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A BSTRACT

CONTINUOUS PROCESS FOR THE PREPARATION OF
POLYMERS OF CARBON MONOXIDE WITH ONE OR MORE
OLEFINICALLY UNSATURATED COMPOUNDS

Process for the preparation of linear polymers of
carbon monoxide with one or more olefinically
unsaturated compounds in which polymers the units
originating from carbon monoxide and the units
originating from the olefinically unsaturated compounds
are present in a substantially alternating order by
contacting the monomers in a continuous manner at
elevated temperature and pressure with a catalyst based
on
a) a Group VIII metal compound,

b) a halomonocarboxylic acid,

c) a dentate ligand contalining at least two
phosphorus~, nitrogen~ or sulphur-containing
dentate groups which dentate ligand can form a
complex with the Group VIII metal, and

which catalyst contains less than 6 mol of component b)

per mol Group VIII metal.

CS9/T1481FF
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CONTINUOUS PROCESS FOR THE PREPARATION OF
POLYMERS OF CARBON MONOXIDE WITH ONE OR MORE
OCLEFINICALLY UNSATURATED COMPOUNDS

The invention relates to a process for the
preparation of polymers of carbon monoxide with one or
more olefinically unsaturated compounds.

The relevant polymers are linear polymers of
carbon monoxide with one or more olefinically
unsaturated compounds in which polymers the units
originating from carbon monoxide and the units
origlnating from the olefinically unsaturated compounds
are present in a substantially alternating order. These
polymers can be prepared by contacting the monomers at
elevated temperature and pressure with a catalyst based
on
a) a Group VIII metal compound,

b) a halomonocarboxylic acid,

c) a dentate ligand containing at least two
phosphorus-, nitrogen- or sulphur-containing
dentate groups which dentate ligand can form a
complex with the Group VIII metal.

In the aforesaid polymer preparation, both the
polymerization rate and the average molecular weight
play an important role. On the one hand it is
desirable to achieve the highest possible poly~-
merization rate, while on the other hand, as regards
their applications, the polymers are more valuable the
higher their average molecular weight. Both the poly-
merization rate and the average molecular weight can be
influenced by the temperature applied in the poly-
merization. Unfortunately, the effect of the
Cemperature on the polymerization rate and on the
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average molecular welght 1s in opposite directions, in
that an increase in the reaction temperature, whilst
leaving other reaction conditions unchanged, leads to
an increase in the polymerization rate, but also to a
decrease in the average molecular weight of the
resulting polymers. In practice, this implies that the
reaction temperature is chosen so as to obtain polymers
with an average molecular weight that is sufficiently
high for the particular application and that the poly-
merization rate corresponding to that temperature has
to be accepted.

In the course of an investigation by the Applicant
into the use of the above-mentioned catalysts for
batchwise preparation of the present polymers, it was
found that the catalyst's behaviour is determined to a
large extent by the quantity of component b) in the
catalyst relative to the quantity of component a). For
a given reaction temperature, higher polymerization
rates could be achieved and polymers with a higher
average molecular welght could be obtained according as
the quantity of component b) used in the catalyst was
higher. This influence of the quantity of component b)
on the polymerization rate and the average molecular
welght of the polymers holds over a wide range and
reaches a maximum value at a quantity of component b)
in the catalyst of about 10 mol per mol Group VIII
metal. Above 10 mol/mol no significant rise in the
polymerization rate or the average molecular weight is
observed upon further raising the quantity of component
b). 1In view of the favourable effect of a high
quantity of component b) in the catalyst, both on the
polymerization rate and on the average molecular weight
of the obtained polymers, it was hitherto customary to

use in the batchwise preparation of the present
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polymers a catalyst containing at least 10 mol
component b) per mol Group VIII metal.

