the Exanpl es below, the follow ng
conventions are used: 20 DC(Clerr]Herr]) =
conversi on of propane _ S(A = selectivity for
acrylonitrile SCACNECl err 1 Hl orr ) = select+w4y for
acrylonitrile anoest25 ___ Exauple 8 Comprr@rig |toun @
S( COx) —catalysS&&Ct1 ity for caybon £
29 de and ¢ ﬁ%m?ﬁ;‘i) S T N L LS U S A Rl L JRLEPE
scetonitrils, WA | 4|4 | ¥ B 215180 8K pofi nd
ot her + S8y B Hdt oAt bydt gdultirs| 5
S(derr]derr])]| smmox & = gellest ifvist \ fe01] Aet hesme| so | 41 | 38 40
‘ethane and et hyl H&3. « EXAMPLE 3 AND COMPARATI VE TEST (322 | o
Measur enent of the performances of the

10 . TABLE 2

EXAMPLES 9 AND 10
Measurement of the performance of';he
catalygt(Bz).
The operating conditions used are the
15 following:

- Hourly volume rate 1000 h-?1

- Total pressure 1.3 bar

The composition by volume of the reaction
mixture, the temperature conditions (T(°C)) and the

20 results obtained are collated in Table 3 below.



catalysts (Alerr]) and (E). 10 The operating conditions used

are the fol | ow ng: - Hourly volune rate = 1000
hierr] - Total pressure = 1.3 bar
= Cosrposition by volunme of the reaction 15 m Xt ure:
Cerr]Herr] =48% 32 NH[ err] = 9%
gerr] =18% Herr]O =20% 20
He = bY The tenperature conditions and the
results & pblailned are collated in Table 1 bel ow
30 Sqepts Exanpl e 7 Conparative test 3
Cat al yst (sed E Tenperature (in
[err] O ~380f |40 420 440 380 400 410 430 DC(Clerr]Herr])
% ®,5 |12 11 10 7 12 13 19 5 S(ACN) %
34 36 |3F %:;,, 2 10 9 17 S(ACN + Cerr]Herr]) %
60 63 Vi G 1 49 42 41 41 S(Amox) % 39 36
26 19 44 | 44 54 S (Cerr]derr])% 0 0
1 0 10 0 S( COx) % ' 0 0 2 4 29
14 15 23031 5 TABLE 1 EXAMPLE 8 AND
COVPARATI| Y=—HE5+14 Measur enment of the performances of the
catal ysts (g&[_grr]) and (E).
2 o
v oy ril ©
0w+l v
3% | sl g
i
DU
Aa~~- v
° ™
[ [~ o
I HIE
_ g
2 | S| S
O o o
u‘:‘t N N
sE |9 &
¥Z [ =] 3
He~ | ®»
5 | 2| &
o
N o
]
183
al 8
g |86
& 4l &




The operating conditions used are the 15 follow ng: -

Hourly volune rate = 1000 h[err] - Total pressure
= 1.3 bar - Conposition by volune of the reaction.
m xture: 20 Cerr]Herr] = 7.5%
NH err] = 15% 33 Jerr] = 15%
Herr]O = 20% He =42. 5% 25
The tenperatur ns and the results obtained are collated in
Tabl e 2 bel ow. ‘iﬁ?&‘ﬂgt 11 31
Tests t 3
Cat al yst used ﬁé@gﬁ&gmﬁnt of thﬁ'e%‘peratur c@% fettr}ﬁsC) 380 400
420 440 460 o5438Q ¢4 Q 420 440 460 DC(Clerr]Herr])%
570 50 a0 cpriidee 8 15 26 42 5 S(ACN) % 18
34 66 74 66 9 Tia% opaiatlﬂ% con@:ﬂt:.ons used @Nthel err] H err]) %
79 65 78 81 75 5 43 S( Ammox) %
33 18 B fAlowdeg: 50 41 38 40 S( Cerr]Cerr])%
0 0 4 0 0o 0 0 0 0 S( COx) %
4 2 0 0 15 - Hourly volime Z&te 17 = IIIOOO h-1
TABLE 2 EXAMPLES 9 AND 10 Measur enent of- the
performance of the - Tetalypregdiver]). = 1.3 bar The
operating conditions used are the 15 fol | ow ng: _
- Composition by volume of the reaction
mixture: |
10 C,H, = 48 %

0, =18 %

H,0 = 20 %

He = 5 %

15 The temperature conditions and the results

obtained are collated in Table 4 below.

