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COWPCOSI TI ONS OF THE COATED TYPE COWPRI SI NG NI CKEL, COBALT AND
MOLYBDENUM AND THEI R USE FOR THE PREPARATI ON OF UNSATURATED
ALDEHYDES The present invention relates to catal ysts 5
conprising a support on which an active phase is deposited which is
based, in particular, on nolybdenum ni ckel, cobalt, bismuth and iron
and is doped with phosphorus and at | east one al kali netal el enent.
The invention |likewi se relates to the use of 10 such catal ytic
conpositions for the preparation of unsat ur at ed al dehydes by

oxi dation of the correspondi ng ol efins. The use of
catal ytic conpositions based in particular on nol ybdenum bisnuth and

iron to prepare 15 al dehydes by oxidation of an olefin is well known to
the person skilled in the art and has bedeh Tt MATFER OF a Singanpre,

resear ch. Vari ous types appliaistiti corredgoirdingiwyed .

to carry out this reaction. The first ¢ o] sts ytic
conpositions which are in a mass form %kﬁg%éé#;I dfmh%éi}qﬁﬁg( nert

di l uent (support). These conpositions may, inter alia, be in the form
of
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granul es, extrudates or pellets.
are productive, they 25 have the di sadvantage of being difficult to

Al t hough such catal ysts

enploy in a fixed be r ffect, under

t hese conditions, it is OSSI or %ﬁ%"&ﬁ ocal PR&PB“? i ncrease in
tenperature in therwap%mgéﬂmmwmmmm COOPERATION TREATY (PCT)

2 v UE LIIUUTI yrn UI "IUG.\;L I T UTl IIII pe) fo oe U‘f

the fBBoRSemRSoRtemoBMEHIcaEN® : | cat ol A4k Besehiod oibhigetian nmten { s u B GFA2S820
on whi ch g1 s7/02, 28/ad2akort usy3saGifes e phasm ilS B nOGhatReL pbiticitidnalel itates 5
the ¢antrol of the tepperatiwe within tha fixed cat al ydP Oftohér 1995)q12.10.95)
norei{precisely the uniformty of this - tenperature.
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an ifportant part of the said 10 cat allyst |axcgﬂ | uﬁdﬁhgy
In efffect, the | atter commonly reprlesen t#?n&%?%’ &Iﬂﬁ ﬁw lR N,
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(S7) Abstract

Catalytic compositions including a cavrier coated with an active phase based, in particular, on bismuth, molybdenum and/or tungsten,
cobalt, nickel, iron and oxygen, and doped with phosphorus and at Jeast one alkaline element, said active phase constitating 15-33 wt %
of the catalytic composition, wherein the active phase has an atomic ratio 100 x (P + alkaline elements)/Ni of 0.9-10. The use of such
catalytic compositions for preparing unsaturated aldebydes by oxidising the corresponding clefins is also disclosed.

(57) Abrégé
La présente invention a trait 3 des compositions catalytiques

ant un support enrobé d’une phase active & base notamment de
bismuth, de molybddne et/ou de tungstine, de cobalt, de nickel, de fer, d’oxygene, dopée par du phosphore et av moins un élément alcalin,

ladxbphase active représentant 15 3 33 % enpmdsdelaeompouuoncmlyuque. caractérisée en ce que la phase active présente un rapport
stomique 100 x (P + éléments alcaling) / Ni compris entre 0,9 et 10, L'invention conceme de méme l'utihmm de tclles compositions
catalytiques pour I"obtention d’aldéhydes insaturés par oxydation des oléfines comespondantes.




15 in the diluted mass catal ysts. A direct consequence of this is
to lower greatly the productivity of the coated cat al yst s.
A naunber of solutions may bé considered for maki ng such catal ysts nore

attractive. 20 The f n increasing either
the size of the industrial i nstalqﬁ #ﬂlﬁiﬁw t enper at ur e,
S0 as to Cetiasnusled tooddentdfyc &bac PO memberwsltalteaoohd the flyleavésusifnghe
a mass r n I 0
B@Bé ﬁ?&s kﬁ"‘?ﬁ&gh :.ntern&%ggﬁgg'sﬂﬁgi??ﬁgiéﬁg hife"ghagd Ehg PCT are

econoni c ut- also t irectly tot
chemi stP 1iﬂhedef the reaction and to the performance of the catal yst.
In fact, with an increase in tenperature, the selectivity for
al dehydeA rodué@GtFé-adecreased and t he KR Republic of Korea
3 AUt al y3us ignder these condltlon§zbeco §aﬂ$&6ﬂ‘v nor e
rapi dly ¥Ban aBE' ®t enpl oyed at | ower 551“
Anot her g | uti e to I ncrease the of the active
phase of he f that i s [ nc PH§ t hi ckness of the
| ayer BJ on the support . Howev% '”Mﬁﬂ& 21 case the
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mechani cal strength of the resulting catal yst, and nore particularly

Its attrition resistance, would be 10 | nadequate for application on an
i ndustrial scale in a fixed bed. Another possi bl e
solution, and ggr bai/MRlegalghe nost satigsfactory, woul g t he
active phase ggpant? whi ch are capabl e of |ncrea5|ng t se?gc?§3|t

15 for al dehydeaphpeweedceimbbeTeons vi! TaE" eaﬂi-ﬂbsﬂﬁkecomnxs&ﬁ&r ef or e

been nade to add additives such as phosphorus and potassiumto the
catal ytic conposit iN¥CKELC COMAIY AND MOIMEDENUM iND OHE¥E US® WOk L 0 be
relatively conplex. In effect, although these conpounds have a
definite role 20 W t{fHEcBREBARATION OF| UNSAYURXTED ALPER¥YBES| on for

al dehyde, they cause a drop in catalyst performance in terns of
activity if the proporti Sheopresess inventionsrielatesstoncahslystsve phase
Is too great. The present invention relates to a catal yst
25  conpo8&iti snmvriﬁnegceaﬁmseomhwbhchoeg HGFiHQVEhPHe is

abovenenti oned di sadvant age Thus the sai onposi tion, when

enpl oyed i n oxP@RPRdSeRe g#FBné'fbﬁsed' intﬁé’ﬁ%@ﬂﬁ?ﬁtlﬁﬁ Bplyhdanumat ed

al dehydes, makes LL,, cobalt, bismuth and iron and is doped with

phosphorus and at least one alkali metal element.
The invention likewise relates to the use of
10 such catalytic compositions for the preparation of
ungaturated aldehydes by oxidation of the corresponding
olefins.
The use of catalytic compositions based in
particular on molybdenum, bismuth and iron to prepare
15 aldehydes by oxidation of an olefin is well known to
the person skilled in the art and has been the subject
of much research.
Various types of catalysts are thus employed
to carry out this reaction. The first category consists
20 of catalytic compositions which are in a mass form,
alone or mixed with an inert diluent (support). These
compositions may, inter alia, be in the form of
granules, extrudates or pellets.
Although such catalysts are productive, they
25 have the disadvantage of being difficult to employ in a
fixed bed on an industrial scale. In effect, under
these conditions, it is possible to observe a local

increase in temperature in the catalyst bed, which may



4 possible to obtain results which are inproved in terns of

selectivity - and consequently of yield of al dehyde produced, while
retaining a productivity which is hi gher than that of the conventi onal
coated catal ysts 5 having the sanme content of dopants.

Moreover, a certain advantage lies in the observati on that the
perfornance of Eh%hgpggﬁéahyg reacto?C¢@nhdiwd¢ .t 0 the invention is of great
stability over , fherefore its tseful life is consi derably

10  increased. This is GRES olENene¥eRELAS reskaha%ehepﬁeaet gleytic
conposition conprising a support coated wth an active phase which is

based on bi sMutRtalYeradeonpriddng’ an inertUBGppoRt 6ADL@hichnackel, iron
and oxygen and is doped 15 wth phosphorus and at | east one al kali netal

el ement caktalysid active phase hispdepesited.f ThielfatdliBateby

wei ght of the catalytic conmposition. In addition, the " active phase in
t he conposhbti otheccontired of the tempé:hﬂﬂUﬁtW@hhhasthﬁ &iuﬁﬂc ratio 100 x
(P + alkali nmetal 20 el enents)/ N of between 0.9 and

The invention epatal¥stsbedndrpd: @oreppresigely thefeaifﬁeméﬁgpaﬁapheﬁ of
[err]-[err]-unsaturated al dehydes by oxi dation of olefins in the gas
phase in the pFe@pgrature. of the catalytic conmposition nentioned above.