During a previous investigation carried out by the
Applicant into the present polymer preparation it was
found that this preparation can be carried out
continuously as well as batchwise. For the preparation
of the polymers on a commercial scale, a continuous
process 1is much to be preferred to a batch process, for
the following reasons. Firstly, the continuous process
gives a higher polymer production, since the production
does not have to be regularly interrupted for the
loading and discharging of the reactor, which is the
case with batchwise preparation. Secondly, as the
continuous process, in contrast with the batchwise
production, 1is characterized by the fact that all
reaction parameters remain substantially constant, a
continuous process 1is easier to regulate and to
automatize. Finally, the continuous process produces
polymers which display less variation in their
properties and therefore possess a more constant
quality than those obtained from batchwise production.

The Applicant has carried out an extensive
investigation into the continuous preparation of the
present polymers using the above-mentioned catalysts.
Assuming that the same rules would apply for the
optimum composition of the catalyst for continuous
polymer preparation as had previously been found with
batchwise preparation, initially catalysts which
contained at least 10 mol of component b) per mol Group
VIII metal were, successfully, used in the
experimentation programme on continuous polymer
preparation,

In view of the extremely small quantities of
catalyst needed in the preparation of the present
polymers, the use of a high quantity of component b) in
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the catalyst can hardly be considered as a drawback
from the point of view of process costs. However, the
use of a catalyst with a high concentration of
component b) gives rise to another problem which is due
to the fact that in the present polymer preparation
some of the catalyst remains behind in the polymers. A
relatively high concentration of component b) in the
polymers can be disadvantageous to the stability of the
polymers. Owing to the generally high melting point of
the polymers, this can lead to problems such as
discolouration and decomposition during the processing
of the polymers 1in the molten state. Although the
concentration of component b) in the polymers can be
reduced by employing one or more wash steps, this will
of course add considerable extra costs when employved on
a commercial scale.

In the course of the Applicant's investigation
into the continuous preparation of the present
polymers, it has surprisingly been found that, in
complete contrast to what had previously been observed
with the batchwise preparation, the quantity of
component b) in the catalyst could be drastically
reduced to less than 6 mol per mol Group VIII metal
without a consequent reduction in the average molecular
weight of the polymers. Another surprise, also quite
contrary to what was expected on the basis of previous
observations with the batchwise preparation, was that
when the quantity of component b) in the catalyst was
reduced to below 6 mol per mol Group VIII metal, the
polymerization rate increased.

The present patent application therefore relates
to a process for the preparation of polymers in which
linear polymers of carbon monoxide with one or more
olefinically unsaturated compounds in which polymers
the units originating from carbon monoxide and the
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units originating from the olefinically unsaturated
compound (s) are present in a substantially alternating
order, are prepared in a continuous manner by
contacting the monomers at elevated temperature and

pressure wilth a catalyst based on

a) a Group VIII metal compound,
b) a halomonocarboxylic acid,
c) a dentate ligand containing at least two

phosphorus-, nitrogen- or sulphur~containing

dentate groups which dentate ligand can form a

complex with the Group VIII metal, and
which catalyst contains less than 6 mol of component b)
per mol Group VIII metal.

In this patent application Group VIII metals are
understood to be the noble metals ruthenium, rhodium,
palladium, osmium, iridium and platinum, as well as the
iron group metals iron, cobalt and nickel. Catalysts
containing a Group VIII metal selected from palladium,
nickel and cobalt are preferred in the process
according to the invention. Palladium is particularly
preferred as Group VIII metal. The Group VIII metal is
preferably incorporated in the catalyst in the form of
a salt of a carboxylic acid, in particular in the form
of an acetate,

In the catalyst used in the process according to
the invention, a halomonocarboxylic acid is
incorporated as component b). The halomonocarboxylic
acid preferably has a pKa of less than 2. Fluorine-
substituted monocarboxylic acids are also preferred.
Examples of suitable compounds which can be
incorporated in the catalysts as component b) are
difluoroacetic acid, trifluorocacetic acid, penta-
fluoropropionic acid and heptafluorobutyric acid. The
use of trifluoroacetic acid as component b) is
preferred.
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In the catalysts used in the process according to
the invention, component b) should be present in a
quantity of less than 6 mol per mol Group VIII metal.
The catalysts preferably contain 0.5-5 and in
particular 1-4 mol of component b) per mol Group VIII
metal.

