-1l - 0547981 The present invention relates to a process
foor the ammoxi dation of saturated hydrocarbens, that is to Say the
conversion of alkanes into a mxture containing [err]-unsaturated nitriles.
5 It is well known to thosejskilled in the art tfaky giy many
proposal s have been formul ated regarding the amoxidation of o |ns and,
in particular, that ofpar BE)éls%ﬁ% ﬁ%ﬁ\t,%n abihedghebhg %ﬁbéé@fsed

hydr ocar bons, which are nbore wi dely avail able, are nore 10 advant ageous
starting nagsti ghe AnABkiAatGiOROBEC skitavACeal hylkobarBbas, Wehhtkagwn t hat
they do not have a conparable reactivity in this type of reaction, in
particul ar te saynther cpntrexativhab®#dalkhhekcintona mixtheedi fficulties
encountered in the 15 anmoxi dati on of saturated hydrocarbons lies in the
need to be abhbativihgve,fransalbratedanisrileapabl e of dehydrogenating the
saturated hydrocarbon under conditions which minimze or elimnate the
conbust Pon of the amBfi &saweldr knewn &P Fh@sﬁyékéééﬁéohnwﬁhﬁeazﬁ

ensuring a reasonable selectivity_either for [err]-_unsaturated nitrile
(targeted pEBRECVPIYf BROYXRFGPOSRIE Bave BRER Epzmpdatied é.'PEPH&’-PBom

pr opane, or or enhangﬁg .valu ro ycts éﬁbovenentlone nlt&h E E
ol efin), 8x§ﬂ$?§l Foﬁc I8 FFFe d pPoBBFEAEU28T, §RBLK Sfarting

f lt.h b .3,
amxf’&?%‘“erﬁp%éf?*fcﬁk b AR LRt e RaBPSRBRCER o, On o

ifiybdenun}Rﬁaggcggkgthtwhlch are more widely available, are more
10 advantageous starting materlals from an economlc
viewpoint, it is_also well kﬁown that they do not have
a comparable reactivity in this type éf reaction, in

particular to form o, B-unsaturated nitriles.

One of the difficulties encountered in the

15 ammoxidation pf saturated hydrocarbons lies in the need
.to be able to have available catalysts capable of
dehydrogenating the saturated hydrocarbon under
_ conditions which minimize or eliminate the combustion
s _

of the ammonia and/or that of thelhydrocarbon while

20 ensuring a reasonable selectivity either for o, -
unsaturated nitrile (targeted product), for example for
acrylonitrile when starting from propane, or for
enhancéd valpe products (abovementioned nitrile and
olefin), fof exampie; fér acrylonitrile and propylene

. 25 when starting from propane.
It has already been proposed, iﬁ US Patent

No. 3,365,482, to ammoxidize, in particular isobutane

to methacrylonitrile, on a molybdenum-based catalyst



<y

42 ‘deposi ted on et a-'al'um' na, doped with-antinony, at- 508C, starting from

~.& gaseous m xture containing isobutane, air, ammonia and steam

((1.0/4.5/1.0/12.5); the selectivity for methacrylonitrile reaches 49 % with
5 a degree of conversion of the isobutape of 22 % Starting froma gaseous

‘'m xture of propane/ air/amonial/steam (1.0/4.7/0.67/12.8), with the sane

catal yst andepbds DBl &r |etd E1 8R10E] | Jbpea fWLtRCANt Onony frdde falls to 15 %
wi th a degreeof conversion of 10 the propane of 29 % In French Patent

2,027, 238 (508 f €5 Pl tiond NEFG [a { gasSolt Bk tibe So®Tdidiiy, a process is
proposed for the vapour phaseé anmoxi dati on of saturated hydrocarbons at a

t enper at ur eiadbboweart®[£ir,| ammonia Sohd dstiéam Cht@f4sE/IM0LIR Ay, i n
particul ar, consist of tin oxide, boron oxide, nolybdenum oxide and silicon
oxi de. Thusthé ns&kesipieitX T¥r tthethadtryloni puibs neadi@es t4fe soviddti vity for
acrylonitrile reaches 35 % at 32 % conversion of the propane, but with
oper at i g 2@.deS§ﬂﬂiQ$dﬁ§”ﬂﬁ¥%¢9¢ﬂ%%et¥ﬂei§@bm@ﬁkﬁeﬁﬁn§h air (1/1.2/12)
reaction mxture in the explosive region. In French Patent 2,072, 334
(correspondi ng to BriffaRting cHfom gasspgus ixture, f LIORANS/ecomended

f h | Yt i dat i I ' 25 h )
terper at ur R bH BIPSO L1 3em oft PO LENT IR R A BT S PR L IERE |t he 1 oo
gas M xtur e, pypre@ S0k 1 Sk CEIGIYSt cHl 500 8801w Ly PRLLT G 6. cONSI ST Of tim

‘nitrile fallé to 15 % with a degree of conversion of

10 the propane of 29 %.

' In French Patent 2,027,238 (corresponding in
part to US Patent No. 3,670,009), a process is proposed
for the vapour phase ammoxidation of saturated
hydrocarbons at a témperature above 500°C over a sélid

15 catalyst which can, in particular, consist of tin
oxide; boron oxide, molyﬁdénum oxidé,and silicon oxide.
Thus, in Example IX éf the table on pages 12-13, the
selectivity'fox acrylonitrile reaches 35 %, at 32 %
convergion of the propahe, but with operating

20 conditions which place the propane/ammonia/air
(1/1.2/12) reaction mixture in the explosive region.

In French Patenﬁ 2,072,334 (corresponding to
British Patent No. 1,336,135), a process is recommended
for the catélytic ammoxidation of alkanes, in the

25 vapour phase, at a temperature below 500°C, with a high
cdnceqtration.of alkane in the feed gas.mixture, over a
solid catalyst which can, in particular, consisﬁ of tin

oxide and of molybdenum oxide (90/10 by weight):;



s oxide and of nol ybdenum oxi de (90/10 by wei ght); -3- however, better
pgrfornances are obtained wth'catal ysts consisting of antinony oxide and
vanadi um oxi de. In French Patent 2,072,399, a process is also 5

proposed for the catal ytic amoxi dation;of al kane, in the vapour phase,

with a high concentration of alkane in the feed gas m xture, over a solid

catal yst whhghetan, batﬁéktbeﬂkéEmaﬁéeé BroapBeginkyr @ieh oxides containing
nol ybdenum oxi de. 10 he follow ng pairs are nore particularly

i ndi cat ed: éaﬂea1§h):s(ansSB);:.ﬁybofVanemon'yﬂ oxi8k, aBt) ofHORAMEEumNONE Of
these pairs has a better performance than those obtained with pairs not 15

cont ai ni ng erigédenum The acrylonitrile yields obtained are very low at
best, 1.7 %of the propane is converted to acrylonitrile at 570[err] over a
catalyst based on oxi @ssFoenchnPakenbf 2t P7FAnBAM anpFrerel Rat adsoNo.
2,119,492 (corresponding 20 to US Patent No. 3,746,737 and to British

Pat ent Ho. proosggofori thescpraprsia PENBSEthBPﬁaPﬁ aékpssit iiBn based on

oxi des of nol ybdenum and of cerium However, the erfornance of the (M,
Ce) pair apb%ﬁrgaPHEHeabéﬁé'lWtheaaB%EHc§°BFeH5FB§éﬁnoP 0P1§aHSIogenated

conpound. 2§n the feed gaLtmhit%gthggggllysggcgngg@g sgowglch

can, in particular, be a binary mixture of oxides
containing molybdenum oxide.
10 - .The.following pairs are more particﬁlarly
indicated: | _
(Mo, Sb) (Mo, Sn) (Mo, V) (Mo, Ti) (Mo, Bi).
However, none of these pairs has a better.
{~} performance than those obtained with pairs not
15 containing molybdenum. The acrylonitrile yields
obt;ined are very low; at best, 1.7 % of the propané is
converted to acrylonitrile at 570°C over a catalyst
based on oxides of tin and of titanium.
- In French Patent No. 2,119,492 (corresponding
20 to US Patent No. 3,746,737 and to British Patent No.
1,337,759), it is proposed to use a'binary composition
-Ibased on oxide§ of molybdenum and of éeriuﬁ. However,
the performancé of the (Mo, Ce) pair appears inadéquate
in the absence of haloéen of of a halogenated compound.
25 It is additionally recommended to add, to
this (Mo, Ce) binary composition, a third element
chosen from tellurium and bismuth (cf. also US

3,833,638). There again, the performance of the



thiis (M, Ce) binary conposition, a t-hird elenent chosen fromtellurium and
bismuth (of. also US 3,833,638). There again, the performance of the -4-
catal ytic system appears inadequate in the absence of hal ogen or of a

hal ogenat ed conpound. In addition, it W, |l_ be noted that, in the presence
of [err], the selectivity for acrylonitrile reaches 67 % at 98 %5

. _ : 2 : | th
conversion qaéﬂ%ﬂrc?%ffﬁ%%m RIS GHUH AbbaMiL bl ace the

pr opane/ anmoni a/ air reaction mXture in the explosive region.

French Pat enfaidger? okl $£433 Hidogtinst dd Qdnsinidr ihaqaiEddndatiiton of
al kanes in the vapour phase 10 over a solid catal yst containing oxides of

bi snut h and wifl Imdley bddiadmthiat,, iin appy grdsdme aff @MBphothe and of silica.
There again, the perfornmance of the catal ytic system appears inadequate in
t he absence sdldvdliogdry diorlacrydford thal logaressaieae G Gunata®® tthe reaction

m xture is wthin the \;);PI osive region. In the face of these many

short cori ngFonMaYsien Kkhe prepagie .cbwy wndere renatingas focused on the
use of solid catalysts based on vanadi um and/or 20 _on antinony. In
"Chenistry lsandiitdonggadhich, plrees they @ropangy apmandayaigsted, in the

ammpxi dati on, _o r ne in the vapour ase, nul ticonponent .netal oxides
(1)1J%/¥%% reaction ﬁy;turéﬂ}n the exploég%e region.

French Patent No. 2,119,493 has also provided

for the amhoxidation of alkanes in the vapour phase

10 over a solid catalyst containing-oxides of bismuth and
of mblybdenup éﬁd, if appropriate, o£ bhosphorus and of.
silica. |

.Thére again, the performance.of'the catalytic
system appears inadequate in the absence of halogen.or

15 of a halogenated compound and the reaction mixture is
within the éxplosivé region.

In the face of these many shortcomings,
.various work, in parallel or subsequently, has focused
on the use of solid catalysts based on vanadium and/or

20 on antimony.

