PROCESS FOR AMMOXI DATI ON OF SATURATED HYDRQCARBONS | qlosopr-€ o5 The

‘present invention relates to a process - f.or ammoxi dati on of
.8aturated hydrocarbons, -that is to 5 say the conversion of al kanes
It 0 a m xture containing : [err]-unsaturated nitriles.
It is well known to those skilled in the art t hat very many
propositions have been formulated with 1 " regard to the amoxi dati on
of olefins and, in. 10 vparticular, that of prapyl ene. However
al t hough PRAGESF oF QR #MMP%%R&%ER&,OEwﬁQ?ﬁgﬂ B ¥PRPCAREONS
avail abl e, are raw materials which are of greater I nterest from

“the standpoi nt of—eeerem-es—they—are—————atso—wetHt—knowr ot to

‘sat ur at ed hydrggarbons I'es
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catal-ysts gapallLe ghedaBudeod2Ba! bRJalkanesOintCaSal utatedcbidaoaengon
under conditions“which m nimse or suppress the conbustion of

~ammoni a and/ or o, ighahsatutrieeRYHiee21B80 While ensuring a reasonable

"selectivity either for [err]-unsaturated nitrile (the target product), for

exanpl e for acrylonitril ggwignwell known to those skilled in the art
| that: very many bropositions have been formulated with
regard tolthe ammoxidation of olefin§ and, in
10 particular, that of propylene. However, although
saturaﬁed hYdrocarbops, which are more widely
avaiiable, are raw materials which are of greater
'interest from the standpoint of economics, they are
also well known not to exhibit-a‘comparable reactivity
15 in this ﬁype of reaction for forming o, f§-unsaturated
| nitriles in particular.

--One of ﬁhe difficulties encountered in the
ammoxidation of satﬁrated hydrocarbons lies in the need
to have access to catal}sts'capable of dehydrogenating

20 the saturated hydrocarbon under conditions which
minimise or suppress the combustion of ammonia and/or
that of the hydrocarbo# whilg ensuring a reasonable
selectivity either for «,f-unsaturated nitrile (the
target pfcduct),-for example for acrylonitrile when

25 starting with propane, or for products which can be

turned to profit (abovementioned nitrile and olefin),

for example for acrylonitrile and propylene when
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25 starting with propane, or for products which can be

turned to

profit*(abovermentioned nitrile and ol efin), for exanple for

atrylonitrile and propyl ene when : 2

starting with propane. . In US Patent No: 3 365 482 it has

al ready been proposed to.anmoxi di ze i sobutane in particular to

met hacrylonitrile on a catal yst based on n®l ybdenum 5 - deposited on

eta-al um na, doped with antinmony at 508C, starting with a-gaseous

m xture cont ai ré)‘f'ﬁf?%%d‘f R Propaneq;r  amonia and water vapour
1.0/4.5/1.0/12.5); the lectivity crylonitrile yeaches 49

‘(J/c)vm' th an i sobut ané%o%?%‘f%t &"‘22-; %sg’reﬁba it nas alx n starting
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f or ammoxi dati on "of saturated hydrocarbons at a te

nperat ure -above

500['err] C on a sedi€ing witRid gdedhs G FEYr¢ Qb el i ISRe ol sdButaie,t i N

oxi de, :

air, ammonia and water vapour (1.0/4.5/1.0/12.5); the

selectivity fér methacrylonitrile reaches 49 % with an

isobutane conversion of 22 %.‘

10 : When starting with a gaseous mixture of

propane/air/ammonia/water vapour (1;0/4.7/0.67/12.8)

with the same catalyst and at 550°C, the

selectivity

for acrylonitrile drops to 15 % with a propane

conversion of 29 %.

15 o French Patent 2 027 238 (corresponding

partially to US Patent No. 3 670 009) proposes a vapour

phase process for ammoxidation of saturated

‘hydrocarbons at a temperature above 500°C on a solid

catalyst which may consist especially of

‘tin oxide,

20 boron oxide, molybdenum oxide and silicon  oxide. Thus,

in Example IX of the table on pages 12-13, the

selectivity for acrylonitrile reaches 35

%, with a 32 %

propane conversion, but with operating conditions

'placing the propane/ammonia/air reaction

25 (1/1.2/12) in the explosive region.

mixture

French Patent 2 072 334 (corresponding to

British Patent No. 1 336 135) recommends

a vapour phase

procegs for catalytic ammoxidation of alkanes at a



20 boron oxi de, nol ybdenum oxi de and silicon oxide. Thus, ' i n Exanpl e
| X of the table on pages 12-13, the -selectivity for acrylonitrile
reaches 35 % with a 32 % propane conversion, but with operating
condi ti ons placing the propane/ammmoni a/air reaction mxture 25

(1/1.2/12) in the expl osive region. French Patent 2 072 334

(corresponding to British Patent No. 1 336 135) recommends a vapour

phase Pr OCERce {) wE Sl Vvh ﬁ@dﬂ@%ﬂﬁ{ 'é)%.%fh @&@L@&ﬁtu%n of

3 t enper at ure ow 500[err]Cwth a hi concentration of

al kane in the gapeme 1A XK gdScbud miktiftd EdB! IV W solid cdHalystRY
consi st especially of tin oxide and nol ybdenum oxi de (90/10 by

wei ght); howeveshidieti®y corsiet fedpenin iy ohitdimekidd mampt al ysts

consi sting of ant i'nony oxi de and vanadi um oxi de.

French Patent Z2ndlAf@&Pum|cxolde ofAGAD dy we;ght)ce&&vfeuremaﬁb&lquezc

ammoxi dati on-of al kane, in vapour phase, with a high concentration of
al kane in the perfoxmance sisobktaindddyitin catadivars mopsisting «¢f may be
especially a binary m xture of oxides includin nmol ybdenum oxi de.
The fol |l owi ng pReimeny exide andivanadiym oxide.particul ar:

French Patent 2 072 399 also proposes a
proceés for catalytic ammoxidation of alkane, in vapour
phase, with a high concentration of alkane in the

10 gaseous'mixture fed, on a solid catalyst which may be
~ especially a binary mixture of oiides including
molybdenum oxide.

‘The following pairs should be mentioned.in
'particular:

15 ' (Mo, Sb) (Mo, Sn) (Mo, V) (Mo, Ti) (Mo, Bi).

However none of these pairs offers a

" performance which is bgtter than thoée obtained with
pairs which do not.contain molybdénum. The
acrylonitrile yields obtained ére very low;_at'best,

20 1.7 % of the propane is converted into acrylgnitrile at
570°C on a catalyst based on tin and titanium oxides.

In French Paﬁenﬁ No. 2 119 492'(corresponding
to US Patent No. 3 746 737 and to British Patent
No. 1 337 759) it is proposed to émploy a binary

25 composition basea on molybdenum and cerium bxides.
However, the performance of the'pair (Mo, Ce) appears
to be insufficient in the absence of halogen or of a

halogen compound.



15 ° (M, Sb) (M, Sn) (M, V) (M, Ti) (M, Bi).

Fbmever none of these pairs offers a performance which is better than
those obtained with pairs which do not contain nolybdenum The
acrylonitrile yields obtained are very low, at best, 20 1.7 %of the
propane is converted into acrylonitrile at, 570[err]C on a catal yst
based on tin and titani um oxi des. ’ In French Patent No. 2

119 492 (correspondi ng &5 1d hddl i1 e %&62%7 t%“‘ldfdot [ s

Pat ent No. 1 337 7 I'S propose

conposi ti on bagethHr, ! @i@:@“ﬁa&erdé)maoﬂhq.% elementH%‘ﬂ%\(s%h :E_t::]?ﬁ\
performance of the pair (Mb, Ce) appears be insufficient in the
absence of hal OgeILWFik shd bismdtH oG calrawmd.s 833 638). Here, _

4 It is additionally recomended to add to this - binary
conposi tion ( Mtodpe)tle igeribrmaicstof tire cdtalyst sysiten appeaxendcdi snut h
(cf. also US 3 833 638). Here, too, the performance of the catal yst
system appéedr s be irsuflicient fircithe dbsednve aifshadogen loxl efem or of a

hal ogen conpound.: What is nore, it will be noted that in the presence

of CH3Br the smgmwo#mund- Whaty yiis mane,| d & stiddcdbecnoked tthads %
propane in the presence of CH;Br the.seléctivity for
aéryloﬁitrile reachés 67 % with 98 % propane
conversion, but under operating conditions which place
10 the propane/ammonia/airzfeéction mixture (1/1, 2/12) in
the explosive region. | | |

In French Patent No. 2 119 493 it has also
been proposed to carry out the vapour phase
ammoxidation of alkanes on a solid catalyst containing

15 bismuth and molybdenum oxides and, if appropriate,
phosphorus and silica.

Here, too, the performance of the catalyst
system appears to be insnfficient in the absence of
halogen or of a_halogen éompound and the reaction

20 mixture is in the explosive region.

. Coﬁf:onting these nnmeroué shortcomiﬂgs,
various parallei'or subsequent investigations haye-been
concerned with the use of solid.catalysts,based on
vanadium and/or antimony. _

25 In “Chemistry 1etter'198-9 (pp 2173-2176)"
the authors have tested,'in the vapour phase
ammoxidation of propane, mulﬁicomponent met;l oxides

containing moiybdenum and bismuth and exhibiting a



conver,si on, but under operating conditions which place 10 t he
pﬁopane/annnnla/alr reaction mxture (1/1, 2/12) in . t he expl osi ve
regi on. In French Patent No. 2 119 493 it has al so

been proposed to carry out the vapour phase ammoxi dation of al kanes on
a solid catalyst containing 15 bisnuth gnd nol ybdenum oxi des and, if
appropri ate, phosphorus and silica. Here, too, the

per f or mance of sEPﬁcE@i‘él ¥2!the scha¥fied EPPEAr B tappeatdstiidé cient in the
absence of hal ogen or of a hal ogen conpound and the reaction 20

mxture is in §bgperel B VLelLEiPEly moderate temperd®lifédNiséd, twse.
numer ous shortcom.ngs, various parallel or subsequent investigations

have been preéporeiondoti ébmbliet ior piodattsl -(eo algny)s dmasdyon
vanadi um and/ or anti nony. = 25 : In "Chemistry letters 1989 (pp
2173-2176) " hight i allhocasebalattlheast, 15 k) hend apitat simse. :
ammoxi dati on of propane, nulticonponent netal oxides cont ai ni ng

nol ybdenunBandcatatyeh coupesihtbonsntested have very little activity

5 structure of the scheelite type. It appears that, despite the
rel atively nodbpwardectperdesired seaction desPlEﬁckkﬁ%#c#ﬁ%ﬁl%onbust|on

products (CO CJderr]) is verg
conditions which lie in the exp1031ve region or very

close to the said region.
‘The presence of halogen campound'is liable to
10 give rise to corrosion of the equipment and is
therefore not desirable in an industrial prbcess.

It is obvious, furthermore, that the
coproduction.of large quantities of CO and of CO, is
undesirable on an industrial scale.

15 ' What is more, the use of reaction mixtures
lying in the explosive region is all.ghe leas desirable
on an industrial écale because the process is used in a
stationary bed. _

| It appears, therefore, that it would be

20 " highly desirable to havelavailable a process for
ammoxidation of alkanes making it possible to obtain
with an appreciable selectivity a mixture of products
which could be turned to profit, containing an
o, 8-unsaturated nitrile,.in particular écrylonitriie,

25 while reducing thellosses of raw material as a result
of the formation of carbon oxides..

It would also be highly desirable to have

available such a process in which the solid catalyst



hlgh kn all cases (at least 15 9% and that sone 5 catal yst conpositions
tested have very little activity ’ towards the desired reaction despite
their use in conditions which Iie in the explosive region or very
cldgse to the said region. The presence of hal ogen conpound
is liable to 10 give rise to corrosion gf the equipnent and is _
therefore not desirable in an industrial process. It is
obvi ous, furtheér@reeldtibelPesimple €& PrEPLtd %d)faétéirx&_e ﬂPQ!Eé ties of CO
and . of CIIerr] IS undesirabl e on an industrial scale. '
What is nore, dbmence of & dflogenidotitdNfing proditidid dnd tifie tﬂi@' osive
region is all the | ess desirable -on an industrial scal e because the
process i s usechge of gas mitturesmawlyidleddo not necessarily |lieafpears,
therefore, that it would be 20 highly desirable to have avail able a
process for the expin@ifes ixegidnal kanes nmaking it possible to obtain

with an appreciable selectivity a mxture of products whi ch coul d be"
turned to piofit, contaifhapuliect of ["elw]p:tﬁmtwmwe;n idlse, in I
articular acr Ion| rile, 25 while reducing the |losses of raw material as
g resul t é/ ¢ & NEARHF d?hisa? RIFPIBFR for ammoxidation of |t woul d
' whi ch
;i'hgosglel hiontyg esarabir? tHe Frdaence of sl catalymdWlicse 1" M

active phase contains molybdenum and oxygen,
characterized in that the said active phase also
10 contains nt least one element chosen from thé.group
‘consisting of the alkaline-earth metals, Mn, Fe, U, La,
Co, Ni, 2Zn, Ag, Cd4d, W, Zr; Pb, Te, Ga, Al, B, Nb and
Ta.
According_to the present invention, acyclic
15 saturated hydrocarbons containing from 3 to 12 carbon .
atoms per molecule are reacted in vapour phase with
ammonia and oxygen.in the presence of a catalyst whnse
active_phnse has just been specified.
Within the scope of the present process it is
20 possible, of course, to enploy diluent gases which are
inert under the reaction conditions, such aslhelium,
nitrogen and argon. Similarly, water vapour can be
added to the gaseous reaction mixture within wide
limits. Thus, the'reactive'gas (snturated hydrocnrbon,
- 25 ammonia, oxygen) can be diluted with an inert diluent
and/or with water vapour. In this group the water
vapour content can vary within wide 1imits, in

particular from 0 to 50 % and preferably between 3 and



6 were relatively sinple to prepare and active in the absence
of. a Hal ogen-containing pronoter and in the case of gas m xtures
WRi ch do not necessarily lie in t he expl osi ve region. 5

The subject of the present invention is . t herefore a vapour phase
process for amoxidation of al kanes_in the presence of a solid
cat al yst whose ' active phase cont ai 'né nol ybdenum and oxygen,

characteri zed the said activ ase also 10 contains at |east one
o amont chocort G brter & Grpe whe of SRK rdhpah SR o
netals, M Fe La Pb Te,

Nb and .I.ianyent:.on the con %N:co?é %ega%onf%@a\g <="n\7{a‘:nt]1 (?f‘? t acycl | c
15 sat ur at ecglw d&aé]lb M%aétplf&%{]% g to 12 car bon atpm; per
vapour

nol ecul e are reacte hase w amoni a and oxygen-in the

presence of a catalyst WiSerespectAfd | dhtlIASE d¥BSdttxlathiRen specified.

Wthin the scope of the present process it is 20 possible, of course, to
enpl oy di | genthgdsesaybbs)) difonia and NGEyget AAItHE tiRAaidaut vaNddd ons,
such as helium nitrogen and argon. Simlarly, water vapour can be
added to the gf@eowsry oalbthin widé mitsd hin wi de limts. Thus, the
reactive gas (saturated hydrocarbon, 25 ammonia, oxygen) can be diIuted
with an inert diluent: The aowhittentyidf ssitveratesdhiyydrdoartbors igr cahe t he

wat er

reactive gas. is prefeiably'between 5 and 70 %. That of
ammonia is'preferablj between 3 and 50 % and that of
10 oxygen is preferably between 3 and 45 %.

For a good use of the process according to
the invention the composition of the reaotant-mixoure
will be outside the explosive region. Where the
ammoxidation of propane in the ‘absence of inert diluent

15 is concerned, the composition (propane, oxygen,
ammonia) will be advantageously chosen within fhe
quadrilateral ABDE which appears within the ternary
diagram ABC shown in the attached single figure.