440°C 460°C 480°C

DC(C;Hg) % 2 5 8.5
S(ACN) % 15 38 46
S(ACN + CjH) % 86 86 82
20 S (Ammox) % 6 11 15
s(c,C) % 8 3 3
s(cox) % 0 0 0

TABLE 4



- Hourly volume rate = 1000 h[err] - Total pressure

= 1.3 bar The conposition by volune of the reaction

m xture, the tenperature conditions (T([err]C)) and the 20 results
obtained are collated in Table 3 bel ow. 32 [err]

33 EXAMPLE 11 Measur enent of the performance of the
catalyst (Alerr]). The 6ﬁ%rating conditions used are the
5 fol |l owi ng: - _Hourly volune rate = 1000 h[err]

- Total pressu@@éﬂg&gg—lg—éggilé bar - Conposition by

vol une of the reaction m xt up e;
Clerr]Herr] —48% MeasuremenE of élQe performancﬁs[ eorfr ]the - 99

geerr] _ ?éﬁ:%olysts (B,) and (C). - Herr]O =20%

The operating conditions used are the

5 following:
1000 h1

- Hourly wvolume rate
- Total pressure = 1.3 bar

- Composition by volume of the reaction

mixture:
10 C,H, = 7.5 %
NH, I= 15 %
62 = 15 %
H,0 . = 20 %
He = 42.5 %
15 The temperature conditions and the results

obtained are collated in Table 5 below.

Exanmples - Example 12 'Example 13
Catalyst used ) B [+
Temperature (in °C) 400 420 | 440 460 400 420 440 460
20 DC(C;Hy) % 14 29 43 49 5 11 23 32
S(ACN) % 21 36 48 56 12 | 31 56 56
S{ACN + C.H.) % 39 46 57 66 61 57 71 69
S (Ammox) % 58 43 37 26 39 37 25 17
§(C,C;) % 0 0 0 [ 0 [ 4 1
25 s{cox) % 3 11 7 8 0 5 0 14
TABLE 5

EXAMPLE 14 AND COMPARATIVE TEST 5

Measurement of the performances of the catalysts

(C) and (F).



15 The tenperature conditions and the results obt ai ned

are collated in Table 4 bel ow. 440[err] C
460[err] C 480[err] C DC(C[err]Herr]) % 2
5 - 8.5 S(ACN) % 15 38

46 S(ACN + Cerr]Herr]) % 86 86 82 20
S( Amox) % 6 11 35 15

0, 0,
§(C[err] C[erB]) & Thﬁ operaging conditio:?s used are t:ize .Ifgél_llt::s%cg)() &
34 EXAMPLES 12 AND_1 Measur efggy 12 the performances
of the catal ysts (B[ePPf}Yaﬁal?Tf.rate - hThe operating
conditions used are the _ fobLauihg. = 1.3 bar Hourly volune
rate = 1000 h[err] Tota L’ 8%‘Q-eTot al pressure i = 1.3 bar
- Conposi tion by vol ume of cbfBok88EbhOBy volumd of Wie reddtion
Cerr]Herr] - =7.5 % NH[ err] =15%
JQerr] 5 mixture: | Herr]O =20%
He = 42.5 % 15 The tenperature conditions and the
results - obtained are coll ated;®E) Tabl e=S4bet ow.
10 : He = 10 %

The temperature conditions and the results

obtained are collated in Table 6 below.