In "Chemistry Letters, 1989 (pp. 2173-2176)",
the writers tested, in the ammoxidation of propane in
the wvapour phase, multicomponent metal oxides
containing.molybdenum aﬁd bismuth and having a

25 structure of the scheelite type. It appears ﬁhat,
desﬁi;e the relatively moderate temperatures used, the
proportion of combustion products (CO, co,) is very

high in all cases (at least 15 %) and that some



«cpnt ai ni ng nol ybdenum and bi snut h and having a 25 structure of the
.Scheelite type. It appears that, despite.the relatively nbderate
fterrperatures used, the proportion of combustion products (CO [err] is very
high in all cases (at least 15% and %hgt sone catal yti c conpositions
tested have very little activity with“respect to the desired reaction,

d ite t ' I
v:f;cl ngar Q"t%hd’ gﬁ:(furegl on. r}%gﬂsorkseswdcg#he ppreytsence (%%%%12110%&2&3
conpound iy AR e pgLetTen ‘Eles%‘l@&’%e‘&'&t&f o, NaSPI dRHe 3 de therefore

undesi rable 1n an”i ndustrial process. I S noreover ObVIOUS that t he

coproduct iyaed doHdit B s 19fe @9 %m. k¥ dilvd Scdyidasidabl e on 10
an industrial scale. In addition, the use of reaction mxtures which lie in

t he expl osiessr nRGIWIEHS LA detfiolesi rabl e on an industrial scale since
the process is used in a stationary bed. 15 It therefore
appearss that it woulThereprasggrce aefsiar dalleogenatad aompduds eesa process for

t he ammoxi dati on of al kanes which nmakes it possible to obtain, with an

appr eci ablaapadtlertaf;j inducing aannesione wfarkded eciipmentodnst siscont ai ni ng an
[err]-unsaturated 20 nitrile, in particular acrylonitrile, while

reduci ng, thenafiaresmndesirahlsiin an dodusdFial Pnasess. in starting

material .as a result of the formati on of
- t is moreover obvious that the coproduction

y of large quantities of CO and of CO, is undesirable on
10 an industrial scale.

In addition, the use of reaction mixtures
wﬁich lie in the explosive regioﬁ is even less
desirable on an industrial scale since the process is

; usea iﬁ a stationary bed.

15 It therefore appears that it would be highly
desirable to have available a process for the
ammoxidation of alkanes which makes it péssible to
obtain, with an appreciable selectivity, a mixture of
enhanced value products containing an o, 8-unsaturated

20 nitrile, in particular acrylonitrile, while reducing,
as much as it is possible to do so, the losses in
starting material as a resuit of the formation of
oxides of carbon.

' It would also be highly desirable to have

25 available such a process in whicﬁ the solid catalyst
would be relatively simple to prepare and active in the
absence of halogenated promoter and for gas mixtures

which are not necessarily in the explosive region.



; oxides of carbon. It would also be highly desirable to have 25 avai l abl e
such a process in which the solid catalyst would be relatively sinple to
prepare and active in the absence of hal ogenated pronoter and for gas
m xtures which are not necessarily in_tge_explosive region. -6- The
subj ect of the present invention is therefore a.process for the

ammoxi dati on of aIkangﬁefﬁﬁi$gcgagguEhgh§§gsgﬁtfhﬁvgﬁgggﬁcgsof a solid
catal yst, the active phase of which contains nol ybdenum vanadi um 5 and

oxygen, chaenetefbzedai prbbBakst forsahd ammbyxtdpbasn aEsalkanesi ia at | east
one el ement chosen from manganese, zinc, cobalt, copper, lithium sodium
pot assi um anHesvapeur phasedingthe phespnesenf ansehidonatatyskic 10
saturated hydrocarbons having from3 to 12 carbon atons per nolecule are
reacted i n the aapbve phase oftwhichoapatahsdsonpdrhdenumhevpnaddnwme of a
catal yst whose active phase has just been specified. O course, in the
cont ext Sof &R pXEdgen: ¢hbaragigrissd ip thagosbpppaidoagsévei phage gases

which are inert under ,the reaction conditions, such as helium nitrogen and
argon. Likefi88, coREaiREaAthLRARAREoSLRRPLSEBRECREEPPoN i xture within

00 L SentBiehSes: e RabRELy hhe BICSRERLRR soRAL e OVTOD) 20

potassium and silver.
According to the present invention, acyciic
_10' saturaﬁed:hydroéafbdns having frém 3 to 12 carbon atoms
per molecuie'are reacted in the-vapour phase with
ammonia and ox&gen in the presence of a catalyst whose
active phase has ﬁust'been specified.
Of.course, in fhe context of the present
15 process, it is possible to use diluent gases which are
~inert under'the.reaction'conditibhs, such as heiiuﬁ,
nitrogen and argon. Likewise, steam éan be added to the
gaseous reaction mixture within wide limits. The
reactive gas (saturated hydrocarbon, ammonia, oxygen)
20 ' can thus be diluted with an inert diluent and/or with
_steam. In this mixture, the steam content can vary
within wide limits,.in particular f£rom 0 t§ 50 %.and,
preferably, between 3 and 30 %. For a good
implementation of the pfécess_according to the
. 25 invention,-the content of reactive gas will be at least
3% anﬁ preferably at least 20 %.
- Within the reactive gas, the respective

contents of saturated hydrocarbon, ammonia and oxygen



steam+ In this mxture, the steamcontent can vary within wide limts, in
particular fromO to 50 % and, preferably, between 3 and 30 % For a good
i pl enent ation of the process according to the 25 i nvention, the content
of reactive gas will -be at least 3 %ang preferably at least 20 % Wthin
the reactive gas, the respective contents of saturated hydrocarbon, amoni a

and oxygen cam %ar§ARriidiv Wilde niwiga.limts. The content of saturated
hydrocarbon in the reactive gas is preferably between 5 and 70 % That of

amoni a i s preferably el wetitehtand 4atirated haidreafcarbony gan thse preferably
between 3 and 45 % For a good inplenentation of the process according to

t he i nventi aracdtisrec gasosid iporefefrabily bexoicenc Smiandir’® V.l ITHae aft si de t he
expl osi ve region. For the anmmoxidati on of propane in the absence of 10
inert di | uemmmonii@a denpasfidrablypbetaeen Sxageh 45ak@mida)that [ofhe

advant ageously chosen fromw thin the quadril ateral ABDE which appears in

t he ter Far y VS ahBABRE afgsabdan barviesn Re asich §i5% %appended Figure. In this

ternary diagram segnment AB 15 represents the ammpniia content from 100 %to
0 % segment BC repre?é’rﬁ?tgr?é’dpr‘g?%‘?@ee&ﬁt%ﬂn AokPROPRTePHs segnent CA

0 ) ) : .
;Sg:rgrsf n}ssé tarc]:%ocl): i%.egn tCoO rgh%ntin].cvre% 116919 tt?xeo cé)mp%qslirl:tio% osf:I ttlfiaet ed within

reactive mixture will be outside the explosive region.
i_\g Fér the ammoxidation of propane in the absence of
10 inert diluent, the compésition (propane, oxygen,
ammonia) will be advantageously chosen from within the
quadrilate;al.ABDE whiéh appeais in the ternary diagram
ABC representéd in fhe single appended Figure} |
In thié tefnary diagram, segment AB
15 represents the ammonia content from 100 % to 0 %;
segment BC represents the propane content from 100 to
0 %; segment CA represents the oxygen content f£rom 100
to 0 %. Point D, situated within segment BC,
corresponds to a propane content of 45 %; in the binary
20 system (prépane/oz); point E,.situated'within segment
AC, correspoﬁds.to an ammonia content of 79 % in the
" binary system (N'Ha-) /0,) %. |
‘Segment DE marks off the ternary diagram into
two parts:.a triangle CDE within which is situated fhe
25 explosive region (determined at 1 bar aﬁd at 25°C) and
a quadrilateral ABDE within which the composition of
the reactive gaseous mixture will advantageously be

chogen.



: coryesponds to a propane content of 45 % in the binary 20 system
(propane/[err]); point E situated wthin segment AC, corresponds to an
ammoni a content of 79 %in the binary system (NH3)/02) % Segnment DE marks
off the ternary diagraminto two parts: ga_triangle CDE within which is
situated the 25 expl osive region (determined at 1 bar and at [err]) and a
quadri |l ateral ABDE mﬁfgfntuglQﬁmbggdggmgﬁsbrlonggnéhﬁnr@ﬁgt|ve gaseous
m xture wi ||l advantageously be chosen. -8- For the ammoxi dati on of
propane in prEsdfi€sedEeinbrtn@iludhtugak (gay(and/anddéorsbéatij eaf) it wll
be advi sable to determ ne the conposition of the ternary m xture (propane,
oxygen and whbbribe)advisabdite to debesminat thetcompédsbtdmvefetheoned
di agram when the diluent gas and/or the steamis in a | ow proportion. For
the ammoxi dee¥marypfmpxbpaae (byopsans okygen asdthmmygbnlsoqrde;' t he
conposi t lon (propane, air and amonia) w || advantageously be chosen i nside
the 10 5 qu%ﬂr$i§!%¥%llhBFE;ﬁhﬁcﬁbaﬁﬁ§aﬂ§mpﬁﬁﬂndﬁﬁﬁgwan1 rebeesented in
the appended, Figure 2. In this second diagram segment AB represents the
amoni a corl‘?’ezlﬂ‘t‘e‘l‘ﬁ‘oﬁ?ﬁioﬁn%?ﬁ Bh% 5§€§Phsﬁf Be ?eb?‘és%ﬁ?8°’f’ﬁé°ﬁ5r opane
content from 100 to 0 g{lgrrent resents the air con%ent from

u

100 to 0 % Point F, daﬂFPﬁFﬂagéaﬁEﬂ BEOPRBP [ RE 73R8 854 propane

air as the oxygen source, the composition (propane, air

and ammonia) will advantageously be chosen inside the

L

10 quadrilétérai ABFG which appears within diagram ABC

represented in the appended Figufe 2. .
| In this second,diagram,.segment AB represents

the ammonia content from 100 % to 0 %; segment BC
répresents the propane content.from 100 to 0 %; segment

15 CA represents the air content from 100 to 0 %. Point F,

. situated within segment BC, corresponds to a propane
content of 16 % in the binary system (propéne/air);
ﬁoint G, situated within segment AC, cﬁrresponds to an
ammpnia content of 35 % in the binary system

20 (ammonia/air).

Segment FG marks off the ternary diagram into
two parts; a triangle CFG within which is situated the
explosive region (determined at 1 bar #nd at 550°C) and
a quadrilateral ABFG_wiEhin which the composition of

25 the reactive gaseous mixture will advantageously be
chosen.

