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" WD 97/ 12839 1 PCT/ FR96/ 01510 PROCESS FOR THE
PREPARATI ON OF AMMOXI DATI ON CATALYSTS The present invention relates to a
new process for the preparation of m xed vanadi um antinony and iron oxi des
and to the use of these oxides as 5 catal ysts for the amroxi dation of

al kanes. Cer t¥® P I28Bdxi des of vanadi uln and of anti MPGE/FRIG/02510di UM

of antinony and of other netals are knomn conpounds whi ch have been
descrlbed anoBBOGESS R T PREPARATIO] DE AMMORIDATION >CA' YSUS
descrlptlon is given, in Patent usS 5, 008 427 of a process for t he
ammoxi dati on of propane or of butane in the presence of a catalyst which

can conprise, in particgylar, oxi s of vanadi u of . 15 anti nony and of
iron or of titani um or B BELHT a’g%ﬂ s Jo 3 MPe¥and optionally

f
Pavin beor, Eoeddl afa*'?*tt%*e}aﬁ%“e%%u%ﬁﬁésf“ﬁ% i FeiAgL, T
20 and® LIESEdPLAEW s %kem%fsé)?pi %"ﬁ sataesl“

EP—A—0,558,424, of a process for the ammoxi Kanes Wwhich is
cat al yseg by ddveliyste desr Ofhe/ ai@sbtiBatf o B r&l%néé iron and/or of
gal lium and/ or of indium These nmi xed oxides are 25 prepared by nixing
aqueous suspensi ons of CergimdeiEd (dieided ISR SrdiRidilvin diRBidMNg W th
stirring and then evaporating the water, drying and cal ci ni ng.

antimony or of vanadium, of antimony and of other

metals are known compounds which have been described,
among many other mixed oxides, in Patent FR-A-2,
. 10 072,334.
A description is given, in Patent US
5,008,427, of a process for the ammoxidation of propane
or of butane in the presence of a catalyst which can
comprise, in particular, oxides of vanadium, of

15 antimony and of iron or of titanium or of chromium or
of gallium or of tin, and optionally of other metals.
These catalysts exhibit the essential characteristic of
having been calcined at a temperature equal to or
greater than 780°C.

20 A description has likewise been given, in
Patent EP-A-0,558,424, of a process for the
ammoxidation of alkanes which is catalysed by mixed
oxides of vanadium, of antimony, of iron and/or of
gallium and/or of indium. These mixed oxides are

25 prepared by mixing aqueous suspensions of compounds of
the various metals, heating with stirring and then

evaporating the water, drying and calcining.



"2 The present invention relates to a new process for the preparation of a
m xed vanadi um antinony and iron oxi de corresponding to the general

enpirical forrmula (1): 5 . VSb[err]Fe[err]Jerr]
(1) in which: a represents a whole or fractional nunber equal to or greater
than 0.1 b represents a whole or fraction&al nunber 10 equal to

or greater than 0.5 x represents a whole or fractional nunmber determ ned by
t he oxidation state of tThe @resendi dnventiom pedates Led & mevhat : 15

- respective vanadi um antinony and |ron conpounds are dissolved in at

| east one sat RTAGRPSIEQMJihe PRIPaRRtIOR of a mixed vamRAdicmyo| ut ion or the

aqueous solutlon thus obt ai nhed: |s oy ou I nto ontact i th an aqueous
sol ution cont &%h a&’rﬂi&rﬁ "IQ?F B R ithe g8 m xed

oxi de, - the mx.ed 0 bt e_d I s separ at ed and cal cined. The

vanadi um ant ﬁ%’ ><“‘:lroozﬁm'@b nds 25 used in the process nust be

soluble in a saturated al cohol or a m xture of saturated al cohols or in
wat er . 3

5 VSb,Fe,O, (1)

in which:
- a represents a whole or fractional number

equal to or greater than 0.1

- b represents a whole or fractional number
10 equal to or greater than 0.5
- x represents a whole or fractional number

determined by the oxidation state of the
other elements,
characterized in that:

15 - respective vanadium, antimony and iron
compounds are dissolved in at least one saturated
alcohol or in water,

- the alcoholic solution or the agqueous
solution thus obtained is brought into contact with an

20 agqueous solution containing an ammonium salt, in order
to precipitate the mixed oxide,

- the mixed oxide obtained is separated and
calcined.
The vanadium, antimony and iron compounds

25 used in the process must be soluble in a saturated

alcohol or a mixture of saturated alcohols or in water.



"In the present text, a compound is regarded as sol uble when its solubility,
nmeasured at 25[err]C, is at least 5 grans per litre of saturated al cohol or
of water. These conpounds can be introduced together; they 5 can al so,

“first of all, be dissolved separately in an al cohol, the various al coholic
sol utions thus obtained then being m xed3with each other. They can al so,
first of all, be dissolved separately in water, the various agueous

sol uti ons thus obtai nedt®hEke RFesent xeext (9 aompeund cifaregaxdedal |y, but
non-limtingl sol ution or, an aqueous solution is prepared by

: | cohol i or,
di ssol ving t v%?}@ﬂigc‘ﬁ'?r%%o I CLﬂﬂES,SQ\}%tYnt’E?W%ﬁ AP F atiBmbf
sol utions of gach t he vanadi antinmony and |r ompounds, 15
The prevent tﬁ%a%l‘éc n%%%’??i%?ﬁ'o#f%ﬂ% i ‘ﬁ%‘i?‘é)r?og‘f&t%?t%ﬁ' n"%onpognds,
ticul f [ N f le & n acidic
ggtrJgoggr sgfﬂtv?%%gﬂgv?%ggﬁl %%@%% scﬁallﬁé o#gtgﬁoﬁal?‘_’b?‘% fg%ﬁg?i‘a’t h%_’%t al ysts
of the inyentd QD £ &oPrL£PPE€bE NarD, b&e&ﬁs%%‘ghéﬁ%ﬁé@el%tﬁlaﬂd used to

prepare this acidic agqueous sol ution can g 1 norgani c or organic

aci d capabl e gfcshdl NOtie SPAMLb0S ALK fo bRitiGss (i e to 2
and preferably a pHof 0.5 25 to 1. Mention may be made, as non-limting

exanpl es of stldn dseilsy mixed rwikh tédch asthéwy ArTitdy Gt alBel ObIFME C,
sul phuric, nitric and trifluoroacetic
of all, be dissolved separately in water, the various
aqueous solutions thus obtained then being mixed with

10 each other. Generally, but non-limitingly, an alcoholic
solution or an aqueous solution is prepared by
dissolving the various compounds, without intermediate
preparation of solutions of each of the vanadium,
antimony and iron compounds.

15 The prevent the decomposition or the
precipitation of certain compounds, more particularly
of the iron salts, it is preferable to use an acidic
aqueous solution having a pH of less than or equal to
2, when the cataiysts of the invention are prepared in

20 water.

In this case, the acid used to prepare this
acidic aqueous solution can be any strong inorganic or
organic acid capable of giving a solution having a pH
of less than or equal to 2 and preferably a pH of 0.5

25 to 1.

