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1. Process for the preparation of polyketone

polymers, characterized in that

a) 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) occur in a substantially alternating order,
are prepared by contacting the monomers at elevated
temperature and pressure, in the presence of a diluent
in which the polymers are insoluble or virtually
insoluble, with a zuitable catalyst,

b) the preparation is carried out continuously,

c) the start-up procedure is carried out by adding
the feed streams into a reactor containing monomers and
diluent and which is at the temperature and pressure
chosen for the stationary period, and

d) a solid material suspended in the diluent is
present in the reactor at the beginning of the start-up
period.
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2. Process according to claim 1, characterized in
that the solid material which at the beginning of the
start-up period is present in the reactor suspended in
the diluent is an alternating polymer of carbon
monoxide with one or more olefinically unsaturated

compounds.
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PREPARATION OF POLYKETONE POLYMERS

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

Linear polymers of carbon monoxide with one or
more olefinically ursaturated compounds, in which
polymers the units originating from carbon monoxide on
the one hand and the units originating from the
olefinically unsaturated compounds used on the other

hand occur in a substantially alternating arrangement,

can be prepared by contacting the monomers at an
elevated temperature and pressure, in the presence of a
diluent in which the polymers are insoluble or
virtually insoluble, with a catalyst that suits the
purpose. The preparation of the polymers can, in
principle, be carried out in either of two manners,
viz. batchwise or continuously.

Batchwise preparation of the polymers is carried
out by introducing catalyst into a reactor containing
diluent and monomers and which is at the desired
temperature and pressure. As polymerization proceeds,
the pressure drops, the concentration of the polymers
in the diluent increases and the viscosity of the
suspension rises. Polymerization is continued until
the viscosity of the suspension has reached such a high
value that contihuing the process further would create
difficulties in connection with heat removal. 1In
principle, the only parameter which remains constant in
batchwise polymer preparation is the temperature. A
variant of batchwise polymer preparation is semi-
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batchwise preparation in which besides the temperature
also the pressure is kept constant by adding monomers
to the reactor during the polymerization.

In continuous polymer preparation, a diluent,
monomers and catalyst are continuously added to a
reactor containing monomers and a certain volume of the
diluent and which is at the desired temperature and
pressure, and a polymer suspension is continuously
withdrawn from it. During the continuous polymer
preparation, the temperature, the pressure and the
ligquid volume in the reactor are kept substantially
constant. After a start-up period in which the polymer
concentration in the suspension increases to the
desired value, a stationary state is reached which is
characterized, inter alia, by the suspension withdrawn
from the reactor having a substantially constant
polymer content and the polymers contained therein
having substantially constant properties.

For the preparation of the polymers on an
industrial scale, a continuous process is greatly to be
preferred to batchwise or semi~batchwise production for
the following reasons. In the first place, the
continuous process gives a higher polymer output
because the production does not, as in batchwise
preparation, have to be frequently interrupted for
charging and discharging the reactor. Since continuous
operation, in contrast with batchwise production, is
characterized by all the reaction parametets remaining
substantially constant, a continuous process is easier
to regulate and is more suited to automation. Finally,
the continuous process produces polymers which exhibit
less variation in properties and therefore have a more
constant quality than those obtained from batchwise
production.
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One of the most important properties of the
polymers in question is the bulk density. This plays
an important role both in the preparation and in the
treatment, storage, transport and processing of the
polymers. As far as polymer preparation is concerned,
the rule of thumb is that the maximum permissible
suspension concentration, expressed in (kg polymer/kg
suspension) x 100, is about one-tenth of the bulk
density expressed in kg/m3. This means that, in the
preparation of a polymer with a bulk density of
100 kg/m3, the maximum suspension concentration is
about 10%, whereas in the preparation of a polymer with
a bulk density of 500 kg/m3, the maximum suspension
concentration is about 50%. This means that a
quintupling of bulk density offers the possibility of
preparing about five times the quantity of polymer in
the same reactsr volume. As far as polymer treatment,
such as filtering, washing and drying, is concerned,
the quantity of adhering liquid is largely determined
by the polymer bulk density. Thus it has been found,
for example, that a polymer with a bulk density of
100 kg/m3 binds approx. 5 kg diluent or washing liquid
per kg, whereas that quantity is only about 0.25 kg for
a polymer with a bulk density of 500 kg/m3. This is
riaturally of great importance on account of the
quantity of liquid that must be used in washing the
polymers and must be removed when the polymers are
dried. As far as transport and storage are concerned,
the rule is that the higher the polymers' bulk density,
the more attractive the flow behaviour they will have
and the less space they will occupy. As far as the
processing of the polymers into shaped objects is
concerned, it is often the case that polymers with low
bulk derisity cause problems in the processing
apparatus. Polymers with low bulk density must often
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be compacted, for example by extrusion, in order to
make them suitable for further processing in the
equipment usual for that purpose. The higher the
polymers' bulk density, the less need there will be for
prior treatment of the material, which will be suitable
for further processing as it is.