This second diagram will be used in the case

where the oxygen/diluent gas mixture corresponds to an



content of 16 % in the binary system (propane/air); point G situated

w thin segment AC, corresponds to an anmoni a content of 35 % in the binary
system 20 (ammoni a/air). Segnent FG marks off the ternary diagraminto
two parts; a triangle CFG within which igs situated the expl osive region

(determned at 1 bar and at 550[err]) and a quadrilateral ABFG w thin which

the conposi td8pgdl ontedflCedBRrdl dft 98 Ot BKIaHL (Llly aglvantageously be
chosen. This second diagramw || be used in the case where the

oxygen/ di | UadityPas) Mdxtik CeKP 5P Ailird cls mixGurdXyd) ede £06] &k
equivalent to that of air ([err] 21 % oxygen) or in the case where this

m xture is diedietyedn iwi i \igespet td esfpect to air. Starting from propane,
a mxture will be 5 obtained containing essentially propyl ene and
acrylonitrile. Acryl orBtarting sfxom iprtaparesl o enjxiogeeadilhdestrially on a
| arge scale, propylene is a starting nmaterial traditionally used to produce
acryl onidri |ebtaipedreentaining esgentially orpiens amd  wel | known to
those skilled in the art. Starting fromisobutane, a m xture will be

obt ai ned corREMtIR: Het ke AFor ettt kg subirtrrediRr it enes. The

rocess accordi t he inventjon is
P pro&ﬁheé?{n ustrighiy on a large scale, propylene is a

starting material traditionally used to produce

{-2' acrylonitrile and various other intermediate products

-\:}

10 “well known to those skilled in the art.
‘Starting f£rom isobuténe, a ﬁixture will be
obtained containing.ﬁethacrylonitrile and isobutene or
n-butenes. ” |

, - The process according to the invention is

15 more particularly suitable for the amﬁoxidation of
proéane. |
While the saturated hydrocaern used may be
_ of technical grade, it will not contain significant

quantities of compounds containing ethylenic

20 ungaturation. Thus, the propane employed will only
contain trace quantitieé of propylene.

The process according to the invention

and carried out in the form of a vapour phase reaction.
Consequehtly,'any device suitablé for carrying out

25 ammoxidation or oxidation reactions in the wvapour phasé
caﬁ be used. The process can be carried out
continuously or noncontinuously and it can comprise the

use of a statiohary bed or of a fluidized bed.



15 . nore particularly suitable for the amoxi dation of propane. Wile the
saturated hydrocarbon used may be of technical grade, it will not contain
significant quantities of conpounds containing ethylenic 20 unsat urati on.
Thus, the propane enployed will only coppaLn trace quantities of propyl ene.
The process according to the invention and carried out in the formof a
vapour phase reacti on.THeDnSRBISiv Vb entbr Sttt el € 5 Y endd=A 110 b etbdder Ng out
25 anmoxi dati on or oxidation reactions in the vapour phase can be used.
The process 360N and GHO Gl mosferaloig) paiweawmnddt iand Bl ,@Gnd it can
conprise the use of a stationary bed or of a fluidized bed. - 10 - The
reacti on tenperature iThedadral |présswesepB3Ithemeasstoy mixtuke pref erably,
bet ween 410 and 510[err]. The total pressure of the reaction m xture can be
great er tha$ag beg@neatenithaiprf eyl skuratnosphenis puagaIve- bet wveen 1
and 6 bar and, ,preferably, bhetween 1 and 4 har. The gas flowrate is fixed
such th& tHE ASuAsPSFale helivesn HArkeh bap 2ty BFEfRFaRi¥q and,
preferably, .bet ween 200 20,000 [err]. 10 O course, those
skilled in OFEYET W Iﬁn%er]!depoa}%‘ to find a conpronise between the

tenperature, the gas f.llhoewg;aaé eﬂgvperﬂeeci'éefiq?édjrs%c%‘ éh*&et c‘_q{eal yst used

hourly volume rate is between 100 and 36,000 h™! and,
{wgé. preferably, between 200 and 20,000 ht,
10 - Of course, those skilled in the art will be
able to find a compromise between ﬁhe temperature, the
_gés flow rate, the precise nature qf thé catalyst usea
and the various other parameters of the reactionm,

‘ij taking into account their production objectives.

15 In the process according to the present
invention, use is made of a solid catalyst in which the
active pﬁase corresponds to the empirical formula

— Mo_V, M O,
e in which:
20 - M represents one or a number of elements

chosen from manganese, zinc, cobalt, copper, lithium,
sodium, potassium and silver.

- a is a non-zero number less than 2;

b is a non-iero number less than 2;

25

¢ iz a non-zero number less than 1l; and
-. x is determined by the oxidation number of
. the other elements.

M preferably represents one or a number of



; and.,the various other paraneters of the reaction, taking into account their
production objectives. 15 In the process according to the
present invention, use is made of a solid catalyst in which the active
phase corresponds to the enpirical formgha_[err] in which: 20 -
Mrepresents one or a nunber. of elenents chosen from manganese, zinc,

cobal t, COPP&IeméﬁE&"é‘fﬂwﬁ%% DL £6 Sbtd BHGcRb& e Exromd | S @ non-zero
nunber | ess than 2; - IS a non-zero nunber |ess than 2; 25 -
C IS a non- ziRgAnebde] i_ﬁs@ ddd@edbard X is determined by the oxidation
nunber of the other elenents. Mpreferably represents one or a nunber of

el ements of which at |ppsfexslslys o émminiveal)afesmylai nc and cobal t.
Preferably, in the enpirical forrmula involved, 5 - ais between
0.1 and 1 i nthwslved,- b is between 0.05 and 1.8 inclusive; and - c is
between 0.1 and 1 inclusive. Active phases which are nore particularly
preferre¥ correspond to Mksémﬁw%wfhrMaMWW% and in which: -

M represents an el ement chosen from
- b is between 0.05 and 1.8 inclusive; and

- ¢ is between 0.1 and 1 inclusive.
Active phases which are more particularly
gwkj preferfed correspond to the empirical formula involved

10 and in which:

M represents an element chosen from
manganese, zinc and cobalt
-a is between 0.1 and 1 1nc1u51ve,

- b is between 0 05 and 1.8 inclusive;

-('.f-':’v

i5 - ¢ is between 0.1 and 1 inclusive; and
Tne active phases involved can be nsed, in
the context of the process according to the invention,
_ in the bulk form or in the particulate state. These

phases can be used in the form of powders or of balls,
20 which are extruded or crushed, for example.

They can also be deposited on an inert
support or can coat it. The nature of the support is
not qriticel so long as it is chemically inert with
respect to the reactants under the chosen reaction

25 'eonditionsf By.way of examples of supports capable of
being suitable for the preparation of catalysts which
can be used in the context of the pfocess according to

the invention, there may be mentioned: silica, alumina,



manganese, zinc and cobalt - a is between 0.1 and 1 inclusive; - b is
bet ween 0.05 and 1.8 inclusive; 15 - CcCis between 0.1 and 1
i ncl usive; and The active phases invol ved.- can be used, in the context of
the process according to the inventigng,in the bulk formor in the
particul ate state. These phases can be used in the form of powders or of

ball's, 20 gy &l 2 EmeXh | UdEHLOEe§! PP, cdPbofakdiRh & mddie¥s£an al so be
deposited on an inert support or can coat it. The nature of the support is

not criticahagesDitd 851itaté SheNALatbatsis ¥hith| CEREE! shPpdbhe
reactants under the chosen reaction 25 conditions. By way of exanples of
supports capabbeepéraielyponsnpdadbhe and ¢tar espeaizllprbefbaséd| gsts- which
can be used in the context of the process according to the invention, there
may be nentaonefirastéryaoxiafieninathe partifculsté i ferml urheanostnt ered cl ay,
car borandum nmagnesi a, magnesium silicate and di at omaceous earth. This
support5i s pemrerly| supbayedosurpent chaingpetavtbased. bBBE® on a refractory

oxide in the particulate form the nost 5 common|y enpl oyed, support being
cl ay- based. SHPPRT & upRRr t LeBnexppPley ppreist ok krent-  sRrRlet®npl et e,

preci so val TENE TR Boush By BrALIREFE SoAtPReteeeh BIFYRSRe ki | led
in the art @?5 mm and 6 mm. The precise value of the diameter of
i the balls can be chosen by.those skilled in the art as
10 a fﬁnctién of the acceptable pressure drop in the
ré?ctof. The support.can also be made nonporous by
enamelling. . “

This support can also be a ceramic substrate,

the said substrate preferably being in the form of an

15 inert and rigid structure of monolithic type comprising
channels or ducts. Such supporgs.are well known to
those skilled in thé art and have been.widely described

_ in the literature. The substrates used which are made

of ceramic substance are éspecially those containing,
20 as the main substance, cordierite, alumina, mullite,
porcelain, and carbides of boron or of silicon.

When a coated catalyst is used; the quantity of
active phage, which can vary within wide limits, is in
practice between 5 and 35 % and preferably between 8

25 and 20 % by weight with respect to the combination
(suppért + active phase).
The preéaration of the catalysts used in the

process according to the invention can be carried out



10 , a function of the acceptabl-e pressure drop in the reactor. The support
can al so be nade nonporous by enanelling. This support can also be a
céram c substrate, the said substrate preferably being in the formof an 15
inert and rigid structure of nonolithicqgype conprising channels or ducts.
Such supports are well known to those skilled in the art and have been

wi del y descripeshifoddfdyd iiivt el hfe SUSEE A @Sniseedly Woé ch are nade of

ceram c substance are especially those containing, 20 as the main
substance, cAailt£ild GsaPds!ibachdTddrid el tyé € 6 Bélen 86 (i avdt &ke o0f boron
or of silicon. When a coated catalyst is used, the quantity of active
phase, whi chitamaother vedlventy divlliowdd by Sevapqracionetdhelmyasrs, and 35 %
and preferably between 8 25 and 20 % by weight with respect to the

conbi nat i on ¢ Upp @rec picta ticom s @ddiftiopreba dvasa sich las cat al ysts used
in the process according to the invention can be carried out, - 13 - in
vari ous haySRERRirE fatmania Qi iPhamiagid) ck as ydreghlerid the
constituent elepents in water or in another solvent, followed by,

evapor at i on 35 yHe BPTHFING, of &tigHIRARBirh oRRIRS A BT $uch as 5
aqueous ammoni a or, of. an acj.d such as hydrochloric acid, or spraying of a
suspensi on o %i%‘é’a‘:%]{a%rs%'ﬁhg the suitable salts.

The most commonly employed suitable salts are
soluble in water and contain anions or cations which
10' can be deédmposed by heat during the sgbsequent stages.
These are, forfexample, ammonium heptamolybdate for
molybdenum, ammonium vanadate for vanadium, and
manganese, zinc and cobalt nitrates or chlorides.
Once the mixture of the salts has been
15 prepared, a precursor can be obtained by the so-called
evaporation méthod. The water of the suspension
obtained is evaporated Ey heating between 20 and 100°C
with stirring for the time necessary for a non-runny
= paste to be obtained. Stirring and heating are then
20 halted.