Tests Exanple 14 Comparative test 5
Catalyst used C F
15 Temperature {in °C) 400 420 440 460 400 420 440 460
DC(C,Hy) % 7 11 11 12 15 15 15 17
S(ach) % 33 35 39 36 28 21 16 14
S(ACN + C.H.) % 73 68 71 70 68 64 63 162
S (Ammox) % 21 | 23 20 19 26 28 26 23
20 8(C,C,) % 0. 1 2 4 0.5 0 1 5
s(cox) % 5 8 7 7 6 8 11 10
4
TABLE 6
EXAMPLE 15

Measurement of the performance of the catalyst

25 (c).

The operating conditions used .are the followiﬁg:

- Hourly volume rate = 1000 h?

- Total pressure = 1.3 bar

- Composition by volume of the reaction mi:;ture: _
30 C3H, =25 %

25 %

NH,



Exanpl es Exampl e 12 Exanmpl e 13 Cat al yst used

Blerr] C Tenperature (in [err]C) 400 420
440 460 400 420 440 460 20 DC(Cerr]Herr]) % 14 29 43
49 .5 11 23 32 S(ACN) % 21 36 48 56 12 31 56
56 S(ACN + CJerr]Herr]) % 39 46 57 66 61 57 71 69

S( Amox) % 58 43 37 26 3736 25 17

S(C[err]C[err])% 0 0 020 =16,6 125 S( Cox) %

11 7 8 0 5 0 14 TABLE 5

EXANPLE 14 AND COVPARATI VE TEST 5

: - Measur enent of the
performances of the catal ysts I'IZPC) nd ('Ff0 *
35 The operating ditions _uggdgare the follow ng:
- Hourly volune rate = 1000 hlerr] - Total pressure
= 1.3 bar ¢ €IS thix) dArdi@ieaR ahat aaer@as«awa 5
m xt ure: Cerr]JHerr] = 40
NH[ er r ] 5 6bﬂ§iﬂ/éd are collated in Table 7 belofd.err] = 15%
Herr]O = 20% 10 . He = 10%
The tenperature conditrons and Jne_resurts DT aln refc efl in
Tabl o o bel o Temperature 50058 W200c | 48058 ["3%503°| 2808
' DC(C,Hy) % 7 13 13 13 13
S(ACN) % 34 32 37 42 46
S(ACN + Cgﬂﬁ) % 70 59 63 68 74
10 S (Ammox) % 30 40 | 30 26 19
8(c,C;) % 0 0 7 6 7
S(Cox) % 0 0 0 0 0
TABLE 7
- EXAMPLE 16
15 Measurement of the performance of the catalyst
(a,).

The operating conditions used are the following:

1000 h-1

Hourly volume rate

1.3 bar

Total pressure

20 - Volume of the catalyst: 19 cm’
- cOmposition by volume of the reactiqn
mixture:
C;Hg = 25 %
NH, = 25 %
25 - 0, =10 %
H,0 = 20 %
He | = 20.%

The temperature conditions and the results

obtained are collated in Table 8 below.



Test s, Exanpl e 14 ‘Conparative test 5 Cat al yst

used C F 15 Tenperature (in C 400

420 440 460 400 420 440 460 DC(C err] H[ er r]) % 7 11
11 12 15 15 15 17 S(ACN) % 35 39 36 28

21 16 14 S(ACN + Clerr]Herr]) %s73 68 71 70 68 64 63
162 S( Ammx) % 21 23 20 19 26 28 26 23 20
S(Cerr]Cerr] B~ + ' % 05 v t 5
S(Cx) % Teﬁperat&re 7 3B0°C |6400°Cg 4202C | 440%C 460°C

TABLE 6 = C,L )15% 3 asjur nt { of tohe perfprngnce of
the catalyst P (Ac% % ‘E ﬂgefgi ng cggdltl on§4used are

the foll ow ng: S(ACN + C,HJ) % - %g)ur y \éalu e g5 = 100Re h[ drr]