In addition to components a) and b), the catalyst
used in the process according to the invention should
include as component c¢) a dentate ligand containing at
least two phosphorus-, nitrogen- or sulphur-containing
dentate groups which dentate ligand can form a complex
with the Group VIII metal.

If as component c¢) a dentate ligand is used which
can complex with the Group VIII metal via
sulphur-containing dentate groups, a component c) is
preferred with the general formula Rls-—R---SRl in which
R1 1s an optionally polar substituted hydrocarbyl group
and R represents a divalent organic bridging group
containing at least two carbon atoms in the bridge.
Examples of such compounds are 1,2~bis(ethylthio)-
ethane, cis~-1,2-bis(benzylthio)ethene and 1,2-bis(phenyl-
thio)propane.

If as component c¢) a dentate ligand is used which
can complex with the Group VIII metal via nitrogen-
containing dentate groups, a component c¢) is preferred
with the general formula

X X

/ N/ \
N =C~C =N

in which X represents an organic bridging group
containing three or four atoms in the bridge, of which
at least two are carbon atoms. Examples of such
compounds are 2,2'-bipyridine and 1, 10-phenanthroline.
Preferably, a dentate ligand is used as component
c) which can complex with the Group VIII metal via
phosphorus-containing dentate groups. Although this
can be satisfied by dentate ligands containing more
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than two dentate groups, such as the tetradentate
ligand 1,8-bis[bis(2-methoxyphenyl)phosphino]-2,7-bis-
[bis (2-methoxyphenyl) -phosphinomethyl Joctane, bidentate
ligands are preferred. If such a bidentate ligand is
used as component c¢), a compound with the general
formula (Rl)ZP—R—P(Rl)2 is preferred in which R and R

have the meanings given hereinbefore. In that case,

1

particular preference is given to a compound in which
R% represents an aryl group carrying an alkoxy group as
substituent at the ortho position relative to the
phosphorus atom and the group represented by R contains
three atoms in the bridge. An example of such a
compound 1is 1,3~bis[bis(2-methoxyphenyl)phosphino]-
propane.

If as component c¢) a dentate ligand is used which
can complex with the Group VIII metal via sulphur- or
nitrogen-containing dentate groups, the quantity of
component c¢) employed is preferably 0.5-100 and in
particular 1-50 mol per mol Group VIII metal. If a
dentate ligand is used that can complex with the Group
VIII metal via phosphorus-containing dentate groups,
the quantity employed is preferably 0.5-2 and in
particular 0.75-1.5 mol per mol Group VIII metal.

To enhance the activity of the catalysts, a
1l,4~quinone can also be included therein as component
d). 1,4-benzoquinone and 1,4-naphthoquinone are very
suitable for this purpose. The quantity of 1,4-quinone
is preferably 5-5000 and in particular 10-1000 mol per
mol Group VIII metal.

Olefinically unsaturated compounds which, in
accordance with the invention, can be polymerized with
carbon monoxide include compounds consisting
exclusively of carbon and hydrogen, as well as
compounds which in addition to carbon and hydrogen also

contain one or more heteroatoms. The process according
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to the invention is preferably used for the preparation
of polymers of carbon monoxide with one or more
olefinically unsaturated hydrocarbons. Examples of
sultable hydrocarbon monomers are ethene, propene,
butene-1, hexene-1, octene-1l, styrene, cyclopentene,
norbornene and dicyclopentadiene. The process
according to the invention is particularly very
suitable for the preparation of copolymers of carbon
monoxide with ethene and the preparation of terpolymers
of carbon monoxide with ethene and another olefinically
unsaturated hydrocarbon, such as an a-olefin, in
particular propene.

The quantity of catalyst used in the process
according to the invention may vary within wide limits.
Preferably, the quantity of catalyst employed per mol
olefinically unsaturated compound to be polymerized

=7 % +o 1074

contains 10 to 10""3 and 1n particular 10

mol Group VIII metal.