Nevertheless, this partiqular embodiment of
the catalyst implies that an important part of the said

10 catalyst is conestituted by the support. In effect, the
latter commonly represents more than half of the weight
of the finished catalyst. Thus the quantity of active
phase in the composition of the coated catalysts is
considerably reduced relative to that which is present

15 in the diluted mass catalysts. A direct ebnsequence of
this is to lower greatly the productivity of the coated
catalysts.

A number of solutions may be considered for
making such catalysts more attractive.

20 The first would consist in increasing either
the size of the industrial instaliation or the reaction
temperature, so as to retain the production capacity
which would be achieved using a mass catalyst. However,
these measures give rise not only to economic problems

25 but also to problems linked directly to the chemistry
of the reaction and to the performance of the catalyst.
In fact, with an increase Ih temperature, the

selectivity for aldehyde produced is decreased and the



25 However, other advantages and characteristics of the

i nvention wll . become clearer on reading the description and exanpl es
whi-ch fol | ow. As indicated earlier, the catalytic

conposi tion according to the invention copprises a support on which
an active phase is deposited. The material making up the

support is chogatalyst useédhuhder these bbAaLtiBHSr bbBemesnNdhabeiFel N Wi ch
t he 5 catalytic conposition is used. Exanples of naterials whi ch

may be enpl oyesore rhpidignthah ar eatallyss, employed| ati bawesi | i ca- al um na,
sintered cl ay, diatonmaceous earth, magnesi um oxi de, magnesi um
silicate and ctemperatures.materials such as, for exanple, cordierite,
mullite, 10 porcelain, silicon nitride and silicon carbide.

More particularly, the sapgéh9r|§°1ﬁt#ﬁe vorid be toOin9§agsemFbﬁ a

di aneter of between 0.5 and he active phase which is
a constituBnt PTOPOTEigReRE Gpetﬂ@téUﬁpBQF?FoﬂfaEbﬁrﬁ%ﬂgltﬁaFﬂéyPﬁvent|on
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~element. Mre deposited on the support. However, in such a case the
mechanical strength of the resulting catalyst, and more
particularly its attrition resistance, would be

10 inadequate for application on an industrial scale in a
fixed bed.

Another possible solution, and certainly the
most satisfactory, would be to add to the active phase
dopants which are capable of increasing the selectivity

15 for aldehyde produced of the catalyst. Proposals have
therefore been made to idd additives such as phosphorus
and potassium to the catalytic composition. The use of
such additives has proved to be relatively complex. In
effect, although these compounds have a definite role

20 with regard to the selectivity of the reaction for
aldehyde, they cause a drop in catalyst performance in
terms of activity if the proportion of these
constituents in the active phase ig too great.

The present invention relates to a catalyst

25 composition of the coated type which does not have the
abovementioned disadvantages. Thus the said
composition, when employed in oxidation reactions for

the preparation of unsaturated aldehydes, makes it



particularly, the alkali netal elenent is potassium In
addition to the abovenenti oned constituent 20 el enents, the active phase

may conprise other el enents. Thus it is possible to include arsenic,
boron or a m xture thereof. It is |ligew se possible to substitute
part of the nickel/cobalt m xture - but while retaining t hese two

elements in th?oﬁﬁm& toOBbtaly Fe8udEes¥hicROarendnpsoved Laadeinsa
m xture thereof. However, according to a preferred

enbodi nent of gklebtivitynti and hbﬁsaqubnelyhafeyu.alaaafd aldehirde

elements cited in the first list. 6
The active phapeoducede whillleyiretadudpgsat preductivigycwhdchgiso t he
invention is additionally characterized by the atomc ratio 100 x (P
+ al kal i higheir &hamethat/ NE thef econventionalcapatedacakadysts 5
ratio). Thus, the active phase has an atomc ratio of bet ween 0.9 and
10. 5 havingnther aang cenkephr PfcAPRANERDOdI nent of the

i nvention, the atomc ratio i s betwe The

catal ytic conpositions ate5PEVAg-t8 Fﬁﬁtagn agvantage lies in the

observation that the performance of the composition

according to the invention is of great stability over

time, and therefore its useful life is considerably
1Q increased.

Thus the invention relates to a catalytic -
composition comprising a support coated with an active
phase which is based on bismuth, molybdenum and/or
tungsten, cobalt, nickel, iron and oxygen and is doped

15 with phosphorus and at least one alkali metal element,
the said active phase representing from 15 to 33 % by
weight of the catalytic compositiop. In addition, the
active phase in the composition according to the
invention has an atomic ratio 100 x (P + alkali metal

20 elements) /Ni of between 0.9 and 10.

‘The invention relates secondly to a process
for the preparation of a-f-unsaturated aldehydes by
oxidation of olefins in the gas phase in the presence
of the catalytic composition mentioned above.

25 However, other advantages and characteristics
of the invention will become clearer on reading the
description and examples which follow.

As indicated earlier, the catalytic



10 I nventi on possess, noreover, an active phase in which t he

quantity of nickel, relative to nickel and cobalt together, is
between 10 and 60 nol % ' It has been found quite
surprisingly that the catal ytic conpgsition containing nickel, as

defined 15 earlier, may contain a much higher quantity of doping

el ements (the RhugiEitionbddiiaigald (i AnwinfiRH Yomprised an

ni ckel -free conpositions w thout, noreover, any di sadvant ageous

ef fect being ohnAgipeart wn Wil dctan idetive phaie tilee degdiftedy catal ytic
conpositions. 20 Consequently the conpositions according to

t he i nvention, when enpl &hedl matexiad maksing mpoxtibgatsupport is afhodesf i ns,
are particularly selective for al dehyde and exhi bit an acceptabl e
productivity. such that it is Aqentiiungen theponditiionscdipodhish thehe 25
atomc ratio of the alkali netal elenment to the phosphorus is fromO0.3
to 3 includi vecatalytic compositign; isyaed.c Exagpdes)of mageriads o 2

i ncl usi ve. ] 7 . As

i ndi cated bef oMitish may,,e smplaved in this, context,are, silicas 4y active

phase whi ch ISalumina. silica-alumina, sintered clay, diatomaceous

earth, magnesium oxide, magnesium gilicate and ceramic
materials such as, for example, cordierite, mullite,
10 porcelain, si;icon nitride and silicon carbide.
More particularly, the support is in the form
of beads with a diameter of between 0.5 and 6 mm.
The active phase which is a constituent
element of the composition according to the invention
15 is based on bismuth, molybdenum and/or tungsten,
cobalt, nickel, iron and oxygen doped with phosphorus
and at least one alkali metal element. More
particularly, the alkali metal element is potassium.
In addition to the abovementioned constituent
20 elements, the active phase may comprise other elements.
Thus it is possible to include arsenic, boron or a
mixturé thereof. It is likewise possible to substitute
part of the nickei/cobalt mixture - but while retaining
these two elements in the composition - by manganese,
25 magnesium, lead or a mixture thereof.
However, according to a preferred embodiment
of the invention, the active phase is based on the

elements cited in the first list.



deposited on a support. The quantity of active phase represents from
15 to 33 % by weight of the catalytic 5 conposition. It preferably
represents from20 to 30 % by wei ght of the catal ytic conposition.
The active phase may be obtained by any ¢ conventional neans.
It is possible, for exanple, to consider 10 preparing the said active
phase by m xing the oxi dehedfactive phiagechiaTRhes catallytiensbinpbuiss tiba
active phase, or conmpounds whi ch are capabl e of becom ng oxi des when
heat ed t o hi ghaceordiagutes théhdnventdon is adddtionallyubj ected to a
calcination step which is, if desired, 15 foll omed and/ or preceded by
the grindi ng ofharacteirdzed bynitheursomicchatdocldl kolRi mgadkgldg) .
Anot her suitable nethod for the preparation of the active phase
consists in prasialnglements)/¥i (refegxeddtonhepea&sast psuakemitenent s of
t he active_phase, 0 I n carrying,out drying operatigon and then in .
cal ci ni ng €he Fé§éP§Pn§hﬁP0dE@F.‘°%ive phase has spcatemir; rakie efenents
whi ch are enpl d accarding to this nmethod nay be used, in
particul ar, ing¥%“e°ntﬁé9f gb‘oxides or of oxide precursors, such as the
25 salts of inorganic Qr ic.aclLd i S | pha ,

9 cgkﬁlkﬁgg 8 {aa§33.-l§'1£{1i‘&%t gmbod imet 8¢ E§§t e may

halidesz ammoni um sal ts, “TOr s oxa ate and ace
be nentioned bynVWakt3bn, the atomic ratio ies between 0.9 and 7.