The paste thus obtained, spread in a
thickness of approximately 2 cm, is dried under air at
approximately 120°C for approximately 15 h. The
precursor'thus obtained'can then be ground and calcined

25 between 200 and 1,000°C, preferably between 400 and
1 600°C, for at'least 30 min and preferably at least one
hour: it may prove to be.useful to carry out a number

of grinding and calcining operations in succession.



The most commonly enpl oyed suitable salts are soluble in water and contain
ani ons or cations which 10 can be deconposed by heat during the
subsequent stages. These are, for exanple, ammoni um heptanol ybdate for

mol ybdenum ammoni um vanadate for vanadijum and manganese, zinc and.cobalt
nitrates or chlorides. Once the mxtur& of the salts has been 15

prepar ed. % S el °all e OLALIES S P SibsAleveYpRRLRELgY ot Nl

The wat er € suspensi on obtalned is evdporated ating between 20

and [err] wWid sdhpéidOuie! (68 LkdRpIECLOSHY J06°E@ Q@e-mmy paste to be
obtained. Stirring and heating are then 20 hal ted. The paste thus '

obt ai ned, s@ieAdih Nparthbekaesstof tRPPrDkFBielaredctd thedried under air
at approximately 120[err] for approximtely 15 h. Thé precursor thus

obt ai ned cagxd tisarhie gdetitfipasilt tah obf caindm iut et iteeat @00t and 1, 000[ err],
preferably between 400 and 600[err], for at |least 30 mn and preferably at
| east ohe happroximatglyr2¥e°€o Bhe uzefive tphase ryhesytobtaimedrecan grindi ng
and cal ci ni ng operations in succession. 14 - Calcination can be carried
out by progtken: \@fYer a¢aphing hebe copreund fe, that hkapretiobeto 200[err]
per hour, due, in particular, to the risks related to the exothermc
deconposi t | SHFDfIRFORP EnPRrerdt BPRFORImateby A0 Gt Bt y 230[err]. The active

phase thus obtained q%ﬂe precursor can also be obtained according
L\Ng to a variation comprising precipitation with addition,
10 for example, of aqueous ammbpia or of hYdrochioric acid
at the end.of miﬁinj of the salts, in order ;o
stabilize the pH_aé approximately 7. IE is preferable

to heat the suspension between 20 and 100°C for

L approximately 1 hour to bring precipitation of the |
15 species to completion. |
The suspension is then filtered and washed. ;

The filter cake is then spread out and then dried,
. ground and calcined according to the conditions _
s |

described above in the context of the eQaporation |
20 method, to give the active phase. A number of active
~ phases can be mixed to give a new active phase, for
example in a mortar.
Some catalysts, useful for an implementation
of the prpcéss in a staﬁionary bed, can be obtained by
25 coating ground, intermediate or finished, active phases
in_a manner known per se. This conventiqnal method
consists in dépositing a layer of intermediate or

finished active phase around inert but rough balls.



. then, after cooling, be ground so that its particle size does not exceed
agprOX|nater 400 [err]. The precursor can al so be obtained according to a
riation conprising precipitation with addition, 10 for exanple, of

aqueous ammoni a or of hydrochloric aci t the end of mxing of the salts,

in order to stabilize the pH at approxitately 7. It is preferable to heat

the suspension betvech2g 34d $9h8" Lol 90yaRRHOVLERI Shy holBeal 0 DI ng

precipitation of th eclr es he susp ension |s t he

filtered an |neg ofN€n % EEEEv%a ﬁab% t???gﬁ %aﬁrﬁﬁh gﬁﬂgtﬂéﬁ dr'ed

ground and according fo the cond escri be ove in the

context of 5&% suaRakal 7oNak@ 150ethedr Le A48ttt B® ashut@sPhage. A nunber
of active phases can be mxed to give a new active phase, for exanple in a

nortar. Somgheat akgsStiatredateld fiatoaan BRlenntht arider &b bee process in a
stationary bed, can be obtained by 25 coating ground, internediate or

fini she8, achtileénpldabesweena3tanaed KOORT,peresferabllysbetweent #80al net hod
consists in depositing a layer of internediate or finished active phase
around i ner andu5003Ggh £ozl hE. least B5houdsce the balls are covered with the
desired quantity of the active_phase, they are dried with hot air between
70 and 150[err] for afomeasatadystaubdchngre useful for an

implementation of the process according to the.
;»;; : invention in a ﬁoving bed or fluidized bed can be
.10 . obtained by the technique, known per se, of drying.by
spraying in a prefgrably ﬁonreducing atmbsphere. By
such an operation, follqwed if appropriate by
calcinatio; at a temperature of the order of 400 to
'K/’ " 11o00°cC, pdﬁders are obtained which are spherical in
15 shape and héve a diameter of between 5 and 700 pum.
Powders consisting of af least 80 % by weight of
particles between 5 and 100 pm in size are preferred in
; the context of use in a fluidized bed.
x”{' The products of the reaction_can be recovered
20 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_qnconverted ammonia. The gases can then pass
through a“refrigeratéd ébsorbing column to condense the
25 acrylonitrile, acetonitrile and hydrocyanic acid, the
uncondensed vapours containing mainly unreacted propane
propylene, light hydrocarbons and, if appropriate, CO,.

The acrylonitrile and hydrocyanic acid can then be



then are introduced into an oven in order to be 5  calcined between 300"
and 600[err], preferably between 450 and 500[err], for at |east 3 hours.
Sonme catal ysts which are useful for an inplenentation of the process
according to the invention in a noving pgd_or fluidized bed can be 10
obt ai ned by the techni que, known per se, of drying by spraying in a

preferabl y noftBMicddor26R0ERE eLSe t &Yl SO e &Y WSS 1 003 &Pl dpeehd f

appropriate by -calcination at a tenperature of the order of 400 to

1100[err], W&r@d%@ﬁ}%ﬂf@rﬂﬂﬁmﬁ&\%&ﬂd Gidid Mmibeturshedde and have
a dianeter of between 5 and 700 [err]. Powders consisting of at |east 80 %
by wei ght oftlpsi theldbsbillednir il thi¥h [ Ideparstiealng e preferred in the
context of use in a fluidized bed. The products of the reaction can be
recover ed 2Gerylamitihitlef frornthedgadrdogyamic sagidbl e neans. For exanpl e,
the effluent gases can pass into a condenser containing dilute sul phuric
acid in%rder to neut rEhe zexamples dmlay tidd ushmatien thghoxgsant can t hen
pass through a refrigerated absorbing colum to condense the 25
acrylonitri|¥@VerRte¥®mitrile and hydrocyani c acid, the uncondensed vapours
containing mai nly unreacted propane propyl ene, |ight hydrocarbons and, if
appropriate, CQ2. The acrylonitrile and hydrocyanic acid can then be -

16 - separatghhgni e acel QLI LG fih UPtd | dld iY@ (! "ne
Kﬂﬂ; ' active phase of which corresponds to the
formula Mn, gV, ¢Mo, 406
10 . - An active phase with the composition
Mn, gV, Moy 4O is prepared according to the félldwiné
procedure: a solution (a) of manganese nitrate is
i | prepared by dissolving 204.91 g of 98 % Mn(NO;),°4H,0
(marketed by the Company Prolabo) in 300 cm® of
15 | demineralized water, a solution (b) of ammonium
heptamolybdate is prepared by dissolving 70.64 g of
_ (NH4)GM07024-4H§0 (marketed by the Company Merck) in
.&J.- 200 cm® of demineralized water and a suspension is
preparéd of 187.1% g of NH,VO, (mérketed by the company
20 Prolabo) in 400 cmP of demingralized water. The
gsolution (a) is poured into the suépension (c¢) in a
stirred reactor. The solution (b) is then introduced,
whilst still stirring. vigoroué stirring is carried out
and the temperature is progressively raised to 100-
25 i1o0°c. fhe paste obtained is dried at 120°C for
approximately 15 h. The product obtained is then

ground, calcecined at 600°C for 6 h, reground and



" recoversed acrylonitrile/ hydrocyanic acid m xture can then be distilled in
I-ts turn to separate the acrylonitrile fromthe hydrocyanic acid. 5

The exanples below illustrate the present invention. EXAMPLE 1: -
Preparation of a catalyst (A), the acti § phase of which corresponds to the
formula [err] 10 An active phase with the conposition [err]is

prepared accpggi{g; ﬁgdtge g@?bemfgg psogedure: a solution (a) of nmanganese
nitrate is prepare by dissolving 204.91 g of 98 % Mn[err] (narketed by the

Conpany Prol abo) in 308nenpeedhcel (1P thdenbbesfhéd kbl Cépedi £k Ution (b)
of amoni um hept anol ybdate is prepared by dissolving 70. 64 g of [err]

(mar ket ed bysukfaceppasysibedkaceorddNgct8 the CBINE B! ahé 16 Wad£reqnd a
suspension is prepared of 187.17 g of NHAVO3 (narketed by the conpany 20
Prol abo) in ﬁOD:mﬁSqnf dem neralized water. The solution (a) is poured into
t he suspension (c) in a stirred reactor. The solution (b) is then

i ntroduc®d, whilst sti?® gtofrtheg. pxpducbusiktareimtpwly cdustedl out and the
tenperature is progressively raised to 100- 25 [err The paste obtai ned
is dried at Pee¥]L %rga‘bﬁrw#rﬁtévyp%thcowﬁmcq a0tha With hen

ground, cal ¢ gl afdRb Lt of %% .8 mn, " 5PAER % 3h renana in "

rotary coating pan and moistened with 10% aqueous .
{“mf . ' glucose sélution. As soon as the balls are dry on the
10 ,outs;de, a small quant1ty ‘of the glucose solution is
sprayed. The product (I) is then again dusted onto the
balls. These operations are eontlnued alternately until
all the produet (I)_has been coated on. Drying is_then
;L; carried out at 120°C for 2 h and calciniﬁg at 480°C for
15 6 h.
-The catelyst (a) thus obtained, in accordance
with the invention, consists of 11.6 % by weight of

Mn, gV, ¢Mo, 4O deposited on clay balls.