Mention may be made, as non-limiting examples
of such acids, of, in particular, hydrochloric,

hydrobromic, sulphuric, nitric and trifluorocacetic



" 4 acids. For convenience, it is preferable to use the acid corresponding to
the iron salt used, without this being essential. 5 Use is
often made of hydrochloric acid, generally in the form of aqueous sol utions
* having a weight for weight concentration of 10 to 20 % In the present

text, the expression aqueous solution uséd in the context of the process
for the 10 preparation of the catalysts al so covers, except when

ot herwi se nema¢bded, the above acidi ¢ agueous solutions. Mention nmay be
made, as exanpl es of sol ubl e vanadi um conpounds, of vanadyl

acetyl acet onate, vanadyFoxsconyeniemae; ¢bt 18 preferable tR 782 thH&nadi um

tetrafluoride, vanadi um pentafluoride, vanadiumtribgom d vanadi um
di chl ori de, v%ﬁ%ﬂiﬁﬂ????gﬂ?é+?%eF°vghﬁd+ﬁﬁ?t%?f%éﬂ?%éTdﬁ;€#°$5n€ﬁ+ﬁn1
triiodide. N@gtlon ma bg.ngde, as exanpl es of sol uble 20 ant i nony
conpounds, of 3h?$nﬁﬁ§°ﬁ hfachli oride, antinony trichloride, antinony

tribromdg, antinony tfﬁLLUQEitheﬁnﬁéﬁgnxftﬁ%%fﬁ%ﬁfb:é&téaﬂ&y trioxide or

sti bi ne. ntion nmay be nmade, as exanples of e Iron conpounds, of

i ron dichlori | tihCchhari P achb@ls 581 Q1888 hdaPind 4 brom de,
I ron diiodidegé?g¥$g£g n?tra?e?g?%réouzqgulpﬁate, ferr?c sulﬁ%ate, ferrous

thi osul phat e, wbeght C£60r waightf 66hténteat 868, of €101 Eoage@tyl acet onate,
ferric benzoate, ferric ol eate,
In the present text, the expression aqueous
solution used in the context of the process for the
10 preparation of the catalysts also covers, except when
otherwise mentioned, the above acidic aqueous
solutions.
Mention may be made, as examples of soluble
vanadium compounds, of vanadyl acetylacetonate, vanadyl
15 trichloride, vanadium trifluoride, wvanadium
tetrafluoride, vanadium pentafluoride, vanadium
tribromide, vanadium dichloride, vanadium trichloride,
vanadium tetrachloride or vanadium triiodide.
Mention may be made, as examples of soluble
20 antimony compounds, of antimony pentachloride, antimony
trichloride, antimony tribromide, antimony trifluoride,
antimony triiodide, antimony trioxide or stibine.
Mention may be made, as examples of soluble
iron compounds, of iron dichloride, iron trichloride,
25 iron dibromide, iron tribromide, iron diiodide, ferrous
nitrate, ferrous sulphate, ferric sulphate, ferrous

thiosulphate, ferric formate, ferric acetate, ferric

acetylacetonate, ferric benzoate, ferric oleate,



"ferrous lactate or ferric lactate. The saturated al cohols used in the
process of the invention are nore particularly al kanols and cycl oal kanol s.
Use will preferably be made of al kanols 5 and cycl oal kanols in which the
* boiling point is not excessively high, in order to facilitate the
operations of separation or of recyclingsby distillation or evaporation.
Thus, al kanols having from1l to 6 carbon atonms, such as nethanol, ethanol,
n- propanol , 1¥errousrbackate ox bferwit lactatenol, tert-butanol, pentanols
and hexanols and cycl ohexanol are preferred. The al coholic solution or the
aqueous sol ution obt ai n'@%lea%"v‘érﬁ%,e‘ghﬂf’?h?@ yped im thpanecess wf on of
an annnnlun1s%ﬂ%.*so as, to reC| itate the 15 m xed oxi des. The operation
r

i s preferabl y* BERHiRn | RAREH AT akk P emARd um car boxyl ate

armont om 6ar SR e Bt LT e ik ﬁ%ﬁr&@%f R i TSI
possibl e 4 0 Nake @ydthPhcandls UL WRELE A Ko PV [%e&fﬁggg'e%,b%the region

of 7. Thus, annDn at a concen t7 00 of litre in

wat er has a ngéé'hgi\ﬁ‘ei%%ﬁhoflg g.&pr@rfg&m;gé;ﬁ% %’ﬁé"eoﬁ)sf the pH

of the solution preferably at a v ue In the region o
necessary to dff QR dEdy S E akddyreliify a5 Uit 12065 iy dr0r med dur ' ng

the precipitation of the m xed oxides - (for exanple, hydrohalic acid forned
when an anti resapdwdtitn arThHus, adlkdansld) HadvlihdEYdd 12 to 6 carbon
atoms, such as methanol, ethanol, n-propanol,
10 2-propanol, n-butanol, 2-butanol, tert-butanol,
pentanols and hexanols, and cyclohexanol are preferred.
‘The alcoholic solution or the aqueous
solution obtained above is then mixed with an aqueous
solution of an ammonium salt, so as to precipitate the
15 mixed oxides. The operation is preferably carried out
in an agqueous solution of an ammonium carboxylate (for
example, acetate, citrate or tartrate), of ammonium
oxalate, of ammonium carbonate or of ammonium
hydrogenphosphate, which makes it possible to have a pH
20 of between 5 and 9 and preferably in the region of 7.
Thus, ammonium acetate at a concentration of two moles
per litre in water has a pH in the region of 7.
In order to maintain the value of the pH of
the solution preferably at a value in the regiomn of 7,
25 it may be necessary to progressively neutralize the
acidity possibly formed during the precipitation of the
mixed oxides (for example, hydrohalic acid formed when

an antimony halide and/or an iron halide and/or a



" 6 vanadium halide is/are used) or the possible acidity of the aqueous
solution used, with the aid of a basic conpound. It is preferable, in the
process of the invention, to carry out this neutralization by 5
controlled progressive addition of aqueous ammoni a. After precipitation of
the m xed oxides of the invention, they @re separated fromthe saturated
al cohol /water or water liquid any techni que comonly used for this type
of oper at i onvanadiam ihaj isge ti,sz.u:e yged)r ot dhe pessiddien@ndidiitye ®Hxi des
are then dried, at atnosphéric pressure or at reduced ressure at a
tenperat ure She@aFeFuUE SatLon asadyn Widiter &a8i€ Wi t hout

t hese valuesctzygl:l;:tr:q of Crltlc%ﬁﬁ%&{fgce emxed om%gshg formula (1)
are then 15 r]C. The

cal cination i, _pr erabl carried qut _.at t r.at reo 500[err]Cto
750 err] G pARERTRER | L0 SRAFY it iR ‘%g;ﬁ akion forrrullﬁ (1)
efine ove, rﬂﬁf %SREE ol e or
fractiona nur%{t(}é ua 4%%{@7@5' %1 tflfdl of agﬂ{epresen S 1% ‘whol e or
fractional nunber equaIAf&prpﬁfca?ltmw@%f the’ niGiUE HBAIdee 0! € of

fractional nunber 25 term ned by the oxidation state of the

ot her el enentghe HirAddtdom) aflfde e ifepdrdledHron)aiHd @adtaidatdd ven to the
m xed oxi des of formula (1)

alcohol/water or water liquid by any technique commonly

used for this type 6f operation, in particular by
10 filtration. The isolated mixed oxidés are then dried,
at étmospheric pressure or at reduced pressure, atja
temperature lying, for example, between 30°C and 200°C,
without these values being of critical importance.
The mixed oxides of formula (I) are then
15 calcined at a temperature of 400°C to 800°C. The
calcination is preferably carried out at a temperature
of 500°C to 750°C.
Preference is given, among the mixed oxides
of formula (I) defined above, to those in which:
20 - é represents a whole or fractional number
equal to or less than 100
- b represents a whole or fractional number
equal to or less than 100
- x represents a whole or fractional number
25 determined by the oxidation state of the
other elements.
Finally, preference is still more

" particularly given to the mixed oxides of formula (I)



7 in which: a represents a whole or fractional nunmber fromO0.5 to 50 b
represents a whole or fractional nunber 5 from1l to 50 - X
represents a whole or fractional nunber determ ned by the oxidation state
'of the other elenents. Another subject of the present invention is a 10
process for the amoxi dation of al kanes i@ the vapour phase in the presence
of a solid catalyst containing at | east one active phase, characterized in
that the sai d fmwtwhdbehhase conprises at | east one m xed oxi de correspondi ng
to the general enmpirical formula (1) and 15 prepared according to the
process defined above. ARcoepresents idcowipolecor fractional numbeles having
from3 to 12 carbon atons per nolecule are reacted in the vapour phase with
ammoni a and oxygen in t E*PPeRehc®®o?%a catal yst whose active phase has
just 20 been indicated. O course, in t context of the present process,
it is possible to use dif ARRTYHISRES &P ?e??ré%?c?ﬂﬁﬁght$kﬁh%%ction
condition such as heIiHP% n%t£0g§€1and argon. Likew se, steam can be
added to the 25 gaseous Ract T I Xxture within wide limts. The reactive

gas (al kane, anmoni g, 04¥g§3%r85@hﬂ$“§ &ﬁbf@'é?ff%#@éibﬁﬁiiﬂﬁﬂﬂeﬂi'“e”t

and/or with steam 1In thi oupl ng, the conten steam can vary within
determined by the oxidation state of the

other elements.
Another subject of the present invention is a
10 process for the ammoxidation of alkanes in the wvapour
phase in the presence of a solid catalyst containing at
least one active phase, characterized in that the said
active phase comprises at least one mixed oxide
corresponding to the general empirical formula (I) and
15 prepared according to the process defined above.