In the process according to the invention the
contacting of the monomers with the catalyst is
preferably carried out in the presence of a diluent in
which the polymers are almost or completely insoluble.
Lower aliphatic alcohols are very suitable for this
purpose, methanol in particular. '

The process according to the invention is
preferably carried out in two or more reactors
connected in series. If reactors connected in series
are used, preferably two or three reactors are used.

The polymerization is preferably carried out at a
temperature of 25-150°C and a pressure of 2-150 bar and
in particular at a temperature of 30-130°C and a
pressure of 5-100 bar. The molar ratio of the
olefinically unsaturated compounds relative to carbon

monoxide 1s preferably 10:1 to 1:10 and in particular
5:1 to 1:5.
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The higher the average molecular weight of the
present polymers, the higher will be their intrinsic
viscosity. The designation "Limiting Viscosity Number"
(LVN), recommended by the International Union of Pure
and Applied Chemistry, will hereinafter be used instead
of "intrinsic viscosity". For the determination of the
LVN of the polymers, first four solutions are prepared
by dissolving the polymer in four concentrations in
meta-cresol. For each of the solutions the viscosity
at 60°C relative to meta-cresol at 60°C is determined
in a viscometer. If T, represents the outflow time of
meta-cresol and Tp the outflow time of the polymer
solution, the relative viscosity (qrel) is obtained
from Doy = (Tp/To)' The inherent viscosity (Qinh) can
be calculated from Yol according to the formula inh =
(1n qrel)/c where ¢ represents the concentration of the
polymer in grams per 100 ml solution.

The LVN, in dl/g, can now be found by graphically
plotting Ninh for each of the four polymer solutions
against the corresponding concentration (c) and then
extrapolating to ¢ = 0.

The polymers of this invention can be processed
into articles of manufacture such as fibres, films,
laminates, tubes, piping and articles having an
intricate shape by any melt processing technique, such
as melt spinning, extrusion and co-~extrusion, injection
moulding and compression moulding. The polymers may be
used in the form of a powder, or as a granulate, which
may have been obtained by a melt processing technique.

The process of the invention does not only improve
the melt stability of the present polymers, but it also
renders the polymers better processable in melt
processing operations. Thus they render processable
certain types of copolymers which were hardly
processable before the present invention.



The invention will now be illustrated by the
following examples.

LAAMPLE 1

A carbon monoxide/ethene copolymer was prepared as
3 follows. 200 ml methanol was introduced into a
mechanically stirred autoclave with a capacity of 300
ml. After the contents of the autoclave had been
brought to 90°C, quantities of ethene and carbon
monoxide were forced into the autoclave until the
10 ethene partial pressure reached 33 bar and the carbon

monoxide partial pressure reached 22 bar.

Subsequently, a catalyst solution consisting of
23.5 ml methanol,

1.5 ml toluene,

15 0.01 mmol palladium acetate,
0.02 mmol trifluoroacetic acid, and
0.01 mmol 1,3-bis(bis(2-methoxyphenyl)phosphino]propane
was introduced into the autoclave.

The pressure in the autoclave was maintained by

20 supplying a 1:1 carbon monoxide/ethene mixture. The
polymerization was terminated after 3 hours by cooling
the reaction mixture to room temperature and releasing

the pressure. The copolymer was filtered off, washed
with methanol and dried. 15.9 g copolymer was

25 obtained. The polymerization rate was 5 kg copo-
lymer/ (g palladium.hour). The copolymer had an LVN of
0.5 dl/g.
EXAMPLE 2

A carbon monoxide/ethene copolymer was prepared in

30 virtually the same manner as in example 1, but with the
difference that the catalyst solution contained 0.04

mmol trifluorocacetic acid instead of 0.02 mmol. 22.3 g
copolymer was obtained. The polymerization rate was

7 Kg copolymer/ (g palladium.hour). The copolymer had an
35 LVN of 0.8 dl/g.
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EXAMPLE 3

A carbon monoxide/ethene copolymer was prepared in
virtually the same manner as in example 1, but with the
followling differences
a) a catalyst solution was used consisting of:

23.5 ml methanol,

1.5 ml toluene,

0.0055 mmol palladium acetate,

0.055 mmol trifluorocacetic acid, and

0.0066 mmol 1,3~bis[bis{z-methoxyphenyl)—

phosphino]propane, and
b) the reaction time was 2 hours instead of 3 hours.