EXAMPLE 2: - Prepa:ation of a eatalyst (B), the
20 - _ : active phase of which corresponds to the
formula Mn, gV, (Mo, ,Of
An active phese with the composition
Mn, gV, Mo, 4O is prepared according to the same
prodedure as in Example 1, except for the final
25 Calcipatiens thch are carried out in the following
way: the product is ground, calcined at 450°C for 8 h,

reground, recalcined at 450°C for 8 h, reQround,



recalcined at 600[err] for 42 h. The product (I) thus obtained has a
specific surface, neasured according to the B.E T. nethod, of to [err] 5
20 g of the product (lI) are slowy dusted over 123 g of inert support
conposed of clay balls with a nean di ter of 4.8 mm placed beforehand in
a rotary coating pan and noi stened wi t1 10% aqueous gl ucose sol ution. As
soon as the_hal.lLs sar W o e,l tsi S el 4l Is of the

gl ucose soFﬁ?Féﬁ%FEagpﬁgéeg?f%%é4p$6dﬁ§ ?F%%Pgﬁghg%daﬁggﬁagﬁé%gd onto the
bal I's. Thege gggn@t IfQRS 4ake continued alternately until all the product (1)
has been coated on. Drying is then carried out at 120C for 2 h and

cal cining at 4800C f @helprodich (Iherhababbthin®l bhdsnaht ai ned, in
accordance with the invention, consists of 11.6 % by wei ght of -

[ err] deposigpedi®i.cClsay fadld,s mea¥AVBEE adcording Rocpakaki.@ Tf a catal yst
(B), the 20 active phase of which corresponds to the
fornul & [ emelthAd,aetfi e 7pldge*with the conposition [err] is prepared
according to the sane prodedure as in Exanple 1, except for the final 25
cal ci nati ons whi ch a2é gawof dédeoprodmethd If okrenisigwlay dusltedpr oduct i s
ground, calcined at 4500C for 8 h, reground, recal cined at 450[err] for 8

h, regroun@ver 123 g of inert support composed of clay balls with
a mean diameter of 4.8 mm, placed beforehand in a
K;;g rotary coating pan and moistened with 10% aqueous
10 glucoée solution. As soon as the balls are dry on the
outside, a small quantity of the glucose solution is
sprayed. fhe product (I) is then again dusted onto the

balls. These operations are continued alternately until

all the product (I) has been coated on. Drying is then

15 carried out at 120°C for 2 h and calcining at 480°C for
| 6 h.
| The catalyst (B) thus obtained, in_ accordance
C with the invention, consists of 10 % by weight of

Mno_svl;sﬂoo_406 deposited on clay balls.

20 EXAMPLE 3: - Preparation of a catalyst (C), the
active phase of which corresponds to the
formula Zn; g5V, Mo, 304 _

An active phas‘e with the composition
Zn, g5V, Mo, ;0. is prepared according to the following

25 procedure: a solution (a) of zinc nitrate -is prepared

by dissolving 252.8 g of Zn(NO,),-6H,0 (m_arkete‘d by the

3

Company Prolabo)} in 250 cm® of demineralized water, a



" -,18 -,calcined at 550[err] for 4 h, and reground and recal ci ned at
550[err] for 4 h. The product (1) thus obtained and has a specific surface,
nmeasured according to the B.E.T. 5 met hod, of 1.7 [err] 20 g of the
product (1) are slowy dusted over 123 ? of inert support conposed of clay
balls with a mean dianeter of 4.8 nm p dced beforehand in a rotary coating

pan and noi stened w th 10% ; | as the
balls are drsy°el61ﬁtl’[ \Me QD t s?%'%oﬁh%nﬁ}&mgﬂ%?%ﬁ%% hieg g{kue oseesds)o ution is
sprayed. They; gy ige 14 ' ed. | Thege

oper ati ons ?r’g%éﬁﬁh%e%z 'agl%t eér]ﬁ%t wﬁr} 91?6?,6% Iﬁ?zlt?g %%%é%%teb??) has been

coated on. [otigihy M) L 15RMEhE GO Henfiinekddlided waller? ahaanrd
calcining at 480[err] for 6 h. The catalyst (B) thus obtained, in

accordance Védspedri o Vi tgrdpaed So £t 56 D 75 Oy %6 HWH)ywoghi(markpeed]
deposited on clay balls. 20 EXAMPLE 3: - Preparation of a catalyst
(O, thes acthw echEhaxenminy\Hmdlaios) cop 2L ¢ tdfe demimelralfized An active
phase with the conposition [err] is prepared according to the follow ng 25
procedure: avaksnd iThe (two cfolubiconsd t ()t cand (Wlepwredixediiagsblthim 252.8 g
of [err] (marketed by the Conpany Prol abo) in 250 cnB of dem neralized
wat er, a mixture is poured into the suspension (¢) in a stirred
| reactor. The mixture is left stixring for 20 h and the
e temperature is progressively raised to 100-110°C. The
10 mixture is léft at r;flux for 1 h and evaporated. The
paste obtained is dried at 120°C for approximately
15 h. The product obtaihed is then ground, calcined at
250°C for 4 h, reground and calcined at 450°C for 8 h,
i)‘ reground and recalcined at 450°C for 8 h, reground and
15 calcined at 550°C fo; 4 h, and reground and recalcined
at 550° for 4 h. |
The product (I) thus obtained has a specific
surface, measured according to the B.E.T. method, of
| 0.8 n@g'l.
20 20 g of the product (I) are slowly dusted
over 123 g of inert support composed of clay balls with
a mean diameter of 4.8 mm, placed beforehand in a
rotary coating pan and moistened with 10% aqueous
glucose solution. As sodn as the balls are dry on the
25 outside, a small quantity of the glucose soiution is
sprayed. The ﬁroduct (I) is then again dusted onto the

balls. These operations are continued alternately until

all the product (I) has been coated on. Drying is then



-+ 19 -y solution (b) of ammoni um hept anmol ybdate is prepared by dissolving
52.95 g of [err] (marketed by the Conmpany Merck) in 150 cn8 of '

deni neral i zed water and a suspension is prepared of 165.75 g of [err]
(marketed 5 by the Conpany Prol-abo) in 0 cnB of dem neralized water. The
two solutions (a) and (b) are m xed an h'ls m'xture is poured into the

suspensi on AAC eac The Wk | ef fol, for 20 h
and the ten%%%‘ﬂé‘t"l%rdec'%tt rtog'rzgsgl %gﬁryzr% sae l%dbﬁflgr ra]tt iEFO d m' xture
is left at getlux for 1 h and evaporated. The paste obtained |s dried at

[err] for approximately 15.h. The product obtained is then ground, calcined

at 250[err] for 4 h, m%ﬁ%ﬁﬁ%@ q@h CicRed @btASR," hinf Qlcc®ri@antegr ound
and recal ci ned at 450[err] for h, reground and 15 cal cined at 550[err]

for 4 h, angit®gr@endnaehtiong! &bﬁ%ds&h %0 1hor Hyhweldmtpo®duct (1) thus
obt ai ned has a specific surface, neasured according to the B.E. T. nethod,
of 0. 85[erzhy &V, Mo, 30, depdBigedf ohhelpyobutlis(l) are slowy dusted
over 123 g of inert support conposed of clay balls with a nmean di aneter of
4.8 mm placed beforehand in a rotary coating pan and noistened with 10%
aqueous gl ucose solution. As soon as the balls are dry on the 25 outside,
a smal | quaBXAMPLE drhe gl ucBFEPISREAPSN Ofs asFadpdastTHEpr ddgct (1) is
then again dusted onto the balls. These gperations are continued

alternately until all the BF&'}U& phppengd Mhdche SRrF®sRRRds Fohdhes t hen
N, - formula Co, ¢Vy gMo, ,0,
| An active phase with the composition
10 Coqy oV, gMo, ,0, is prepared in the following way: 84 g
of NH,VO, a;e suspended in 100 cm® of demineralized
water, a solution of ;mﬁonium heptamolybdate is
o prepared by dissoclving 14 g of (NH4)6M07024-4ﬂ20 in 100
ch of demineralized water and a solution of cobalt
15 nitrate_ié prepared by dissolving 105 g of Co(NO,),-6H,0
in 100 cm® of demineralized water. The solution of
ammonium heptamolybdate is run onto the suspension of
ammonium metavanadate in a stifred reactor. The
' solution of cobalt nitrate is then introduced, whilst
20 etill stirring. After stirring for 20 h at room
temperature, evaporation is carried out to dryness and
the residue is dried at 120°C and then calcined at
250°C for 4 h. The produét obtained is ground and is
subjected to the following calcinations-grindings
25 cycle:
450°C for 4 h - grinding

450°C for 4 h - grinding



+-+20 -vcarried out at 120[err] for 2 h and calcining at 480[err] for 6 h.
The catal yst (C thus obtained, in accordance wth the invention, consists
of 12 % by weight of 5 [err] deposited on clay balls. EXAMPLE 4: -
Preparation of a catalyst (D), the ac;iyf phase of which corresponds to the
formula [err] An active phase with the ‘Conposition 10 [err] i's prepared

in the follow ng way: 4&4¢ ol & W _Alf-SiERgded in 100 cnB of
dem neralized water, a sol ut ioon o#‘l am?g:r?'l um Rept anol ybdate i s prepared by

di ssolving 14 g of (Ng&pleer il ian hlQO0 s fégHgner al i zed water and a sol ution
of cobalt 15 nitrate is prepared by dissolving 105 g of [err] in 100 cnB
of dem neralized wat es50Pke f23 W 0N QFridi@iyg um hept anol ybdate is run onto
t he suspension of anmoni um netavanadate in a stirred reactor. The sol ution
of cobalt nitrate is thenpridueducd), tkud trePAredshialsl astsperciifdc After
stirring for 20 h at roomtenperature, evaporation is carried out to
dr yness 5and sur§acesi theasiugedr iage catdix@)[tar rthea®d E. Fenmeghoidne®fat 250[ err]
for 4 h. The product obtained is ground and is subjected to the follow ng
cal ci nati ond- §28ndings 25 - cycle: [err] for 4 h - grinding
15 g of the product (I) are slowly dusted
over 100 g of inert support composéd of clay balls with
i_\; a mean diameter of 4.8 mm, placedfbeforehand in a
10 rotary coating pan 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
sprayed. The product (I) is then again dusted onto the
.i/s balls. These operations are continued alternately until
15 all the product (I) has been coated on. Drying is then
carried out at 120°C for 2 h and calcining at 480°C for
6 h.
The catalyst (D) thus obtained, in accordance

with the invention, consists of 12 % by weight of

20 Co, oV, gMo, ,0, deposited on clay balls.

EXAMPLE 5: - Preparation of a catalyst (E), the
active phase of which corresponds to the
formula DII.nOOQVLGMo(,AO6