In this ternary diagram the segment AB_

20 represente the ammonia content from 100 % to 0 %; the
segment BC repreeents the propane content from 100 to
0:%; tho segment CA reéresents the oxygen content from
100 to 0 %. The point D, situated inside the segment
_BC, corregponds to a pfopane content of_;s %; in the

25 binary (propane-0,) ; the point E, situated inside the"

. segment AC, correspondé to an ammonia c¢content of 79 %
- in the binary (NH;)-0,) % [sicl.

The segment DE demarcates the ternary diagram-



*

vapour content can vary within wide limts, in particular fromO to 50

% and".preferably between 3 and 7
*30 % ‘For a good use of the process according to the i nvention the
content of reactive gas will be at |east 3 % and preferably at | east
20 % . . The respective contents of saturated 5 hydr ocar bon,
ammoni a and oxygen within the reactive gé% can vary within w de

limts. ) The content of saturated,hydrqcarbon in the .

reactive gas i@%éﬁé‘r?@l’fsﬁef’v\éé‘l’rﬂgéﬁdc? %"eé%’r&t "'%F'C% oy amonia is
preferably between and _5Q % agnd .t hat,_of 0.0 en_iS phakerably between
3 and 45 % SXP °é§ve reg °Eb3%§t§58&nﬁ§ea%f1tﬁégb?8€é§§ g@c%?ding to

the invention Jiie AEPAsd 1a0kullari1G+e3aa! ABRETIHE4UR which thiel De outsi de

t he expl osi ve Tegion. ammmoxi dati on of propane 1n the

absence of | NIdnfldi4aRin ok theS gadatis"¢dacktaetC aiR@uire @A 10Pbepane,
oxygen, anmonia) wll be advant ageously chosen within the

quadri | at g5 al Fi¥dmrHYedusaRPeNosed.t hin the ternary di agram ABC shown
in the attached single figure. In thi's ternary diagramthe
segnent AB 20  represailierd [thed mmidxidatiionnofl prophtie %nt ¢he % the
presence of inert diluent gas(es) and/or of water
vapour is concerned, it will be appropriate to
'determine the composition §f the ternary mixture
10 (propane, oxygen and ammonia) in order to locate it in
the abovementioned diagram, when the diluent gas and/or
the water vapour is/are in a low propo;tion.
| Where the ammoxidation of propane using air
as the source of oxygen is concerned, the composition
15 (propane, air and ammonia) wiil be advantageously
chosen inside the quadrilaterﬁl ABFG appearing within
the diagram ABC shown in the attached Figure 2.
In this second diagram the segment AB
represents the ammoni; content from 100 % to 0 %; the
20 segment BC répresénts the propane content from 100 to
0 %; the segment CA represents the air content from 100
to 0 %. The point ¥, situated inside the segment BC,
correspondé to a propane content of 16 %-in the binary
(propane-air); the point G, situated ihside segment AC,
25 gorresponds to an ammonia content of 35 % in the binary
(ammonia-air).
The segmen£_FG demarcates the ternary diégram

" into two parts: a triangle CFG inside which the



segirent, BC represents the propane content from 100 to 0 % the
segnent CA represents the oxygen content from 100 to 0 % The poi nt
D, situated inside the segnent BC, corresponds to a propane content.
of 45 % in the 25 binary (propane-(err]); the point E, situated inside
t he segnent AC, corresponds to an a;mDni a content of 79 % I n
the binary (NHerr])-derr]) %[sic]. The segnment DE
dermarcat es the _ternary diagram . o ;

into two part se:xpgclsr_’i ahgl% (dstemiped Rt dePar angd 5595 Hfegi on

(geterm ned algshdifled ihe A %&i&?ﬁtlja’s\:er iFdH A2 q Uil Ul | ateral

ABDE i nsi de whi e [0 I on of the gaseous reactant m xture w |

be 5 advant ekt idiPH) the gaseous react@h® SildtRur@WR11ddEl On of
propane in the presence of inert diluent gas(es) and/or of water

vapour is conGRfvififtagdoudly dMbsHH opriate to determ ne the
conposition of the ternary m xture 10 (propane, oxygen and anmonia) in
order to Imcate it in This tdecid \Girayran wad 1d b reipl opfed ilhahdi | uent

8

gas and/ or ' the water vapour is/are in a |ow proportion.
Wier e t he ammpastiwherefthe apgrgensiiipant gas mixdsirieh@oyespond®s oxygen
I s concerned, the conposition 15 (propane, air and anmonia) wll be

advant ageous| yto an oxgyen content equivalent to that of air (= 21 %—_
of oxygen) or in the case where this mixture ie oxygen-
deficientlin relation to air.

10 _ A'mixtﬁre containing essentially propflene
and aerylonitrile will be obtained by startihg with
propane. Acryldnitrile is an intermediate which is
produced industrially on a large scale, propylene is a
raw material conventionally employed for producing

15 acrylonitrile and various other intermediate products
"which are well known to a person skilled in the art.

A mixture containing methacrylonitrile and
isobutene or anuteneé will be obtained by starting
with isobutane.

20 The process according to.the invention is
more particularly suited to the ammoxidation of _l
propane. |

" While the saturated hydrocarbon used may be
of technical'quality, it will not contain appreciable

25 quantities of compounds with ethylenic unsaturation.
Thus, the propane used will contain propylene only in
trace quantities.

The process according to the invention and



« "

chosen inside the quadril ateral ABFG appear| ng wthin' the di agr am ABC
shown in the attached Figure 2. In this second di agramthe
Segnent AB _ represents the ammonia content from 100 %to 0 % the 20
segnent BC represents the propane content. from 100 to 0 % the
segnment CA represents the air content fr 100 to 0 % The point F,-
situated inside the segnent BC, ﬁﬁ]esp'onds to a propane content of

16 vin the bIAAY carridd ' SRANG dild ’foﬁeogohrggm Bhpa! dabRibie nary

segnent AC, corresponds 1o an ammoni a Co %int
~(ammoni a-ai r) .an, tab S ernary
di agram r}{ sulvvo plaer tdsev:'fu'g%c}ﬁg iggl %;ﬁ:%géﬁ \%/%:ac bﬁ‘is
9 expl Os'éﬁﬁncfmw%:erdﬂiﬁt:.@n ]reg.%rt:.%@ eal %bhh@hu'e&tl be
- situated and a quadrilateral ABFG inside which the corrp05|t|on of the
gaseous react agipIByddl erhéd Igrdifess cari®éldiorgtetedy contianously or
This second diagramwi || be enployed in the case where the
oxygen-di Iyentncg&sormiﬁmnmar@mx}dslncludet m:lmmmegyﬁn ac etiadiionagyi val ent
to that of air ([err] 21 % of oxygen) or in the case where this

m xture i s oxysmd-or of alcflwidited bedl ation to air.

The reaction temperature is generally between
.350 and 550°C and preferably between 420 and 510°C.

The total pressure of the reaction mixture

10 may be higher than or equal to'atmpspheric pressure. It
is generally between 1 and 6 bar and preferably between
1 and 4 bar.

The gas flow rate ie set so ttat the hourly

space velocity is between 100 and 36000 h™' and
15 preferebly between 200 and 20000 h™1l [sic].

A person skilled in the art will, of course,
be capable of finding a compromise between the
temperature, the gas flow rate, the precise nature of
the catalyst used and the various other reactlon

20 parameters, bearing in mind his production objectives.

Ih the'process according to the present
invention use is ﬁade of a solid catalyst whose active
phase contains ﬁolybdenum and oxygen, the said active
phase also containing at least one element chosen from

25 the grouﬁ consisting of the alkaline-earth metals, Mn,
Fe, U, La, Co, Ni, 2n, Ag, Cd, W, Zr, Pb, Te, Ga, Al,
B, Nb and Ta.

The active phases, one of the constituents of



10"

A m xture containing essentially .propyl ene and

;acrylonitrile will be obtained by starting with . pr opane.
*Acrylonitrile is an internmediate which is produced industrially on.a
| arge scale, propylene is a raw mat eri al conventionally enpl oyed for
producing 15 acrylonitrile and variousgpther internedi ate products

which are wel | knOmn to a person skilled in the art. A

m xture cont atReNgaEBIPEE ¥h8A Withenafke scopei SHLLHENSrésemt but enes wil |
be obtained by starting _ Wi th isobutane. 20 The pr.ocess

according to iheehBi6A}i @Pei iolybdefihcbpsed imiked | gxides cwhicht he

ammoxi dati on of pr opane.

Whi l e the saturated,

hydrocar bon upedfersblbe containfatecltbéasta? eleméenys chosen|from thetain

appreci abl e

25 quantities of conmpounds with ethylenic unsaturation.

Thus, the proganepudefiinell aboveai Aopdopesehts opay e obtainedce

quantities.

10

sui tabl e device for carrying out vapour, phase
oxi dat i on reaéPFBn§nc&ﬁt¥ 5 b1

The process according to the jnvention and

Bsi cWithini EheoBeoPh PﬁethsrH?BFe%EﬁBﬁ?cﬁﬁ%éEYrE%Et?%ﬁr°f Any

. ftion or

d
YRsBHABRt FYRERLNING aEnﬁ?ﬁﬁggggéLﬁ $PE2Ess can be

conduct ed con%’nuousl

10

15

20

25

osen f¥o%rthe group consisting'of the alkaline-earth
metals, manganese, iron, cobalt, uranium and lanthanum.
- The active phases in question arejpreferaﬁly
molybdates. The preferred active phases are manganese,
uranyl,  cobalt or iron molybdatés. |

While the proportion of element(s) M chosen
from the abovementioned groups can vary within wide
limits in the active phases in question, the miﬁimuﬁ

| will be preferably dictated by the stoichicmetfy of
formation of the corresponding orthomolybdéte. In
cert;in_cases and depending on the nature of M, a
mixture of tﬁe corresponding moledate and of a
molybdenum oxide will be obtained by decreasing thg
proportion of element (s) M.

Thus, for example, a large excess of
molybdenum in relation to jiron (Mo/Fe = 10) results in
the formation of a mixture of Fez(Méo4)3 and of MoO,,
the performance'of which in the process in question
appears less good than that obtained with Fez(méo4)3.

The active phases in question can be used
ﬁithin the scope of the prdcess according to the

invention in bulk form or in the particulate state.



3"

5" noncontinuously and may include the use of a statlonary bed or

fIU|d|zed bed.
Bet ween

The total pressure of the reaction m xture
to atnospheric pressure. It is gengpally betmeen 1 and 6 bar and

The reaction tenperature is generally

of a

350 and 550[err] C and preferably between 420 and 510[err]C.

10 may be hi gher than or equal

preferably between 1 and 4 bar. The gas flowrate is

set so that theny Egése canP e’ HY1h$th€t¥B§ﬂ 680pande3808¢ h[err]

and 15. preferably

ween 200 and 00 O h[err] [sic].

person skill edpeadshahdich \Wre, o eXdbple, extruBedcapabkashedli ndi ng a
conprom se between the . tenperature, the gas flowrate, the precise

nat ur e of

the cat althely ¢asdadsd beedepoedtedobheanr #aeriton 20

paraneters, bearing in mnd his production objectives. :
t he process aceupgions tor may poasedit. The naturet ofntheesuppowticiefl a solid
cat al yst whose active phase contains nol ybdenum and oxygen, the said

active 5 pmete cxliddcadnt dneviiglest thegsdtods cheminaldyodnertr om 25

In

t he group conS|st|ng of the alkaline-earth netals, WMn, Fe, U, La, Co,
Ni, Zn, Ag, Cdtowargs the rpacteamtspunder theprepgtips ¢enditions
The actlve phases one of .the constituents of

10

15

20

25

which have been chosen. By way of examples of supports

liable to be suitable for the preparation of catalysts

which can be employed within the scope of the process
accordihg to the invention there may be mentioned:
silica, alumina, silica alumina, sintered clay,
carborandum [sic], magnesia, magnesium silicate and
diatomaceous earth. This support is p:eferably
ﬁonporous and may be, in_pérticular. based on a
refractory oxide in particulate form, the most commoni}
employed suppbgt beiﬁg clay-based. This sﬁpport may,
for example, consist of inert,.solid, robust and rough
clay beads with a diameter 6f between 0.5 and 6 mﬁQ The
precise Qalue of the diameter of the beads can be |
chosen by a person gkilled in the art as a function of
the pressure d:op which is permissible in the reactor.
The support may also be rendered nonporous by
enamelling.

- The support may also be a ceramic suhétrate,
the said substrate being preferably in the form of an.
inert and rigid structure of monolithic type comprising
_channéls or conduits. Such supports are well known to a

person skilled in the art and have been extensively



>

the catal yst used within the scope of the present I nvention, are

ol ybdenum based m xed oxi des which preferably contain at |east 2

el enents -chosen fromthe group defined above. Good results can be -
obtained 5 wthin the scope of the present process by the use of

such an active phase containing at |eastigne el enent chosen fromthe
group consisting of the al kaline-earth - metal s, manganese, iron,

cobal t, urani deserdbedntihathe literature. The cébemi@&t subsphaces in
gquestion are preferably 10 nolybdates. The preferred active phases are
manganese, employady arec elspeciallyr thosel gbrdsataing, as main Wi | e
the proportion of elenent(s) M chosen - fromthe abovenenti oned groups
can vary wi t hisibgtgace, cordigriteinalbmineti melphteesponcglasniand t he
~mnimum 15 _will be preferably dictated by the stoichionmetry of

f ormation of_PH€°§0PFe§ﬁéH&PﬁgcéFPﬁéﬁEkybdate. I n certain cases and

dependi ng _on the nature_of M a m xture of the_correspondi ng
nol ybdat eand of a W%ﬁﬁl?b&@ﬂ&ﬁﬁo??&élﬂﬁF11§e°65¥ﬁ§néﬁrbthEcreasing

the 20 roportiqn of el ement(s) M Thus, for _exanple, a
| ar ge excegs,gPantlty ﬁﬁl?ﬁggﬁﬁgp%ﬁsFelﬂ??Sh RY| YRRY (WhERin-wide results

worerr], - 1BEEE. D3er i  pRatES RetwerR bland 88 ekt qlection 25
RIS Ve Rt iBay. Babralh 100l 1) b e LURE LIS Lo
the total (support + actiye phase) . :
10 The preparation of the catalysts used in the
| process according to the invention can be carried out
in various ways which are known_pér se, such és mixing
appropriate.sa;ts of the elemental constituents in
waﬁer or in another solvent, followed by evaporation.to
15 dryness, or by precipitation by adding a base such as
aqueous_ammonia or an acid such as hydrochloric acid,
or by spraying a suspension obtained aﬁter mixing |
suitable salts.
The suitable salts most commonly employed are
20 soluble in water and contain anions and cations which |
can be decombésed by heat during subseéuent staées.
Thef are, for example, ﬁmmonium heptamolybdaté in the
case of molybdenum, and alkaline-earth metal,
-manganese, iron, cobalt, uranium, lanthanum, etc.
25 nitrates or chlorides in the case of'metalﬁ.
Once the mixture of the salts has been
produced, a precursor can be obtained by the so-called

evaporation method. The water in the suspension



LY

Wi t'hi\n the scope of the process according to the i nvention i-n bul k
formor in the particulate state.