18.6 g copolymer was obtained. The polymerization
rate was 16 kg copolymer/(g palladium.hour). The
copolymer had an LVN of 1.0 dl/g.

EXAMPLE 4

A carbon monoxide/ethene copolymer was prepared in
virtually the same manner as in example 3, but with the
difference that the catalyst solution contained 0.11
mmol trifluoroacetic acid instead of 0.055 mmol. 19.8
g copolymer was obtained. The polymerization rate was

17 kg copolymer/(g palladium.hour). The copolymer had
an LVN of 1.0 dl/g.

EXAMPLE 5

A carbon monoxide/ethene copolymer was prepared in
virtually the same manner as in example 3, but with the
difference that the catalyst solution contained 0.165
mmol trifluorocacetic acid instead of 0.055 mmol. 17.5
g copolymer was obtained. The polymerization rate was

15 kg copolymer/ (g palladium.hour). The copolymer had
an LVN of 0.9 dl/g.

EXAMPLE 6

A carbon monoxide/ethene copolymer was prepared in
virtually the same manner as in example 3, but with the
difference that the catalyst solution contained 0.33
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mmol trifluoroacetic acid instead of 0.055 mmol. 18.7

g copolymer was obtained. The polymerization rate was

16 kg copolymer/ (g palladium.hour). The copolymer had
an LVN of 1.0 dl/g.

EXAMPLE 7

A carbon monoxide/ethene/propene terpolynmer was
prepared as follows. 125 ml methanol was introduced
into a mechanically stirred autoclave with a capacity
of 300 ml. After the contents of the autoclave had
been brought to 65°C, quantities of ethene, propene and

carbon monoxide were introduced into the autoclave
until the ethene partial pressure reached 21 bar, the
propene partial pressure reached 15 bar and the carbon
monoxide partial pressure reached 20 bar.
Subsequently, a catalyst solution consisting of

25 ml methanol,

0.01 mmol palladium acetate,

0.02 mmol trifluoroacetic acid, and

0.012 mmol 1,3-bis(diphenylphosphino)propane

was 1ntroduced into the autoclave.

The pressure in the autoclave was maintained by
supplying a 1:1 carbon monoxide/ethene mixture. The
polymerization was terminated after 10 hours by cooling
the reaction mixture to room temperature and releasing
thé.pressure. The terpolymer was filtered off, washed
with methanol and dried. 10 g terpolymer was obtained.
The polymerization rate was 0.9 kg terpolymer/-

(g palladium.hour). The terpolymer had an LVN of 0.4
dl/g.

EXAMPLE 8

A carbon monoxide/ethene/propene terpolymer was
prepared in virtually the same manner as in example 7,
but with the difference that the catalyst solution
contained 0.20 mmol trifluorcacetic acid instead of

0.02 mmol. 18 g terpolymer was obtained. The
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polymerization rate was 1.7 kg terpolymer/-
(g palladium.hour). The terpolymer had an LVN of 0.6

dl/qg.
EXAMPLES 9-12

In these examples carbon monoxide/ethene/propene
terpolymers were prepared by a continuous process using
a catalyst solution containing per 1 acetone 1.10 g
palladium acetate, 2.74 g 1,3-bis[bis(2-methoxyphenyl) -
phosphino]lpropane and varying cquantities of
trifluorocacetic acid. The reaction conditions and the

results obtained in the various examples are given in
Table I.

EXAMPLES 13 and 14
In these examples carbon monoxide/ethene/propene

terpolymers were prepared by a continuous process in
two reactors connected in series, the reaction product
of the first reactor, together with fresh feed
(monomer) components, being fed continuously to the
second reactor. The pressure in the reactors was
maintained by discharging the excess feed gases from
the second reactor. The series~connected reactors had
substantially the same gas phase composition. In
examples 13 and 14 the same catalyst solutions were
used as in examples 10 and 12, respectively. The
reaction conditions and the results obtained in the
various examples are given in Table II.

