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stomique 100 x (P + &léments alcaling) / Ni compris eatre 0,9 et 10, L'mvenuon conceme de méme l'utihmm de tclles compositions
catalytiques pour I"obtention d’aldéhydes insaturés par oxydation des oléfines comespondantes.




ONLY FOR INFORMATION
Codes used to identify the PCT member States on the flyleaves of the
brochures in which international applications made under the PCT are
published. )

AT Austria KR Republic of Korea
AU Australia KZ KRazakhstan

BB Barbados LI Liechtenstein

BE Belgium LK Sri Lanka

‘BF Burkina Fasso LU Luxembourg

BG Bulgaria LV Latvia

BJ Benin MC Monaco

BR Brazil MD Republic of Moldova
BY Belarus MG Madagascar

CA Canada ML Mali

CF Central African Republic MN Mongolia

ca Congo MR Mauritania

CH Switzerland MW Malawi

CI Ivory Coast NE Niger

cM™ " Cameroon NL Netherlands

CN China NO Norway

Ccs Czechoslovakia NZ New Zealand

CZz Czech Republic PL Poland

DE Germany PT Portugal

DK Denmark RO Romania

ES Spain RU Russian Federation
FI Finland sb Sudan

FR France SE Sweden

GaA Gabon sI Slovenia

GB United Kingdom SK Slovakia

GE Georgia SN Senegal

GN Guinea TD Chad

GR Greece TG Togo

HU Hungary T Tajikistan

IE Ireland T Trinidad and Tobago
IT Italy UA Ukraine

Jp Japan Us United States of America
KE Kenya Uz Uzbekistan

KRG Kyrghyzstan VN Vietnam

KP Democratic People’s

Republic of Korea



Fil

10

15

20

25

WO 95/26820 1 . PCT/FR95/00407
CATALYTIC CdkPOSITIONS OF THE COATED TYPE COMPRISING
NICKEL, COBALT AND MOLYEBDENUM AND THEIR USE FOR
THE PREPARATION OF UNSATURATED ALDEHRYDES

The present invention relates to catalysts
comprising a support on which an active phase is
deposited which is based, in particular, on molybdenum,
nickel, cobalt, bismuth and iron and is doped with
phosphorus and at least one alkali metal element.

The invention likewise relates to the use of
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
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
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
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
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be the origin of reactor runaway.

This is one of the reasons for development of
catalysts comprising an inert support on which a
catalytic active phase is deposited. This facilitates
the control of the temperature within the fixed
catalyst bed, and more precisely the uniformity of this
temperature.

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

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
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
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catalyst usedlunder these conditions becomes inactive
more rapidly than a caﬁalyst employed at lower
temperatures.

Another solution would be to increase the
proportion of the active phase of the final catalyst,
that is to increase the thickness of the layer
deposited on the support. However, in such a case the
mechanical strength of the resulting catalyst, and more
particularly its attrition resistance, would be
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
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
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
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
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possible to obtain results which are improved in terms
of selectivity - and consequently of yield of aldehyde
produced, while retaining a productivity which is
higher than that of the conventional coated catalysts
having the same content of dopants.

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

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

As indicated earlier, the catalytic
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composition according to the invention comprises a
support on which an active phase is deposited.

The material making up the support is chosen
such that it is inert under the conditions in which the
catalytic composition is used. Examples of materials
which may be employed in this contéxt are silica,
alumina, silica-alumina, sintered clay, diatomaceous
earth, magnesium oxide, magnesium gilicate and ceramic
materials such as, for example, cordierite, mullite,
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
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
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,
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.
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The active phase in the catalytic composition
according to the invention is additionally
characterized by the atomic ratic 100 x (P + alkali
metal elements) /Ni (referred to hereafter as atomic
ratio). Thus, the active phase has an atomic ratio of
between 0.5 and 10.

According to a particular embodiment of the
invention, the atomic ratio is between 0.9 and 7.

The catalytic compositions according to the

. 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
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.