Accqrding to the present invention, alkanes
having from 3 to 12 carbon atoms per molecule are
reacted in the wvapour phase with ammonia and oxygen in
the presence of a catalyst whose active phase has just

20 been indicated.

Of course, in the context of the present
process, it is possible to use diluent gases which are
inert under the.reaction conditions, such as helium,
nitrogen and argon. Likewise, steam can be added to the

25 gaseous reactién mixture within wide limits. The
reactive gas (aikane, ammonia, oxygen) can thus be
diluted with an inert diluent and/or with steam. In

this grouping, the content of steam can vary within



8 wde limts, in particular fromO to 50 % and, preferably, between 3 and
30 % For a good inplenentation of the process according to the invention,
~the content of reactive gas will be at least 5 3 % and preferably at | east
" 20 % Wthin the reactive gas, the respective contents of al kane, ammoni a
and oxygen can vary within wide limts. &he al kane content in the reactive
gas is 10 preferably between 5 and 70 % The ammoni a content is
preferably bétifeentinikgy Sip BarkiqHanExam Chr &R % andef erabl y bet ween
3 and 45 % For d inplenentation of the process according to the
i nvention, tHR¥F ¥4 B@PW% Apd 30 &+ i&frﬂﬁm will preferably be

be obtal ned CHRLEARIR ol ] HHS BroAsAL Akarding Wb Hhe i e
Acrylonitril e i nt ; ndustriall |
ccal e pr opy RERERAMC U U dert) or HUMERSe A N e’ ¥ i o°

acrylonitgil Il | {nt i products well known to those
5118 3n :géafh dt'lid 2 &
tarting fr [

skilled in the art. om i sobutane, a mxture will be 25
obt ai ned contai ni ng MetWiaid Gitd MidatiRik i UNRe sdudiivnes. The

process according to the invention is
contents of alkane, ammonia and oxygen can vary within
wide limits.

The alkane content in the reactive gas is

10 preferably between 5 and 70 %. The ammonia content is
preferably between 3 and 50 % and the oxygen content is
preferably between 3 and 45 %. |

For a good implementation of the proceés
according to the invention, the composition of the

15 reactive mixture will preferably be chosen outside the
explosive region.

Starting from propane, a mixture will be
cbtained containing essentially prépylene and
acrylonitrile. Acrylonitrile is an intermediate

20 produced industrially on a large scale, propylene is a
starting material traditionally used to produce
acrylonitrile and various other iﬁtermediate products
well known to those skilled in the art.

Starting from isobutane, a mixture will be

25 obtained containing methacrylonitrile and iscbutene or
n-butenes. |

The process according to the invention is

more particularly suitable for the ammoxidation of



nmore particularly suitable for the ammoxi dati on of 9 propane. If the
al kane used can be of technical quality, it will not contain significant
~anmounts of conpounds containing ethylenic unsaturation. Thus, the 5 propane
“involved will generally only contain trace anounts of propylene, for
exanpl e less than 10 % The process acco®ding to the invention is carried
out in the formof a vapour phase reaction. Consequently, any device
suitabl e for BEPPPRAg out 10 ammoxi dation or oxidation reactions in the

vapour phase can be used, The process can be carried out continuously or
noncontinuously and it gﬁntgﬁngik§ﬁetﬁ%eﬁs%aﬁfb%.%faf?ﬁ“%%?a%ed or of a

fluidized bed,__ T. ' N lly. b 15 300 C

and 5500 er r] CTARHEERT of & Mbrb e seRFasnop EFPTELcole SBBPRRFR COF the total
ft ' ] h | .t

B moaphr i ¢ prombEaaakPRoRLdLHLES " PnP Rl e itk bafletl POWie . Dot ot .

20 between drapand Pato1v88 wis1f gﬂﬁféi iénfdj(xégn?é’fﬂ f_r;éa%t he hourly

volune rate i's between 100 and 36,0 [err] and, preferab et ween 200
and 20, 000 h[&fnéﬁntgthhﬁﬁébyldﬂéunﬁofaéﬂag deféggderantie ¥5 total gas

vol une/ vol unme of the catal yst/hour ratio. course, those skilled in the
art wll be _ The process according to the invention is

carried out in the form of a vapour phase reaction.

Consequently, any device suitable for carrying out

10 ammoxidation or oxidation reactions in the vapour phase

can be used. The process can be carried out

continuously or noncontinuously and it can caﬁprise the

use of a stationary bed or of a fluidized bed.

The reaction temperature is generally between

15 300°C and 550°C and, preferably, between 400°C and
500°C. |

_The total pressure of the reaction mixture
can be greater than or equal to atmospheric pressure.
It is generally between 1 and 6 bar and, preferably,

20 between 1 and 4 bar.

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

The hourly volume rate is defined as the

25 total gas volume/volume of the catalyst/hour ratio.

Of course, those skilled in the art will be

able to find a compromise between the temperature, the

gas flow rate, the precise nature of the catalyst used



able to find a conprom se between the tenperature, the gas flowrate, the
preci se nature of the catal yst used 10 and the various other paraneters
of the reaction taking into account their production objectives. The
“catalyst used in the process for the amoxidation of al kanes can conpri se
solely one or a 5 nunber of mi xed vanat®um antinony and iron oxides
defined above, constituting the active phase of the catalyst, or can
addi ti onal | y ¥fpFhecvariruer ghhes parameterenofisthe oreasbiphctakingi na,
silica, silicglalunmna [ ﬁoni a, cerite, magpesia, titanium 10 oxi de or
ni obi um oxi deT™b% &ﬁ?%ﬂnlz‘h{é 84F PEeErGhiomaRIeeti¥PRsi ted or with which

the active phase is mx by, usi ng varirous techni ques kpown to those
skilled in the art, sucﬁgéscgﬁﬁigﬁﬁa??ﬁ B EReRPIOLRPBSTRT oFhe The

catal yii¢ Phaghnok0ssE ok e ChLLEed b ediiprs BDIRS BTG 01001 he active

phase deposited on an 1 norgani c oxlide of m W

oxi de, ca thﬁﬂn@&r%ﬁ%ﬁe&h@aﬁéﬁﬁ:ﬁprﬂﬁm%&t p%éééfcéﬂfééas“ate? 't
e shaped,

can therefore be used in the powder form or or exanpl e as

bal I's, pell etdefiuéd Uaibdes, OfomStitEELEY CEh® Mt N Ephass Wi fige t 0 vari ous
known techni ques. For use of the process in a stationary bed, these

techni ques caratmlydts exacmhcadditieially CFomndisd arwiidrgdipid substrate
or on a ceramc or netal 25 substrate of nonolithic type.

oxide, such as, for example, alumina, silica,

silica/alumina, zirconia, cerite, magnesia, titanium

10 oxide or niobium .oxide, on which the said active phase

is deposited or with which the active phase is mixed,

by using various techniques known to those skilled in

the art, such as impregnation or slurry deposition.