12 These phases can be enployed in the formof powders or beads
whi ch are, for. exanple, extruded or crushed. - They can-al so
be deposited on an inert support orqgay coat it. The nature of the

support is 5-not critical, provided that it is chemcally inert

towards the reﬁﬂhﬁmkﬁ.umdﬁwﬁﬁﬁidﬁﬁaﬂaf&nb&oﬁﬂbkhﬁgsbetweeWhh%haﬂﬁVe been
chosen. By way of exanples of supports liable to be suitable for the

preparation ofl0ffCaiishs stirriny dorcahebeimepheyaddvitbhobtaia acope of the
process 10 according to the invention there nmay be nenti oned: .
silica, alum pasts thizhaldeeisnmotsirunsr Stirrdpg and heatihgr azeuthlesi c],
magnesi a, magnesiumsilicate and di at omaceous earth. This support is
preferably‘ _St°Pmﬂaorogs and may be, ihn partiggln%r),nl gased Oneﬁpl é?ed
Suppart b ng c ay. bacedReTRES LR S5 ORERined SprOAcLRuRpABtaceNS] o of
0.5 and 6 nm SheRResd o abtoxinansiy Y 48 dLandrepdohn: AEFDBEAs can o
20 chosen by 302631y 138" £02° afbrodind et P h5 R, One
precursor thus,obtained can theﬁ be Qround and calcined
between 200 and 1000°C, preferably between 400 and
f 10 600°C, for at least 30 miﬁ, preferably at least one
hour..The.calcination may be performed by progressively
raising the temperature, for example 100 to 200°C per
~hour, in pafticula: owing to the risks related to the
exothermic decomposition of ammonium nitrate at about
15 230°C. The active phase thus obtained -after cooling can
| then be ground in order that its particle size should’
" not exceed approximately 400 um.
The precursor can also be obtained by'an
alternaﬁive-meéhod comprising precipitation with the
20 additionm, for example, of aqﬁeous ammonia or of
hydrochloric acid at the end of mixing of the salts, to
stabilise the pH at approximately 7. It is preferabie
to heat the suspension between 20 and 100°C for
approximately one hour to complete the precipitation of
25 the species.
The suspension is then filtered and washed.

The filter cake is next spread out and then dried,

ground and calcined according to the conditions



the pressure drop which is permssible in the reactor. The support
may al’so be rendered nonporous by . enanel | i ng. The
support may al so be a ceram c substrate, 25 the said substrate being
preferably in the formof an - inert and rigid structure of nonolithic
type conprising - channel s or conduitis Such supports are well known to
a person skilled in the art and have™ been extensively

13. descrhgﬁgrkﬂehhgbgbgeagEﬂiﬁ'tﬁge 88£QHLE §#25£6§£8§a510n. enptoyed

are especially those con ance, cordierite,

al um na, ”U||'hﬁth88rcﬁbabﬂvénﬂ e acti@QrBHaQé s|I|con carbides. = 5
When a coat ed catalyst I s”cal 3 quantity -of active phase,

whi ch may vary w thin Wﬂdértaln chtan §tslﬁhiahpaaetuaefattﬁeenaﬁ and 35 %
and preferably between 10 and 15 % by weight relative to t he

total (supportappddétattophagerhe pocess in a stibtopaepabed| ocanfbehe
catal ysts used in the process according to the invention can be
carried ous  obtainedabyousatdng,winch masnkrnoknopsrpse, sewuchfas mi xing
appropriate salts of the elenental constituents in water or in
anot her sol vengrototl oheteppediager ari Sinighedy agtjmesphagespyThis

precipitation by adding a base such as
traditional method consists in depositing a layer of

intermediate or finished active phase around inert but
rough beads.

10 Once the beads are covered with the intended
quantity of the active phase, they are dried using hot
air, between 70 and 150°C for at leas; 30 minutes, and
are then introduced into an oven to be.calcined between
300 and 600°C, preferably between 450 and 500°C, for at

15 least 3 hours. |

| Some catalysts which are useful for an
application of the process according to the invention
in a stationary bed or fluidized'bed can be obtained by
the technique, knowﬁ per se, of spray-drying in a

20 preferably nonreducing atmosphere. Using such an
operation, if appropriate followed by a calcinetion at
‘a temperature of the order of 400 to 1100°C, powders of
spherical form with a'diameter of between 5 and 700 pm
are obtained. Powders which comprise at least 80 % by

25 weight of particles which are between 5 and 100 gum in
size are preferred within the écope of a utilisation in
a fluidized bed. |

The reaetion products can be recovered in the



agueous_ammoni a or an acid such as hydrochloric acid, or by spraying
a-ssuspensi on obtai ned after m xi ng ~ suitable salts.

The suitabl e salts nost comonly enployed are 20 soluble in water and
contai n ani ons and cations which can be deconposed by heat during
subsequent st ages. They are, for eégnple, amoni um hept anol ybdate in
t he case of nolybdenum and al kaline-earth netal, manganese,

iron, cobalt; é’ff?ﬂ{éﬂ'e &%&W%}g%&,ﬁ% mié%etrre e torFo(thegzraL%gi in the

case of netals. ‘he “Sal't's has ‘been

produced, a PrigfdireRf1 it Riastl alPbdds Wiroiiytt dl Ikfhaensexevaporation

nmet hod. The water in the suspension

14 obt ai gtk d fn i RO A{TpHir e A diD heRArald zandhe _
100[err]Cwith stirring for the tinme needed to obtain a paste which

does not run. Hidonverted chnbeniiag THee gdws may therppae@d through a _
The paste thus obtained, spread out into a t hi ckness of approxinmately

2 cm is dBiedefrigeraiied absoxiping dolainel \td 2@netenig@ ftdie approxi mately 15
h. The precursor thus obtained can then be ground and cal ci ned
bet ween 200 arakmoRiitrile, mastondsini e tanst hyliweyanici@cidGotherr] C, for
at least 30 mn, preferably at | east one
uncondensed vapour containing chiefly unconverted
propane propyiene, light hydrocarbons and, where
applicable, CO,. Acrylonitrile and hydrocyanic ﬁcid cép
10 then be separated from acetonitrile by distillation and
the recovered acrylonitrile-hydrocyanic acid mixture |
can then itself be distilled to separate acrylonitrile
from hydrocyanic agid.
The examples below illustrate the present
15 invention. | .
EXAMPLE 1 : PREPARATION OF A CATALYST BASED ON
' 'MAGNESTUM MOLYBDATE : '
A solution (a) of ammonium heptamolybdate is
ﬁreparéd by dissolving 52.98 g of (NH,) Mo,0,, 4H,0
20 (marketed Sy Merck) in 200 dﬁB of demineralized water
(pH.of the solution obtained: 5-6), and a solution (b)
of.magnesium nitrate:by dissolving 79.3 g of 97%
Mg (NO;) , - 6H,0 (marketed by Prolabo) in 200 cm3 of
deminerélized watef. The solution (b) is added to the
25 solution (a) in a stirred reactor (pH = 5). The mixture
is heated on a hotplate and £he paste obfained is érigd

at 120°C for approximately 15 h; the product obtained

is then ground in a mortar and calcined in air at 500°C



hour . The caIC|nat|on may be performed by progressively rai sing the

tenperature for exanple 100 to 200[err] C per hour, in particular
owing to the risks related to the exot herm ¢ deconposition of
ammoniumnitrate at about 15 230[err]C. The active phase thus obtained
after cooling can then be ground in_order that its particle size
shoul d - not exceed approxi nately 4087 [err]m The
precursor can Iso e obtalned by an alternative nethod conprising
precipitation fh t addition, for exanple of aqueous anmoni a or
of - hydrochlorlc a ngd.,of .1 t I to
stabilise the pH at apprOX| ?ﬁxf eqfc éﬁ) tlﬂlg( rl% ‘pia%atth%{o heat the

suspensi on bet W@ég]ige%%&fzed bga&p&%l BakdcREBalON 1O

~conpl ete the pre pltatlon

SUSPensi on i s dA@mds |4 &4 Cfék:?ﬂic VARt¥te, measu% oy t¥le B T.S next

spread out and then drie ground and cal ci ned according to the
conditionss method, of 5agsg*bed above within the scope of the
evapor ati on - method, to give the active phase. Certain
catal ysts which are usef20 4 af athe produmtl | (Mt iave afldwly mprdmkied a
stationary bed, can be
' onto 123 g of inert support consistzng of clay beads
with a mean diameter of 4.8 mm, placed beforehand in a
rotating pelietizer and moistened with glucose in
10 aqueous solutidn.aﬁ a concentration of 10 %. As soon as
the beads are dry oﬁtside, a small quantity of the
glucose solution is sprayed. The product (I) is then
again sprinkled onto the beads. These operations are
éontinued alternately until all the product (I) has
15 been coated. Drying is then carried out ag 120°C for
2 h and calcining at 480°C for 6 h. '
_ The cét#lyst (A) thus obtained consists of
12 % by weight of MgMoO, deposited on clay beads.
EXAMPLE 2 - . PREPAR.ATION OF 32 CATALYST BASED ON
20 MANGANESE‘ MOLYBDATE -
| An active phase of composition MnMoO, is
prepared using the operating procedure described by
U. Ozran, R. C. Gill and M. R. Smith, J. Catal. 116,
171-183 (1989).
25 | _ A solution (a) of ammonium heptamolybdate is
prepared by dissolving 70.64 g of (NH,) ;Mo,0,4°4H,0
(marketed by Merck) in 200 cm3 of demineralized water,

and a solution (b) of manganese chloride by dissolving



5 obtai.ned by coating, in a manner known per se, of - ground,
ikntefnedi ate or finished, active phases. This traditional nethod

‘consi sts in depositing a layer of ~internediate or finished active
phase around inert but rough beads. 10 Once the beads are
covered with the intended quantity Qf t he active phase, they are
dried using hot air, between 70_anﬁ 150[err]C for at least 30

i nutes, and t i i : ' bet ween
300" and’ s00[ o7 P &6 B S PR, RAC BRE AL 61 B BED LR G UEY Ny P! 1000,
3 hours. of demineral®2@R @ éstkﬁeWEbiﬁtﬁﬁﬁ Wagf 4k hQHedn

application of the process according to the invention In a stationary

bed or fluidi sedpiaseCdd RBeOBbLALREENDYD) in ahheénbegbeigugiyknown per se,
of spray-drying in a 20 preferably nonreducing atnosphere. Using such an

operation, if stipred reactbel. Headify &ocabetniki applied and GheepHerature
of the order of 400 to 1100[err]C, powders of spherical formwith a
di anmeter & bdisvmaintaineéd/@t® peby] sxiding didletebhwdrmedhlBpideaeidhi ch
conprise at |east 80 % by 25 weight of particles which are between 5 and
100 [err] minor aquesuseagmoniaciibptbdmarketadt by Bropabe) Houwtd| hsation in

~a fluidized bed. . . . The reaction products can be recovered in
t he The material is filtered hot on sintered glass and

washed with 1 1 of demineralized water. The product -
obtained is then dried at 120°C for approximately 15 h;
10 ground in a mortar, and calcined in air at 500°C.for
4 h. _ _
| The product (I) thus prepared has the
cOmposition MnMoO,, identified By X-ray difffaction,
and has a specific surface, measured by the B.E.T.
‘15 method, of S5m2g? [sic]. |
20 g of the prodﬁqt (I) are sprinkled slowly
onto 123 g of inert support consisting of clay beads
with a mean diameter of 4.8 mm, plaéed beforehand in a
rotating pglletizer and moistened with glucose in
20 aqueoué solution at a concentration of 10 %. As soon as.
the beads afe d;y outside, a small quantity of the
glucose solution is sprayed; The producﬁ (I)-is then
again sprinkled onto the beads. These operations are
continued altérnately until all of the product {(I) has
25 been coated. Drying is then carried out at 126°c for
2 h and célcining at 480°C for 6 h.
The catalyst (B) thus obtained consists of

‘11 % by weight of MnMoO, deposited on clay beads.



16 -, . effluent gases by any appropriate nmeans. For exanpl e, t he
ef f| uent gases may pass through a condenser containing dilute
*sul’phuric acid to neutralize the unconverted amoni a. The gases nmay
then pass through a 5 refrigerated absorbing colum to condense the
acrylonitrile, acetonitrile and hydrocyayc acid, the uncondensed
vapour containing chiefly unconverted - propane propyl ene, |ight

hydrocar bons greMppRese- PREPARAT2ONCOF ANOTHER ARTAL. VST t BASED J0N

hydrocyanic acid can 10 then be separated fromacetonitrile by

distillation and t he r MANGBRNESEaMOLYBDATE| + €- hydr ocyani ¢ aci d n1xture
can then itself be distilled to separate acrylonitrile from _
hydrocyani c acid. . 20 g of prodheteftihpdscomponitionsMnMo@, tam present
15 i nventi on. EXAMPLE 1 : PREPARATI ON OF A CATALYST BASED ON

MAGNESI UM MOLE#BpRFibed in the precedjngopyamphe (aye opramﬁﬁqlurﬁ' his
hept anol ybdate is repared by di ssol ving 52.98 of

(NH err]) Per r PRBABEE] QBeEPFEHFEF‘PFSBBQQ “n?ﬁﬁr%el’%ﬁsﬁ‘}rﬁ/e?ﬁk?olﬁ 200 cnB of
den1nerallzed of the solgtlon obt ai pe

solution (b) T etﬁf?’nﬁﬁ‘négl Eﬁ?ﬁﬂ‘?ﬁté‘ laBPE%T"WF\ﬁf’fgg ) é’Bf u§70/

t P 0. .cnB
ggg?ﬁg?;{%;ggE&éfgkes§hgrénﬁhygoﬁgfg¥neéo ggg% gagggtg %rg E% Btion (a) in
a stirred reaS&B&gé 1gtg)5rlgﬁeﬂk§tuigh a parﬁfcfgagfgeogfabQQ&QL&te and

the paste obtain
0.3 and 0.8 cm, constituting the catalyst (C).

.10 EXAMPLE 4 - PREPARATION OF A CATALYST BASED ON
| URANYL MOLYBDATE :
An activé'phase of composition U’02M'oo4 is
‘prepared by the operating procedure described by
E. Bordes, State Thesis, Compiegne (1979).