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
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.
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As indicated beforehand, the catalytic
composition comprises an active phasé which is
deposited on a support. The gquantity of active phase
represents from 15 to 33 % by weight of the catalytic
composition. It preferably represents from 20 to 30 %
by weight of the catalytic composition. |

The active phase may be obtained by any
conventional means.

It is possible, for ex#mble, to consider
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,
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,
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
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,
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in particular, hydroxides, oxyhalides, alkoxides and
glycoxides.

The said salts are then suspended or
dissolved in any appropriate dispersion medigm or
solvent, preferably water.

The drying operation which is performed more
particularly under a nonreducing atmosphere may be
carried out by evaporation to drymess or by
atomizatiom.

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
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
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,
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
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atomization is generally of the order of from 150 to
300°C and the atmospheie under which it is carried out
is preferably nonreducing as indicated above.

The dried product is subsequently subjected
to a calcination step under a nonreducing atmosphere 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
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with stirring.

The temperature at which it is carried out
generally ranges between 20°C and the boiling
temperature of the chosen solvent.

Finally, the precipitation step or steps may
if necessary be followed by ageing steps. The latter
consist in leaving the precipitate in suspension, with
stirring, for a period ranging from approximately 30
minutes to 4 hours. _

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
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.

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
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
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during this step.

More particularly, at least one compound of
an alkali metal element, preferably potassium, and at
least one phosphorus compound in the form of a
solution, more particularly an aqueous solution, are
introduced into the coating appaiaius simul taneously
with the eataiytic 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
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
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.

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
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
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phosphorus-based compounds are concerned, it is
possible to mention - with no limitation being intended
- inorganic or organic phosphates or phosphoric acid.

According to a second, preferred, variant of
the present invention at least one compound is used
which is based on two types of dopants such as, for
example, the dihydrogen phosphate of potasgium or
sodium or the monohydrogen phosphate of potassium or
sodium.

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.

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

In a preferréd variant, the beads have been
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wetted beforehand with an aqueous solution of adhesion
agent which does not contain dopant"

The operation is continued until all of the
coating solution and then all of the active phase have
been used. Rotation is continued for several minutes to
make sure that the layer of active phase on the beads
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
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
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
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
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.
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The invention is suitable more particularly
for the preparation of acrolein or methacrolein by
oxidation of propylemne or iscbutylene, respectively.

The reaction consists in introducing the
olefin, an oxygen source and, if desired, water into a
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
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
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
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.

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



10

15

20

25

15

than atmospheric pressure, in order to take account of

the pressure losses wiﬁhin the apparatus.

As a general rule the present reaction is

carried out in the présence of a fixed catalyst bed,

although the use of fluidized beds may be considered.

Specific but nonlimiting examples of the

invention will now be presented.

EXAMPLE 1

Preparation of a catalyst of general formula

Cog,1Ni3 gFe;Bi;Mo; Py 45Kg, 10,

A:

1- Preparation of the dopant-free active phase.

The following solutions are prepared:

167.6 g of ammonium heptamolybdate

760 ml of demineralized water

The components are mixed at 80°C with stirring.

B:
-

(a)

(b)

32.1 g of iron nitrate [Fe(NO;3);-9H,0]

25 ml of demineralized water

38.4 g of bismuth nitrate [Bi(N03§3‘SH§0]

4 ml of pure nitric acid (d = 1.33) which is
then diluted with 28.5 ml of water added

dropwise with stirring

301ution (a) is added dropwise to solution (b).

C:

(a)

(b)

138 g of cobalt nitrate [Co(No,),6H,0]
90 ml of water
91.9 g of nickel nitrate [Ni (No,) , * 6H,0]

10 ml of water
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Solutions (a) and (b) are then mixed.

Solution B is slowly added with stirring to
solution C.

The resulting mixture is introduced over 30
minutes into solution A with vigorous stirring. The pH
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.
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
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

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
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
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2.5 to 3.5 ml/min.