The catalytic phase, consisting of the active

15 phase alone or of the active phase deposited on an
inorganic oxide or mixed with the said inorganic oxide,
can then be used in the bulk form or in the particulate
state; it can therefore be used in the powder form or
be shaped, for example as balls, pellets, extrudates or

20 crushed particles, according to various known
techniques.

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

25 substrate of monolithic type.

For use of the process in a moving bed or in

a fluidized bed, the catalytic phase is generally

formed by atomization, drying and calcination.



" For use of the process in a noving bed or in a fluidized bed, the catalytic
phase is generally fornmed by atom zation, drying and cal ci nati on. The
catal yti c phases can, for exanple, be shaped by conpression, so as to
*obtain pellets. These pellets can then optionally be crushed into
fragments. The precise values of the preskure, dianeter and 5 thickness of
the pellets and particle size of the fragnents can be chosen by those
skilled in the art accdfhengatalytic phases ccanopfox cexample: ket he
reactor. A variant of the preparation of the catalytic_ 10 phase can
consi st in caoshaped bvitcoppression) c8Qtagectotprtaimpelleatss Thesactive
phase and its deposition on an ingr | c oxide or |[ts mxiure with the said
i nor gani ¢ oxipelleke E%FaF§?¥c°Bﬁ%%€§ft%ﬁb%J%EP%EF%e%EE?t%EPQFP&Eﬁ' an

inert substrate or cap coat.it. T?e ature of this,substrate,i s not
critical so | TR BEeFIsPVRRas Q I?ﬂ?hgf?sﬁ?fﬁ'réﬁiﬂﬁ eF #¥%e reactants

under 1t he, Choselo£Sach! 88 ERDCPLLPOBs EqVBixPlcPYapPLE ol LiubS! ! at es

capabl e of be b surta € preparatton o atal ysts which can

be used in tNe CORLAEL Ohn!BE BROGESSHPCERGHL MBIl P1LACIANMRAaRE, Lhere may

be nentioned: SiT ~alum na, silicalalumna, sintered clay, carborandum
nmagnesi a, MagResbHAIRg! t6atBePHesbatenasepUsceaptabldnin €HesStrate is

preferably 25 nonporous and can be especially based on refractory
reactor.
A variant of the preparation of the catalytic
10 phase can consist in carrying out, in a single stage,
the synthesis of the active phase and its deposition on
an inorganic oxide or its mixture with the said
inorganic oxide.
The catalytic phases can also be deposited on
15 an inert substrate or can coat it. The nature of this
substrate is not critical so long as it is chemically
inert with respect to the reactants under the chosen
reaction conditions. By way of examples of substrates
capable of being suitable for the preparation of
20 catalysts which can be used in the context of the
process according to the invention, there may be
mentioned: silica, alumina, silica/alumina, sintered
clay, carborandum, magnesia, magneéium silicate and
diatomaceous earth. This substrate is preferably
25 nonporous and can be especially based on refractory
oxide in the particulate form, the most commonly
eméloyed substrate being clay-based. This substrate

can, for example, consist of inert, complete, solid and



" oxide in the particulate form the nost commonly enpl oyed substrate being
cl ay-based. This substrate can, for exanple, consist of inert, conplete,
solid and 12 rough clay balls with a dianmeter of between 0.5 and 6 mm

" The precise value of the dianeter of the balls can be chosen as a function
of the acceptable pressure drop in the rEactor. This substrate can al so be
made 5 nonporous by enanelling. This substrate can also be a ceramc
substrate, teoughclapsbablie withe pliineter yof rbetwednrOn Hiand 6 nert and
rigid structure of nonolithic type conprising channels or ducts. Such
supports are ¥Rt | The RESGHSa R0 oHckhe Ainneter of | thel hallscan
literature. ates used which are nade of ceram ¢ substance are

h bst
especial ly t éaeglg%‘?sr%’;ii? Ry, FeRCEIRR RF nthe Reesreable RESFURE dFQRN na,
[1ite, | h i des of boron or silicon. 15
qﬁi sI sﬁbs??;tclg %ﬂne af%%c%%gécﬂg)%ls%%ﬁ‘?%? e‘fa%&#%lt}f%t"i‘%ﬁlees_ are wel
known. Stﬂ(t atﬂgn - S%‘f#@flﬂétl n particular those obtained from

i ron, nickel ana chrom oys or- those obtained fromiron, chrom um

al um ni um and cobal t alteys, sdbebrate (G0 P b&PWLLHAHGY the trade nane
Kant hal , or those obtained fromiron, chromum alumniumand yttrium

al 1 oys, knowsubéleratde thiélcaidBuliveratd Weidd pretettalBy Ml Shde carbon
steel or sinple cast iron. Wien a coated catalyst is resorted to, the

form of an inert and rigid structure of monolithic type
comprising channels or ducts. Such supports are well

10 known and have been widely described in the literature.
The substrates used which are made of ceramic substance
are especially those comprising, as the main substance,
cordierite, alumina, mullite, porcelain, and the
carbideé of boron or silicon.

15 This substrate can also be a metal substrate.
Such substrates are well known. Suitable metal
substrates are in particular those obtained from iron,
nickel and chromium alloys or those obtained from iromn,
chromium, aluminium and cobalt alloys, such as those

20 known under the trade name Kanthal, or those obtained
from iron, chromium, aluminium andlyttrium alloys,
known under the trade name Fecralloy. The metal can
also be carbon steel or simple cast iron.

When a coated catalyst is resorted to, the

25 amount of catalytic phase, which can vary within wide
limits, is in practice between 1 and 50 % and,
preferably, between 5 and 35 % by weight with respect

to the substrate + catalytic phase combination.



25 anount of catalytic phase, which can vary within wide limts, is in
practice between 1 and 50 % and, preferably, between 5 and 35 % by wei ght
with respect to the substrate + catal ytic phase conbi nati on. 13 Thus,
“certain catalysts, useful for an inplenentation of the process in a
stationary bed, can be obtained by coati®3 the crushed, internediate or
finished, catalytlc phases in a way known per se. This 5 conventional
met hod consists in depo?ﬁ@#ngcérﬁayercéFaﬂﬁﬁﬁﬁweﬁpaﬁnloﬁorlnhshed catal ytic

phase around |nert but ;82 balls. Once the balls are covered with the
desired quant P SPePﬁét& Pft thepRzocesendp &, statienanyt hedot caps

b 70 I t.30 1 t th i ntrod d

Phto an oven PR BPESAARY Y cRRELRAS the mahs%”inﬁ%@%ﬁgap?&a%rre?efﬁéﬁl y

bet ween 450 a@qnggﬂkgrrkgt & %1gt hg?ﬁg %Ph%U%EY é%ﬁ ESC?%aLK§LS whi ch
oCe |

are useful foran I npl'emen a

i nventiongin @oﬂ@&h@gohgi 9E§LEH'Q éﬁﬁgﬁgd ﬁaaeggsggiﬂbngd%g¥e%hgf

t echni que, known per se, rying by atom zation in a prefe

nonr educi ng ah‘.ﬁE&EﬂQH&atByo&UEﬁniﬂheaeEﬁEhQ?t:.EOth%dakf:uﬁﬁpiﬂgf\éat e by
calcination at a tenperature of the order 400"to 20 800[ err powder s

are obtai ned Bhtckoagh bARREL.COhcenthBapaliBdabavectedbdRieh ehebetween 5
and 700 [err]m Powders consisting of at |east 80 % by wei ght of particles
whose si zes adesheedegnabticyg 280ther chradyeic phase, they are dried
with hot air between 70 and 150°C for at least 30
10 minutes and then introduced into an oven in order to be
calcined between 300 and 600°C, preferably between 450
and 500°C, for at least 3 hours.
Certain catalysts which are useful for an
implementation of the process according to the
15' invention in a moving bed or fluidized bed can be
obtained by the technique, known per se, of drying by
atomization in a preferably nonreducing atmosphere. By
such an operation, followed if appropriate by
calcination at a temperature of the order of 400 to
20 800°C, powders are obtained which are spherical in
shape and have a diameter of between 5 and 700 um.
Powders consisting of at least 80 % by weight of
particles whose sizes are between 5 and 200 um are
preferred in the context of use in a fluidized bed.
25 The catalytic phase, alone or thus used in
the bulk form or in the particulate state, constitutes
the catalyst.