15 _ A solution (a) of ammonium heptamolybdate is
prepared by dissolving 35.32 g of (NH,)¢Mo,0,,-4H,0
(marketed by Merck) in 206 cm3 of deﬁineralized.water,
and a solugion (b) of uranyl nitrate by dissolving
100.43 g of Uoz(NO3)2-6H20 (marketed by Prolabo) in

20 2b0 cm3 of demineralized water. The solution (b) is
added to the solution (a) in a stirred reactor. 106 cm3
of demineralized watef.are added, thé mixture is heated
on a hotplate and the pastg obtained is dried at 120°C
for approximately 15 h;.the product obtained is then

25 ground in a mortar’and calcined in air at 550°C.for

.12 h. | |
T#e product (I) thus prepared has the

composition UO,Mo0,, identified by X-ray diffraction,



at 120[-err]C for approxi mately 15 h; the product obtained is then
ground in a nortar and calcined in air at 500[err]C

17 for 4 h. . . The product (1) thus prepared has the
conposition MgMoX4, identified by X-ray diffraction, - and has a
specific surface, nmeasured by the B.E T. 5 method, of 5 nferr] gl[err].
20 g of the product (1) are slowy sprink% onto 123 g of inert

_support consi Sihdhed £! SYedbLAUS surfacey tﬁe@sdm A & @fr.4. 8 N

pl aced beforehand in a rotating pelletizer and noi stened with glucose
in 10 aqueahstised Htop e a1 mcgrﬁqentratlon of 10 % As soon as t he
beads are dry outside, a small quantity of the: gl ucose solution is
sprayed. The product (1)20 sgténthe produget N(EB)pranek | sgekimitled sl dwdads.
These operations are continued alternately until all the product (I)
has 15 beercmbtatERB dr9f nylésttmm réeonkimting b Ojlay beads 2
h and cal ci ni ng. at 480[erré(:for The catal yst (A) thus
obt ai ned c®nsiwitho} mean dijgmetey Q\%l‘bhﬁ e, \Rpargdheforghand dp @ cl ay
beads. EXAMPLE 2 - PREPARAT| ON OF A CATALYST BASED ON 20

MANGANESE MOLYRPR&Eing pelletizer and mpigtened Wk glicqaspidkition

MMJerr] is
q ] aqueous solution at a concentration of 10 %. As soon as

Ehe beads are dry outside, a small quantity of the
giucose solution is sprayed. The product (I) is then
10 again sprinkled onto the beads. These opérétions are
continued altern#tély until all of the product (I)ihas
been coated. Drying is then carried out at 120°C for
2.h and calcining at 480°C fér 6 h.
The catalyst (D) thus qbtained congiste of
15 11 % by weight of UO,MoO, deposited on clay beads.
EXAMPLE 5 - PREPARATION OF A CATALYST BASED ON
CALCIUM MOLYBDATE :
A solution (a) of ammonium heptamﬁlybdéte is
prepared by dissolving 52.98 g of (NH,) Mo,0,,°4H,0
20 " (marketed Sy Merck) in 200 cm3 of demineralized water,
-and a sdlution (b) of calcium nitrate by dissolving
47.23 g of Ca(NO,),-4H,0 (marketed by Prolabo) in
200 cm3 of demineralized water. The solution (b) is
added to the solution (a) in a stirred reactor. The pH
25 of the mixture, initially 4.5, is raised to 6.7 by
adding agqueous ammonia (marketed by Prolabo). Heating
is carried out on a hotplate and the paste obtained is

dried at 120°C for approximately 15 h; the product



prepar.ed using the operating procedure described by U Ozran, R C

G.ll ‘and M R Snith, J. Catal. 116, 171-183 (1989). 25

Asolution (a) of amoni um heptanol ybdate is prepared by dissolving
70.64 g of (NH err])[err]M[err](err]4Herr] O (marketed by Merck) in
200 cnB of demineralized water, andzf solution (b) of manganese

chl oride by dissol ving 18

79.16 g of Mﬂ'GJbQ:rari]n%q_rsr eﬁ"%%%%ﬁd 1By apgnggegg) ah8 éggcﬁﬂﬁd :i.nt ﬁégf

dem neral i zed water. e solutl I's ad dropw se to _
solution (b) in@keReer Gl gakl.y stirred reactor. Heating to 80[err]C
-is applied and the pH 5 is maintained at 6 by adding dilute hydrochloric

acid =~ or aqueous ammud prodvct Ma)kehed PrePackdbRasf ened . The
material is filtered hot on sintered glass and washed with 1 | of

dem neral i zed weinpiosibieonpiCaMed),, identhiednby Xsrapedififracdtioénl?20[err]C

for approximately 15 h, 10 ground in a nortar, and calcined in air at

500[err] C fsor and has la specific surface,Theapureddcby( thet BuB.Brepared has

t he conposition MnMoerr], identified by X-ray diffraction,

‘and has a specmﬁﬁbQQwﬁd%éwﬂmé%sured by the B.E. T. 15 nethod, of 5nRg[err]

[stel. 20 g of the product (I) a'z;e sprinkled slowly
onto 123 g of inert support consisting of clay beads
with a mean diameter of 4.8 mm, placed beforehand in a

10 rotating pelletizer and moistened with_glucose 1;1
agqueous solution at a concentration of 10 %. As soon as
the beads afe dry outside, a small quantity_ of the
'glucbse -solution is sprayed. The product (I) is then
again sprinkled onto the beads. These operations are

15 continuéd alternately until all of the product (I) has
been coated. Drying is then carried out at 120°C for l
2 h and calcining at 480°C for 6 h.

The catalyst (E) thus obtained consists of
11 % by weight of CaMoO, deposited on clay beads.

20 EXAMPi-E 6 - . PREPARATION OF A CATALYST BASED ON MIXED
| MOLYBDENUM LANTHANUM OXIDE -

A solution (a) of ammonium heptamolybdate is
prepared by dissolving 35.32 g of (NH,) 5M67024'4H20
(marketed by. -Merck). in 200 cm3 -o:E demineraiized water,

25 and a solution (b) of lanthanum nitrate by diluting
71.64-cm3 of La(NO;), céntaining 455 g 1°! as La,0,

(source: Rhone-Poul_e_nc factory in La Rochelle) in

200 cm3 of demineralized water. The solution (a) is



20 g of. the product (I).are sprinkled slowy ' onto 123 g of inert

,suppOrt consi sting of clay beads with a nean dianeter of 4.8 mm

p}l aced beforehand in a rotating pqglletizer and noistened with gl ucose
in 20 aqueous solution at a concentration of 10 % As soon as t he
beads are dry outside, a small quantity oj t he gl ucose solution is
sprayed. The product (1) is then agal n sprinkled onto the beads.

 These operati 0§§a@eto the SOMLL{vEd ]5?9 tal nptsl r:’.'l-ﬂi ge%%c[ err’l]t g product

(1) has 25 been coated. Drying 1s t en carrie out at for
2 h and cal ci rhﬂﬂt@fe@@[fé{&&é&rté = 1-2 by addin mgqcﬁlf‘céiﬁi@ie'éd (B)

thus obtai ned consists of 11 % by wei ght err| deposited on

clay beads. nitric acid. Heating is carried out omn a'l-%otplatéprLE 3 -
PREPARATI ON OF ANOTHER CATALYST BASED ON MANGANESE

MOLYBDATE - 100-110°C and e padteralsiteindd )uofdﬁﬁmaﬂi tigor MO as
.described in the preceding exanple are prepared. This 5 product is then
conpr essed5 undeppropinately b 10 the produdtalitsiasimed nis rthimmgtamadnd
approximately 0.5 cmin t hi ckness are thus obtai ned. These tablets

are then inryspertantand reafeined vin lrir @b 509 %C o Jth et ween
0.3 and 0.8 cm constituting the catalyst (O. 10 EXAMPLE 4 -
PREPARATI ON OF A CATALYSih@g/Exqsiugd (I) thus preépared consists of a

mixture of ;anthanum and molybdenum oxides, identified
by X-ray-diffraction, and has a specific surface,

10 measured by the B.E.T. method, of Ganil.

20 g of the product (I) are sprinkled slowly
onto 123 g of inert support consisting of clay beads
with a mean diameter of 4.8 mm, placed beforehand in a
rotating pelietizer and moistened with glucose in -

15 agqueous solution at a céncentration of 10 %. As soon as
the beads are dry ou;side, a small'quantity of the
glucose solution is sprayed. The product (I) is then
again sprinkled onto the beads. These operations are
"continued alternately'un?ii all of the product (I) is

20 coated. Drying is tﬁén carried out at 120°C for 2 h and
calcining at 480°C for 6 h.

The catalyst (F) tﬁus obtained consists of

9 % by weight of LaMoO, deposited on clay beads.

EXAMPLE 7 - PREPARATION OF A CATALYST BASED ON IRON
25 MOLYBDATE - |
An active phase of composition Fe, (MoO,), is
prepared by the operating procedure déséribed by

S. Nasu and S. Shimizu, J. Catal. 104, 164-175 (1987).



URANYL. MOLYBDATE . An active phase. of corrp05|t|on
Udgerr]MJerr] is prepared by the operating procedure described by

E. 'Bordes, State Thesis, Conpi egne (1979). 15 A solution (a)
of ammoni um hept anol ybdat eis prepared by dissolving 35.32 g of
(NHerr])[err]M[err]err]4Herr]O . a3(marketed by Merck) in 200 cnB.of
dem neral i zed water, and a solution (b) of uranyl nitrate by

di ssol vi ng 100. 43 29 L1 IR T {al)N£E Tkl HelptisioDybaariectied by

Prolabo) in 20 200 an of dem neral i zed water. The solution (b) is

added to the Fhte| dibeblStiidd &P Jomef @f (W) ¢M8,0,, + 4H,0f

dem neral i zed#\aﬁr ar g?%added t he grm xtureglts he:?g #7024 onza hot pl at e
and the paste (kdisketostl itsy d&emﬂ:)at:.nl%![()eraniBCof denineraddzedk wakeal,y 15 h;
the product obtained is then 25 ground in a nortar and calcined in air
at 550[err] C famd a soludt2idn (b) of iron nitrat‘m@yprd;(ﬂ?@tl"(lln)g 8ud & epar ed

has the conposition UJerr] I\/bCIer;é I dentified by X-ray diffraction,
2? . nearnfl h:a]% lée@iﬁg)|3f°|962§uma€ketﬁé Yir Bgokgbeheip 20§ cm3 of npt hod,
o] glerr : g of_ the product ( e sprinkl ed
slowty dlemineralizgd |WQrSL}E}R)r§°]&H§?"’st Mg i aégd:?? Jhe 5 Wi th

a nmean di aneter of 4.8 | aced befo
solution EER {L a st rreé

e:r.heaarl:dtolrn. z%t‘he pH of the
mixture is adjusted to 7.5 by adding aqueous ammonia
(marketed by Prolabo). Heating is applied on a hotplate
10 and the paste-oﬁtained is dried at 120°C for _
'appfoximatély 15 h; the product obtained is then ground
in a mortar and calcined in air at 500°C for 1 h and
reground and recalcined in air at 500°C for 1 h.
The product (I) thus pfepared has the
15 &omposition Fe, (MoO,);, identified by X-ray @iffraction,
and has a.specificlsurface, measured by Ehe B.E.T.
method, of 3.%m2g~2. '
20 g of the product (i) are sprinkled slowly
onto 123 g of inert support consisting of élay beads.
20 with a mean diameter of 4.8 mm, §1aced beforehand in a
. rotating pelletizer and moistened with glucose in
aqueous solution at a concentration of 10 %. As soon as
the beads are dry outside, a small quantity éf the
. glucose solution is sprayed. The product (I) is then
25 again sprinkle& onto the beadé, These operations are
continued alternately until all of the product (I) is
coated. Drying is then carried out at 120°C for 2 h ahd

calcining at 480°C for 6 h.



k]

r ot atn ng pelletizer and noi st ened with gl ucose in aqueous sol ution at
a concentration of 10 % As soon as the beads are dry outside, a .
simal | gquantity of the gl ucose solution is sprayed. The product (1) is
then 10 again sprinkled onto the beads. These operations are

continued alternately until all of the ppgduct (1) has been coat ed.
Drying is then carried out at 120[err] C for 2 h and cal cining at
480[err]C for 6 h. - The catalystl®)CahalsybtaPhedheonghiistisn@d consists
of 15 11 % by weight of UJerr]M{Jerr] deposited on clay beads.

EXAVPLE 5 -  13PRERARAVE G tOo £A F&) THbYUSY Eii’éiﬁikﬂ:\éd on clay beads.

CALCI UM MOLYBDATE: : A soI ution (a) of ammnl um -

hept anol ybdat EXAMPLE 8 -pr ep AREPA] g ROE '
(NH err])[err]M[err]Oerr]4H err]O 20 (rrarketed by I\/Erck) in 200 cnB of -
dem neral i zed water, alN_21g et BOM REni-t rat e by

d| ssol vin 47. 23 g of Ca( err]) err]4H[err]O(_marketed by Prol abo)
%)O cnB of dem (F&HA Nq]\lfétteﬁi[ th§°§oI°6PF'ieoW1(tb)"-n| $he scopgdded to

the sol ution ibnh g stirred reactor. The pH 25° of the m xture,
initially 4. S(an) Ihe invention)s by addi ng aqueous anmoni a (mar ket ed
by Prol abo). Heating I.S.. Garri on a,hot Iaeadthe paste

obt ai ned is dri ed ®af® é’f‘r](%qf S%t W&“ﬂa &P afgg' bdage Afoduct

prepared by dissolving 35.32 g of (NH,)Mo,0,, 4H,0
(markefed by Merck) in 200 cm3 of demineralized water,

10 and—a_solution (b) of tin éhloride by dissolving

| 45.13 g of 8SnCl,-2H,0 (m#rketed by Prolabo) in 200 cm3

of demineralized water, acidified with a few drops of
concentrated hydrochloric acid. The solution (b) is
added to the solution (a) in a séifred reactor. The

15 mixture is heated and aqueous ammonia (marketed by
'Prolabo) is added to neutral pH. The material is
filtered on sintered glass and washed with 100 cm3 of
demineralizea water; the product obtained is dried at
120°C for approximately 15 h, ground in a mortar and

20 calgined in air at 500°C for 3 h.

. The product (I) thus prepared has the
composition Sn02-2Mb033, identified by X-ray
diffractioh, and has a specific surface, measured by
the B.E.T. method, of 26 m2g~l. | |

25 _ 20 g of the product (I) are sprinkled sldwly
onto 123 g of inert support consisting of clay beads
with a mean diameter of 4.8 mm, placed beforehand in a

rotating pelletizer and moistened with glucose in



21 . Obtained is then ground in a nortar and calcined in air at
500[err]C for 7 h. - The product (lI) thus prepared has the
conposi tion CaMJerr], |dent|f|ed by X-ray diffraction, . 5 and has a
specific surface, neasured by the B.E. T. met hod, of 5nRglerr].

20 g of the product (1) are sprinkled slggyy onto 123. g of inert
support consisting of clay beads wth a nean dianeter of 4.8 mm

pl aced beforehﬁgﬁ% Fothitiod Ytdld Mbdirdtalaita®hn @ 18Diast eRedo fasgl ucose
in aqueou ution at a concentration of 10 % As-soon as : t he

beads are dry g Hélds ardtldy Gilide, & dnadl quantgtyce®e td@d ution is
sprayed. The product (1) is then agai n sprinkled onto the beads.

These operati Euddse sdlutivmtisuaskatddr mieiprodudt (@) isf then product:
(I') has been coated. Drying is then.carried out at 120C for 2 h
and cal ci ni ng =yai4B80gmridil édrortd.the beads. These Shlexraldionisy RXY E) t hus
obt ai ned consi sts of 11 % by wei ght of CaMo(Jerr] deposited on cl ay
beads. 205 [OWRIuE -altoREGITIENIOF a&lcmmkgrmmtc\ﬂi\h D
MOLYBDENUM LANTHANUM OXI DE - A sol ut i on aﬁ) %mmra um
hept anol ybdat ecoated. Drysingskedthan gaxoied Rpeaai1a) é or’'2

(NH err])[err] err]err]4H err (marketed by Merck) in 200 cnB of
g_elm' neral i zed ‘5#%‘1“‘111@53*' %ﬁf{i ‘G Js?ﬂ' i’ (b) of |anthanum nl)trat e by

1l uting 71. 64 c L err ni r] as
Laferr]Jerr] SO0 %50{# e(reﬁ,k“; ac%cr}%asa/h}e&q’odﬁ%ﬁc%%[ﬁ ]

11 %-by weight of'Sn02-2MOO3 deposited on clay beads.

10 EXAMPLE 9 - PREPARATION OF A CATALYST BASED ON

MANGANESE MOLYBDBTE AND ALUMINA
(30-70 % wt)
A solution (a). is prepared bir dissolving
26-.4'7 g of (NH,)¢Mo,0,,°4H,0 in 120 cm3 of demineralized
15 water, and a solution (b) by dissolving 37.65 g of
- Mn(NO;) ,*4H,0 in 60 cm3 of demineralized water and a
suépension (c¢) of 75.2 g of alumina in 100 cm3 of
demineralizgd water. The solution (a) is added to the
solution (¢) and the solution (b) is then added.
20 Stirring is carried'out for 2 h and the material is
evaporated to dryness. It is then dried at 120°C and
' calcined 500°C for 4 h; A produét (1) is thus obtained.
| 20 g of the product (I) are spr:.nkled slowly
onto 123 g of inert support cons:.st::.ng of clay beads
25' with a mean diameter of 4.8 mm, placed beforehand in a
rotating. pelletizer and moistened with glucose in
aqueous solution at a concentration of 10 %. As soon as

the beads are dry outside, a small quantity of the



200 cnB of dem neralized water. . The solution (a) is

22 added-to the sol ution (b) in a stirred reactor. The m xture
is acidifed to. pH = 1-2 by. addi ng concentr at ed nitric acid..Heating
is carried out on a hotplate at 100-110[err] C and the paste obtai ned
indried at 120[err]C for 5 approxi meggely 15 h; the product obtained is
t hen ground in a nortar and calcined in air at 500 [err]€ for 3 h.