The catalytic compositions according to the

10 invention possess, moreover, an active phase in which
the quantity of nickel, relative to nickel and cobalt
together, is between 10 and 60 mol%.

It has been found quite surprisingly that the
catalytic composition containing nickel, as defined

15 earlier, may contain a much higher guantity of doping
elements (the ?hosphorus and the alkali metal elements)
than nickel-free compositions without, moreover, any
disadvantageous effect being observed on the activity
of the resulting catalytic compositions.

20 Consequently the compositions according to
the invention, when employed in reactions for oxidation
of olefins, are particularly selective for aldehyde and
exhibit an acceptable productivify.

According to a particular embodiment, the

25 atomic ratio of the alkali metal element to the
phosphorus is from 0.3 to 3 inclusive.

This ratio is preferably from 0.5 to 2

inclusive.



exanpl e. Also suitable are oxide derivatives such as, I n
particul ar, hydroxi des, oxyhalides, al koxi des and gl ycoxi des.

The said salts are then suspended or di ssolved in any appropriate

di spersi on nmedi um or 5 solvent, preferabjy water. The
dryi ng operation which is perfornmed nore particularly under a
nonreduci ng at nosphere nag HfdicatedC befoteéhand,byhevaptadiida t o dryness
or by atom zation. 10 According.to the first variant,
the drying i s composdiionedompiriisest an acidve phiaeef whithstiage consists in
evaporating the solvent or dispersion nmediumfromthe m xture, to
dryness, the sdepogiteddop agsuppopist Fhe gquantity olft ackdsre phageneral the
first stage is carried 15 out with stirring at a tenperature of from 20
to 100[err]C Teprepgntehdrpmy 1§d tRhPén i Byr H&égh&dqfongst &PﬁaéYﬁéﬁf | owi ng
paste. The resultln pigte s dried in a second stag

pr ef er abl y SnonFEHR §§h8F€f§Eﬁh Xérepgpsents f§?&nﬁpet°o§99§n or

air. The IatteL 0pe;al .00 & $pgarl thic composition.

The active phase may be obtained by any
conventional means.

It is possible, for ex#mble, to consider

10 preparing the said active phase by mixing the oxides of
the elements which constitute the active phase, or
compounde which are capable of becoming oxides when
heated to high temperatures. The mixture iz then
subjected to a calcination step which is, if desired,

15 followed and/or preceded by the grinding of the said
mixture (technique of forming a grog).

Another suitable method for the preparation
of the active phase consists in preparing a mixture
based on the constituent elements of the active phase,

20 in carrying out a drying operation and then in
calcining the.resulting preduct.

The constituent elements which are employed
according to this method may be used, in particular, in
the form of oxides or of oxide precursors, such as the

25 salts of inorganic or organic acids. Nitrates,
sulphates, halides, ammonium salts, formate, oxalate,
tartrate and acetate may be mentioned by way of

example. Also suitable are oxide derivatives such as,



20 out for an average period of 15 hours at a drying t enper ature of
approximately 120[err]C. According to the second vari ant,
the drying is carried out by atom zing the solution or suspension

by any neans known to the person skilled igh the art, 25 for exanple
"flash" atom zers such as those clained in t he French Patent

Applications publ ipaied culdd, Bydroxides|,olbxPhialdded balkoxidéa’ andd, 2 419
754 and 2 431 321, or else those of the BUCH type. The tenperature
of glycoxides. 9 atom zation is
generally of the order of from 150 to 300[err] C and t he atnosphere
under which it is carri eFhsutsaid salits pref thepl puspendédciomry as i ndi cat ed
above. The dried product is subsequently subjected 5 to
a cal ci nati on $dgsodves: in 9oy appseRFiateoddspersion medium OFnperature
which is appropriate for the formation of oxides. This tenperature is
commonl y bét we&R1YSBtan@referabiy yater;.c : Prior to the

cal i nation step the ool iGundl SRUC TR WAIRHOD.efildegd B2 L

such treatnentparticularly under a nonreducing atmosphere may be
carried out by evaporation to drymess or by
atomization.

10 According to the first variant, the drying is
carried out in two stages: the first stage consists in
evaporating the solvent or dispersion medium from the
mixture, to dryness, the second in drying the paste
thus obtained. In general the fiist stage is carried

15 out with stirring at a temperature of from 20 to 100°C
for the period which is required to obtain a nonflowing
paste. The resulting paste is dried in a second stage
under a preferably nonreducing atmosphere such as, for
example, oxygen or air. The latter operation is carried

20 out for an average period of 15 hours at a drying
temperature of approximately 120°C.

According to the second variant, the drying
is carried out by atomizing the solution or suspension
by any means known to the person skilled in the art,

25 for example "flash®" atomizers such as those claimed in
the French Paﬁent Applications published under the
following numbers: 2 257 326, 2 419 754 and 2 431 321,

or else those of the BUCHI type. The temperature of



A third nethod which is suitable for the preparation .of the active

phase consists.in carrying 15 - out one or nore successive steps of -

precipitating the constituent el'ements which are present in soluble-
form This step is carried out priorgto drying, while retaining
the other steps nmentioned in the preceding variant. 20

The conpounds VdHicuifidie 16 efbridrally of'tid Urddy HE FGUM 1BE tdhosen
fromthose which conbine with one or nore of the constituent el enents
in the f @00 snd dthe wtthodphEre undeaoiwiileh it tike caaxdiied out t he
sai d insol ubl e conpound being an oxi de precursor. 25 Conventional |y, but

with no |imtatisprefpmmblky nonreduning as Hydldieatest iabovsi.d and citric

acid are
carri ed out

10

is

20

25

sui t abl e. The precipitation is commonly

The dried product is subsequgntly subjected i rring.
The tenperature at which it is carried out eneral ly ranges between
20[err] C afd t & Poiqalfination ghap under, 501“%%&?6?&1 &mqm%&ere at

a temperature which is appropriate for the formation of
oxides. This temperature is commonly between 200 and
1200°C.

Prior to the calcination step,'the dried
product may undergo a grinding step. It should be noted
that the calcined product may if desired also updergo
such treatment.

A third method which is suitable for the
preparation of the active phase consists in carrying
out one or more successive steps of precipitating the
constituent elements which are present in soluble form.
This step is carried out prior to drying, while
retaining the other steps mentioned in the preceding
variant.

The compounds which can be used as
precipitating agent are chosen from those which combine
with one or more of the constituent elements in the
form of a compound which is insoluble in the medium,
the said insoluble compound being an oxide precursor.
Conventionally, but with no limitation, agueous
ammonia, hydrochloric acid and citric acid are
suitable.