The products of the reaction can be recovered



preferred in the context of use in a fluidized bed. 25 The
catal ytic phase, alone or thus used in the bulk formor in the particul ate
state, constitutes the catalyst. The products of the reaction can be
" recovered 14 fromthe effluent gases by any suitable nmeans. For exanpl e,
the ef fluent gases can pass into a condddser containing dilute sul phuric
acid in order to neutralize the unreacted ammoni a. The gases can then pass
through 5 &£5em (therefflnent gasen) hwlamn sui tahisemaanshe Baxryl onitril e,
acetonitrile and hydrocyanic_acid, the uncondensed vapours contai ning
mai nl y unreaﬁ’@i"&ﬁ  ef fiRAnd, gagqes)fan, RAsR dfch R fepdenser

be. sapar at o %@sﬁ%ﬁﬁt{% G R YR G S e
ecrylon L1 A S A Sl S Syl P Sl IS0 12 oD
ChaTe o B A B AR B W o BB T TE
accordi ng t 0 adi_ IR, fetldifitrile and hydrocyanic acid, the
uncondensed vapours containing mainly unreacted
propane, propylene, light hydrocarbons and, if
appropriate, CO,. The acrylonitrile and hydrocyanic acid
10 can then be separated from the acetonitrile by
distillation and the recovered acrylonitrile/hydro-
cyanic acid mixture can then be distilled in its turn
to separate the acrylonitrile from the hydrocyanic
acid. |
15 The examples below illustrate the present

invention.



following empirical fornula: VSb5Fe2.50x 5 A solution of 7.77 ¢
of FeC[err].6Herr]O 3.05 g of vanadyl acetylacetonate and 17.22 g of

SbCl [err] in 100 m of an aqueous hydrochloric acid solution having a 15 %
wei ght for weight concentration is prepared. The aqueous solution is poured
dropwi se into 10 500 m of aqueous sol WS on cont ai ni ng ammoni um acet at e
(2 mol/litre) in order to have an |n|t|al pH of the order of 7.0. During

t he precipit atEXAME Q B (PREPARATION [Q EER OXIDES

decrease due to the release of hydrochorlc acrd and t he presence of 15

hydr ochl ori ¢ PESRAratlion ] b adBhy addition of
a concentrated aqueous ammoni a sol ution by wei ght). The
precipitate thus fornmed i s Fseratc-By—rrt+od RRtion. ok wth water, dried
for 12 h at 140[err]C 20 |
conpound of formrula VSb[errTt ' oS — ot ] I
under a pressure of 4300 bars. Pellets with a draneter of 3 cnland wth a
“thi ckness of approxinmately 0.5 cmare then obtained. 25 These pellets are

crushed ingo fragnents wWithoPuPPsd it 7 577 Bt bRdeEermlos 3065 0g 8°fm
constituting the catalyst (A) in accordance wth theé i nvention.

EXAMPLES 2 TOvanadyl ei@é?l@é'eﬁ&nﬁtﬂ@ﬁd”ﬂ? nxegl @zlmsaeﬁou@onmt 0 the
invention. Different m xed oxides are prepared by :

of an agqueous hydrochloric acid solution having a 15 %

weight for weight concentration is prepared.
The aqueous solution is poured dropwise into
10 500 ml of agqueous solution containing ammonium acetate
(2 mol/litre) in order to have an initial pH of the
order of 7.0. During the precipitation of the mixed V,
Sb and Fe oxides, the pH, which tends to decrease due
to the release of hydrochoric acid and the presence of
15 hydrochloric acid in the aqueous solution, is kept
constant by addition of a concentreted aqueous ammonia
solution (containing 30 % by weight).
The precipitate thus formed is isolated by
filtration, washed with water, dried for 12 h at 140°C
20 and then calcined for 3 h at 700°C.
The compound of formula VSb,Fe, .0, thus
obtained is then compressed under a pressure of 4300
bars. Pellets with a diameter of 3 c¢m and with a
thickness of approximately 0.5 cm are then cobtained.
25 These pellets are crushed into fragments with a
particle size of between 0.3 and 0.8 cm, constituting

the catalyst (A) in accordance with the invention.



“following the procedure described in Exanple 1 but by 5 usi ng different
anounts of vanadyl acetyl acetonate (Exanples 2 and 5) or of antinony
pentachl oride and of ferric chloride (Exanples 3, 4, 6 and 7). The m xed
- oxi des according to the invention exhibiting the follow ng fornul ae are

t hus obtai ned: 10 Exanpl e 2 VSblérr] Fe[err](Jerr] (reference B)
Exanple 3 VSblerr]Fe[err]Jerr] (reference C) Exanple 4

VSb[ er r ] Fe[ er EKAMRLEB 2r f0c7cnce Brepaxationsof differentomixed(err]
(reference E) Exanple 6 VSb[err]FeLerr]CIerr] (reference F) 15

Exanmple 7 VSb[er]Fe[err]Jerr] OX&E£8 oLy 2L E3 aventi
Preparation of the m xed oxides (H) and (J) accordl ng to the invention A
solution of 7.77 g of Fed[err]. 6H[err]O 1.52 g of vanadyl acetyl acetonate

ohansi 1 sol utton i & pBifEdaPk Mlaga”RRiakhs agh "BRopakRaTEFLS o T

contai ni ng amyRa ughagetabe ptBclBlikl Wokried $8" ehinhiyea Byk il 2! pH of

t he order g thE precipitation o e m xe and Fe

oxi des, the pEgiwll @i rrandat! andant8a3¢ vanidylUsckeylheetshggae of
hydrochorlc acid, "is kept constant by addition of a concentrated aqueous

ammoni a sol ut I(gﬁaﬁgqabalznaaa 30 ¥rbyfanthinbnypenpachilpridecahgus£f or ned
is isolated by 5 filtration, washed with water, dried for 12 h at
140[err] C ferric chloride (Examples 3, 4, 6 a.nd 7).

The mixed oxides according to the invention
exhibiting the following formulae are thus obtained:
10 Example 2 VsSb,,Fe,0, (reference B)
Example 3 VSb,, ;Fe;0, (reference (o))
Example -VSbl.,.sFesox (reference D)

Example

4

Example 5 VSb,,Fe,,0, (reference E)
6 VSb,;Feloox (reference F)
7

15 Example vsb,,Fe, 0, (reference G)

EXAMPLES 8 AND 9 - Pr ation of the mixed oxides (H

and (J) according to the invention

A solution of 7.77 g of FeCl;-6H,0, 1.52 g of
vanadyl acetylacetonate and 21.4 g of SbCl, in 100 ml of
20 absolute ethanol is prepared. |
The ethanolic solution is poured dropwise
into 500 ml of aqueous solution containing ammonium
acetate (2 mol/litre) in order to have an initial pH of
the order of 7.0. During the. precipitation of the mixed