The product ('Qlﬁ&@ée%&?@ﬁf&n@@%ﬁféy@& arhe prodidt U(H) ofs | @ddanum and
nol ybdenum oxi des, identified y - X-ray dlgfractlon and has a

specific surf mlgpﬂmmlé&doﬂuoteﬁeaa&a’s p- TID0F o@érﬁ’d&ié]é&f@”]
20 g of the product (1) are sprinkled slowy ~onto 123 g of ‘inert

support consi séongimied| aytérnately untiltdlh ofatheiprmbwst ofI}. s nm
pl aced beforehand in a rotating pelletizer and noi stened with glucose
in 15 aqueossateduti on at a concentration of 10 % . As soon as t he
beads are dry outside, a small quantity of the gl ucose solution is
sprayed. The product (I)D#Eimﬁehs then ggrtiedprutiatddhi® for dbdads.
These operations are -continued alternately until_all of the product
(1) is 20 ceadedaleining 2t 48@PCcEPFi €dhouThatcabal st | (I o¥hysh and
_Ca-cining at 4§0L§££Lg:ég£818ts of 11 %’ by weight of MnMoO,-Al,0, (30-
| 70 wt %) deposited on clay beads.
EXAMPLE 10 -~ PREPmTION OF A CATALYST BASED ON
10 MANGANESE MOLYBDATE AND SILICA -
A solution (a) is prepéred by dissolving
58.3 g of (NH,),Mo,0, and 8.2 g of MoO; in 150 cm3 of
" demineralized water at 50-60°C. A solution (b) is
prepared by'diséolving 100.4 g of Mn(NO,),°4H,0 in-
15 100 cm3 of demineralized water. The solution (b) is
added to the solutiqn (a) at room temperature.

31.9 cm3 extended to 40 cm3'qf the solution
obtained are then imprégnated dry'ontouso g of silica
beads. Drying is then carried out.ét 120°C for

20 approxlmately 15 h and calcining at 500°C for 4 h.

The catalyst (K) thus obtained consists of
14.6 % by weight of MnMoO, deposited on silica.
GENERAL OPERATING PROCEDURE FOR THE AMMOXTDATION TESTSI

25  The catalyst sample is preheated on a
measuring bench to a temperature'of 150°C under'heiium

. blanketing for 10 min and is then subjected to a gas

flow whose composition will be specified for each.



The‘ catal yst (F) thus obtained consists of 9 % by wei ght of

LaMb( err] deposited on clay beads.. EXAMPLE 7 - PREPARATI ON OF A
CATALYST BASED ON | RON 25 MOLYBDATE - . . : An
active phase of conposition Fe[err](MdJerr])[err] is ~ prepared by the
operating procedure described by ' SgqNasu and S. Shimzu, J. Catal.
104, 164-175 (1987). - - I . | 23 I

A solution (a TR t - , e hssol ving
52.98 g of ENﬁF%%%?}[erF?gg?gﬁa?%?g¥$%%H g%?fgﬁ ablin ﬁgéke?gﬁggy Merck) in

200 cnB of derdateirahapRhr\An@d helium.and a solution (b) of-iron nitrate by
dissolving 80.8 g- 5 of Fe(NJerr])[err]9H err] O (nmarketed by Prol abo) in

200 cn8 of dem nefmdle totalapriesshite 8& theopeablibn midfedrep the
solution (a) in a stirred reactor. The pH.of the m xture is adjusted
to 7.5 by addiofybedwesns lammdnifabar, wilinmRebebebgplehifEdbd) forleahchg i s
applied on a hotplate 10 and the paste obtained is dried at 120[err]C
for Sappe¥amPdeel y 15 h; the product obtained is then ground in
a nortar and calcined in air at 500[err]C for 1 h and . reground and
recal cined-in air at 508her ope £dpowi rate is defined so aghtopgivecan(|)

t hus prepared_has_the 15 omposition Felerr] (Mo(err])[err], identified
by X—Pay di f f PRUTLY, sPace velpgitys (HSV) .o fPELUGFPaEQ? #Bdsured by the

B.ET. 36000 h™l, the precise value of which will be shown for
each example.
10 _ The principle of the propane ammoxidation
test is the following:

- The catalyst is heafed to a temperature T,,
for example 300°C, and after 30 min of stabilization at
the temperature T, the composition of the mixturé _

15 1e§ving the reactor is determined by gas phase
chromatography.

- The percentages of converéién and the
selectivities obtgined with the catalyst examined at
the entry temperature T, are calculated using

20 relationships of the type:

Propane conversion = % propane converted/% propane
introducéd -
Selectivity for acrylonitrile = % propane converted
into acrylonitrile/% propane converted

._25 - The catalyst is then heated from 300 to
550°C in 20°C increments and the percentages of
conversion and the selecfivitiés are determined every

40 min.



met hod; “of 3.9nRg[err]. _ 20 g of the product (l) are
sprinkl ed slowy onto 123 g of inert support consisting of clay beads
20° with a nean dianeter of 4.8 mm placed beforehand in a rotating
pel l etizer and noi stened with glucose in aqueous solution at a
concentration of 10 % As soon as thg beads are dry outside, a snall
quantity of the gl ucose solution is sprayed. The product (l) is then
25 again sprinkl ed ont THeh&dldamlangl konventibnk afe amployed ifoBhenued
‘alternately until all of the product (1) is- coated. Drying is then
carried out at exdMpdrag Geflmws2 h and - calcining at 480[err]C for 6 h.
24 . The catal yst. (G thus obtained consists of 13 %
by wei ght of Fe[err](MORSCG3IBE err F deppsiopaneogopivaysionds. EXAMPLE
8 - PREPARATI ON OF A CONTROL CATALYST BASED : ON

M XED MOLYBDENUM TIN OXI [SRCN 5 = selectivifys fox: acyylondszihst cone
within the scope - of the invention). .. A_solution (a) of
anmoni um hépt anol ybdat e SBEN+C3Hg h=anar 8§18¢tdviLy) Frrgagsyionityile

(NH err])[err]M[errlerr]4Herr] O (marketed by Merck) in 200 cn8 of
demineral i zed water, 10 and a sol uti 8RY BFOB¥EPR chioride by dissol ving

.45.13 g of Snd [err]2H[e@EH§ (mar ket ed %%125%&%&%& Egrzggrggg

monoxide and dioxide.

EXAMPLES 11 TO 13 -

10 - Measurement of the performance of catalysts

(), (B) and (D).

The operating conditions used are the

following:
Hourly space velocity = 1000 h™?
1s Total pressure _ = 1.3 bar
Compositi.or_x of the reaction mixture:
CiHg = 11 %
NH; = 7.5 %
0, =10 %
20 : CH0 =25 %
He = 46.5 %

The results and the particular conditions

appear in Table I below:



of demineralized water, acidified with a few drops of - concentrated
hydrochl oric acid. The solution (b) is : added to the solution (a) in a
stirred reactor. The 15 m xture i s heated and aqueous anmmoni a (nar ket ed
by Prol abo) is added to neutral pH The nmaterial is filtered on
sintered glass and washed with 100 cnB ofgg dem neral i zed water; the
product obtained is dried at 120[err] C for approximately 15 h, "ground
inanortar and 20 calcined in air aiagp@lfferr]C for 3 h.

The product (I) thus prepared has the . conposition
Sngerr]-2MO3fETTT, TOENUTTTea oy X-Tay aitftraqtion, ang has a
specific surfage, neasufed by t hej B. E. T. |met hod,] of 26 nHg[err]] 25
20 g of the pr LEE) | eagaswsTnkl edes| pobsas | sacant|osA@l+ g df scorr
support consisfing of c|ay beads. M(&h a Medr)di gneseé 0%)/4.(8) nm
pl aced beforehpnd Tn a rotajrng PEITetrzgqr and 1ol St ened |[W th gjucose
in 11 (a) 470 6 25| 10 adueows sollutéon at a
concentration pt I0 % ~soon as he beads are gry outsrde, a syall
quantity o the 12 gIgcoiB)squtlmo ik 2praydd. The |progsct (|I)ois f{hen
again sprinkled onto the beads. Th53@ opebabi or]s afe |5 7Tontijnu@d

I

alternately unpil all of the prodpct () 1s
: ’ 13 (D) 470 3 ' 15 44 0

510 5 14 71 0

 EXAMPLES 14 TO 16; control test a:

10 Measurement of the performance of catalysts

(E) to (H).

The operating conditions used are the

following:

Hourly space velocity . = 1000 h-?
15 : Total pressure : = 1.3 bar
Coﬁposition of the reaction mixture:

C;Hg = 30 %

NH, =15 %

o, = 15 %

20 | | H,0 =20 %

: He =20%

The results and the particular conditions

appear in Table II below:



coat ed. Drying is then carried out at 120[err]C for 2 h and cal ci ni ng

- at 480[err]C for 6 h. . The catal yst (H) thus obtained
consi sts of 11 % by wei ght of SnO2-2MbC3 deposited on clay beads 10
EXAMPLE 9 - PREPARATI ON OF A CATALYST BASED ON
MANGANESE MOLYBDATE AND ALUM NA 30 (30-70 % wt)
A solution (a) is prepared by dissolving 1 26.47 g of
" (NH err])[err]M[err]derr]4H err] O i magZe &8 of dem nerali-zed 15 water,
and a solution (b) by dissolving 37.65 g of M(NJerr])[err]4H err] O
in 60 cnB of femneralijzed wat erj and g . SHpspensijon (c) orj75.2 g of
alumna in 10p cnB of dem heral iged watef. The |solution {a) is jadded
to the l=tAMBIES (fcdamdrsme goicuf pors@s) | isaddhdgnsadeed. | 2ox
Stirring is chrried outj for 2 h pnd the (st eri hl(%)s c3HeeMappr@)ed {t o
dryness. It if then drijed at IZO0C and ca| cined pogferrjgtor 4th. A
product (1) 1§ tlaus obtlai (®d. 475 2 PO @ off th@sgprodlcio (1)} are
sprinkl ed Sl op y onto 123 h 490 i her# suppor9.8dnsi $8i ng pf Ocl ay beads
25 with a npan dianetfer of 4.8 mm p[aced beforehand In a rofjati ng .
pell etizer an{l .noistened with gl pdéde {n 1 agB@eous s@Butioph at a
concentration|oft510 % As(Boon af 490 tfle bepdd%ar ¢ dr $Sout s| d®, a jsnall
quantity of the 510 7.5 10 6026 6
, 460 5 20 59 0
10 16 (@) 475 7 23 56 0
: 490 6. 19 58 13
_ 440 9 6 - 32 19
a (H) 460 11 20 43 16
' 475 | 11 24 47 13

is EXAMPLES 17 TO 19 -
Measurement of the performance of catalyst
(A) at different partial pressures of propane.

The operating conditions used are the

following:
20 . . Temperature = 510°C
Hourly space velocity = 1000 h™?
Total pressure = 1.3 bar

Composition of the reaction mixture:

CsHg = 11 % or 19 or 26 %
25 : NH, = 7;5 %
| | 0, =10 %
HO =25 %

" He

31.5 % or 38.5 or 46.5 %
The results and the particular conditions

30 -appear in'Tabie IIT below:



gl ucose solution is sprayed. The product (1) is then - agai n sprinkl ed
onto the beads. These operations are continued alternately until al
of the product (1) is coated. 5 Drying is then carried
out at-120[err]C for 2 h and cal cining at 480C for 6 h. The catal yst
(J) thus obtai ned consists of 11 %y weight of

MM err]-Al[err]Jerr] (30- 70 Wt 9% deposited on clay beads.
EXAVPLE 10 - PREPARATI ON OF A CATALY&ei#ASH2 ON 10

MANGANESE MOLYBDATE AND SI LI CA - - A solution (a) is prepared
by di ssol ving 58 .3 g of (NH err])[err]Mlferr]derr] and 8.2 g of
Mo err] in 1p0 cnB of d¢m neral i ed water pt 50-60[err]C. A.sqdlution
(b) is EXNMPIAS |bY3disssol| vDeg3H80| 4 spoN Mhl IS@lonw ] ) [erf] #doxr{] O i n
15 100 cnB pf demi ngrd%)zed Jat(&). The¢ S@)uti on] A3HE (%) d&ded |to the
solution (a) At room tlenperatufe. 31.9 cnB extended fjo 40
cm8 of thé soj utlilon 11 obtaﬂned7are { hen3i nprepnat 6@ dry .ont 150 d of
silica eads. Drlying 1s 1hen carrjed out at] 120[err[C fpr 20
approxi mat el y} 138 and @& ci ni hg &6 500} er ABC for] 4 hé9 5 The
catal yst (K) [hus obta ned congists of - 14. 6] % by wei ghtjof MaMgd err] .
deposited on gi [liSa. 26 CGENERAL60OPERATI M@ PROCEDURE2FOR THE ABNSXI|DATI ON
TESTS 25 The catal yst sanple Is preheated on a

neasuring bench to a tenperature of 150[err] C under helium bl anketi ng
for 10 m n an®&XAMBLES) 20,/M0-23e¢t to a gas

Measurement of thg performaﬁce of-catélyst

10l' {B) at different‘temperatures.

The operating conditions used are the .

following:
ﬁourly space velocity = 1000 h™!
Total pressure = 1.3 bar
15 COmposition of the reaction mixture:
| CiHy = 19 %
NH; = 7.5 %
0, =10 %
H0 = 25 %
20 He = 38.5 %

The results and the parﬁicular'conditions

appear in Table IV below:



a

f ow whose conmposition w |l be speci-fied for each

27 exanpl e and whi ch contai ns propane, ammoni a, oxygen, © water
vapour and helium . The total pressure of the reaction
m xture, of between 1 and 6 bar, will also be specified for each 5
exanpl e. The gas flow raikg is defined-so as to give an
hourly space velocity (HSV) of between 100 and 36000 h[err], the
preci se value of which will be shown faBLE Iv each exanple. 10
The principle of the propane anmoxi dati on test is the follow ng:
- The catalysf 1s heat¢d to a fenperaturfe I[err], for ¢xanple
300[err]C, angl after 3¢ mn of {stabilizdtion at the temperature
T[err] the COIBKEMELES) |@f°C he i OQO3HS8 15 SAGMIVi g SAGN+ eac ors¢ox
det erm ned by]gas phasg dhr®¥at ogrlaph{%) - C3H6 (%) -(Fhe
per cent ages of conversifon and tlhe sel ectivitfies obtaingd wth the
catal yst exanineZD at | 420 t he'|ent0r)d tenlperbﬁ ure T[er®l are ¢al@ul at ed
using 20 r ¢l at1 onshifps of the type: Propgne conversion = % py opane
convert ed/® pj ofZne 470 ntrqduced 17 - _ 72 : 0

22 485 3 17 71 0

23 510 8 30 67 0

EXAMPLE 24 TO 26 :

Measurement of the performance of catalyst

10 (B) at different hourly space velocities.

The operating conditions used are the

following:
Temperature = 510°C
Total pressure = 1.3 bar
15 . Composition of the reaction mixture:

CyHg = 19 %
NH, = 7.5 %
0, =10 %
H,0 = 25 %

20 . He = 38.5 %
| The particdlar conditions and the results

obtained appear in Table V below: -



v

Selectivity for acrylonitrile = % propane converted into

acrylonitril e/ % propane converted 25 - The catalyst is then
heated from 300 to 550[err]Cin 20[err]C increnents and the

per cent ages of conversion and the selectivities are determ ned every
40 mn. _ _ _ 33 28 The
follow ng conventions are enployed in the . exanpl es bel ow.