The precipitation is commonly carried out



5 Finally, the precipitation step or steps may | f
necessary be followed by ageing steps. The latter consist in |eaving
the precipitate in suspension, with stirring, for a period ranging
from approxi mately 30 mnutes to 4 heurs. 10 Accordi ng
to a preferred enbodi nent of the process for the preparation of the
catal ytic witisigsiag.according to the invention an active phase

is first of all prepared which is free of dopants, that is free of
phosphorus and al kal i netTde diempaxtaturiee atl whidhtitterisarcandied miuwtoduced
until the nmonent when the active phase is deposited on the support
(coating). generally rangef hefween (20 °6hand ithe Ppildnsh t he beads

of the support are gradually surrounded by an outer | ayer of active
phase. 20 temperatumg o e, chasens sodvendd out in a manner

known per se by the intrqQgduction t he sgi d beads into a rotary
coating apparatus. The | 1LYy ﬁf&iﬂﬁ %%ion 85eP.RT AHEPE MY duci ng

partycles o, B Yl I8 S tert R o R L B D on
S anmous <R Wity A ACARATSR Bibellicn wish o
of the dopants g3 ALl ¥y GAPeribYanging from approximately 30
minutes to 4 hours. _
10 According to a preferred embodiment of the
| process for the preparation of the catalytic
composition according to the invention an active phase
is first of all prepared which is free of dopants, that
is free of phosphorus and alkali metal elements; the
15 latter are not introduced until the moment when the
active phase is deposited on the support (coating).
Coating is the operation by which the beads
of the support are gradually surrounded by an outer -
layer of active phase.
20 This operation is carried out in a manner
known per se by the introduction of the said beads into
a rotary coating apparatus. The latter is equipped with
means for introducing particles of active phase whose
size is preferably less tha 400 uym and with means for
25 introducing an agqueous solution of adhesion agent. As
mentioned earlier, and in accordance with an

advantageous characteristic of the present process, the

introduction of the dopants is therefore carried out



during this step. More particularly, at |east one conpound
of an al kali netal elenent, preferably potassium and at | east
one phosphorus conpound in the formof a 5 solution, nore particularly an
" aqueous solution, are i ntroduced i nty@ the coati ng apparat us

si mul t aneousl y with the catalytic conmposition which is free of the
sai d dopants arthfimp|tii®nestdp an adhesi on agent. The solubility in
wat er of the phosphorus conpound (s) and 10 of the alkali netal el enent
conmpound(s), neasured at More paXHicrullaZly,.S gt dfesrsthlonegromatpmurddiat 10 g/ | .
The sai d conpounds are chosen fromthose whi ch do not interfere with .
or are inert tan@lkalicmetal elemgninheprefsrably eotiaasiwnl @ndm@t in
particular the 15 adhesi on agent and, if appropriate, other additives
such as, for edfffite one phespharis Fampawnd fnedhe form @fv®ounds may in

addition be able to undergo deconposi tion by heat _during the
subsequent 5 soluhiqny,miQye paxficularly an agnequg Solutim. @ e i on of

t he chosen ._,conpou f osphorys and of- t-he al.kal.i_ netal
el enent, es peci’éﬁ"&?dﬁc%i&’g@q ﬂ%e mtl#nrgpap[patr&tt%e simultaneously

with the catalytic composition which is free of the

said dopants and a solution of an adhesion agent. The
solubility in water of the phosphorus compound(s) and

10 of the alkali metal element compound(s), measured at
25°C, is preferably greater than 10 g/l.

The said compounds are chosen from those
which do not interfere with or are inert to-the other
components of the coating solution, in particular the

15 adhesion agent and, if appropriate, other additives
such as, for example, a pore-forming agent. These
compounds may in addition be able to undergo
decomposition by heat during the subsequent
calcination.

20 In pracﬁice the addition of the chosen
compounds of phosphorus and of the alkali metal
elemenﬁ, especially of potassium, must impart to the
agqueous solution a pH of between 3 and 11.

According to a first variant, compounds are

25 employed which comprise one or other of the
abovementioned dopants. Thus, compounds which may be
mentioned as introducing the alkali metal element are

potassium hydroxide and sodium hydroxide. Aé far as the



aqueous solution a pH of between 3 and 11. According to a
first variant, conpounds are 25 enpl oyed whi ch conprise one or other of
t he abovenenti oned dopants. Thus, conpounds whi ch may be

mentioned as introducing the alkali netal 1@ enment are pot assi um

hydr oxi de and sodi um hydroxi de. As far as the

12 phos p iphosphorans bamegth wolkpoundsC aree icondernied,S it is possible to
mention - with no limtation being intended - inorgani c or organic
phosphat es or peoegikde cagenhtion - with no limddadidinnPpeing indendbd
preferred, variant of 5 the present invention at | east one conpound is
used whi ch inpngande @Fr organise phoEphaten ors phesphoriegr acid.
exanpl e, the di hydrogen phosphate of potassium or sodi um or the
nmonohydr ogen phosphat e ofAGGATdRgfpa secondy,preferred, variant of |

shoul d be noted.that it is .entirel 0sSi bl e to consi der conbi ning the
t wo precedir}‘ng the pregenh éinvﬁﬁtg‘%s a&allter gﬂeyegﬂ‘?f’&bﬁ g-ﬁe“\ﬁﬁg, in

erploying the 33080 {Pala dof b U5HRIYE dobants SUHPWTPHorONe A0/ OF

example, the dihydrogen phosphate of potasgium or

sodium or the monohydrogen phosphate of potassium or
sodium.

10 It should be noted that it is entirely
possible to consider combining the two preceding
variants. This is partiéularly appropriate when, in
employing the second variant, it is necessary to
supplement one and/or other of the dopants.

15 According to a particular embodiment the
compounds of phosphorus and of the alkali metal element
are introduced into the aqueous solution of adhesion
agent.

The coating operation is carried out in a

20 rotary coating apparatus rotating at between 10 and 20
revolutions per minute, into which the quantity of
beads of support required to cover the active phase is
placed, these beads being in a rough and dedusted
state. Then, via a chute, the ground intermediate

25 catalytic composition and the aqueous solution of
adhesion agent and of the compound(s) of phosphorus and
of alkali metal element are introduced simultaneéusly.

In a preferréd variant, the beads have been



15 According to a particul ar enbodi nent the conpounds of
phosphorus and of the alkali netal el enent are introduced into the
aqueous sol uti on of adhesion : agent . The coating
operation is carried out in a 20 rotaryscoati ng apparatus rotating at
bet ween 10 and 20 revol utions per mnute, into which the quantity of

beads of supporéettsillibefbrehin) aFi th amciquedu aldtion of adlaihn t hese
beads being in a rough and deducted state. Then, via a chute, the

ground i nt er nedigeint wiich e ywotc comtpciyl tdopamtnd t he aqueous sol ution of
adhesi on agent and of the conpound(s) of phosphorus and of al kal

met al el ement are introdRhel cpenatiomedssicgpontinued until all jof £heeferred
vari ant, the beads have been 13

wet t ed bef or ehGantding saduldeso ®nd shan dtofofhdhesiasitive phaggeehavehi ch
does not cqntain dopant The operation is _continued unti

all of the® beeoifady Ratation 4y wonkinned foxr mevaral DivLes e 5
been usel ROt S0 ksl Vi, S B BB e s
is well settled.

The beads are then dried in hot air at

between 80 and 150°C for from 10 to 30 minutes and are
10 calcined.

According to a particular embodiment the
calcination step is carried out in two stages. The
first stage consists in raising the temperature over
from 3 to 15 hours to between 450 and 500°C. In the

15 second stage the mixture is cooled over from 3 to 10
hours.

In a preferred variant a second calcination
is carried out in succession to, and under the same
conditions of temperature variation as, the first

20 calcination.

In another preferred variant the calcination
temperature is 480°C.

The present invention relates finally to a
process for the preparation of a-S-unsaturated

25 aldehydes by oxidation in the gas phase of the
corresponding olefins, the reaction being carried out -
in the presence of the catalytic-composition according

to the invention.



The beads are then dried in hot air at bet ween 80 and 150[err] C for

from10 to 30 mnutes and are 10 cal ci ned. According to
a particul ar enbodi-ment the calcination step is carried out in two
stages. The first stage consists in ggising the tenperature over

from3 to 15 hours to between 450 and 500[err]C. In the 15 second stage

the mxture is cool ed overhériventiodOis suitdldlé Smore particularly INn a
preferred variant a second cal cination is carried out in succession

to, and under tfer stine preparztich todnscrdleéinmper atetacrsledn &y as, t he
first 20 cal ci nati on. In anot her preferred variant the
cal ci nation oxidawiren 0fir propylene 0¥ |izobutylene, respectimelyesent
invention relates finally to a process for the preparation of
[err]-[err]-unsaturated Tise r%@@%@@%@l%#@ﬂﬁ%%a@ﬁ)hase of

t he corres ondlng ol efins, the reaction, being, carried out

the presenc® ofPt¢EiRnt 3R \RXVIRD ARITIE ARG cHF fiefired, watex Hé“'r?]v%nt i on.

reactor.