- Total pressufe =——t—bt corpoastHt+or——Hy
vol ume of tshe § @y @immotk)ixture:| 328 19 15 15 {erifH4rr]
= 25% - 1 8(CC,) % BH efr] 0 9 25pp O 0
- 36 S(COox) % g eor] 0 o 10% 0 0
Herr]O = 20% He = 20% :
The tenmperature conditions and the resul (BABLEb8 obtained are collated in
Tabl e 7 bel ow. Tenper at ure 400[err]C 420[err]C 440[err]C
460[err]C  4SEBEAMPLE 17 DC(C[err]Herr]) % 7 13 13
13 13 S(ACN) % 34 32 37 46
S(ACN + C[Jeorr] Herr]) %Meapgremenggof the gmerformgnee of th)e4 cf(;alyst
S( Ammox) % 30 40 30 26 19 :
s(qerr]err])™e 0 0 7 6 7. S(.COx)
0 .
'I@ABLE 7. 0 0'I.'he opegating cgnditions Oused are the following:
- Hourly volume rate = 1000 ht
- Total pressure = 1.3 bar
15 - Composition by volume of the reaction
mixture:
NH, = 15 %
20 H,0 =20 %
He = 42.5 %

The temperature conditions and the results

obtained are collated in Table 9 below.



EXAMPLE 16 15 Measur enent of the performance of the catal yst

(Alerr]). The operating conditions used are the foll ow ng:
-* Hourly volune rate = 1000 h[err] - Total pressure
= 1.3 bar 20 - Volunme of the catalyst: 19 cnjerr]
- Conposition by volune of the reaction m xt ure:
Jerr]Herr] = 25% 382 NHerr] =25% 25
gerr] =10% HerrlQerr] =209%
= 2D%mperature (in °C) LET:) terﬂﬁ@rdt Ud 0 com;ﬁot i longoahd 4kbe

results ' E[al nsa%are corrat vain mglf 8 Ege:lo QE ];: 0;% |
37 Tenpe 380[preLC| 4 grr N2QF erfr 44 rrf] C
460[6”1C % 3'?:];)"'[956”1) %22 -4£ 3 68 |77 79l0] 8o 10
1 @ 58 SR 53 § ?f 859 9 1% 4#2
S(ACN + C[ r] w 78 2 5 5| 94
S( Ammox) % E(COx ré% 19 o 15 9 5 | 219 3 | ss
(err]Cerr]) -9 0 9) 0 0 SCCOx) %
0 0 0 0 ' 0 TABLE 9 -
TABLE 8 EXAMPLE 17 10 Measur enent of the performance of
the catal yst EXAMPLEDLS The operating conditions used are
the foll ow ng:

10 Measurement of the performance of the catalyst

(D) .

The operating conditions used are the following:

- Hourly volume rate = 1000 h?
- Total préssure = 1.3 bar
15 - Composition by volume of the reaction
mixture:

CyHg =20 %
NH, =20 %
0, =20 %
20 | H,0 =20 %
He = 20 %

The temperature conditions and the results

obtained are collated in Table 10 below.

Temperature 370°C 380°C 390°C | 400°C
25 DC(C3Hg) % 2 4 7 11
S(ACN) % 18 28 43 56
S(ACN + C.H,.) % 42 49 58 68
S (Ammox) % 58 51 42 32
8(c,C,) % 0 0 0 0
30 S(Cox) % 0 .0 0 ' 1

TABLE 10



- Hourly volune rate = 1000 h[err] - Total pressure

= 1.3 bar 15 - Conposition by volune of the reaction =

m xt ure: Cerr]Herr] = 0

el 1o I e N T e
Herr]O = 20% He "5 ¢ L= s

The tenperature conditions and the resul t39 obtained are collated in
Tabl e 9 bel ow. 38
Tenperature (in © 360 380 400 YbBIMS 40 460 DC
(Cerr]JHerr]) % 3 9 12 23 , 34, ﬁ? S(ACN) %
16 41 60 72 7p Prgcess fox hpg ampexidation 9f alkanes " 35

48 68 77 . 19 80 5 S, (Agpox) % 68 ., 5 1 19
13 12 in (ré)[eErvrﬁpqugr ijhfs% 1$1 ggle) zarﬁsence Oof a scgl:.d c%alys%: 0
S(CXx) % . . . .