25 V, Sb and Fe oxides, the pH, which tends to decrease



and then calcined for 3 h at 700[err]C. The conpound of formula
VSb[err]Fe[err](Jerr] thus obtained is then conpressed under a pressure of
4300 bars. Pellets with a dianmeter of 3 cmand with a 10 t hi ckness of
approximately 0.5 cmare then obtained. These pellets are crushed into
fragments with a particle size of between1®.3 and 0.8 cm constituting the
catalyst (H) according to the invention. A catalyst (J) according to the

i nvention, 15 duei tio the celeasiet oénhySirbehokie] acifl] ébr kepits prepar ed
according to the procedure used for the catalyst (H) but using different
amount s of fer eeastans: bye addd tdrna ot soFpnsentzated: AquecBBNERMENRROCEDURE
FOR THE AMMOXI DATI ON TESTS 20, , The catal yst sanple is brought
bef or ehand to &Ct¥fFeRat{gentadning 30, fcb¥nweigB%uri ng bench while purging

ith heli f 10 mn, dit is th ' dt |
\(,:morrposiGt : ch)nm wiolrl bemsgeci eebrﬁéipéﬁ?reﬁ%f gﬁﬁ‘&gvﬁPgﬁssegﬁtQ'\gfl\r,\\ggZEOpane,
Do el o ! "
of the reatt) ohtHEERyAEE, WIS wibn RRERR! BLEea®leB2Tha B gk bRl 005! T

each exanpl thE?ie%OVcﬁllcg.iﬁg le@yy gaggs'gsﬁ?gfobr_led so as to have an hourly

f
volune rate (HVR) o etween 100 and 3 err], the precise val ue of
which will be indicated ghe kempeasl SfaFBrAulXOVEBE, Fe BCiimes Phase: 25

erterrl: obtained is then compressed under a pressure of 4300
bars. Pellets with a-diameter of 3 cm and with a
10 thickness of approximately 0.5 cm are then obtained.
These pellets are crushed into fragments with a
particle size of between 0.3 and 0.8 cm, constituting
the catalyst (H) according to the invention.
A catalyst (J) according to the invention,
15 with the composition VS8b,,Fe,0,, is prepared according
to the procedure used for the catalyst (H) but using

different amounts of ferric chloride and of antimony

pentachloride.

GENERAIL, PROCEDURE FOR THE AMMOXIDATION @STS
20 The catalyst sample is brought beforehand to
a temperature of 150°C on a measuring bench while
purging with helium for 10 min, and it is then
subjected to a gas flow whose composition will be
specified‘for each example and which contains propane,
25 ammonia, oxygen, helium and, if appropriate, steam.
The total pressure of the reaction mixture,

of between 1 and 6 bar, will also be specified for each



The principle of the ammoxi dation test for propane is the following: - The

catalyst is brought to a tenperature T[err], 10 for exanple 310[err]C,

and, after stabilizing for 30 mn at the tenperature T[err], the

“conposition of the mxture at the reactor outlet is determ ned by gas phase

chromat ogr aphy. - The conversion percentk®es and the 15 selectivities

obt ai ned on the catal yst examned at the inlet tenperature T[err] are

cal cul at ed usPHRB™P&Pati onshi ps of the type: conversion of propane (in nol

% = converted propane/_jntroduced propane 20 selectivity towards

acrylonitrile (in nol 9§EepFebﬁ%e9%6n§£?VeﬁaF6 tergebined| se/asntert ed

propane. - The_ catalyst is then brought from 310 to 550[err]C by increnents

of 20[err]C gﬁﬁv?h%nc§395i¥iKﬁgﬁ@?cﬁgFﬁgégvg%d°fnggﬁ?%%t19$t$%é are

det erm ned ev a4 ' Lp_the amoxi.dation ex es,below, the
féy?§§% Pl r8917én§aiue oF §£58 g?igﬁ#ﬁ bFSfﬁ%tPQaction

foll owi ng conven s are use )
19 ct 5 for &8&hagkakbiE. DC(Clerr]Herr]) = conversi on of propane
S( ACN) = selectivity towards acrylonitrile 5

S(ACN+C[err]Herr]) = velaméi dEtdctIVe SRase: 25 cm’.

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

- The catalyst is brought to a temperature T,,

10 for example 310°C, and, after stabilizing for 30 min at
the temperature T,, the composition of the mixture at
the reactor outlet is determined by gas phase
chromatography.

- The conversion percentages and the

15 selectivities obtgined on the catalyst examined at the
inlet temperature T, are calculated using relationships
of the type:
conversion of propane (in mol %) = converted propane/
introduced propane

20 selectivity towards acrylonitrile (in mol %)= propane
converted to acrylonitrile/converted propane.

- The catalyst is then brought from 310 to
550°C by increments of 20°C and the conversion
percentages and the selectivities are determined every

25 40 min.

In the ammoxidation examples below, the

following conventions are used:

Temp = temperature of the reaction



“acrylonitrile and propyl ene S(Ammox) = selectivitity towards
acetonitrile, hydrocyanic acid and ot her ammbxi dation by-products 10

ACN Prod = acrylonitrile productivity expressed as g of acrylonitrile
‘formed/litre of catalyst x hour: The remainder to 100 % of the
selectivities 15 corresponds to the forkation of CO and CJerr] and
optionally nethane, ethane and et hyl ene. EXAMPLES OF THE AMVOXI DATI ON OF
PROPANE EXAMPLES 10 TO 28E Amoxi dat i Bncertpebpbimei s carried out, as 20
descri bed above, by usin as catalysts active phases conposed of t he

m xed oxi des prepared ac‘g‘sf to tReCPRVERELER of propan®y E F G H and
J. The specific conditio ed are the - hourly
volume rate = 1800 h[égﬁ?HQ} 3600 ﬁ[€?$?°5+vﬁﬁgotﬁY%¥?f total pressure
= 1.3 bar 20 - conposition by volu he re ctlon m xt ur e:
C[err]H[err] =25 % NHerr] =10 %gﬁ%}&utrﬁ

45 ghb S (ACN+C,H,) = selectivity towards
' acrylonitrile and propylene
S (Ammox) = gselectivitity towards
acetonitrile, hydrocyanic acid aﬁd other ammoxidation
by-products
10 ACN Prod = acrylonitrile productivity
expressed as g of acrylonitrile
formed/litre of catalyst x
hoﬁr.
The remainder to 100 % of the selectivities
15 corresponds to the formation of CO and CO, and

optionally methane, ethane and ethylene.

EXAMPLES OF THE AMMOXIDATION OF PROPANE
EXAMPLES 10 TO 20
| Ammcxidation of propane is carried out, as
20 described above, by using, as catalysts, active phases
composed of the mixed oxides prepared according to the
invention A, B, C, D, E, F, G, H and J.
The specific conditions used are the
following:
25 - hourly volume rate = 1800 h™* or 3600 h?
or 7200 h™

- total pressure = 1.3 bar



" The tenperature conditions and the results obtained are collated in Table 1

bel ow. Exanpl es _ M xed Tenp ct HVR DC S (ACN)
S(ACN) S(Ammox) ACN Prod oxide ([err] O (h[err]) (C3HB) (in
9% + C3H6) (in % (g/l x h) used - _ (in %
(in % Exanple 10 365 28 s 1800 12 17
40 21 20 385 24 17 33
13 40 405 - composit:l.on by,¥volume of; the reagtion 14
43 425 . 18 41 14 52 10
Exanpl e 11 ®ixtureg o, 3’9%" 2 s 1800 10 27 35
31 27 415 29 26 31 11
75 430 NH, ;5 10 % 34 39 10 98 445
29 35 41 4 §O % 101 Exanple 12 C 410
2 a 1800 15 2 35 39 14 52 430 _
16 546 49 ge =lks5 g 73 Exanple 13 C 410
1ls 3600 9 47 51 18 84 430
12 49 53 The teh%erature cfbhaz@.ﬁﬂiﬂ Anl} the results 410
0.5 s 7200 3 63 430
7 54 obtaiméd are co'aﬂ.ated in 'ﬂaﬁﬂ.e45.0below. 11
60 69 17 262 470 15 53
58 12 316 Exanple 15 D 410 2's 1800
5 41 50 73— 20430 6
43 50 Examples 16 Mixed | Temp 26 45\6 e 8{ACN) | s(aCN S(Amn% ACN Prod 48
55 13 ogiQe 4 @ (") | (c3H8) | (in %) |4 3m6) | (in $51 ]| (972 x B) §9
8 56 15 us.45xemrp| ¢ 16 (in 0l wndlp 2 $ 1800
8 35 _42 ] 28 430 10
39 45 |Example 140 365 | 230 Abd | 12 17 40 21 18] 20 44
49 8 70 478 # | 1 @ | Bao| £ 44
7 108 _Exampl e j17 425 | F 241Q 182fs41 1BODx 52 4
42 1046 Example 189 | 8 3s0 2l A3 | 10 27 35 31 8] 27 49
52 21 39 {436 2 | 3| 3B | D 58
445 29 35 41 8 101
Example 12 c 410 2 s 1800 15 35 39 14 52
) 430 16 46 49 11 73
Example 13 (o] 410 ls 3600 5 47 51 18 84
430 12 49 53 13 117
Example 14 [ 410 [0.5 8 | 7200 3 53 68 21 63
430 7 54 62 25 150
450 11 60 69 17 262
470 _ 15 53 58 12 316
Example 15 D 410 | 2 s ]1s00 5 a1 50 23 20
430 6 43 50 16 26
450 8 48 55 13 38
470 11 51 59 8 56
15 Example 16 E 410 | 2 8 {[1800 8 35 42 12 28
430 10 39 45 10 39
450 18 44 49 8 79
470 26 40 44 7 103
Example 17 P 410 28 1800 4 42 46 35 17
430 8 49 52 21 39
450 12 50 53 14 60
470 15 47 49 12 70