Oxygen, in pure form or diluted in inert
gases such as nitrogen, oxides of carbon and/or noble
gases may be used as oxygeh source. It should be.noted

10 that such gases may o:iginate fr&m the recycling of the
gases in the process.

The oxygen source employed is advantageously
air.

The quantity of olefin in the feed stream is

15 commonly between 6 and 10 mol%.

The quantity of oxygen present in the feed
stream is generally between 10 and 15 mol%.

The quantity of water vapour introduced is
commonly between 0 and 40 mol%. The quantity of water

20 is preferably between 20 and 40 mol%.

The abovementioned inert gases represent the
remaining amoﬁﬁt to 100 %.

In general the reaction temperature is
approximately from 100 to 450°C.

25 The pressure of the reactants on entering the
reactor is between 1 and 5 bar. The pressure is more
particularly between 1 andm3 bar.

The pressure is preferably slightly greater



14 The invention is suitable nore particularly for

t he preparation of acrolein or nethacrolein by . oxi dati on of propyl ene
or “i sobutyl ene, respectively. ' The reaction consists in

I nt roduci ng the 5 ol efin, an oxygen sowce and, if desired, water into
a reactor. Oxygen, in pure formor diluted in inert

gases such as nthdwoftmosphéietc Opréfbed, A/ SFdawwte take adksiast Gy be
used as oxygen source. It should be noted 10 t hat such gases may

originate fromthe preysirejlodsédewithin t}os asppardtes pr ocess.

The oxygen source enployed is advant ageously air. The
quantity of olefin in theAs eedgenexsinyele Ithe present wdrttdasn 5 and 10
nmol % The quantity of oxygen present in the feed

streamis genered¥3iedtiqitenin thepussente,of a fixed catalysthdefantity of
wat er vapour intraqduced is between 0 and 40 nol % The

. |
quantity of® wattthogh the nse (ﬁégﬁnﬁ{]ﬁ{%ﬁ’eﬁ? [RY Re RARgidered.

;the abf)vemant i oned : Eeéterﬁi‘feffﬁ%‘gg?%%e‘e% rerm‘léegsi rl_,g: atrﬁ)eunt to 100
appr oxi mat el y firnqmrg@iooﬁ %fPP [:?Jv; ]b% presented.

EXAMPLE 1
Preparation of a catalyst of general formula
10  Cog  Ni; gFe Bl Mo;,Pg, 05K0.104 |
l- Preparation of the dopant-free active phase.
The following solutions are prepared:
a: 167.6 g of ammonium heptamolybdate
[{NH,) (Mo,0,, * 4H,0] '
15 760 ml of demineraiized water
The components are mixed at 80°C with stirring.
B: (a) 32.1 g of iron nitrate [Fe(NO;);-9H,0]
25 ml of demineralized water
(b) 38.4 g of bismuth nitrate [Bi (N03§3*5320]
20 4 ml of pure nitric acid (d = 1.33) which is
then diluted with 28.5 ml of water added
dropwise with stirring
Solution (a) is added dropwise to solution (b).
C: (a) 138 g of cobalt nitrate [Co(No;},°6H,0]
25 90 ml of water
(b) 91.9 g of nickel nitrate [Ni(No,),:6H,0]

10 ml of water



25 The pressure of the reactants on entering the react or
Is between 1 and 5 bar. The pressure is nore particularly between 1
and 3 bar. The pressure is preferably slightly greater

t han at nospheric pressure, in order to takg account of the pressure
| osses within the apparatus. As a general rule the present
reaction is Solutdiiorieed(ajutarid (Ble grec Mtwar miifxeddf i xed cat al yst bed, 5
al t hough the use of fluidized beds may be consi der ed.

Speci fic but nonlimting Sdatpias Bfig elowly added: mtiitdn stiildrineyy tae

present ed. EXAMPLE 1 Preparation of a catal yst of general
formula 10 @latdloy @] Fe[err]Bi[err]M[err]Plerr]Klerr]1[err]
1- Preparation of the dopant-free active phase. The

foll owi ng solutions are ﬁ%a’-‘ﬁﬂ!ﬂt ng mi,aptureld.p é@rad%ﬁ%m 30
hept anol ybdate |, H %‘rU)[er%Tﬂ[ err]Of[err l'glgg!-]ﬂ']h@o
760 m of eni mq%d%(ﬁp dﬁ&?ll"éi BHric
with stirring. of the medium is 2,05 at the end of addition, and a
pink suspension is obtained.
150 ml of agqueous ammonia (d = 0.92) are
added to the suspension over 20 iinutgs with stirring.
10 The pH at the end of the introduction is 7.1, and a
| beige~-brown suspension is obtained.
The suspension is then heated at 60°C for 4
hours with stirring.
The medium is then left for 2 hours with
15 neither heating nor stirring.
The solid is filtered off and washed using a
total quantity of demineralized water of 1 litre.
The solid is then dried for 16 hours in the
oven at 120°C and then calcined for 6 hours at 400°C in

20 air and ground.

2 - Preparation of the coated catalytic
composition.

Coating is carried out in a coating apparatus
with a diameter of 20 cm which contains 100 g of clay
25 beads sintered at 1100°C which have a surface roughness
. of 0.3 and a diameter of 4.8 mm. The beads are wetted
beforehand with a first solution of glucose at a

concentration of 0.1 g/l which is sprayed at a rate of



B:_ (a) 32.1 g of iron nitrate [Fe(NJerr])[err]9H err]O0[err]

25 m of dem neralized water (b) 38.4 g of bisnuth nitrate
[Bi(NJerr])[err]5Herr]Q 20 4 mM of pure nitric acid (d =
1.33) which is then dilutgg with 28.5 ml of water added
dropwi se with stirring Solution (a) is added dropw se to sol ution
(b). C.  2(8) tol3350mefmeabalt nitrate [Co(No[err])[err] 6H err]O0]
90 m of water (b) 91.9 g of nickel nitrate
[Nl(hb[err])[err] 6H err] When all of the beaddOabk wét¥edfra chute is
16 Solutions (a) and (b) are then m xed. Solution B

is slowy addeduse@ihtet introdute 44 g ofolopanh-free active phase ovae
resulting mxture is introduced over 30 5 mnutes into solution Awth
vi gorous stirriagouthdOpminutes. opurfngnthieuintroduetion ofietbad of
addition, and a pi nk suspension i s obtained. 150 m
of aqueous §nnDEPHdEHr—tB°99?3giBQ aPParﬁHEédc?%tihﬁegu§%eﬁ%?%heové¥d20

mnutes wth Stiarlfgof a second solution of glucose at a
concentration of 0.1 g/l1, containing 13.56 g/1 of K,HPO,
is sprayed onto the beads.

Once the solution and the dopant-free active
10 phase together have been introduced, rotation is
continued for several minutes approximately. The
composition is then dried in a stream of hot air for 15
minutes.
The beads coated and dried in this way are
15 introduced into ventilated ovens for calcinatiom.
The temperature programme is as follows:
- increase to 240°C over 6 hours, then
to 480°C over 8 hours;
- plateau of 6 hours at 480°C;
20 ~.cooling to 150°C over 10 hours;
~ increass to 480°C over 10 hours;
- plateau of 6 hours at 480°C;
- final cooling to room temperature over
10 hours.
25 143( 5 g of the final éatalyst are thus
removed from the oven, the proportion by mass of active

phase being 30 %.



10 The pH at the end of the introduction is 7.1, and a bei ge- br own

suspensi on i s obtained. The suspension is then heated at
60[er]C for 4 hours with stirring. The nediumis then
left for 2 hours with 15 neither heatinggor stirring.