DCC3H8 = . propane conversion TABLE V SACN =

selectivity for acryl onitrile . 5 T~ SACN+(err]Herr] =

eIeCtIVIty fpr—acryfomtrTte . arma—prqpyl ene
SCOX = selecJ|V|ty for jcarbon

monoxi de and igixaxi def gsv (h-NREIRtE! | T@ck3me| AN | sacn+ | sdd@syrenent
of the perforjmmpesmseof catalysty (m1) (A4 .(€)B). §n@)X D}.c3H6 (%) (%) The
operating condrtrons[usSed are gine fortTowTg"
Hourly space jvelzacity = 12@® hljerod 15| 213 21  gFpt al pressur e
= 1.3 bar ' TPOSIT U rmwon M XTUT €.
Cerr]Hem] |- 25 0 500 40 13 27 65 0

26 1000 20 .8 - | 30 67 0

EXAMPLES 27 TO 31 -

Measurement of the performance of catalyst

(B) at different tempertures.

10 The operating conditions used are the
following:
Hourly space velocity = 500 h'?
Total pressure = 1.3 bar

Composition of the reaction mixture:

NH, = 7.5 %

2]
o
]

38.5 %
20 . The results and thé, particular conditions

appear in Table VI _bel-oﬁ:



N err]- = 7. 5% ° Jerr] =10 % 20.
H.erfr]O =25 % _ He = 46.5% The
results and the particular conditions appear in Table | bel ow
29 ' - TABLE | EXAMPLES CATALYST
T[err]C DCC3H8 SACN  SACN+ SCOX 34 (% (%
C3H6 (%9 (99 11 - (A 470 6 10 73 0
5. 12 (B) . . 470 2 TABAE VI 98 0 :
510 5.5 19 77 - 0 13 (D) 470 3
15 44 O o[ - —510 5 7 1
0 EXAMPLES 14 TP 16; c ntrol tesf a:. 10 N@asuren&nt of
t he perfor mancxaipeaisal ¥scs pceBhst ¢ (Hhen SACN+ shex
operating condjtions usgd are tjhe (%) ol (@M ng:l C3H6 (%) (%)
Hourly. space VETOCITY =T000 fnferr— I Tqrar_ pressure.
= 1.3 bar - 27 420 Conposi ti ¢n oB t he |reacgyon nijxtore:
5 28 450 3 15 58 0
29 470 5 20 62 | o
30 490 9 27 62 0
31 510 13 27 65 | 0
EXAMPLES 32 TO 36 :
10 ' Measurement of the performance of catai&st

{C) at different tempertures.
| The operating conditions used are the

following:

1000 h-?

. Hourly space veloéity
15 . Total pressure o = 1.3 bar
Composition of the reaction mixture:
CiHg = 19 %
NH, = 7.5 %
0, =10 %

20 | - H0 =25 %

He 38.5 %

The particular conditions and the results

obtained appear in Table VII below:



C[e}rr]H[err] = 30 %
Jderr] = 15% 20 - . .
He = 20% The results

NH err] = 15%
Herr]O = 20% '

19

h ) and the particular conditions
appear in Table Il bel ow - 30
TABLE 11 EXAMPLES CATALYST T[er%kC DCC3H8 SACN SACN+ SCOX
(% (9% C3H6 (% (% - 14 (E) 475 2 0
78 0 5 , 498rpr.E dIT 9.5 69 0
460 1 3 83 0 - IS (F) 490 7
55 ) 546- 75 rav 66 —6 '
460 5 20 59 0 10 16 (b) 475 7 23
56 0. |examprEs | T°C pccd¥ | sfon . | ldhen+s I8 scod3
440 . 9 6 32 19 (%) R (%) (He3ns (460 (%)Ll 20
43 16 375 T Pt 4T 315 LES 17
TO 19 - 32 Megsur gnerg of t he perfornpnceggf catalgst
(A) at differdgm—partrg—pressyres of prpparnc. e
operating gondi t3pns udegB@re {he ¢ oli®w ng: 74 0
] 34 470 11 16 76 4
35 490 20 23 73 9
36  |s10 24 24 73 6

EXAMPLES 37 TO 39 :
10 Measurement of

{B) at different partial

the perfdrmance of catalyst

pressures of propane.

The operating conditions used are the

following:

Temperature = 510°C
15 | Hourly space velocity = 1000 h?
Tétal pressufe | = 1.3'bar
Composition of the reaction mixture:
C,Hg =11 % or 19 or 26 %
NH, = 7.5 %
20 0, =10 %
"H,0 =25 %
- He =31.5% or 38.5 or 46.5 %

The particular

obtained appear in Table

conditions and the results

VIII below:



20

. Tenperature
Hourly space velocity =

1000 h[err]

= 510[err]C

Total pressure
=1.3 bar Conposition of the reaction m xture:
Cerr]Herr] = 11 % or 19 or 26% 25 NH err] =
7.5% derr] 310 %
Herr]O =25 % He = 31.5 %or 38.5 or 46.5 %
The results and the partlcular condi tpxIE WBOT appear in. Table Il -bel ow
31 TABLE 111 EXAVPLES C3H8'
DCC3H8 = SACN SACINF SCOX (A (@) (%
C3H6 (% (% 5 17 11 .17 3 50
21 18 [exampilfs| c3H8 16/ pcc3Hs 1§ SACN  P9SACN+ 5SCOX 19
26 16 13| (%) 72(%) $%b C3EMPLES %) TO P3 -
Measur enment off- the perjornmance jor catal yqt 10 (B) at difrterent
t enper at ur es. 37 11 The ®peratijngl8ondi t|{ onsTlUsed predt he
5 38 19 8 30 67 0
39 26 5 13 80 0
Ei!AMPLES 40 TO 42 -
Measurement of the performance of catalyst
(B) at different partiél pressures of ammonia.
© 10 " The operaﬁing conditions used are the
following:
Temperature = 51050
Houily space velocity = 1000 hfl
Total pressure = 1.3 bar
15 Composition of the reaction mixture:
NH, = 4 % or 7.5 or 11 %
O, = 10 %
20 He =35% or 38.5 or 42 %

obtained appear in Table

The particular

IX

below:

conditions and the results



fol | owi ng: Hourly space velocity = 1000 h[err]

.Iotallpressure = 1.3 bar 15 Conposition of the
reaction m xture: Cerr]Herr] =19 %
NHerr] = 7.5% gerr] =10 % :
Herr]O =25 % 20 ' 3fie =38. 5% The
results and the particular conditions - appear in Table IV bel ow
32 ' TABespLN IX EXAMPLES T[err]C
DCC3H3 SACN SACN+ SCOX _ (% (%
CGHe(% - (fFr 20 420 0.4 16 3l 0
5 21 470 2 17 72 0 22
485 3 lexamMpLEL/| NH3 pPtc3us | GACN SABN+ 518CoX 8
30 . o . D (%) E¥AVPLE P4 (B) 26 C3H6 (%) (%)
Measur enent ofTTe performance| ol catal ypt 10 B) at different hourly
space vel ocit] eao 4 4 o 82 . 17

S 41 7.5 8 30 67 0

42 11 10 30 60 0

EXAMPLE 43 TO 45 :

Measurement of the performance of catalyst

(D) at different partial'pressures of propane.

10 The operating conditions used are the
following:
Temperature = 510°C
Hourly space velocity §”1000 h-t
Total pressure = 1.3 bar
15 : . Composition of the reaction mixture:

C3Hy =11 % or 19 or 26 %

NH, = 7.5%
0, =10 %
H0 =25 % |
20 He =31.5% or 38.5 or 46.5 %

The particular conditions and the results

obtained appear in Table X below:



The operating conditions used are the

The particular

obtained appear in Table

conditibns and the results

XI below:

(%

26

f ol | ow ng:
Tenperature = 510[err]C Total pressure
1.3 bar 15 Cbnp05|t|on of the reaction nlxture
Cerr]Herr] = 19 % NH[ err] 7 5%
Jerr] =10 % 3 ‘Herr]O =25 .20
He = 38.5 % The particul ar condltlons and the results
obt ai ned appear in Table V bel ow.
33 TABLE V - EX- HSV (h-1)
Vol cat a DCC3H8 SACN SACN+ SCOX TaprLABVRLES (m)
(% C3H6(% (9 24 200 100 13 21 77
2 5 25 500 a0 T3 - 27 ] 65 . 0
1000 20 8 30 67 0 EXAMPLES|27 TO 31
Measur ement oOfxhiergsr|f agsEBNCe | obccaial st sAcN Beaew+di f { er sgox
t enpertures. (%) (%) (%) ' C3H6 (%) (%)
43 11 5 14 71 0
5 44 19 4 11 73 0
45 26 7 22 54 0
EXAMPLE 46 TO _48 -
| Measurement of the performance of catalyst
(D) at different_partiai pressures of ammonia.
10 The operating conditions used are the
following:
Temperature = 510°C
Hourly épace Qelqcity = 1000 h?
Total pressure = 1.3 bar
15 Composition of the reaction mixture:
NH; = 4 %or 7.5 or 11 %
20 He = 35 % or 38.5 or 42 %



10 - The aperating conditions used are the f ol | owi ng:

Hour.'y space velocity 500 h[err] Total pressure
=.1.3 bar - Conposition of the reaction m xture: - 15
Cerr]Herr] =19 % _ _ NH err] = 7.5 %
gerr] = 10 % _ 39- Herr]O =25.%
He = 38.5 % 20 The results and the particular conditions
appear in Table VI bel ow " TABLE XTI 34
TABLE VI EXAMPLES T[err]C DCC3H3 SACN SACN+ .
SCOX p S ¢ G (P 27
420 - 1 3 87 0. 5 28 450 3
15 | 58 lexamprE®| NB3  J9pce3med7( sacN 5| sacn+ 20[ scox | 62
0 - 30 490 (%) 9 (%) 27 (%) 6P C3H6 (%) 0] (%) 31
510 13 217 65 0 FXAMPLES 3 TO 36 ] 10
Measur enent of |t H&6 perflordance df c& al ysf 24 62 0

5 47 7.5 - 4 11 73 0

48 11 4 13 70 0

EXAMPLE 49 TO 51 :
Measurement of the performance of catalyst

(F) at different partial pressures of oxygen.

10 The operating conditions used are the
following:
Temperature = 490°C
Hourly_space velocity = 1000 h-1
Total pressure = 1.3 bar
i5 Composition of the reaction mixture:
. CHgy = 20 %
NHs = 15 -%

0O, .= 5 %$ or 15 or 25 %
H,0 =20 % ‘

20 % or 30 or 40 %

20 _ lHe
The particular conditions and the results

obtained appear in Table XII below:



("C)ia{‘ di fferent tenpertures. The operating conditions used

are the follow ng: - " Hourly space velocity =
1000 h[err] 15 Total pressure ‘= 1.3 bar
Conposition of the reaction m xture:
ClerrlHerr] =19 % ' 40 NH err] = 7.5 %
Jerr] =10 % 20 - _ Herr]O =25 %
He =38.5 % : The  pamtapy@ &rrconditions and the results
obt ai ned appear in Table VII bel ow
35 TABLCE V[T EXAVPLES T I[errJC
DCC3H3 SA( SA SCOX - (% (9
C3H6( % ( LES | 032 BtO3HS sacnN SABN+ scbx 0
5 - 33 430 (%0 (%) 3 (%) 74 | C3H6(9) (%) 34
470 11 16 76 ! 35 490 20
23 713 49 9] 5 36 4  5[l015 P4 63 24 0 73
6 -

5 50 15 6 14 , 59 0

51 25 8 18 58 4

EXAMPLES 52 AND 53

Measurement of the performance of catalyst

(G) at different partial pressures of ammonia.

10 - - The operating conditions used are the
following;l
Temperature = 490°C
Hourly space velocity = 1000 h‘l.
Total pressure = 1.3 bar
15 : Composition of the reaction mixtures
CHg = 20 %
NH, = 5 % or 25 %
0 =5 %
H,0 = 20 %
20 _ He = 20 % or 40 %

The particular conditions and the results

obtaihed appear in Table XIII below:



3

EXAVPLES 37 TO 39 : 10 Measur ement - of the perfornmance of

gatélyst (B) at-different partial pressures of propane.

The operating conditions used are the - follow ng: .. N
Tenperature . = 510C 15 Hourly space velocity
= 1000 h[err] ' Tot akipressure = 1.3 bar
Conposition of the reaction m xture:

Cerr]Herr]= 11 %or 19 or 26 % TABLE XIII NH err] =
7.5 % 20 ' gerr] =10 % _
Herr] O =25 EXKMPLES | NH3 DCC3HS SAdN | SACN+% Jr 8€0X or] 46.5
% The pashi culjar (&ondi ti pnL¥AInd t he CBHSURD S (%) obtjai ned
appear in.Tabje VI OW. . 36
TABLE VI I | 52 EXAMPLBS H3 12 DCCBHA7 - SACN 45 SACN28 . |SCOX
(% . (% &% T (% 7 11 51
19 5 77| 83 O 25 |38 14 19 7 B 42 3@ 4 67

0 39 26 S 13 0 0

EXAMPLES 54 AND 55

Measurement of the perfofmance of catalyst
(G) at different partiél pressures of oxygen.
. The operating conditions used are_ﬁhe
10 fbllowingé

Temperature 475°C

Hourly space velocity = 1000 h-1
Total pressure = 1.3 bar
Combosition of the reaétion'mixture:
15 CyHg = 20 % .
NH, =15 %
0, = 5 % or 25 %
HO =20 %
He =20 % or 40'%
20 The particular conditions and the results

obtained appear in Table XIV below:

TABLE XIV
EXAMPLES | 02. | Dcesme | SAcN SACN+ scox
(%) (%) (%) C3H6 (%) (%)
25 54 5 8 15 58 4
55 | 25 11 17 60 14




EXAQPLES'4O TO 42 - - Measur enment of the perfornmance of

catalyst (B) at different partial pressures of ammnia. 10
The operating conditions used are the fol | ow ng:
Tenper at ur e ' 510[err]C ' Hourly space
velocity = 1000 hlerr] 42 Total pressure = 1.3
bar 15 Cbnp05|t|on of the reaction m xture:
Cerr]Herr] —Ekgmﬁmgs 56 AND 57 : NH err] = 4%or 7.5 or 11
% - - Qerr] =10%
Herr]O =25 % 20 Measurement of.the bbrforﬁén&/e of 38talpstd2 %
The particular conditions and the results obt ai ned appear in Table I X
bel ow. (J) and (K). 37 _
TABLE 1 X : EXAMPLES NH3 . DCC3H3 SACN SACN+ SCOX _
(% (% _ (% The oggﬁggﬁyg co@¢§tlons used/Jgre the 4 4
0 82 17 5 41 7. 8 30 67
0 5 following: . _ '

Hourly space velocity = 1000 h-?

Total pressure R = 1.3 bar’

Coﬁpésition of the feaction mixture:
CHy = 48 %
10 - NH, =95 %
0, = 18 %
HO =20 %
He = 5 %
The particular conditions and the results

15 obtained appear ih Table XV below:

TABLE XV
lExaMPLES | caTaLysT| T°c |pcc3ms | sacN | sacn+ scox
(%) (%) C3HE6 (%)]| (%)
56 () 500 15 15 62 0
20 57 (X) 460 | 12 14 37 0.2

Control tests b, ¢, d:
Measurement of the performance of catalyst
(H) at different temperatures.