Table 1



Table 1 (end)

450 12 50 53 14 60 470
15 47 49 12 70 Table 1 21 Exanpl es
M xed Tenp ct HVR DC S (ACN S( ACN S( Amox) ACN Prod oxi de
([err] O (h[err]) . (C3H8) (in %9 + C3H6) (in % (g/l x h) used
(in % (in % Exanple 18 G 21 410 2's 1800 3
56 59 25 17 430 5 55 57
25 27 450 . 8 60 62 18 48
470 10 60 61 15 60 Exanple 19
H 410 2's 1800 6 39 45 30 23 430
g 4 4716 rsimples 63 jiﬁjd Tenp ct?.5 / &v?b beC jgtzu:m s%@v S(Amg:éld ACN Pﬂc% ]12
71 Exanple 20 J oxidg { (O |2 g | mpddepEs) | tin g |+ c3m6) [ign %) | (g4 x B) 24
20 430 ufed 40 44¢n %] 20| tin w 361450
14 49 53 13 440 20 46
49 8 |Example 191 [Tabl q&f 410 { @nel)|1800 )| N3THE sSWATTBR OF 3 Si Hg ore
Appl i cation cofresponding to|HReq|Appl|i catli o§ BRCERFROGE0151%E 1, | Jofin Ndi |
Al bert SWEENEY : ip Td=adeilol 1 c/d BOrdn#oHpse ¥5sham 9y
Gerrards Cross|exBatkinnghawshijreae | 2 & |1s00 6 3 a5 30 23
. 430 8 47 52 23 37
450 13 49 54 16 63
470 15 48 53 12 71
Example 20 J 410 ]| 2 8 }1800 6 a3 40 24 20

430 9 40 44 20 36

450 14 49 53 13 68

470 20 46 49 8 91



" Engl and, do solemmly and sincerely declare that I am conlmlmuuumu Mmml
Engl i sh and French | anguages and am a conpetent transl ate

that to the best of my know edge and belief the following*is®a trut &nd*

- correct translation of the anended sheets of the PCT Application filed

under No. PCWO-ROR/IRERI9. Date: 23 Marcl221998 J. N. A PESU¢FRE®/PAS514nd on

behal f of RWS Transl ations Ltd. 22 CLAIMS 1. Process for the

preparation of a nixed oxide containi QLAIMSdi um antinony and iron

corresponding to the general enpirical formula (l1): 5

VSb[err]Fe[err](Jerr] (1) in which: - a represents a

whol e or fractiona nunber e%ua% to.or pg.l[eater than 0.1 -, b represents a
whol e or fractionat* nufikfcegp for the preparafiqn, qf 3 mized 0.5 -

X representsca ol & L fractd onal__nunber detfr.m' ned bzyg__the oxl dation state
of the ofher ‘CIHTRATES JYRHRALURy ARFYachy, fnd fffon correspondingag’ | o

vanadi um antd i r dissolved in at | east one
S WarfWihd (L GG Wilify

saturated alc I'n water, - olic solution or the aqueous

5 VSb,Fe, 0, (1)
in which:

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

- b represents a whole or fractional number

10 equal to or greater than 0.5

- x represents a whole or fractional number
determined by the oxidation state of the
other elements,

characterized in that:

15 - respective vanadium, antimony and iron
compounds are dissélved in at least one saturated
alcohol or in water,

- the alcoholic solution or the aqueous
solution thus obtained is brought into contact with an

20 aqueous solution containing an ammonium salt, in order
to precipitate the mixed oxide,

- the mixed oxide obtained is separated and
calcined.

2. Process according to claim 1, characterized

This Sheet Has Been Reﬂlaced THIS SHEET HAS BEEN

AR REPLACE




" solution thus obtained is brought into contact with an 2Qn “ﬂmgml‘ “m“m _
sol ution containing an anmoniumsalt; in order to preC|p|4!“ I
oxi de, - the m xed oxide obtained is separated and cal ¢t ned. AVENDED *

" SHEET 23 2. Process for the preparation of a m xed oxide containing
vanadi um antinmony and iron correspondi i@ to the general enpirical formla
(r): VSb[err]Fe[err%CIerr] (n 5. I n which: - a
represents a iWhdrka®rthe feluble vapadiumand/on antipemt emdfen 0.1 - b
represents a whole or fractional nunber equal to or greater than 0.5 10

- x represétfP LHRPPR Iredizapived irranacdinamigoune oxidation
Vanadi um  ant TG Sh TS 15 PE A IRARISEAT O SBiakdd i an ac di c
T ek o, e S A SR R St 1 e
CON1 S 0, SN MO i 5 sl ld R P 20

solution is any strong inorganic or organic acid

capable of giving a solution having a pH of less than

or equal to 2 and preferably a pH of 0.5 to 1.

4. Process according to.either of claims 2 or 3,
10 characterized in that the acid used to prepare the

acidic aqueocus solution is chosen from hydrochloric,

hydrobromic, sulphuric, nitric and trifluoroacetic

acids.

5. Process according to one of claims 1 to 4,

15 characterized in that the soluble vanadium compound is
chosen from vanadyl acetylacetonate, vanadyl
trichloride, vanadium trifluoride, wvanadium
tetrafluoride, vanadium pentafluoride, Qanadium
tribromide, vanadium dichloride, vanadium trichloride,

20 vanadium tetrachloride or vanadium triiodide.

6. Process according to one of claims 1 to 5,
characterized in that the soluble antimony compound is
chosen from antimony pentachloride, antimony
‘trichloride, antimony tribromide, antimony trifluoride,

25 antimony triiodide, antimony trioxide or stibine.