The solid is filtered off and washed using a total quantity of

dem neralized vatswerne 4 litre. The solid is then dried for
16 hours in the oven at 120C and then cal cined for 6 hours at
400[err]Cin Z2Prepardation of cancatalyst of gederaPrfyuamsla on of the coated
catal ytic conposi tion. Coating is carried out in a
coati ng appar at@sg_ ;Ni, gFeBi,ModiRgRyeky 6020 cm which contains 100 g of
clay 25 beads sintered at 1100C whi ch have a surface roughness of
0.3 and a dianeter ot 4 Breparabionofisthe dopantrfree actiwve ggel. With a
first solution of glucose at a concentratjon of 0.1 o/ | V\/mch S
sprayed. at 5 rate of The procedure of Example 1l is repsatedy 2 5
}[g 3.5 mM /mn. s - pp arat:.on ofatheOfcéa f\re wetted, a chute

compogition.

The brocedure of the preceding example is
repeated except that the second solution of glucose
10 (10 ml) contains 20.32 g/l of K, HPO,.
EXAMPLE 3, Comparative
Preparation of a catalyst of general formula:
Cog, gFe;B11M0,,Pg, 0125K0. 02504
1l - Preparation of the dopant-free active phase.
15 The procedure of Example 1 is repeated except
that no nickel nitrate (solution C) is added and that
230.2 g of cobalt nitrate are used instead.
2 - Preparation of the catalytic composgition.
The procedure of Example 1 is repeated but
20 the second solution of glucose contains 3.42 g/l of
K,HPO, .
EXAMPLE 4

Preparation of a catalyst of general formula

CogNi,Fe,Bi,Mo,,0,
25 1 - Preparation of the dopant-free active phase.

The procedure of Example 1 is repeated except
that solution C is obtained by mixing a solution

comprising 207.5 g of cobalt nitrate in 90 ml of water



used to introduce 44 g of dopant-free active phase over about 30

m nutes. During the introduction of the 5 powder, the coating apparatus
corntinues to rotate, and 10 m of a second solution of glucose at a
concentration of 0.1 g/l, containing 13.56q/1 of Klerr]HP err] S
sprayed onto the beads. Once the solution and the
dopant-free actang alSolupdefecémpeisingh2syeghefmickéDduietatéointion is
continued for several ninutes approximtely. The conposition is then
dried in a streanmol dbtwatexfor 15 m nut es. The
beads coated and dried in this way are 15 |ntroduced into ventllated
ovens for calcinatioh. - Preparation of the cata 2 COMPOBH LW, | S as

fol |l ows: - increase to 24OC over 6 hours, then

to 480[err]C over 8 hour sThe procedure of Example bl%ﬁé@ﬁpﬁﬂtQﬁrkR#s at
480[err] G ling to 15 C over 10 hours

- increase §o 4%?&????%v%?1‘151%u?§ 91‘9‘”53 °°‘£ 8 no dopank,iecay of 6

hours at 480C - final cooli to roo tenper ure
over Moreeveryghe BECCe ure {s ca ﬁ‘s’én ‘?‘he final

catalyst are tNigay tne LERRYEILS' QRLIVa Clipt el 0% twm@gﬁ@% of

active phase béing
active phase.

EXAMPLE 5
10 Preparation of a catalyst of general formula
Cog ,Ni; Fe;Bi;Mo;,0,

1 - Preparation of the dopant-free active phase.

The .procedure of Example 1 is repeated.
2 - Preparation of the catalytic composition.
15 " The procedure of Example 1 is repeated but
the second solution of glucose contains no dopant.
Moreover, the procedure is carried out such
that the resulting catalyst comprises 18 % by weight of
active phase.
20 EXAMPLE 6, Comparative
Preparation of a catalyst of general formula:
Cog ¢Fe;BijMo,;,0,
1 - Preparation of the dopant-free active phase.
The procedure of Example 1 is repeated except
25 that solution C comprises 230.2 g of cobalt nitrate in
90 ml of water.

2 - Preparation of the catalytic composition.
The procedure of Example 1 is repeated but



EXAMPLE 2 Preparation of a catalyst of general formula
Co[err]Ni[err]Fe[err]Bi[err]MJ[err]P[err]Klerr](err] 1 -
Preparation of the -dopant-free active phase. 5 The procedure
of Exanple 1 is repeated. 2 - Ppeparation of the coated
.catalytic conposi tion. The procedure of the

precedi ng exanpkliel second sb&ﬁ%&bﬁdoQX?QﬁbobhabohﬂﬁiﬁecﬁaddﬁﬁhﬂtLOn of
gl ucose 10 (10 M) contains 20.32 g/l of Klerr]HPO[err]. EXAMPLE

3, Conparative Pr epNoreboerof thecpirobydurefl igeoarsiefosbntl such
Co[err]Fe[err]Bi[err]Mferr]Plerr]Klerr]Jerr] 1 - Preparation
of the dopant-f tbatathevrephdténg ¢Btalyst compris@belpr bchpuweightEméinpl e
1 is repeated except that no nickel nitrate (solution C) is added and
t hat 230. ac§ive pbBEE: nitrate are used instead. 2 -
Preparation_of the catalytic conposition. The procedure of
Exanple 1 i 8 rcFEAMBEELdt 20 the second solution of glucose contains

3.42 g/l of The catalyst performanée data described in

Examples 1, 2 and 3 (comparative) were determined under
the following conditions:

90 ml of coated, undiluted catalyst are

10 present in a reactor which is 80 cm high and has an
internal diameter of 15.5 mm.

The gases entering the reactor consist of a
nmixture of propylene, air and water in the following
molar proportions (expressed in %): 7/57/36.

15 The pressure in the reactor is maintained at
1.8 bar absolute.

The hourly space velocity, defined by the
ratio of totai gas flow rate (standard 1/h) to the
volume of catalyst, is 1265 h™!, corresponding to a

20 propylene charge of 166 g per hour per litre of
catalyst.

The degree of conversion of the propylene,‘

Xuapges 18 defined by the following ratio:

moles of converted propylene

25 _ x 100

moles of prof;lene introduced



Klerr]HPO[ err] . EXAMPLE 4 Preparation of a catal yst of general

formul a Co[errINi[err]Fe[err]Bi[err]MJ[err]O[err] 25 1 -
Preparation of the dopant-free active ‘phase. The procedure
of Exanple 1 is repeated except that _solution Cis obtained by m xing
a solution conprising 207.5 g of cobdt nitrate in 90 m of water

19 d | ut i ising, 23.9 of nickel nitratg.in, .10 m  of
water. o 2. PropdPaPPORCGEVARY ESFaPYPRESEodpoSiri gt defined’

The procedure_o;sEéﬁgpkgléokin&ng@Egg but S the second sol ution of
gl ucose contai ns no dopant. Mor eover, the procedure is

carried out such that the resulting catal yst conprises 18 % by wei ght
of active phase. EXAMPLE 5 10 Preparation of a catalyst of
general formula Cb[errkyhggrnggkgaﬁLBiEeggbmgherr]C{err]
1 - Preparation of the dopant-free active phase. The
procedure of Exanple 1 is repeated x 100

5 moles of propylene converted

The yield of product i, Ri, is defined as the
product of X.;n, and Si.

The catalytic performance of the catalysts is
measured after 30 hours in the presence of the

10 reactants.

TABLE 1

= 1

EXAMPLE Tbat xcsn sacz' sacr sco: Racro

h 6 © b 4 %) (%)
)| ® | % | (% J‘

Example 1 330 | 89.5|87.7] 7.2 1.9 | 78.5
Example 2 330 | 82.7{90.9] 4.5 1.5 75.2 '

15 Example 3 330 | 94.5} 78,0 11.01 5.2 73.7

comparative

acro = acrolein
acry = acrylic acid

COox = combustion products



2 - Preparation of the catalytic conmposition. 15 The procedure

of Exanple 1 is repeated but the second solution of glucose contains
no “dopant . Mor eover, the procedure is carried out such
that the resulting catalyst conprises 18 %by wei ght of active phase.
20 EXAMPLE 6, Conparative Preparatton of a catal yst of general
forml a; EgiﬁﬁﬁkFg[err]Bi[err]N(Ierr]C{err] 1 -
Preparation of t dopant -free active phase. The procedure
of Exanple 1 |sT§§Qea§egtgg§§pg dver Efgk.solution C conprises 230.2 g of
cobalt nitrate in ¥ wat er . 2 - Preparation of the
catal ytic conposition. The stability Ehetﬁéoﬁééﬁbﬁmﬂﬁchaﬁpkﬁel i's
repeat ed but t he second
sol ution of gl ueatelgebsadeéschbbéapsnit Example 2 and ExamMéEBVEF, t he
procedure is carried out such that the resulting catal yst conprises

18 % by wei §ht (éomparatiree) vewaphdetermibed)dih®er the following
conditions:

2 litres of ccéted, undiluted catalyst are
present in a reactor with an internal diameter of 26 mm
which is 4 metres high.