TABLE 9 é&ﬂﬁi‘éi%é’ afo(].east oml' aCtJ'Kgaglﬁ?se%’en?h%ﬁgcf%eerlpseerq‘ ofhance of
the catalys ( ‘ : 2 ol §d0Nswidsed are
the fol | owi gng: that (te said activ F iy égfﬁﬁgﬁéatée% =7600 Jﬁ%grr] |

- Total pressurgppirical formula3 (23: 15 - Conposition by
volune of the reaction m xt ur e:

Qerr]Herr] = 20% vsb M 0x (1)

in which:
- - a represents a whole or fractional number

10 equal to o:.greater than 1,

- M represents an iron and/or gallium and/or
indium atom,

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

15 - X represents a whole or'fréctional number
specified by the oxidation number of the
other elements of the active phase.

2. Process according to Claim 1,
characterised in that the said éctive phase corresponds

20 to the formula (I) in which:

- the symbol a represents a whole or fractional
number up to'20 and is preferably between 1
and 10,

- the symbol b represents a whole or fractional

25 number up to 20 and is preferably between 1
and 10.

3. Process acéording to one of Claims 1 or

2, characterised in that the alkane is propane.



NH err] 20% derr] - — - =220%_

'-?Lgr[Tercr)perature cggod/(i)tions and the results obtaHmH“MH'g@Iw{ Hb OOC

Tabl e 10 bel ow. Tenper ature 370C 380C ¢

25 DC(Clerr]Herr]) % 2 4

S(ACN) % 18 28 4043 56 S( ACN +

LC[err]H[err]) % 42 49 8 .. 68 \ mmox) %
58 42 4. Progess accogge@?e}:p] aa%rﬁ)?)c%,:.ms §£ Ai:o 0

0 0 30

0,
TABLE 10 3, cﬁgr Qer@sed in that thg reaction gs carried ght in

CLAI M5 P for the amoxi dati on of al kanes
in the vapour p%l'éesepres?%cee prgegsg%ce ‘of a solid catal yst conpri sing at

| east one active phase, qpara%&%@e%%dabgord?n%hes %H@ ??iélﬁfﬁévf'ﬂgase

corresponds to the foll ow'ng enpiri or mu

VSb[err]Me§r] Qt, characterised in that thk reactibf ﬂ@hﬁ@rature is - - a
represents a whol e or fractional nunber 10 equal . to or greater

than 1, between 300°RD R BEY °@N antOPprafetablPabetwaerSEorC
|nd|un1aton]

and 500°C.
6. Process according to one of Claims 1 to
5, characterised in that the total pressure is between

10 1 and 6§ bar.

7. Process according to one of Claims 1 to
6, characterised in that the hourly volume rate is
between 100 and 36,000 hl.
| 8. Process according to one of Claims 1 to

15 7. characterised in that, in the reactive gas (mixtﬁre
of saturated hydrocarbon, ammonia and oxygen), the
content of saturated hydrocarbon is between 5 and 70 %,
the content of ammonia is between 3 and 50 % and the
content of oxygen is between 3 and 45 %.

20 9. Process according to one of Claims 1 to
8, characterised in that the composition of the gaseous
mixture is outside the explosive region.

10. Process according to one af Claims 1 to-
9, characterised in that the solid catalyst contains,

25 besides the said actiQe phase, at least one inorganic
oxide. }

11. Process according to Claim 10,

characterised in that the inorganic oxide is chosen



- b_represents a whole or fractional nunber ___ equal to or

greater than 0.5, 15 - X represents  qr fractional nunber
specified by the oxidation nunber of the a] "El" !‘"({ﬂﬂjﬁj | enent s of