7. Process according to one of claims 1 to 6,

characterized in that the soluble iron compound is

chosen from iron dichloride, iron trichloride, iron

THIS SHEET 1A prcs
1AS B
REPLACED o

This Sheet Has Been Re[ilaced




- 3. Process according to claim2, characterized in that t | _ ﬁ
prepare the acidic aqueous solution is any strong inprganll m“I Inm‘! mh
AVENDED SHEET 24 capabl e of giving a solution having a @ ess arr
“or equal to 2 and preferably a pH of 0.5 to 1. 4. Process according to
either of clains 2 or 3, characterized i2#¢that the acid used to prepare the
5 acidi c aqueous solution is chosen from hydrochloric, hydrobromc,

sul phuric, nitihxomifde riven ctuthremidecitron sliioddkdmestemmaus ding to one
of claims 1 to, 4, characterized jn that the sol ubl e vanadi um conpound is 10

chosen from PR ?H%%%t%‘?ﬂaﬁléa,t‘?/'an%&ﬁﬁd iq rﬁmﬁ‘?ﬂe_,?mbﬁ um
trifluoride, ' tetrafluoride . vanadi um pentafl uoride, vanadi um

ri brom de. VARRHUHRA ST Cresrle Homnd t#lﬁ?ﬂ‘bﬁ?fﬁ)‘fa'i&rneﬁﬁmcd_ |

t et hl ori d | I 1.odde .__. Pracess according to
oﬁergfc cIO;: n%%%%%%%’t efr)%%'ac igné%%%%t?'hetﬁesroﬁ:lfoléeﬁﬁer’mny_ conmpound
I s chosers fr opa A d IR 208 a5 At BddEYYy trichloride, antinony

tribromde, antinony trifluoride, antinony triiodide, antinony trioxide or

stibine. 20 8.7. PRCHES addsrldtd GOl 1didd™ kd 9,6
characterized in that the soluble iron conpounq S chpsen fromiron
di chl ori de, ichmrdatedized dm thath tlidftuiatdd ALdoHIVP LR dredn
dii odi de, ferrous :
alkanols and cycloalkanols and preferably alkanols

having from 1 to 6 carbon atoms and cyclohexanol.

10 9. Procesé.according to one of claims 1 to 8,
characterized in that the alcoholic solution or the
aqueous solution obtained is then mixed with an aqueous
solution of an ammonium salt, so as to precipitate the
mixed oxides, preferably with an aqueous solution of an

15 ammonium carboxylate, of ammonium oxalate, of ammonium
carbonate or of ammonium hydrogenphosphate, which makes
it possible to have a pH of between 5 and 9 and
preferably in the region of 7.

10. Process according to claim 9, characterized

20 in that the value of the pH of the solution is
maintained at a value in the region-of 7, by
progressively neutralizing the acidity formed during
the precipitation of the mixed oxides or which arises
from the aqueous solution. used, with the.aid of a basic

25 compound, preferably by controlled progressive addition
of aqueous ammonia..

11. Process according to one of claims 1 to 10,

characterized in that, after separaﬁion of the mixed
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" nitrate, ferrous sulphate, ferric sul phate, ferrous.25 l‘ Emm
ferric formate, ferric acetate, ferric acetyl acetonate, lu mml E ual“l

ferric oleate, ferrous lactate or ferric |actate. AMENDED*SHEET* * 25 8*

- Process according to one of clains 1, 5, 6 or 7, characterized in that the

saturated al cohols used are al kanol s andscycl oal kanol s and preferably

al kanols having from1 to 6 carbon atons and cycl ohexanol. 5 9.

Process accoodides,o thee leitttsniare Paleided ladr acttempeea turet ket t he

al coholic solution or the aqueous solution obtained is then m xed with an

aqueous sol uth0di GoftcaB0ifoniand sreafenablys firom 500°6 ttar &€ i xed

oxi des, preferablﬁ wi th an aqueous sol ution of an 10 anmoni um
n

carboxyl ate, of a i FRasess@ccarding, &9 lﬂﬂecﬁrﬁo&q-&t’-@soll & ddoni um

hydr ogenphosphat e, .whi.ch it np SS,I bl e ave a.pH of between 5 and 9
and pref er abl rRGheF 4z dﬁ‘gﬁhaf L] I&aé"é’ort(lj'ﬁ rep3ATRLLey,

char act er| zegfl"-'hl éd1° Bt %ef é@nté% f.)‘.tol}gn qur)te}Slgll 3@1 fﬁlr’lon IS

mai nt ai ned at a Value |n He Fedon o Yy pr og eutralizing the

acidity formed during tahq_.eg:ee?eggttsatal Whoile E}}effrpaéq-:q_o SmBle Vi ch ari ses

from the aqueous sol ution us w th the al basic 2 corrpound
preferably by control | eeuidloHL S u%s%d%tahorio@f afdupReTeraay a 11.

Process according to one of claims 1 to 10,
whole or fractzonal number from 0.5 to 50

- b represents a whole or fractional number

10 équal to or less than 100 and preferably a

whole or fractional number from 1 to 50

- x represents a whole or fractional number
determined by the oxidation state of the
other elements.

15 13. Process for the ammoxidation of alkanes in
the vapour phase in the presence of a solid catalyst
containing at least one active phase, characterized in
that the said active phase comprises at least one mixed
oxide corresponding to the general empirical formula

20 (I) and prepared according to the process of one of
claims 1 to 12.

14. Process according to claim 13, characterized
in that alkanes having from 3 to 12 carbon atoms per
molecule, preferably chosen from propane and isobutane,

25 are reacted in the vapour phase with ammonia and |
oxygen.

15. Process according to either of claims 13 or

14, characterized in that within the reactive gas,
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* characterized in that, after separation of the m xed oxi ar e
calcined at a tenperature of 25 400[err] C to 800[err] H"I“wrlﬂ:m“ﬂlllaﬁm]
from500[err]C to 750[err]C. 12. Process according to one of ctaiths ®1 t'o

- 11, characterized in that it is applied to the preparati on AVMENDED SHEET

26 of m xed oxides of general fornula (126 in which: - a represents a

whol e or fractional nunber equal to or |less than 100 and preferably a whole-

or fractionalcomprmed foHralkiane o &@ndnia and oxygemn, rthe exldrane a whol e or
fractional nunber equal to or |ess than 100 and_preferably a whole or
fracti onal nwegrtent ohs Pxeferably hetwepn spanrd a7Q/\/rf€)-I ethp 3mmeniang

nunber determ ned g the oxidation state of_ the ot her

el enents. 13.c9ntpnksis preferably hetween Hrand k%(he’% ?’f‘fittﬂ'ée\f?s?ﬁﬁﬁ phase
char act o | secontrne £8 e et %%%%%é;%c%m%a% SétoPﬁaZ‘f Yone i xed 15
accor di ne f o the pobectrss %%25%#@‘?“%&? iA@' S Qe 308 B TG ng 1o
er 20 mol 2%‘3‘1*%%%‘?%?%%% B e e e e e
reacted in t*]@ew&&ﬂrsmeéeaﬂut@s@wa pPéferably between 400°C

and 500°C.
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’ oxygen. 15. Process according to either of claims 13 or 14, characterized
in that wwthin the reactive gas, 25 conposed of al kane, ammonia and
- oxygen, the al kane content is preferably between 5 and 70 % the amonia

content is preferably betreeaorudomntsatith Fir ARELLECRAL BRedERRN AVENDED SHEET 27

300

content is prefe,a@jl% t erngional Orgce ss-according to one of
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As printed .
(54) Title: METHOD FOR PREPARING AMMOXIDATION CATALYSTS

(54) Titre: PROCEDE DE PREPARATION DE CATALYSEURS D'AMMOXYDATION
(57) Abstract

A method for preparing mixed vanadium, antimony and iron oxides, and the use thereof as alkane ammoxidation catalysts, are
disclosed. According to the method for preparing said mixed oxide, respective vanadium, antimony and iron compounds are dissolved
in at least one saturated alcohol or water, the resulting alcoholic or aqueous solution is contacted with an aqueous solution containing an
ammonium salt to precipitate out the mixed oxide, and the resulting mixed oxide is separated and calcined. .

(ST) Abrégé

La présente invention concerne un procédé de préparation d’oxydes mixtes de vanadium, d'antimoine et de fer, ainsi que leur utilisation
comme catalyseurs pour 'ammoxydation des alcanes, Lé procédé de préparation d'un oxyde mixte défini précédemment, est caractérisé en
ce que: des composés respectifs de vanadium, d’antimoine et de fer sont mis en solution dans au moins un alcool saturé ou dans 1'eau; la
solution alcoolique ou la solution aqueuse ainsi obtenue est mise en contact avec une solution agueuse contenant un sel d’ammonium, afin
de précipiter I'oxyde mixte; 1’oxyde mixte obtenu est séparé et calciné.