The operating conditions used are the

25 following:



LS

42~ - 11 - 10, 30 . . 60 0 EXAMPLE 43 TO 45

S Measurenment of the performance of catal yst (D) at
different partial pressures of propane. 10 The operating .
conditions used are the _ fol | ow ng: Tenper at ure
= 510[err]C Hourly gpace velocity = 1000 h[err]-
Total pressure = 1.3 bar 15 Conposition of the
reacti on mxture: Hourly space vel&bgty] & £00d W11 %or 19 or
26 % NH err] = 7.5 % _

derr] =10 - % " Total pressure Herr]® 132Bar % 20

He = 31.5 % or 38.5 or 46.5 % - The particul ar conditions
and the results obCaompeditppwacti ktheapeackibn| mixture: :

38 . . TABLE X EXAMPLES C3H8

DCC3H8 SACN SACN+ | SCEyHg = 20 % (% - (% (%
C3H6( %9 (%

0, = 15 T %
H,0 = 20 %
He =40 % ‘
The particular conditions and the results

10 obtained appear in Table XVI below:

TABLE XVI
lExAMPLES | ToC DCC3HS SACN SACN+ SCoX
(%) (%) (%) - C3H6 (%) (%)
b 460 19 13 25 38
15 c 475 20 19 32 | a3
4 490 | 21 26 41 28
EXAMPLE 58 - PREPARATION OF A CATALYST BASED ON

URANYI, MOLYBDATE
An activé phase of composition UMomO,“ is
20 prepared according to the following operating
procedure. |
A solution (a) of ammonium heptamolybdate is
prepared by dissolving 176.56 g of (NH,) Mo,0,, 4H,0
(marketed by Merck) in 400 cm3 of demineralized wai;.er,
25 and a solution (b) of \:'Lranyl nitrate by dissolving

50.2 g of U0, (NO;),-6H,0 (marketed by Prolabo) in 50 cm3



427 . 11 5 14 71 0 5 44 19

4. - 11 73 0 45 26 7 22
54 - 0 EXAVPLE 46 TO 48 - Measur enment of the
per formance of catal yst (D) at different partial pressures of
ammoni a. 10 " The operating 004141Iitions' used are the

fol | ow ng: Tenper at ur'e = 510[err]C

Hourly space VSkoﬁléﬁ\inér;QQQe&[%%%r. _The so ut%jhon (b) is Edddg REsssure

=1.3 bar 15 osition o e reaction m xture:

Jerr]Herr] =¢f@ &®lution (a) in a stirred readtdflddd iz HE4A®Ed &® Or 11%
gerr] =10 % Herr]O =25 % 20

He  =35% or gfpboRimdCely 80°C. The materidE Derképtlst s®IOGi®Ns and
the results obt ai ned appear in Table Xl bel ow -

39 - for approximately 2 HéGHE athd the pastxX/dbtdThedHds
DCC3H8 SACN SACN+ SCOX . )
5 dried at 120°C for approximately 15 h; the product
obtained is then calcined in air at 500°C for 4 h.
The product thus prepared has a specific
surface, measured by the B.E.T. meﬁhod, of 2.4 m29"1.
| 10 g of this product are sprinkled sléwly
10 onto 65 g of inért support consisting of clay beads
-with a m.ean. diameter of 4.8 mm, placed beforehand in a
rotating pelletizer and moistened with glucose in
- aqueous solution at a concentration of 10 %. As soon as
the beads are dry outside, a small Qﬁantity of the
15 glucose solution is spi:'ayed. The product is then again
sprihkled onto the beads. These operations are
continued alternately untii all the product is coated.
Drying is then carried out at 120°C for 2 h and
calcining at 480°C for 6 h.

- 20 ' The éatalyst (L) thus obtained consists of
11.2 % by weight l,of UMo, ,O,, deposited on clajr beads.
EXAMPLE 59 - PREPARATION OF A CATALYST BASED ON

COBALT MOLYBDATE
An active phase of composition CoMoO, is
25 prepared using the following operating procedﬁre. _
| A solution (a) of ammonium hebtamolybdéte is
prepared by dissolving 70.6 g of (NH,)(Mo,0,,*4H,0

(marketed by Merck) in 400 cm3 of demineralized water,



(W~ (% (% C3H6( % (% 46 . 4 6
24 - 62 0

. 5 A7 7.5 4 11 ) 73
0" 48 11. 4 13 . 70 0
EXAMPLE 49 TO 51 Measur enent of the performance of catalyst
(F) at different partial pressures of oxyggp 10 The operating
conditions used are the f ol | owi ng: Tenper at ure

S S0LeTTI O and a molution, (b) BEAbSRPGR AR Y %WOS%JEOG”]

Total pressure n of the

reaction mxturfig 4 £ Co(NO,),-6H,0 i 150%%5[8&&& seQ1ized
NHerr] =15 oto-% g of ColNO;),-6H,;0 in B or 15 or 25%

Herr]O =20 % «fter. Solution (b) is adddd® to-@{é o%utﬁrorﬁo(é)r #4D

The particular conditions and the results - obtained appear in Table
Xl below - stirred reactor and is heated to boilinl. The paste
TABLE Xl | ' .

5 obtained is dried at 120°C for approximately 15-h and
is then calcinod in air at 500°C for 4 h.
The product thus.prepared has a specific
surface, measured by the B.E.T. method, of 7.7 na941.
10 g of this produot are sprinkled siowly

10 onto 50 g of inert support, consisting of clay beads
with a mean diameter of 4.8 mm, placed beforehand in a
rotating pelletizer and moistened with glucose in
aqueous solution at a concentration of 10 %. As soon as
the beads are dry outside, a small quantity of the

15 glucose solution io sprayed. The product is then again
sprlnkled onto the beads. These cperations are
continued alternately until all the product is coated.
Drying is then carried out at 120°C for 2 h and
calcining at 480°c:for 6 h. .

20 The catalyst (M) thus obtained consists of
11.7 % by weight of éoM’oO4 deposited on clay beads.
EXAMPLE 60 - PREPARATION OF A CATALYST BASED ON

COBALT MOLYBDATE |
An active phase of compoéition CoMoO, is
25 prepared using the following operating prooedure.
| A solution (a) of ammonium.héptamolyhdate is
‘prepared by dissolving 70.6 g of (NH4)5M67024-4H20

(marketed by Merck) in 400 cm3 of demineralized water,



DCC3H8 SACN - SACN+ SCOX

EXANPLES o2
% (%. (% - C3HB(% (% . 49 5
63 0 5 50 - 15 6 : 14
0' 51 25 8 58 - 4
EXAMPLES 52 AND 53 : ' Nbas éenent of .the performance of .
cat al yst (G at different partlal ssures of ammonia. 10

The operating ggadhtEBEﬁtHigofﬁ gﬁsobalt nbokLow gg: dissplving

Tenperature

= 1099ghkeg' b co 8 (NO,)

vel ocity
bar 15
Cerr]Herr]
gerr] =
He = 20
results
41 5
10
15
20
25

-6H.0 in 150 cifYf Yf RiEAHErALized
6 sftidh of the reaction m xture:

space

59

1.3

—wﬁQer.%Solutzon (b) is added to theNsb2tutlion= (aﬁzlnqﬁor 25 %

% Herr]O=20 %

obt ai ned appear in Table Xl 11 bel ow
obtained is filteredABbEskhtered glass, dried at 120°C

for approximately 15 h and is then calcined in air at
500°C forl4 h.
The product thus prepared has a specific
surface, measured.by the B.E.T. method, of 13 m2g'1.
10 g of this product‘are sprinkled slowly

onto 67 g of inert support, comnsisting of clay beads

" with a mean diameter of 4.8 mm, placed beforehand in a

rotating pelletizer and moistened with glucose in
aqueous solution at a concentration of 10 %. As soon as
the beads are dry outside, a.small quantity of the
glucose solution is sprayed. The product is then again
sprinkled onto the beads. These operations are
continued alternately until all the product is coated.
Drying is then carried out at 120°C for 2 h and
calecining at 480°C for 6 h.

The catalyst (N) thus obtained consists of
10 % by weight of CoMoO, deposited_on clay beads.
EXAMPLES 61 TO 65 -

| Measurement of the performance of catalyst

(L) at aifferent temperatures and with.different
compositions of the reaction mixture.

‘The operating conditions used are the

followingz

% stirf#ed’reactor and is heatkd parboillifag.cwhdi pasbe and the



 EXAVPLES NH3
(%4

EXAMPLES 54 AND 55

(9.
17
4

of catalyst

The operating conditions used are the 1 fol | ow ng:
Tenperature

DCC3H8 ~ SACN SACNH+ SCOX
(% C3H6( % (n - 52 5
5 28 5 53 25 14 7

(G at different parti pressures of oxygen.

= 4_75!&&51[&19 space veloqu.otji%l = 1000 WYy space

vel ocity = 1000 h[err] pressure
bar . Conposii i GPedbutde reaction Mty 15
Cerr]Herr] =20 % NH err] =15 % .
Qerr] = 5 %or 25 $he composition of the reactidd @idtire;2Ghe %
~He =20 % or 40% 20 _ The particular conditions and the
resul ts 26hpePeEuRePERd the TodbElLs \bedived appear in Table
TABLE XV EXAMPLES &2 . DCC3H8 . SACN SACN+
(9 (%) XVII bé¥ow. C3H6( % (% 25 54 5
15 58 4 55 25 11 17
14 : TABLE XVII
EXAMPLES 61 _ 62 63 64 65
CyHg (% vol) 7.5 | 25 | 25 40 48
|NH; (% vol) 15 25 10 15 -9
10 |0, (% vol) 15 10 25 15 | 1s
He (% vol) 42.5 20 20 10 5
T (°C) 460 430 460 460 . 480
DCC.Hp (%) | 4 2 5 3 6
SACN (%) | 19 15 13 13 18
15 SACN + C.H, (%) - 48 59 32 78 44
scox (%) 0 0 0 1 0
EXAMPLES 66 TO 69:
‘Measurement of the performance of catalyst
(M) at different temperatures and with different -
20 compositions of the reaction mixture.
The operating conditons used are the
following:
Hourly space velocity = 1000 K1
Total pressure '=_ 1.3 bar
25 The compositibn of the reaction mixture, the

temperature and the results obtained appear in Table

XVIII below.

SCOX

12
42

Measur.enent- of the performance

= 1.3

8
60



42, * . EXAMPLES 56 AND 57 : : Measur ement of . t he per formance

QFNCétalyst . (J) and (K). _ The operating conditions
used are the 5 follow ng: Hourly space velocity
= 1000 h[err] : Total pressure ' = 1.3 bar
Conposition of the reaction m xture: 48 Clerr]Herr]
= 48 % 10 NH err] "= 95 % ' ,
Jerr] =18 % TaRLE BTl O = 20 %
He = 5 % _ The par‘@%gr_—l alar conditions and the results 15
obt ai ned appeaf—TmTabte—>Xvtbetgw TABEE XV
EXAVPLES CATAR¥EMprLEE err] C DJPC3Hgg SAPN gHACKH  g&CDX 69 (%
(% C3H6 (9 o 56 %) —5001T—15 5 oF
0 20 57 le.H, ($Ko1) 460 13.5 14s 3740 |- 0.48
Control tests p~—C—t — Mastrement—of —tg—per formanceq of
catal yst ng (% vol) 15 25 15 9 :
5 0, (% vol) : 15 10 15 18
He (% wvol) 42.5 20 ' 10 B 5
T (°C) _ 460 (480|460 {480 |460 {480(440 460 (480
CC,Hy (%) 8] 17| 6] 6! 7| 11| 6] 10| 16
" |sacN (%) 20| 31| 14| 12§ 13| 17| 16| 18f 17
10 [SACN + C.H. (%) 76| 75| 59| 67| 83| 84| 73| 79{ 75
SCOox (%) 0 0 l'O 0 0 il- 0 1 5

-EXAMPLES 70 TO 73:

Measurement of the performance of catalyst
(N) at different temperatures and with different
. 15 compositions of the reaction mixture.

The operating conditons used are the’

following:
| Hourly space velocit} = 1000 h-1
Total pressure = 1.3 bar
20 The composition of the reaction mixture, the

temperature and the results obtained appear in Table

XIX below.



(I;i):":'at di fferent tenperatures. The operating condi ti ons

used are the 25 follow ng: : 43
Hourly space velocity = 1000 h[err] Total pressure
= 1.3 bar ' Composition of the reaction m xture:
Cerr]Herr] =20 % '5 . - NHerr] = 5 %
Jerr] =15 % Herr]O =20 % . . _
He =40 % . The particular conditions and the results 10
obt ai ned appear in Table XVI bel ow. 49 - _ TABLE
XV EXAMPLES T[err]C DCC3H8 . SACN SACN+ SCOX .
(% (99 (% C3H6(9) IARLE XIX b 460 19
13 : 25 38 15 c 475 20 - 19 ,
32 43 - d 490 21 - 26 41 1 28
EXAMPLE 58 - | TA%sT RAZED ON 72 731
URANYL MOLYBDATE _

IC3E, (% vol) 7.5 25 40 48

INH, (% vol) : 15 10 15 9

5 0, (% vol) _ 15 25 15 18

He (% vol) 42.5] 20 10 | 5

Ir (°c) | 480 |460 | 480 | e40 | 460 | 440

Ipcc,H, (%) 11 | 8 | 15 | 6 11 5

SACN (%) 14 {.17 20 | 11 17 12|

10 [sAcN + C.H. (%) ge | 82 | 76 | 83 | 83| 82
scox (%) 2 0 4 0 1 0




An actrve phase of 0 |tLon Uwb[err]Jerr] 20 prepared accordi ng

to the fidlsps procedure . A solution (a)
of -ammoni ate i's prepared by drssolvrng 176.56 g of -

(NH err]) err]4H err] O (mar ket ed by “l u“B
dem neral i zed water 25 and a solution (b) of uranyl m“mﬂ‘“ “m ving
50.2 g of LKIerr](hKIerr])[err]GH[erh]O (mar ket ed by Prél abo)* i

44 of demineralized water. The solutron (b) is added to - the
solution (a) in a stirred reactor and i s hehted to approxr matel y’

80[err]C. The material is kept at 80 10 {_M for approxi mately 2
hours and the paste obtained is 120[err] C for approximately

%5 h; the product og_t ai ng gﬁcgsghg %‘h&% fgaéfo&"&; aalksag:ése”xlc for 4

The product r par Brf ace,

measured by the g g%ﬁ}'ﬁ?ﬁ%gp Omdye Egeggﬂégr5k a so}zd catal st whbdbk Of

this product are Sprin onto 65 g of Inert upport

consi sting of clatiReaphase conﬂh&ﬁsamgﬁﬁﬁdéhéﬂﬁiﬁa #E&3'“n pl aced
beforehand in a rotating pelletizer and noi stene th glucose in
aqueous sol st i Oghafraetepiced ial tRAtOthdOsdidAGcED@e pltase alsd he beads are
dry outside, a small quantity of the .15 gl ucose solution-is sprayed. The
product is thencaptiains at least one element chosen from the group

consisting of the alkaline-earth metals, Mn, Fe, U, La,
Co, Ni 2Zn, Ag, Cd, W, Zr, Pb, Te, Ga, Al, B, Nb and Ta.

2. Process according to Claim i,

10 characterized in t#at the said.active phase contains at
leasgt 2 eleméAts chosen'fram‘the group defined above. |

3. '.Pfocess accofding to Claim.l,

' characeeriéed in that the said active phase contains at
least one element chosen from the group consisfing of

15 the alkaline-earth metals, manganese, iron, cobalt,
uranium and lanthanum,

4. Process according to any one of the
preceding claims, characterized.in that the said active
-phase is a mixed oxide based,on.ﬁolybdenum.

20 ' 5. Process according to any one of Claims 1
to 3, characterized in that the said active phase is an
orthomolybdate.

6. Process according to .Claim 5,
characterized in that the_said active pﬁase.is'a'

és manganese, uranyl, .cobalt or iron mplyhdate.