The product (I), with the composition
25 Mn, gV; Mo, ¢O¢ is prepared according to the following
procedure: a solution fa) of manganese nitrate’ is

prepared by dissolving 153.7 g of Mn(NO;),:4H,0 in



450{ enr] for 4 h - grinding - 21 - 450[err] for 8 h - grinding 550[err]
for 4 h - grinding 55[er] for 4 h - grinding The product (1) thus prepared
has a specific 5 surface, neasured according to the B.E. T. nethod, of 2
[err]. 15 g of the product (1) are S|9\,,1\%% dusted over 100 g of inert
support conposed of clay balls with a n diameter of 4.8 mm placed

bef or ehand igy @ Jf® T YokiGRALNG AR M SIANRA A )1 Q% aqueous
r e

gl ucose solution. As soon as thé balls aré dry on the out'side, a small

quant i ty of iR ik ORGp BAAAIYIRR IS 15D NEGshr NPT @MISI1 g | S then again

dusted onto the balls. "These operations are continued alternatély until 15
al | the produgt.4d)ghes besy) mesded ano Bnyided ick’t ben deaihieed19dbgat

120[err] for 2 h and calcining at 480[err] for 6 h. The catalyst (D) thus
obt ai ned, i nwatceoralahce suvdgerdion Nwntiopreamxedtet a40dy %BHy wei ght of
20 [err] deposited on clgé balls. EXAMPLE 5: - Prepar.ation of a
cat al yst5 (E)lNHiWy dot 190 pmasefofiemimehatiredsyahnds.t Thehmikounelaf[err]
The product (1), with the conposition 25 J[err] is prepared according to
t he foll owi e solutions (a) and (b) is poured into the suspension
(c) in a stirred reactor. Stirriﬁg is carried out for
appfoximately twenty hours and the temperature is
\“x; progressively raised to 100-110°C. The paste obtained
10 is dried at 120°C for approximately 15 h. The product
is calcined under air at 250°C for 4 h, ground,
qalcined at 450°C for 8.h, reground, recalcined at
450°C for 8 h, regrouﬁd,.calcined at 550°C for 4 h, and
A/ reground and recalecined at 550°¢ for 4 h.
15" ' A product (II), with the composition aMnV,0,
is then preparéd according to the procedure described
by R. Kozlowski, J. Ziolkowski, K. Mocala_& J. Haber,
J. Sol. State Chem., 35, 1-9 (1980): a solution of
' manganese nitrate is prepared by dissolving 256.13 g of
20 Mn (NO,) ,°4H,0 in 300 cm® of demineralized water.
116.98 g of NH,VO; are suspended in 200 cm® of
demineralized water. The solution of manganese nitrate
is poured into the suspension of ammonium metavanadate
in a stirred reactor. After stirring for 10 to 15 min
25 at room temperature, filtration is carried out on
sintered glass and washing is carried out with 2 litres

of demineralized water. The product obtained is then

dried at 120°C for approximately 15 h and then calcined



- procedure: a solution (a) of manganese nitrate is prepared by dissol ving
153.7 g of Mh[err] in - - 22 - 225 cnB of dem neralized water, a solution
(P)) of amoni um hept anol ybdate is prepared by dissolving 141.28 g of [err]
in 400 cnferr] of dem neralized water _apg a suspension (c) is prepared of
140 g of 5 [err] in 150 cnferr] of dem neralized water. The m xture of
the sol utiongndey a0d £6y 5Shpaursgotef o the suspension (c) in a stirred
reactor. Stirring is carried out for approximately twenty hours and the
tenperature is progressbvegl gfrarsddct o(100andd Of ®rg | of Ttize ppsdduebdt ai ned 10
Is dried at 120[err] for approximately 15 h. The product is cal ci ned under
air at 250[ eff}) fwhidhhargr bhme, obtda tneddare mit¢drin & gnoBtar.reground,
recal cined at 450[err] for 8 h, reground, calcined at 550[err] for 4 h, and
reground and recal ci neBhatpEeéperr [I3H; vhws mxepared, with Phgroduct (11),
wi th the_ conposition %‘grré'w t hen prepared according to the,grocedure
descri be®¥ byPYer&by| GHERPE1 10 Mp a¥s kiMMOokaCsb RS B FPefhbiy, J. Sol.
State Chem, 35, 1-9 (1980): .a sol utjon of n se nitrate is_prepared by
i 550l ving YRETEAc: Ghesgutenrndtoraind fp (e of e F: hebRREr S Ded water
116.98 g of #Tgﬁg%.lare suspended in 200 [err] of dem-neralized water. The
sol ution of nganése nitrate is poured into the suspension of ammoni um

et ava“ada_te In a stir{gdsrgactpl pfbd&Ee SkifE) "Wrd Ob1dP1} Oade 84N

%“MJ over 67 g of inert support composed of clays balig witﬁ

' 10 a mean diameter of 4.8 mm, placed beforehand in a
fotary coating pgn and moistened with 10% aqueous
.glucosé solution. As soon as the balls are dry.on the

outside, a small quantity of the glucose solution is

sprayed. A small quantity of the glucose solution is

15 then dusted. The product (III) is then again dusted
" onto the balls. These operations are continued
alternately until all the product (III) has been coated
on. Drying is then carried out at 120°C for 2 h and
L calcined at 480°C for 6 h. |

20 The catalyst (E) thus obtained, in accordance
with the invention, consists of 12.4 % by weight of

Mn, oV, (Mo, 40, deposited on cl_ay balls.

EXAMPLE 6 - Preparation.of é catalyst (F), the
active phase of which corresponds to the
25 . formula Mng 4Vo o5M0p.401.75 |
A product (I) with the composition

Mng Vg osMOy 40, 75 is prepared according to the



25 « at roomtenperature, filtration is carried out on sintered glass and
washing is carried-out with 2 litres of dem neralized water. The product
obtained is then dried at 120[err] for approximately 15 h and then cal ci ned
- 23 under air for 5 h at 500[err]. 1§ ggof. product (1) and 15 g of the
product (I11) which.are thus obtained are mxed in a nortar. The product

(111) thus peepabRingWptBdtbBedhre:04eEBLLLEBAPQS) t b8NmhAFaheBas a specific
surface, nmeasured according to the B.E.T. nethod, of [err]. 10 g of the

pr oduct (IIIbhabeiaéombypﬂupheddob?rdﬁEsglOﬁngnEBt16ugp6ftMﬂ0Mﬁ0§§§bOf
clays balls wth 10 _a nean dianeter of 4.8 mm placed beforehand in a
rotary coatihg paA emd obidemimeraliredOvateucand gl scbstisem| (b) ovf As soon
as the balls are dry on the outside, a small quantity of the gl ucose
solution i s spmapdum hephapplybdatet sopreparghubpysdissplving 78.645 then
dusted. The product (lIl1) is then again dusfed onto the balls. These

oper ati ofs aBe%€olVEalidiPueftHaPely 3PP Fal oL tdpmineKRKLZ9d WAtetas been

coated on. Drying is_then carried out at Oferr] for 2 h d, cal ci ned at
480[err] for 46K 928% V205 and &‘%eu&%t%‘%ﬁ%éut%)u?%@%tﬁ shdoin

accordance WL LO%oEBYEM LN 1n°2" 8k kR rhetolt, Do "Bk be e[ '
(20 % NH,;) are then added and heating ié carried out at
a. . . reflux for 3 h. Filtration is carried out on sintered
10 glass and washing is carried out with 1 1 of
demineralized waﬁer. The product obtained is then dried
at 120°C fpr épproximately 15 h and then calcined ugder
air at 500°C for 4 h.
i ' | 10 g of the product (I) thus obtained afe
15 slowly duéted over 67 g of inert support composed of
ciay'balls with a mean diameter of 4.8 mm, placed
beforehand in a rotary coating pan and moisténed with
10% aqueous glucose solution. As soon as the balls are
dry on the outsiae, a small quantity of the glucose
20 soluéion is sprayed. The product (I) is then again
dusted onté-the ballé. These operations are continued
alternately until all the product (I) has been coated
on. Drying is then carried out at 120°C for 2 h and
calcining at 480°C for 6 ﬁ. |
25 | The catalyst (F) thus obtained, in accordance
with the invention, consists of 9.1 % by weight of

Mn, Vi o5Mop 40, 75 deposited on clay balls.



* EXAMPLE 6 - Preparation of a catalyst (F), the active phase of which
corresponds to the 25 formula [err] A product (1) with
the conposition [err]is prepared according to the - 24 - follow ng
producedure: a solution (a) of manganeseghloride is prepared by dissol ving
79.16 g of [err] in 300 cnB of dem neralized water and a solution (b) of
ammoni um heptoridndldaiest S(gireparatkparatiisnolof By cAtaAyst @)ofwHirih | of
dem neralized water. 4.52 g of [err] and then the solution (b) are added to
the solution (a) in a stirred reaktesr notD dogver widthinertte (R®p% [efir]) are
then added and heating is carried out at reflux for 3 h. Filtration is
carried out on sintered 10 gl akheardavendiiony and dar whddhotheni th 1 1 of
dem neralized water. The product obtained is then dried at 120[err] for
approxi mately 15 h and then cal ciafddVishPdasg correspoR&s |tg Jite1 h. 10 g of
the product (1) thus obtained are 15 _ slowy dusted over 67 g of inert
support conposed of clay balls vm'ftc!?“}}"]ﬁeéq?vd%arreter of 4.8 mm placed

beforehand in a rotary . goatin n nmoi sten ng“l 10% aquequs gl ucose
sol ution. As soon as t_t?&‘eo_eﬁﬁqgh‘gcrate ST TRE urs) G {ﬁsen(lgﬁljla%ﬂa%tity of
the glucose 20 ﬂjcﬁgééi%‘id Ss‘ﬁ@aacvee,dmeg?s%r%@%‘é%tozﬁi%d %4 h§fk agai n dusted
onto the balls. ese operations are continue
B.E.T. method, of 5 n?g’?. This product is known as
A o product (I) in the present example.
M | - ’
' 10 20 g of the product (I) are slowly dusted
over 123 g of inert support composed of élay balls with
a mean diameter of 4.8 mm, placed beforehand in a
rotary coating pan and moistened with 10% aqueous
glucose solution. As soon as the balls are dry on the
15 outside, a small quantity of the glucose solution is
'sprayed. The product (I) is then égain dusted onto the
balls. These operations are continued alterﬁately until
all the product (I) has been coated on. Drying is then
N carried out at 120°C for 2 h and calcining at 480°C for
20 6 h.
The catalyst (a) thus obtained, not in

accordance with the invention, consists of 13 % by

-weight of aMnV,0, deposited on clay balls.