10 The gases entering the reactor consist of a
mixture of propylene, air and water in molar
proportions (expressed in %): 8.9/62.5/28.6.

The pressure in the reactor is maintained at
1.8 bar absolute.

15 The hourly space velocity, defined as in
Example 3, is 1370 h™l, corresponding to a propylene
charge of 230 g per hour per litre of catalyst.

The tests are carried out while maintaining
the propylene conversion at a constant vaiue of

20 approximately 90% while progressively increasing the
bath temperature.

Table 2 makes it possible to compare the
levels of bath temperature which are required to
maintain constancy of conversion and of the catalytic

25 performances of the catalystse of Example 2 and of
Example 3 (comparative) during tests lasting
approximately 2000 hours.

The degrees of conversion of the propylene,



The catal yst performance data described in Exanples 1, 2 and 3
(conparative) were determ ned under _ the foll owm ng conditions:

90 'mM of coated, undiluted catalyst are 10 present in a reactor which is
80 cm high and has an i nternal dianmeter of 15.5 nm

The gases entering the reactor consist of 23 m xture of propylene, air

d t in thg foll Qu . |, ti . o 9 :
57136, 15 essar Che Yedesriziiizn B Red oBE st R REther o
1.8 b bsolute, ... . Ih : | |t fined by th
atio of Lotal SAELPRE.PFRRCEE, d,ARRqanriperRhnen Ed bikpaing =" 7Y 1 °
catalyst, is 12 Qaﬂ%2E¥]’ corresponding to a 20 propyl ene charge of 166

Itre o

g per hour per catal yst. The degree of
conversion of the propyl ene,’ X[err] is defined by the foll ow ng
ratio: nol es of converted propylene 25
x 100 nol es of propylmase.g @t roduced
5 EX- Catalyst time Tpath | Zcame | Sacr Racro
AMPLE formula (hours) | (°C) (%) o (%)
(%)
Ex- Cog 1 800 328 | 89.0 }92.2{ 82.1
1 2
ample | Nis.e Fer | 1400 | 327 | 90.0 [92.2] 83
2 Bi, Mo,,
1600 328 90.2 | 91.8 82.9
Po.07s
Ko.15 Oq4 1800 | 327.5| 90.8 | 92.5| 84.0
(
10 Ex- Cog ¢ Fe; 1400 | 343.5| 89.5 [ 86.0] 77.0
1600 345.5 | 89.9 | 85.2 76.6
3, Pgy.0125
com- | Kg g25 Of 1800 347 | 91.3 [ 84.0| 76.7
L para-
18 ﬂ tive 2000 352 $0.7 | 83.0 75.3

This table clearly indicates that the
catalysts according to the invention have a very
considerably greater stability than those of the prior
art, since after 1800 hours the bath temperature is

20 identical to the initiél temperature.
In contrast, it has increased by almost 10°C

in the case of the prior art catalysts.



21 The selectivity for product i

, Si, is defined as
the followi ng ratio: nol es of product i forned
x 100 5 nol es of propyl ene converted The
yield of product i, R, is defined as the product of X err] and Si.
The catal ytic performance of the catal ysts2fs nmeasured after 30 hours
In the presence_of .th 10 reactants.
TABLE 1 EE%HH?%EQ Tlerr] Xerr] Slerr] 9Yerr] Slerr]

Rl err] .h o] y % (9

([err]Q) (w Becpdpratedypgeing teﬁgarrple 1 330 89.5 87.7 7.2
1.9 78.5 Exanpl e 3Q...82. | . 15. 752 15
Exanpl e 3 330 6y cTRedgpaptigrep’shtalysts %biamégnﬁé’r ative

acro = aCfOleinExamplesaQﬂyszaﬁﬁrklkGoﬁﬁE@ative) were tested under the
5 following conditions:
A bed of 90 ml of coated catalyst diluted to
a quarter of its volume with beads of noncoated clay is
present in the reactor defined in Example 7.
The gases entering the reactor consist of a
10 mixture of propylene, air and water in the following
molar proportions (expressed in %): 7/57/36.
The pressure in the reactor is maintained at
1.8 bar absolute.
The hourly space velocity is 4285 h°?1,
15 corresponding to a propylemne charge of 562 g/h/l of
active c;talyst.
The ageing test is carried out by increasing
the bath temperature over time (between 400 and 420°C).
The results of this catalytic test are
20 collated in Table 3 below, which indicates the number

of conversion points (X g) lost over 100 hours testing.



COx = conbustion products 22

EXAMPLE 8 Test of stability over tine. The stability
of the performance of the . catal ysts described in Exanple 2 and
Exanple 3 5 (conparative) was determnmi ned under the follow ng

condi tions: 2 litres of co&B®ed, undiluted catal yst are

present in are ith _an InIPrn.a.L_d.l_a.lmLe.l:_Qf_Zﬁ_llm_
netres high. 1 g |he gasleﬁa@%tlggggfo%l%eact O A S8 13510:;

X EXAMP:
m xture of propyl ene, arr and wat roportlonsn‘(expre

in %: 8.9/62. 5286 . Hre—pressut-e——theHeacter—5

mai nt ai ned at Exanjple br absoluCey Nib Fe; Bi, Mo,, Oheihourly8space '[
velocity, defingd as in Exanple 3, is 1370 hferr], gorrespondingfto a
propyl ene of 230 g peg,hou per |tr cat al yst.

The tests are cqrr ’éhg’e"'out whi | e EH’% ﬁgs flh B?opyl ene tonver i on
at a constant vl ue of '

Example 6, Cog ¢ Fe, Bi; Mo,, 0, 12
5 Comparative
E;

This table shows that the catalysts
comprising nickel have a catalytic activity which is
more gtable over time than catalysts not containing
nickel, and it is apparent, moreover, that this effect

10 becomes more marked as the content of nickel in the

active phase increases.



Cemperature S ek P sessiax ecer orpaH M I IHII
l.evel s of bath tenmperature which are refuired ¥ dA<ES  mpilhtai n torfst & ncy s

of conversion apd of t atalytic 25 perfor mances of cat al ysts_of
Exanpl e 2 and of® 25/22§§§nple 3 (conparat #8e) during tes?gT(§§PFﬁé°4°7
approxi mately 2000 hours. Lxgﬁsdegrees of conversion of the
propyl ene, X[err] the

selectivities Si and the i'eldcg&a@&g&%ﬁgomposi%ﬁ%hp%%mBEQ@iﬁbsai are

defined as |n t he preceding

TABLE 2 ort cdheUShi thﬁﬁactiIL@thsé[%h&kh 1l Balsled onR[eff]
AVPLE fornula hours) ([err th) 6

Jerr] 83@smuth32§oly§aeﬁum93n&/c§2tﬁngsten, %GBEQt,Nhh%khh Fe[err]
1400 327 90.0 92.2 err] MJferr]

1600 3285 96rdn,%xYgenS8adnd is doped with phosphorus and at least
one alkali metal element, characterized in that the
said active phase representing from 15 to 33 % by
weight of the catalytic composition, and the active
phase has an atomic ratio 100 x (P + alkali metal

10 elements) /N1 of between 0.9 and 10.

2. Composition according to the preceding
claim, characterized in that the atomic ratio is
between 0.9 and 7.

3. Catalytic composition according to any

15 one of the preceding claims, characterized in that the
atomic ratio of the alkali metal element to the
phosphorus is from 0.3 to 3 inclusive.