9. Proceee according to any one of. the

preceding c;aims, characterized in that the alkane is.



spr;‘l"'nkl ed onto the beads. These operations are conti nued al ternatel y

-until all thé product is coated. : Drying is then carried out at
120[err]C for 2 h and cal cining at 480[err]Cfor

The catal yst (L) thus obtained consists of 11.2 % ht of
UMb[err]derr] deposited on clay  beads. EXAMPLE :5 M’ ﬁﬂm\ CF
A CATALYST BASED ON COBALT MOLYBDA

An. active phase of conposition CoMb( err] is 25 pr epar ed usi nd tHe *

fol | owm ng operating procedure. A solution (a) of ammonium
hept anol ybdate i s : prepared by dlssoIV|ng 70.6 g of

(NH err])[err] BEA O err]4H err] O (marketed by Merck) in 400 cnB of

dem neral i zed water, &5 and.
ording to any one of th :
a solution (b) of cobalt nltratecb y dFSSOl Vi ng Yl 16.4 g of

Co(NO err]) [ er il ild i dra ihiz) @iﬁ:&&d@&a&rﬁmﬁnﬂt the rewition 4 ution
(b) is added t0 the soI ution (a) in a stirred reactor and is heated”

to boiling. Thediticted in e ipibdnzedbifettater 1¥apsur] C for approxi mately
15 h and is then calcined in air at 500[err]C for 4 h.

The products t hus prepar ed.has Frcijeas faiccording sarény conesaf kel by the
B.E.T: method, of 7.7 n2g[err]. 10 g of .this product .are.
sprinkl ed SIOMprecedzng claims, characterized in that the reaction
temperature is between 350°C and 550°C. .
10. P;ocess.according to any one of the
preceding.claims, charactgrized'in that the total

10 pressure is between 1 and 6 bar.

11. Process according to any one of the
preceding claims, characterized in that the hourly
space velocity is between 100 and 36,000 h-l.

12. Process according to any one of the

15 preceding claims, characterized in that in the reactant
gas'(mixture of saturated hydrocarbon, ammonia and .
oxygen) the saturated hydrocarbon content is between 5
and 70 %, the amm@nia content is between 3 and 50 % and
‘the oxygen content is between 3 and 45 %.

20 : 13, Piocess écéording to any one of fhe
pre;éding claims, characterized in that the composition
of the g#seous mixture is outside thg explosive region.

| 14. Prdcess according to any one of the '
' preceding claims, qhéracteiized in that, in addition to

25 the said active phase, the solid catalyst contains a

support. - - —
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10- “onto 50 g of inert support, consisting of clay beads with a nean

diameter. of 4.8 mm placed beforehand in a ‘rotating pelletizer and

noi st ened with gl ucose in aqueous solution at a concentration of 10
%  As soon as the beads are dry outside, a small quantity of the 15
gl ucose solution i.s sprayed. The product is then again sprinkled onto
t he beads. These operations are continued alternately until all the
product is coated. Drying is then carried out at 120[err]C for .2 h
and - calcining at 480C for 6 h. 20 The cat al yst (M t hus.
obt ai ned consi sts of . 11.7 % by weight of CoMo( err] deposited on clay
beads. EXAMPLE 60 -  PREPARATI ON @, A CATALYST BASED ON

COBALT MOLYBDATE - An actiVve phase of conposition CoM(J err]
is 25 pr epared usi ng the foll ow ng operating procedure.

A sol ution (a) offROGE OR) AMMOXTIDATEON €OF SSATURATEY SF sol ving
70.6 g of (NH[err])[err]I\/b[err]CIerr]4H[err]O brck) in _
400 cnB of dem neralized water, ' o 46 .
and a solution (b) of cobalt nitrate by dissol ving 116.4 g of

Co(Ng err])[err]6H err]O in 150 cnB ofppgemacweral i zed - wat er. Sol ution
(b) is added to the solution (a) in a stirred reactor and is heated

to boiling. The paste The present invention relates to a process
for ammoxidation of- saturated hydrocarbons, that is to
say the cqnversion of alkanes ihfo a mixture containing
o, f~-unsaturated nitriles.

The subject of the preélent invention is more
particularly a pfocess for ammoxidation of alkanes in
vapour phase in the presence of a solid cataiyst; whose
active phase contains molybdeﬁum and 'oxygeﬁ,
characterized in that the said active .phase' als§
contains at least one element chosen from the group '
consisting of the alkaline-earth metals, Mn, Fe, U, La,
_Co,- Ni Zn, Ag, Cd, W, Zr, Pb, Te, Ga, Al; B, Nb and Ta.
| | .The present invention is suitable more
particularly for the ammoxidation of propane to.a

‘mixture containing acrylonitrile and propylene.

This Sh
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5.>’Obtained is filtered on sintered glass, dried at 120[err]C for
approximately 15 h and is then calcined in air at - 500[err]C for 4 h.
The product thus prepared has a specific surface, neasured by .the
B.E.T. nethod, of 13 nRg[err]. 10 , 10 g of this product are
~sprinkled slowy onto 67 g of inert support, consisting of clay beads
with a nean dianeter of 4.8 mm placed beforehand in a rotating
“pelletizer and noistened with glucose in aqueous solution at a -
concentration of 10 % As soon as 15 the beads are dry outside, a snal
quantity of the gl ucose solution igsgprayed. The product is then
again . sprinkled onto the beads. These operations are conti nued
alternately until all the product is coated. Drying is then carried
out at 120[err]C for 2 h and 20 calcining at 480[err]C for 6 h.

The catal yst (N) thus obtained consists of 10 % by wei ght of

CoMo( err] deposited on clay beads. EXAMPLES 61 TO. 65 -

Measur enent of the performance of cataly 25 (L) at different
tenperatures and with different coppositions of the reaction m xture.
The operating conditions used are the fol |l ow ng:




/- S _ !
A\ . :

4% .. ' Hourly space velocity = 1000 h[err]

“~Total ‘pressure = 1.3 bar - - The conposition of
the reaction m xture, the tenperature and the results obtained appear
in Table 5 XVII bel ow TABLE XVI |
EXAMPLES - 61 62 63 64 . 65
Cerr]Herr] (%vol) 7.5 25 . 25 40 48
‘NH err] (%vol) 15 - . 25 10 15 ' 9 10 Jderr]
(% vol) 15 100 15 18 He (% vol) T
42.5 20 20 10 B2 777 ([err]Q 460
430 460 460 . 480 DCCerr]Herr] (% 4 2
5 3 6 ~ SACN (%9 19 - 15 - 13 13
18 15 SACN + CJerr]Herr] (% 48 59 32 ' 78 44
SCOX (% .0 B 0 ' 1 0
EXAMPLES 66 TO 69: ' Measur enment of the performance of
cat al yst (M at different tenpgkatures and with different 20
conpositions of the reaction m xture The operating
conditons used are the ~ foll owy/hg: - Hour |l y. space
vel ocity : = 1000 h[err] Total pressure

t he

= 1.3 bar 25 . The copfosition\of the reaction m xture,




flozoor o3

terrperature arl,_UJe_Lgsw—t—s—eb{—arned appear in TabI e XVI 1 beI ow. .

48 : TABLE XVI Il -« § ST &G 66'
67 68 \\II\lIlﬁﬁLl“l“\llm”] Herr] %vpr) o 2Bed . |
40 48 ‘B'. : i 5 ?
9 52 Qgerr] (%Vol) 15 5 1Q- - o
He (% vol) 42.5 20 10 : _ ;
460 480 460 480 460 480 440 460 480 CLADVY err] H[err] (% 8" |
17 6 6 7 11 6 10 16 SACN (% : } 2031 143 é%

17 16 18 17 10 SACN + (Jerr]Herr] (9 76.75. 59 T B7C 83 BN 70

75

EXAVPLES 70 TO{ 73: Ina Pf°°°55 for the mr%*&e&a%#%ﬂmﬂwe Hjﬁ‘éa‘b%r@f%%’f’rﬁ'ﬁ’éﬁlyof

catal yst %ﬁ; a8ién Hgnag o QSR
conpositions o PHE reat{l rm lié ¢ 3Brﬁibfe operaait?xgrlg

condi tons u se dnﬁ[@ulchath ammonrhcah{i oxygeg, the. mprovement compnsmg conduptmg sayd S p ac e
vel oci ty = 1006 h[-ert] . sure

1.3 bar - 20 ammoxidation %@P@W&#ﬁ%m i theprescRes o liaBrERa i £0lid e

catalyst compnsmg a catalytxcally effective amount of an active catalytic phase, said
active catalytlc phasc consisting csscnually of a mixed oxide of molybdcnum and at

least one metal selected from the group consisting of Mg, Ca, Mq, f‘e, U, La, and Co.

2. The process according to claim 1, wherein said at least one metal is selected

from the group consisting of Mn, Fe, Co, U and La.

3., The process according to claim 1, wherein said at least one metal is selected

" 15 fromthe group consrs{mg of Mg, Ca, U, La, Fe and Co

4. The process as defined by claim 1, wherein said active catalytic phase

consists essentially of manganese, uranyl, cobalt or iron molybdate.
20 S. The process as defined by claim 1, wherein said alkane is propane.

6. The process as defined by claim 1, wherein said alkane has from 3 to 12

carbon atoms.
25 7 The process as defined by claim 1, carried out in the presence of water vapor.

8. The process as defined by claim 1, comprising reacting gaseous admixture of
from 5% to 70% of said alkane, from 3% to 50% of ammonia, and from 3% to 45%

of oxygen.
30

9. The process as defined by claim 8, the composition of said gaseous admixture

This is. the replacement sheet
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t enper at, ure and the results nhf ained appear in Table Xl X bel ow.

49 - TABLE X! X EXAMPLES
70 71 73 Cerr]JHerr] (%vol)
7.5 25 ”III“{)'“I“ I“""ﬁl" Illl NH err] (% vol) 15
10 : 15 ° Oerr] (%vol) 15 25
15 18 He (% vol ) . 42.5 - 20 10
| L[ (1 e]r Eﬁ&ﬂg outside of the cxﬁl&ive reﬁﬁﬁn thered‘fSo 440 6 460 11440 c
DCC] err]H err
SACN (% 14 17 20 11 17 12 10  SACN
+ (err]Herr] (% 82 SCOx
(% fO. '§he procesgas d¢fmcd hy ¢ cla.un% , saifl gaseous a@mxxture(yompnsmg an

CLAI M5 1. . In a

50
process for the 3%%1 ﬁf@f%f?lr'of an ‘alkane into an [err]-ethylénically
unsat ur at ed sltrl l.e, by reacting an acyclic al kane having 3 or.nore carbon

atons per 57 .nplecul e with anmmoni a and oxygen, the inprovement co r| SI ng .
conduct i ng saidll.” The processas defined by ¢laim 1, camedotnatatemperaturerangmg

350%t0 550°C.

12.  The process as defined by claim 1, carried out at a total pressure ranging from

~ 10 1to6bar

13.  The process as defined by claim 8, carried out an hourly space velocity of
said gaseous admixture rén_ging from 100 to 36,000 h''.

IS 14.  The process as defined by claim 1, said solid catalyst further comprising an

inert support substrate having said active catalytic phase deposited thereon. !
15.  The process as defined by claim 1, said oxygen reactant comprising air.

20 16.  The process as defined by claim 5, coinprising the ammoxidation of propane

into acrylonitrile and propylene.

17.  The process for the ammoxidation of an alkane into an a,B-ethylenically
unsaturated nitrile, by reacting an acyclic alkane having at least 3 carbon atoms per

25 molecule with ammionia and oxygen, in vapor phase and in the presence of a solid
catalyst, said solid catalyst comprising a catalytically effective amount of an active
catalytic phase, said active catalytic phase consisting essentially of a mixed oxide of
molybdenum and two metals selected from the group consisting of Mg, Ca, Mn, Fe,
U, La, and Co.

18. In a process for the ammoxidation of an alkane into an a,B-ethylenically
This is the replacement sheet
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amoxi.dation in vaporphase-and in the presence of a solid catalyst, said

solid . catalys rising a catalytically effective anmount of an
active catalytic ghw mm,mn ctive catal ytic phase consisting
essentially of a Y Hmyfbdenum and at | east one netal

sel ected fromthe group consisfiny of M, S3. M, Fe, U La, and Co. 10
2. The process according to claim1l1l, wherein said at | east one netal is

sel ect ed lisafiritbEnitrile by &wﬁ%ﬁhiaﬂ@li@falldﬂ% hdvng %fmbl‘eéﬁéﬂoohaﬁ{oms per 3

The process according to.claiml, erein said at |east one netal is

sel ected 15 fr omoleaelegrith gmroomia agd dxpgenfthefmproeemdpt coraprising conduging said

4, The process as. defined byiclaim.,1,, wherein said.,active cataglytic
phase cons‘i“‘éﬁr‘g?"ég’é%‘f‘i-"&??%’hﬁ? Wg]dﬁmﬁ’é’gﬁsm‘ifr"ﬁ?fpﬂd EXpxFh S _-ﬁ‘ﬁl‘%n .

nol ybdat e.’ 20 it g ol : jos \ i g‘;%m?c%g&i@'_i i

al kane is pr Opa%aéa.r!yg,icom-g?ﬁxgg_a% g%ggéedggggg%%ﬁg% by ¢ |mp? § Wh%‘riei n-
sai d al kane asactiveratBlytiéphide consistimgkgﬂmﬂbm. iallywfan orth@holyBdate of dlieaspoiecess as
defined by claim1 #‘é&a?rri"ed-'out “in fhe &e"s’en'cé ‘of V\_/a{e vapor. . 8.
The process as Bekl selasted from ghergraup qagsis @%Sf%Mﬁ&g%m%dm xture of

from5%to 70% of said al kane, from3%to 50% of anmipnia, and from 3%to

45% of oxygen. 30 9. The process as defined by claim38, the
conposi tion of said gaseous adm xture 51 bei ng
out si de of the explosive region thereof. 10. The process as
defined by claim8 said gaseous adm xture conprising an . inert diluent
t herefor. 5 11. The process as defined by claiml, carried out at
a tenperature ranging from 350[err] to 550[err] C 12. The

process as defined by claim1, carried out at -a total pressure ranging from
10 1 to 6 bar.
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13. The process as defined by claim8, carried out an hourly space

vel ocity of sai d gaseous adm xture ranging from 100 to 36,000 h[err].
15 14. The process as defined by claim1, said solid catalyst further
conprising an i nert support substrate having said active catal ytic
phase deposited thereon. 15. The process as defined by claiml
sai d oxygen reactant conprising air. X)a 16. The process as defined by
claimb5, conprising the anmoxi dati on of propane into acrylonitrile and
propyl ene. 17. The process for the amoxi dation of an al kane into

an [err]-ethyleni&ighis ugggggéﬁég_ nitrile by reacting an acyclic
al kane havi ng at N OF SATURATED QCARBOR

: X ShHgHPa and
oxygen, in vapor phase and in the presence of a solid cat al

yst, said
solid catalyst conprising a catalytically effective anount of an active
catal ytic phase, said active catalytic phase consisting essentially of a
m xed oxi de of nol ybdenum and twqgégiﬁi sel ected fromthe group.
consisting of My, Ca, M, Fe, U, — Co. 30 .. 18. In a
process for the ammoxi daian 2t saAeak K8 8Ee i el Gt pgally

52 unsaturated nitrile, by rgacfing an acyé#%%%ggf%%e %agiﬁéhggg% nor e

carbon atons pPeorTakfeHiAaWibl 8FMBALErA0E BEEIVRarbBas! TRHAYETENE,
conpri sing conducting said ammoxi dation in vapor phase and in the presence

of a solid catghyStheSabveekignCatadVitdnes GHYD & Rlxeucat abithsaihy
effective anmouni of an active catalytic phase, said active catal ytic phase
coQiisting essapp-ahkitatatadonibpinéybdate of at | east one netal selected
fromthe group consisting of My, Ca, Mi, Fe, U, La, and Co. )

The subject of the present invention is more

particularly a précess for ammoxidation of alkanes in
vapour phase in the presence of a solid catalyst whose
active phase con;gins molybdenum and oxygen, )
charécteriied.in EH;t the sﬁiﬂ active phase #lso i
cont;ins_at least one element chosen from the group
consisting of the alkaline-earth metals, Mn, Fe, U, La,
Co, Ni Zn, Ag, Cd, W, Zr, Pb, Te, Ga, Al; B, Nb and Ta.
The present invention is suitable more

particularly for the ammoxidétion of propane to a

mixture containing acrylonitrile and propylene.
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