Control test (b): Preparation of a catalyst (b) which
25 ) does not come within the scope of
the invention and in which' the

active phase corresponds to the



alternately until all the product (I) has been coated on. Drying is then
carried out at 120[err] for. 2 h and calcining at 480[err] for 6 h. 25

The catalyst (F) thus obtained, in accordance with the invention, consists
of 9.1 % by weight of [err] deposited.omgcl-ay balls. - - 25 - Control
test (a): Preparation of a catalyst (a) which does not conme within the
scope of the invention and in whiehmiube zavioge phase corresponds to the 5
formula [err]. The product (I1) prepared in Exanple 5 above has a specific
surface, measured accohdsm?gutuonhef&Ena' nibrabel, infpdepdxed by Thi s product

I's known as &r‘oduct (1) in the present exanple. 10 20 g of the
product (1) dfsselving fl-:l%l%t'édgovérzamog)ﬂfsﬂzﬁer(mashppsﬂtbroﬁbssed of clay
balls with a nmean di aneter of 4.8 pl aced beforehand in a rotary coating
pan and ni s?mlﬁm?w]i%bﬁbq%o%gogﬂudb%edw%’?a&%z% wat®¥-as the balls
are dry maII nlty of the solution is
sprayed.g Lﬁf%ﬁ:‘} eec'f°8‘ﬁ‘?5' ﬁg‘#é‘gf’s aFfese

oper i) ons %fsésﬂéé@t‘%nf%%?%ﬁ zq““%z'ua e Sl g ) 155 Do
480[err] forg2flicibhlof zine nitrate is poured into the suspension
of ammonium metavanadate .in a stirred reactor. After
i;\j - stirring for 23 h at room temperature, filtration is
io ~-carried out on sintsféd_glass and washing is carried
| _'out'wdtﬁ 400 cs@ of demineralized water. The product
obtaine§ is then dried st 120°C for approximasely 15 h
and then cslcined under air for 5 h at 500°C.
Ny The proéuct (I) thus obtained has a specific
15 sur:ace, measured according to the B.E.T. method, of
3 nﬁg‘l.
-20 g of the product (I) are slowly dusted
over 123 g of inert support composed of clay balls with
St a mean diameter of 4.8 mm, placed beforehand in a
20 rotary coating.pan 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
SPrayed; The'pfoduct (1) is then again dusted onto the
_ balls. These opefations'are continued alternately ﬁntil
25 all the product (I) has been coated on. Dsying is then
carrisd out at 120°C for 2 h and calsining at 480°C for
6 h. | |

The catalyst (b) thus obtained, not in



- The -catal yst (a) thus obtained, not in accordance with the invention,

consists of 13 % by wei ght of [err] deposited on clay balls. Control test
(b): Preparation of a catalyst (b) which 25 : does
not conme within the scope of the inventi.on_and in which the active phase
corresponds to the - 26 - formula [err] A solution of zinc nitrate is

prepared by U338 witth 378 anv@?:[t%rén] Wd&%tl%fi:AJ%é heg @omRany Prol abo)
in 200 nB of demneralized water. 7' NHAVGB (mar keted by the

conpany ProkaightaldE m@gdadpbaleea sﬁﬁcmaydsanme_r alized water. The
solution of zinc nitrate’ s poured into the suspension of amoni um

net avanadate in a stirred reactor. After stirring for 23 h at room
tenperature, filtration is 10 carried out on sintered glass and washi ng
is carried @entadlh GEHE o of derepreratiiicred et evataliyetprducthistit ai ned i s
then dried at 120[err] for approximately 15 h and then cal ci ned under air
for 5 h at 500[err]. The productdqes natusomn Aitddhdhe sgaRe fa 15
surface, measured according to the B.E. T. rrethod of 3 n{herr] 20 g of the
product X1) are slowy dusted odte inyentdon and Bthosed of clay

[ ith '
balls with a nean di aneter of 4. 8t . %h%cseed cboexfroersephoann L |t° athe

formula CoV,0,
Lo An active phase. with the composition CoV,;0¢ is
prepared in the following way: 117 g of NH,VO, are
10 ‘suspended in 200 cm® of demineralized water ana a
solution of cobait nitrate is prepared by dissolving
145.5 g 0f Co(NO;),-6H,0 in 200 cm’ of demineralized
. water. The solution'of cobalt nitrate is run onto the
suspension of ammonium metavanadate in a stirred
15 reéctorﬂ'Afte stirring for 23-h at room temperature,
filtration is carried out on sintered giass and washing
is carried out with 3 times 200 cm® of demineralized
water. The product obtained is then dried at 120°C for
approximately 15 h and then calcined under air for 5 h
20 at 500°C.
The product (I) thus prepared has a specific
surface, measured according to the B.E.T. method, of
3.6 ng'l.
15 g of the product (I) are élowly dusted
25 over 100 g of inert support composed of clay balls with

a mean diameter of 4.8'ﬁm, placed beforehand ih a

rotary coating pan and moistened with 10% aqueous



- 20 , retary coating pan and noi stened w th 10% aqueous gl ucose sol ution. As
soon as the balls are dry on the outside, a small quantity of the glucose
solution is sprayed. The product (I) is then again dusted onto the balls.
These operations are continued alternatgby _until 25 all the product (I)
has been coated on. Drying is then carried out at 120[err] for 2 h and

cal cini ng alg YRULL doT W idn N adNECGRL 26 VEhe (D11 USORIA) NoH et 1N -

27 - accordance wth the invention, consists of 16 % by wei ght of
[err]deposi tagkHiue) & HMdlE qetief $£Sthé Qlucodd e dic) fd a catal yst
(c) which does not conme within the scope of 5 t he

i nvention angprayedi Cihé heredictve(Phatse théd espintsdigtddieorits ntheé [err] An
active phase.with the conposition [err] is prepared in the follow ng way:
117 g of NHAXABlsaw erHdse cpepetiieus i aréOfortinwdd delternatelnediviater and a
solution of cobalt nitrate is prepared by dissolving 145.5 g of [err] of
deni ner &% i zeal hetthe produch| () cpasfbeehateatked ron e Pxying ohttheme
suspensi on of anmoni um netavanadate in a stirred 15 reactor. Afte
stirring forc3Erirditottoadt tbAQef afaFe? ki apd g3almining A% i 40 Kitfom
sintered gl aqsishand washing is carried out with 3 tinmes 200 cnB of

dem neralized **

The catalyst (c) thus obtained, not in
N accordance with the invention, consists of 12 % by
10 weight of CéVéOé deposited on clay balls.

> . '
GENERAL PROCEDURE FOR THE AMMOXIDATION TEST - |

The éatalyst sample is*broughé beforehand to

a temperature of 150°C on a measuring bench while

gurging with helium for 10 min, and it is then
15 subjected.to a gas flow whose.composition Qill be
specified for each example and which contains propane,
) ammonia, oxygen, steam and heliﬁm.
i

The total pressure of the reaction mixture is
1.3 bar abs.
20 The gas flow rate is .defined so as to have an
hourly volume rate (HVR) of 1,000 h‘lq except when
~ otherwise mentioned.
The principle.of the ammoxidation test for
. propane is the following?
25 . ) - The catalyst is brought to a temperature
T,, for example 300°C, aﬁd, after stabilizing for 30

min at the temperature T,, the composition of the



*wat er. *The product obtained is then dried at 120[err] for approximtely 15
h.and then cal ci ned under air for 5 h 20 at 500[err]. The product (1)
t-hus prepared has a specific surface, nmeasured according to the B.E. T.

met hod, of 3.6 [err]. 15 g of the producig (1) are slowly dusted 25 over
100 g of inert support conposed of clay balls with a nean dianeter of 4.8
mm pl aced befigtekandt the rehatyprcoatieg pandeteériinsidebgdgaisth 10%
aqueous -28- glucose solution. As soon as the balls are dry on the
out si de, a sphhlseqehromayography.gl ucose solution is sprayed. The product
(1) is then again dusted onto the balls. These operations are continued
alternately until 5 al - The prowersiph) peasebsegesoandd tive. Drying is then
carried out at 120[err] for_ 2 h and calcining at 480[err] for 6 h. The

cat al yst (c) spmtém1ﬁaﬁlﬁ@dobﬁéﬂnieﬁ gBc Shearadalver eramimedn@itofheconsi sts
of 12 % b wei ght of [errg_ deposited on clay balls. GENERAL  PROCEDURE
FOR THE AMVD)‘(PE)R‘H Eempesrturend: carg| getcelaped P§1BSOE§F1PtE;8P5PéH§nd to a

t enperature o jﬁg‘o[%é’ﬁ’]e on a neasuring bench while purging with heliumfor
10 min, and of T5 - subjected to a gas fl ow whose conposition will

be speci i ed f,0r.5350-2%X3"RLE,@0 Whi ch cont §i N8, RIRAE propane/

% introduced propane
Q“VJ o -Selectivity for acrylonitrile'= % propane converted to
" 10 _ : . acrylgnitrile/%_converted
~ propane ’
- The catglyst is then brought from 300 to.
550°C by increments of 20 to.30°C and the conversion
:K; . percéntaées and the selectivities are determined every
15 40 min. _
In the Examples below, the foilowing .
conventions are used:
DCC3HS8 = conversion of propane

SACN -

gselectivity for acrylonitrile

20 SACN+C3H6 = selectivity for acrylonitrile and
propylene
SCoX = selectivity for carbon monoxide

and carbon dioxide.

EXAMPLE 7: control test (d) -
25 R The performances of the catalysts (A) and (a)
at various temperatures and under the following shared

conditions are determined:



« ammeni a, oxygen, steam and helium The total pressure of the reaction

m xture is 1.3 bar abs. 20 - The gas flowrate is defined so as
.to have an hourly volunme rate (HVR) of 1,000 h[err], except when otherw se
mentioned. The principle of the ammoxidatg an test for propane is the

foll owi ng: 25 - The catalyst is brought to a tenperature T1,
for exanpl e aoeaealystandluﬁétQacs&&blbhasag+fela§0ba1nsat =t he bﬁﬁperature
[err] the conposition of the - 29 - mixture at the reactor outlet is

det er ni ned by TDasaphfisewchabeabfgthphpynthetic mixture = 20 1.ERk
conversi on percentages and the selectivities obtained on the catalyst

exam ned at theosposihienr ep&npheasaid pidxthrere cal cul ated using

rel ati onshi ps of t'he type: Conversion of pro = % converted
propane/ % i ntroduced propaﬁéHSeFe&?l9|Fy($ogYa¥P}PBﬂ?triIe = % propane
converted to 10 acrylonitrilel/ % converted
pr opane 2 The catal yst is t HEn brouah§ from 300 to 550[err] by increnents
of 20 to.30[err] and the co§versLoQ0p8r%entages and the selectivities are
determ ned every 15 40 m - ‘ :

H,0 = 25.0 %
He = 38.5 %
i;\¥ . The results and the specific conditions

10 appear in Table I below:

TABLE I
REF. CATALYST | T°C | DCC3H8 | SACN | SACN+ | SCOX
(%) (5) | C3H6 (%) (5)
hd control (a) 420 11 12 34 22
d . 445 12 2.5 35 27
470 15 0 37 31
| 15 Exam. (A) . 420 2 8 78 0
L 7 470 11 25 63 2
510 19 29 58 11

EXAMPLE 8: control test (e):

The_performances of the catalysts (C) and (b)
are determined at 480°C and under the following shared
20 conditions:
¢ Catalyst Qolumé (active phase'+ clay balls) = 25 cm’
* Total flow rate of the synthetic mixture = 25 1.h?