.the active phase. 2. Process | m 1,
characterised in that the said active pha corresponds 20 to the
formula (1) in which: - the ynbol a represents a whole or
fractional t prefe I n 1l

and 10, from alumipn,"BRSER e} £100/ Sl R ractr}é%%él 25
nunber up to 2

3. Pr O(F:)ess a%ggg%sﬁa P%ﬁfgﬁégg#y?#g&&nﬁe@i%?im ox:.dze = dartézce?erl sed I n that
-the alkane is piqR¥es. 40

4. Process according to one of Clainms 1 to 3, characterised in that
the reaction is carried agt | Process 4860PADSENES dife S UDaims 1 to

5. Process according to one of Cains 1 to 5 4, characterised in that
the reacti @ tejpeharacterised in bRavethe 3OOTidrehtilfst Idcntaitssyr ef er abl y
bet ween 350[err] C . and 500C. 6. Process according to

one of C ai ns beisides theSpatflaaativei pkalse)n damalndric suppdrtproessaure i s
betueen - ceramic or metal substrate of monolithic type.

13. Process accerding to either of Ciaims 10
and 11; characterised in that.the solid catalyst also

10 contains an inert support or a ceramic or metal
substrate of monolithic type.

14. Process according to either of Claims 10
and 11, characterised in that the active phase of the
catalyst represents from 5 % to 100 % by weight of the

15 weight of the said catalyst and preferably from 10 % to
50 % weight/weight.
15. Process according to either of Claims 12
" and 13, characterised in that the active phase or the
catalytic phase represents from 1 % to 50 % by weight

20 of the weight of the catalyst and preferably from 5 %

to 35 % weight/weight.



10 1 and 6 bar. 7. Process accordlng to one of Clains 1°
to *© 6, characterised in that the hourly volune rate is bet ween
100 and 36,000 h[err]. 8. Process according to one of
Clainms 1 to 15 7, characterised in that, in the reactive gas (m xture

of saturated hydrocarbon, anmonia and %éygen), t he content of
saturated hydrocarbon is between 5 and % the content of ammoni a
is between 3 and 50 % and t he content of oxygen i s between 3 and 45
% 20 9. Process aggdijeg to one of Clainms 1 to 8,
characterised in that the conpesition of the gaseous mxture is

out si de the ex% %%BV

-of Clainms 1to 3 < teacar yst—cont ai ns,
25 besi des the said actlve phase, at |east one inorganic _ oxi de.
11. Process according to Caim10, characterised in that the
i norgani ¢ oxide is chosen 41
fromalumna, silica, silica/alumna, zirconia, cerite, - magnesi a,
titani um oxi de, niobium oxide and their m Xt ures. 12.
Process according to on&hef pEeaent inventisnoretabtesictera pxbdess hat the
solid catal yst contains, besi des the said active phase, an inert

support or a for hhﬁ%ﬂﬂﬂ?ﬂ&da#épal°§u§9tﬂﬁ@§eéfhﬁéﬁ@???@@%ﬁty%h?t is

to say the conversion of alkanes to a mixture
contaxn;ng a,ﬁ unsaturated nitriles.

More partzcularly, the subject of the present
invention is a process for the ammoxidation of alkanes
in the vapour phase in the preeence of a solid catalyst
whose active phase contains vanadium, antimony, iron
and/or gallium and/or indium and'exygen. |

The present iﬁvention is more particularly
suifable for the ammoxidation of propane to a mixture

containing.acr91onitrile and propylene.



13. Process according to either of Cains 10 and 11, characterised in
that the solid catalyst also 10 contains an inert support or a ceram c or
met al® . substrate of nonolithic type. 14. Process
according to either of Cains 10 and 11, characterised in that the
active phase of the catal yst re rleﬁents from5 %to 100 % by wei ght
of the .15 weight of the said catal yst "ahd preferably from10 %to .50
% wei ght / wei ght . 15. Pgocess according to either of Cains
12 .and 13, characterised in that ) active phase or the

catal ytic phase represents from1l %t % by weight 20 of the weight of
the catal yst and preferably fromb5 4 gyo 35 % wei ght/wei ght.

. e e s e L OC
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