4, Composition according to any one of the
preceding claims, characterized in that the quantity of

20 nickel present in the active phase, relative to nickel
and cobalt together, is between 10 and 60 % by weight.

5. Process for the preparation of a
catalytic composition according to claim 1,
characterized in that:

25 - in a first stage, the support is wetted with a
golution of adhering agenE,'
- in a second stage, a catalytic solution or a

suspension is prepared which contains wvarious oxides or

is Sheet Has Been R laoed
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Plerr]. 075 Klerr] err] 1800 327.5 90.8 92.5

gfﬁﬂoe 1% er rEi(Nb[ err]Co[ err] Fe[err] 1400 3.43.120089. gﬁS ﬁ,ﬂﬂgﬂglmgmﬁ”m

76. 6 3, Plerr] com K[ err2]7 gerr] 1800 +
84.0 76.7 para 15 tive 2000 —352 90.7 83.0

75.3 . ' v A ndi
(ﬁhnegni & %]Hxﬁ:é&itﬂ,e,aﬂfﬁfﬂ;}éﬂ W %}/‘teees %&%%égrsa'blaf%r eat er

cat al ysts accor e I nvention have a ve

stability than 4jjgse Gfg tdiferdd'dred and cdlcinddlce after 1800 hours the
bath tenperature is 20 Identical to the initial tenperature.

In contrast, it .has ifitr£aqB8edetlddsithd[Ripddrt is cddtddiavicasand the
prior art catalysts. 24

EXAMPLE 9 cateAlywta ipareraged adfe second stage and/Mtdopant -free
catal ysts obtained in . Exanples 4, 5 and 6 (conparative) were tested
under the 5 f cdistiinn cdhdidhesrnisre agent and dopants, and
- in a fourth stage, the composition obtained in the
third stage is calcined.
6. Process for the preparation of a-g8-
unsaturated aldehydes by oxidation of olefins in the
10 gas phase, characterized in that it is carried out in
the presence of a catalytic composition according to
any one of claims 1 to 4.
7. Process for the preparation of acrolein
by oxidation of propylene in the gas phase,
15 characterized in that it is carried out in the presence

of the catalytic composition according to any one of

claims 1 to 4.

- This Sheet Has Been Rei!aoed
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A‘bed of 90 m of coated catalyst diluted to a quarter of its volune

wi th beads of noncoated clay is present in the reactor -defined in
Bxampl-e 7. The gases entering the reactor consist of a 10
m xturfe of propylene, air and water in the follow ng nmol ar proportions
(expressed in %: 7/57/ 36. ' The pressure in the reactor is
mai nt ai ned at 1.8 bar absol ute. The hourly space
velocity is 4285 h[err], 15 corresponding to a propyl ene charge of 562

g/ h/'l of active catal yst. The ageing test is carried
out by increasing the bath tenperature over tine (between 400 and
420[err] Q). The results of this catalytic test are 20
collated in Table 3 bel ow, which indicates the number of conversion
points (X g) lost over 100 hours testing. .

25 EXAMPLE Cat al y3¥ TBEMPATER OF| ar B{RGAPRFS| on
Exanpl e 4 Co[err] Ni[err] Fe[err]apblecatidh[eottesbbhding to - 8
Exanpl e 5 Co[err] Ni[err] Fe[err]
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Eianple 6, Co[err] Fe[err] Bi[err] MJerr] (err] 12 ma
Conpar at-i ve | This tabl e shows that the catauuﬂu ﬂﬂl!l uu ""H
conpri;sing nickel have a catalytic activity which is mor & .

time than catal ysts not containing c |, and it is apparent,
noreover, that this effect 10 becones mar ked as the content of

ni ckel in the active pha | S A

CLAI M5 1.i' Ca?%ﬁ??&%ggo%%gaﬁﬁﬁﬁ%o L EoF&he preparation
of [err]-[err]-yngatucatiod delaplen Rrukisdd allehydes By Faliats
conprising a suppo?t coat ed mﬁthwgn actFVe 5a gﬁagéeﬁh?gh_lsqgasg on

bi smuth, nol ybdegugnazdng, comprilkdRgskeBu | eoatiedk @ith @ ac®iX@en and
i s doped wi t h phosphorus and at | east one alkali netal elenent,

characterizgd | phiabat whiebsdisd bagledvonphbdstuth, molypdRnm amdfoxrom 15 to
33 % by weight of the catalytic 10 conposition, and the active phase has

an atom c rati otungstehQOcxbaRti alikklel ,rdtran,ecloxyeens ankd ief dopiedeen 0.9
and 1o with phosphorus and at least one alkali metal element,
characterized in that the said active phase
representing from 15 to 33 % by weight of the catalytic

10 composition, and the active phase has an atomic ratio
100 x (P + alkali metal elements)/Ni of between 0.9 and
10.

2, Composition according to the preceding
claim, characterized in that the atomic ratio is

15 between 0.9 and 7.

3. Catalytic composition according to any
one of the preceding claims, characterized in that the
atomic ratio of the alkali metal element to the
phosphorus is from 0.3 to 3 inclusive.

20 4. Cqmposition according to any one of the
preceding c¢laime, characterized in that the gquantity of
nickel present in the active phase, relative to nickel
and cobalt together, is between 10 and 60 % by weight.

5. Pfocess for the preparation of a

25 catalytic composition according to c¢claim 1,
characterized in that:

- in a first stage,.the support is wetted with a

solution of adhering agent,

REPLACEMENT SHEET)
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2; Conposi tioh according to the preceding claim char m,m Miuﬂ'n
that the atomc ratio is 15 between 0.9 and 7. 3 1 ","u"

Catal ytic conposi tion according to any one of the prece 1*NQ ¢
characterized in that_the oid a% m. c rat| ftphe a& met al elenent to
t he phosphor us*Ps P8RFPRY35£89%- |ﬁcFﬂ X 1ergoiu Eion'or a

Conposi ti on accgﬁgﬁggsgﬁeagg ﬁ?SPgLe?h €hich cgég%eg'ng %us bxi dgét

characterized in gua

phase, relat'VetﬁQ:P'ﬁkghurgors9ngnﬁogﬁ %th GEQSE fk§mb ﬁgﬁ?sloaggd 60 %

by wei ght Process he preparatio

catal ytic conpoghtbRNiaCeRed 89ik@ ghal Bhicined, characterized in that:

- in a first stage, the support is wetted with a sol ution of
adhering agsnt, in a third stége,Sehenguppage, ia eahdkM! wEthokuki on or
a suspension I's prepared which contains various oxides or their
precursors, andcabalpstspreparédoimdohanseconddstage andi whithsat hen dried
and cal ci ned, 5 - in athird stage, the support is coated with the

cat al yst preparsdlubhidheofcadhdsivaegagent andhdepants, and
- in a fourth stage, the composition obtained in the
third stage is éalcined.

10 6. Process for the preparation of acrolein
by oxidation of propylene in the gas phase,
characterized in that it is carried out in the presence
of the catalytic composition according to any one of
claims 1 to 4.

15 _ 7. Catalytic compositions having improved
stability over time which are used for the oxidation of
olefins to a-f-unsaturated aldehydes, characterized in

that they contain nickel.

-A@NDE;%HEET
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¢ 4

ot on, of adnesive agent and dopants, and is catcimna. oA HEFHH IRGEN

Process for the preparation of acrolein bi oxi dation of propylene in

the gas phase, -~  cHaracetPRRdsFagenat retpdveir sedudden PR e presence

of the catalytic coq;osjtion according tg,agy one qf clains 1 to 4.
suspension is prepared which’ contains various oxides or

their precursors, and which is free from dopants, and
which is then dried and calcined,

5 - in a third stage, the support is coated with the
catalyst prepared in the second stage and with a
solution of adhesive agent and dopants, and
- in a fourth stage, the composition obtained in the
third stage is calcined.

10 6. Process for the preparation of acrolein
by oxidation of propylene in the gas phase,
characterized in that it is carried out in the presence
of the catalytic composition according to any one of

claims 1 to 4.
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