¢ Composition of the said mixture =



+ I'n the Exanpl es bel ow, the follow ng conventions are used: DCC3H3
conversi on of propane SACN selectivity for acrylonitrile 20
SACNH+C3H6 = selectivity for acrylonitrile and propyl ene -SCOX =
selectivity for carbon nonoxide and cacrbgqp di oxi de. EXAMPLE 7: control
(d) --25 The performances of the catalysts (A and (a) at
various tenperatures and undgmgt he Fmld o (¥ Wwharsrkandi tions are
det er m ned: - 30 - * Catalyst volune (active phase + clay balls) = 20
cnB Total flowrate of the smtheti S0 ure = 20 | . h[er] * Conposition of
the said mxture = [err] = 19.0 % (% by volune) 5 [err]
7.5 %[err] =10.0 % [err] Op= 25 3% MH& = 38.5 % The results and the
specific conditions 10 appear i.n Table | below TABLE | REF. CATALYST

t est

[err] DCC3H8 SACN  SACN+Ha0SCaXx 4040 % (5) C3H6(%  (5) control
(a) 420 11 12 34 22
5 He = 40.0 %

‘The results and the specific conditions

appear in Table II below:

TABLE IT
RN, REF.' | CATALYST | DC3H8 | SACN SACN+ SCox
(%) (%) C3H6 (%) (%)
10 control e (b) 14 0 44 39
Example 8 (C) 9 10 38 17
o
EXAMPLE 9: cogtrol test (£):
The performance of the catalysts (D) and (c¢)
are détermined at various temperatures and under the
15 following shared conditions:
\_/

® Catalyst volﬁme (active phase + clays balls) = 25 com?
e Total flow rate of the synthetic mixture = 25 1.h7?

e Composition of the said mixture =

C,Hg = 7.5 % (% by volume)
20 | | NH, = 15.0 %
o,  =15.0%
H,0 = 20.0 %
He =

42.5 %
The results and the specific conditions

25 appear in Table III below:



d e 445 12 2.5 35 27 470 15 . 0

37 31 15 Exam (A 420 2 -8 79 07
470 11 25 63 2 510 19 29 58 11 EXAMPLE
8: control test (e): The performances of dhe catalysts (C) and (b) are
determ ned at 480[err] and under the follow ng shared 20 conditions: *

Cat al yst vol ume (active phase + clay twdis)Irr 25 cnferr] Total flow rate of

the synthetic mixture = 25 [err] Corrp05|t|on of the said m xture = - 31
- C3H8 = 20.0[% %DyVIUIT'EAN . %h&r 5.0 % H2 2000 %5
He =40.0 % [heREFsult§ GRTALKETS )é['cicf | BARY | apBeSN*i n T%‘Ef?’& | |
bel ow. TABLE || REF. CATALYST | DC3H8 S S (%D (9
C3H6(%W (A4 10  cohtrol e (by| ¥ I P PR 39
Exanpl e 8 (S Q 10 38 H/—EXAMPLE-9——conft 1 ol
test (f): The p@éﬁei-fmn e of(d)he cataalsysts £D) pndL (c 89 1
£ _ 435 9 2 57 25
455 19 0 26 31
5 Example (D) 415 5 12 78 0
« 9 - - 435 8 8 72 9
455 | 16 18 | 51 16

EXAMPLE 10 TO 21 -
The performances of various éataIYSts whose

preparation is the-objective of Examples 1 to 6 above

10 are determined under various conditions at an hourly
séatial rate (HVR) of 1,900 hl. |
The reference of the c#talyst used, the
specific conditions employed and the results obtained

appear in Table IV below:



are ‘det ermi ned at vari ous'terrperatures and under the 15 foll ow ng.shared
conditions: * Catalyst volune (active phase + clays balls) = 25 cnferr] *
Total flowrate of the synthetic m xtur23=-25 |.h[err] * Conposition of the

said mxture = C3H8 = 7.5 % (% by vol une) 20 NH3 = 15.0
%[err] = 15.0 %[err] —26-0%He =42 5% Jhe—+esyl ts and the specific
conditions 25 appear ihalfablg 111 bel ow] - 32 - TABLE |11 REF.
CATALYST [err] DCC3H8 | A 3| saon S:@ﬁ((%.,,.(ji) C3H6( % (%
cont rol (c) 415| § 4 S 1 «189 " " Y1 435
9 2 57 P3| 435 19 0 26 31 5 Exanpl e
(D) 415 5 12 & m 2 203 435 8 8
72 9 455 16 8 | . 51 | & EXAVRLE 1Y TO 21 - The
per f or mances of various :%1 @Iy%ts whose phreparation-ig the objective of
Exanples 1 to 6 above 10f & aifer{det er m nedjypder, var| oys conditions at an
hourly spatial rate (HVR &icgf 1000 h[err]| % "o '
" "
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" THe *r'efrer ence of the catal yst used, the specific conditions enpl oyed and

the results obtained appear in Table IV bel ow -33 - 34 - . 3 =
C‘'LM S 0547981 CLAI M5 1. - 3%rocess for the amoxi dation of
al kanes in the vapour phase in the presence of a solid catal yst, charac-
terized in that the active phase of the said catalyst 5 corresponds to
the enpirical formula [err] in which: - M represents one or a nunber of
el enents chosen from nanganese, zinc, cobalt, copper, lithium sodium
pot assi um and silver. - a is a non-zero nunber |less than 2; 10
- b is a non-zero nunber |ess than 2; - Cis a non-zero nunber |ess
than 1; and - X is determ ned by the oxidation nunber of the other
el enents. 2. Process according to claim1l, characterized in
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r15¢.:. fhat the said active phase corresponds said enpirica

formula in which Mrepresents one or a nu f which at | east
one i s chosen from manga- nese, zi nc and C @ ﬂlll !‘ “trocess
according to claim1 or 2, charac- at 4 tive
phase corresponds to the enpirical fornu?a in mhlch. - a |s a nu er
between 0.1 and 1 inclusive; - b |scgegﬂgber between 0.05 and 1.8 inclu-
sive; and 25 - ¢ is a number between 0.1 and 1 inclusive. 4.
Process accorging to angrghessf sekache émh@x§da€baﬁasieélﬂéﬁbéfhﬂfEﬂethe
said active phase corresponds to the enpirical formula in which: 36 -

* Mrepresent gagbuel phRSE i QS0d Pgrf WL GFE aneamdzeasanﬁsltpc&t&lﬁaca- is a
nunmber between 0.1 and 1 inclusive; b is a nunber between 0.05 and 1.8

inclu- 5 terized in that sthe; amtdve iphaseuaobetheetasden datialysk 1

I nclusive. 5. . Process according to any one of the preceding clains,
char act éri zedeprnresppnfietal khaecenpipiopidnéorBula Mo, V, M2Pocis swhaicetor ding t o
any one of the preceding 10 claims, characterized in that the reaction

is carried out in the presenMer§preseaks pre or a mpherLHRRMEMEESto any

one of the preceding ) L.
chosen™ from nmnganese, zinc, cobalt, copper, lithium,

sodium, potassium and silver.
-;7\4; _ . - .' a is a qon-zero;number less than 2;
10 _' _ - "ﬁ is a non-zero number less thah 2;
- c.is a_nonezeré number less -than 1; and
- .x_is déte:mined by the oxidation number of
the other elements.
e 2. | Précesé aécofding to claim 1, characterized in
_;5 thgt the _Said active. phase corresponds to the said
'eﬁpirical formula in whiqh M represents one or a number
'of elements of which at least one is chosen ffom manga-
nese, zinc and éobalt.
3. .Process according to claim 1 or 2, charac-
.20 terized in that the said active phase'céfresponds to the
émpirical formula in whicﬁ:_
:- .a is a number between 0.1 and 1 inclusive;
- b is a number between 0.05 and 1.8 inclu-
éi?e: and
25 - is a number between 0.1 and 1 inclusive.
4. ) -Procéss according to any one of claims 1 to 3,
characterized in that the_said acti#e phase corresponds

to the empirical formula in which:



~ckaisms; characterized in that the reaction tenperature i et ween SSO&err“ '-

and 550[err]. 15 8. Process according to any o ‘““‘M \‘“L\
preceding clains, characterized in that the total pressu[\&‘ \s“\ ;
and 6 Bar. 9. Process accordi ng tys any one of the precedi g & arf ns,
characterized in that the hourly volune rate is 20 bet ween 100 and
36,000 [err]. 10. - Pr o¢ semeaenmiisngnt elangnbnehoéed htergm ecadyang
claims, characterized in that, in the reactive gas (m xture of

sat urat ed hydrocarbon, ammoresendzixygerd  cobmlteont ent of saturated
hydrocarbon is between 5 and 25 70 % the content of ammonia is between
3 and 45 % and the content o® ¥k pganmberpbehweani0 ahdard boinclusive;
Process according to any one, of the-preceding clains, characterized in that
the conposition of the - - B7i8 JFWMRAr RefHaen & HuraAdd thdnsdWosi ve
region._12. Process accprdi n%;%%o any one of the preceding clains,
charact®rized in that the softtetd yst con- tains, besides the said

active phase, a support. "c is a number between 0.1 and 1 inclusive.

5. Process accordiﬁg to any one of the preceding
claims, characterized in that the alkane is propane.
¢\m~/ 6. . Procéss according to any oné.of the preceding
10 ;claimé, charactefized in th;t the reaction is carried ouf
in the presence of étgam.
7. Procesgs according to'any one. of thé preceding
claims, characterized in that the reaction temperature is

between 350°C and 550°C.

Y,

15 8. Process according to any one Qf the preceding
claims, characterized ip_ that the total pressufé is
between 1 and 6§ Bar.

9. Process according to any one of the preceding
% claims, characterized in that the hourlf volume rate is
20 between 100 and 36,000 h'l;
10. Process according to any one of the preceding
claims, éharacterized in that, in the reactive gas
(mixture of satﬁrated hydrocarbon, ammonia and oxygen),
the.content of saturatéd hydrocarbon is between 5 and

25 70'%, the content of ammonia is between 3 and 45 % and
the content of oxygen is between 3 and 45'%;

11. Process éccording to any one of the preceding

claims, characterized in that the composition of. the
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gaseous mixture is_ outside the explosive region.
12. Process according to any one of the preceding

claims, characterized in that the solid catalyst con-

tains, besides the said active phase, a support.