Of the examples 1-14, examples 11, 12 and 14 are
in accordance with the invention. In these examples
the polymer preparation was carried out by a continuous
process using a catalyst containing less than 6 mol
trifluoroacetic acid per mol palladium. Examples 1-10
and 13 fall outside the scope of the invention and are
included in the patent application for the purposes of
comparison. In examples 1-8 the polymer preparation was
carried out batchwise. Although in examples 9, 10 and
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13 the polymer preparation was carried out as a
continuous process, a catalyst was used which contained
more than 6 mel trifluoroacetic acid per mol palladium.

The influence of the quantity of the halomono-~
carboxylic acid in the catalyst on the polymerization
rate and the average molecular weight in the batchwise
polymerization can be clearly seen by comparison of the
results of examples 1, 2 and 3. As the quantity of
acld rises from 2 via 4 to 10 mol per mol palladium,
the polymerization rate rises from 5 via 7 to 16 kg
copolymer/ (g palladium.hour) and the LVN from 0.5 via
0.8 to 1.0 dl/g. A similar influence of the quantity
of acid is observed upon comparison of the results of
examples 7 and 8. An increase in the quantity of acid
from 2 to 20 mol per mol palladium results in an
increase of the polymerization rate from 0.9 to 1.7 kg
terpolymer/ (g palladium.hour) and of the LVN from 0.4
to 0.6 dl/g.

By comparing the results of examples 4, 5 and 6
(carried out with catalysts in which the quantity of
acid was 20, 30 and 60 mol per mol palladium
respectively) with those of example 3 (carried out with
a catalyst in which the gquantity of acid was 10 mol per
mol palladium), it can be seen that a rise in the
quantity of acid to values above 10 mol per mol
palladium does not lead to any significant improvement
in the polymerization rate or the average molecular
weight in the batchwise polymer preparation. A similar
conclusion can be drawn from a comparison of the
results in the continuous examples 9 and 10 (carried
out with catalysts in which the quantity of acid was 20
and 10 mol per mol palladium respectively).

The favourable effect found if, in accordance with
the invention, the continuous polymer preparation is
carried out with a catalyst containing less than 6 mol



10

15

20

_- 15 -

trifluoroacetic acid per mol palladium can clearly be
seen by comparing the results of examples 11 and 12
with those of example 10 and by comparing the results
of example 14 with those of example 13. Contrary to
what would be expected on the basis of the results of
the experiments with the batchwise process, viz. a fall
in both the polymerization rate and the average
molecular weilght, in the continuous polymer preparation
a reduction of the quantity of acid to below 6 mol per

mol palladium resulted in a rise in the polymerization

rate, while the LVN remained constant.

By means of 13C-NMR analysis it was established
that the carbon monoxide/ethene copolymers prepared
according to examples 1-6 and the carbon monoxide/-
ethene/propene terpolymers prepared according to
examples 7-14 consisted of linear chains in which on
the one hand the units originating from carbon monoxide
and on the other hand the units originating from ethene
or from ethene and propene occurred in an alternating
order. In the terpolymer chains the units originating
from ethene and propene were distributed in a random

manner.

Table T

For each of examples 9-12 the following applied:

Reactor volume, 1 150
Temperature, °C 80
Pressure, bar 45

Feed rates

methanol, kg/hour 5.75
propene, kKg/hour 0.5
catalyst solution, ml/hour 22

Quantity by weight of suspension in reactor, kg 83
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Table I (cont'd)

Example No. 9 10 11 12

Quantity of trifluoro-

acetic acid in catalyst 11.20 5.60 2.24 1.12
solution, g/l

Trifluoroacetic acid/

palladium molar ratio 20/1 10/1 4/1 2/1
Feed rates

carbon monoxide, Nl/h 500 D25 600 625
ethene, N1l/h 850 875 925 950
Polymer production rate,
kg/h 0.61 0.65 0.83 0.92
Polymerization rate,
kg/ (g palladium.hour) 4.5
LVN, dl/g 1.8 1.8
Table II

For each of examples 13 and 14 the following applied:

1st react. 2nd react.