When all of the beads are wetted, a chute is

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

about 30 minutes.

During the introduction of the

powder, the coating apparatus continues to rotate, and

10 ml of a second solution of glucése at a

concentration of

0.1 g/1, containing 13.56 g/1 of K,HPO,

is sprayed onto the beads.

Once the solution and the dopant-free active

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

introduced into ventilated ovens for calcinationm.

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;

cooling to 150°C over 10 hours;

increase to 480°C over 10 hours;
plateau of 6 hours at 480°C;

final cooling to room temperature over

10 hours.

143. 5
removed from the

phase being 30 %.

g of the final éatalyst are thus

oven, the proportion by mass of active
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EXAMPLE 2
Preparation of a catalyst of general formula
Cog,1Ni; gFeyBi Moy, o75K0, 150,

1 - Preparation of the dopant-free active phase.

The procedure of Example 1 is repsated.

2 - Preparation of the coated catalytic

composition.

The brocedure of the preceding example is
repeated except that the second solution of glucose
(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.

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
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,

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
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and a solution comprising 23 g of nickel nitrate in
10 ml of water. |

2 - Preparation of the catalytic composition.
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.
EXAMPLE 5
Preparation of a catalyst of general formula
Cog ,Ni; Fe;Bi;Mo;,0,
1 - Preparation of the dopant-free active phase.
The ﬁrocedure of Example 1 is repeated.
2 - Preparation of the catalytic composition.
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.
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
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
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the second solution of glucose contains no dopant.

Moreover, the procedure ig carried out such
that the resulting catalyst comprises 18 % by weight of
active phase.

EXAMPLE 7

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
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.

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
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

x 100

moles of prof;lene introduced
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The selectivity for product i, Si, is defined

as the following ratio:

moles of product i formed

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
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EXAMPLE 8
Test of stability over time.

The stability of the performance of the
catalysts described in Example 2 and Example 3
(comparative) was determined under 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.

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.

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
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
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,
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Xoypgr the selectivities Si and the yield Ri of the

various products i are defined as in the preceding

example.
TABLE 2
EX- Catalyst time Tpath | Zcame | Sacr Racro
AMPLE formula (hours) (°C) (%) ° (%)
(%)
Ex- Cog 1 800 328 | 89.0 |92.2| 82.1
1 Ni F
ample | Nlz.e Fe1 1400 327 | 90.0 [92.2]| 83
2 Bi, Mo,,
1600 328 80.2 91.9 82.9
Py.07s
Ko 15 O, 1800 |327.5| 90.8 [92.5| 84.0
F
Ex- Cos ¢ Fe; | 1400 |343.5| 89.5 |86.0| 77.0
1600 345.5 89.9 85.2 76.6
3, Py.0125
com- Ko.025 04 1800 347 91.3 | 84.0| 76.7
}1para-
ﬁ 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
identical to the initiél temperature.

In contrast, it has increased by almost 10°C

in the case of the prior art catalysts.
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EXAMPLE 9
Accelerated ageing test

The dopant-free catalysts obtained in
Examples 4, 5 and 6 {(comparative) were tested under the
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
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,
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
collated in Table 3 below, which indicates the number

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

EXAMPLE Aconversgion n
Example 4 Cog Ni; Fe; Biy; Mo,, O, 8 P
Example S5 Cog , Nij g Fe; Bi, Mo,, 4

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

=

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

becomes more marked as the content of nickel in the

active phase increases.
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WO 95/26820 26 | 'PCT/FR95/00407
CLAIMS

1. Catalytic composition comprising a
support coated with an active phase which is based on
bismuth, molybdeﬁum and/or tungsten, cobalt, nickel,
iron, oxygen and 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
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
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
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:

- 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

This Sheet Has Been R laoed
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their precursors, and which is free from dopants, and

27

which is then dried and calcined,

- 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.

6. Process for the preparation of a-g8-
unsaturated aldehydes by oxidation of olefins in the
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,
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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