Reactor volume, 1 13.6 150
Temperature, °C 80 80
Pressure, bar 45 45

Feed rates

methanol, kg/hour 5.75 -
propene, Kg/hour 0.73 -
catalyst solution, ml/hour 23 -

Quantity by weight of suspension
in reactor, kg 7.3 83
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Table II, (cont'd)

Example No.

Reactors
Trifluoroacetic acid/
palladium molar ratio
Feed rates
carbon monoxide, Nl/h
ethene, Nl1l/h
Polymer production rate,
kg/h
Polymerization rate,
kg/ (g palladium.hour)
LVN of the end
product, dl/g

13
lst L 2nd
16/1 10/1
220 270
375 525
0.09 1.00
7.5 7.5
.- 2.0

14
1st E;d.
2/1 2/1
275 300
400 550
0.10 1.12
8.2 8.3
- 2.0
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CLAIMS:

1. A process for the preparation of polymers, wherein
linear polymers of carbon monoxide with one or more
olefinically unsaturated compounds in which polymers the units
originating from carbon monoxide and the units originating from
the olefinically unsaturated compound(s) are present in a
substantially alternating order, are prepared in a continuous
manner by contacting the monomers at elevated temperature and

pressure wlith a catalyst based on

a) a Group VIII metal compound,

b) a halomonocarboxylic acid,

c) a dentate ligand containing at least two

phosphorus-, nitrogen- or sulphur-containing dentate groups

which dentate ligand can form a complex with the Group VIII

metal, and

which catalyst contains less than 6 mol of component

b) per mol Group VIII metal.

2 . A process 1n accordance with claim 1, wherein the

Group VIII metal compound in the catalyst contains palladium as

Group VIII metal, and 1s included in the form of a salt of a

carboxylic acid.

3. A process 1n accordance with claim 2, wherein the

salt 1s an acetate.

4 A process 1n accordance with claim 1, 2, or 3,
wherein a halomonocarboxylic acid with a pKa of less than 2 is

included in the catalyst as component b).
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5. A process 1n accordance with any one of claims 1-4,

wherein the catalyst contains 0.5-5 mol component b) per mol

Group VIII metal.

6. A process 1n accordance with any one of claims 1-4,

> wherein the catalyst contains as component c¢) a compound with
the general formula (R"),P-R-P(R'), in which R' represents an
optionally polar substituted hydrocarbyl group and R represents

a divalent organic bridge group containing at least two carbon

atoms 1n the bridge.

10 7. A process 1n accordance with claim 6, wherein the

catalyst contains per mol Group VIII metal 1-4 mol component b)

and 0.75-1.5 mol component c).

8 . A process 1n accordance with any one of claimg 1-7,

wherelin as olefinically unsaturated compounds one or more

15 hydrocarbons are used.

9. A process 1n accordance with claim 8 wherein ethene

1s one of the hydrocarbons.

10. A process 1n accordance with claim 8 wherein ethene

and propene are the hydrocarbons.

20 11. A process 1n accordance with any one of claims 1-10,
wherein the contacting of the monomers with the catalyst is

carried out in the presence of a diluent in which the polymers

are almost or completely insoluble.

12. A process in accordance with any one of claims 1-11,

25 wherein the process is carried out in two or three reactors

connected 1in series.

13. A process 1n accordance with any one of claims 1-12,

wherein per mol olefinically unsaturated compound to be
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polymerized a quantity of catalyst is employed which contains

107°-107* mol Group VIII metal, and that the process is carried

out 1in the presence of a lower aliphatic alcohol, as a diluent
at a temperature of 30-130°C, a pressure of 5-100 bar and a

molar ratio of the olefinically unsaturated compounds relative

to carbon monoxide of 5:1 to 1:5.

14 . A process according to claim 13, wherein the lower

aliphatic alcohol is methanol.
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