It will be clear from the above that for the
preparation of the polymers in question, interest is
primarily directed at a continuous process and further
at such a process in which polymers with a high bulk
density are obtained.

As stated above, in the continuous preparation of
the present polymers the stationary period is preceded
by a start-up period. 1In contrast with the stationary
period, during the start-up period both the polymer
content of the suspension and the bulk density of the
prepared polymers increase.

The applicant has carried out extensive research
into the conditions which should be applied during the
start-up period with a view to achieving the highest
possible suspension concentration during the stationary
period, as well as the highest possible bulk density of
the polymers prepared during the stationary perioed.
Initially, the route followed in an attempt to achieve
this goal was to add to a reactor which contained
monomers and diluent and was at & temperature and
pressure selected for the stationary period the feed
streams (monomers, catalyst and diluent) with the
catalyst and diluent feed rates having values
corresponding with those chosen for the stationary
period (k and v respectively). The results of this
start-up procedure were quite disappointing. Although
after a relatively long start-up period a stationary
state could be reached, characterized by a constant
polymer content of the suspension discharged from the
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reactor, and a constant bulk density of the polymers
present therein, both the suspension concentration and
the bulk density were low. Attempts to improve the
situation by application of a considerably higher
catalyst rate than that previously used remained
unsucgessful. Although a higher suspension
concentration could be achieved in this way, the bulk
density of the prepared polymers was very low.
Moreover, the experiments conducted in this way had to
be broken off at an early stage at a moment that the
stationary state had not yet been reached in connection
with extremely high viscosity of the suspension, so
that stirring was no longer possible.

In the course of continued research into this
subject, a start-up procedure was recently found that
leads to a stationary state which is characterized both
by a high suspension concentration and a high bulk
density of the prepared polymers. The start-up
procedure is carried out by adding the feed streams to
a reactor containing monomers and diluent and which is
at a temperature and pressure chosen for the stationary
period. If during the stationary period the catalyst
addition rate has a value k and the diluent addition
rate has a value v, a catalyst addition rate should be
employed at the start of the start-up period which is
smaller than kX and/or a diluent addition rate which is
greater than v and the catalyst addition rate should be
increased and/or the diluent addition rate should be
reduced during the start-up period such that at the end
of the start-up period they have the values k and v
respectively.

A drawback of the above-described procedure is
that it takes quite a long time before the stationary
state is reached. After continued research a start-up
procedure has now been found which, just like the
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previously mentioned one, leads to a stationary state
which is characterized by both a high suspension
concentration and a high bulk density of the prepared
polymers, but which takes substantially less time.

This start-up procedure is carried out by adding of the
feed streams to a reactor containing monomers and
diluent and which is al the temp.rature and pressure
chosen for the stationary state and in which a solid
material suspended in the diluent is present at the
beginning of the start-up period.

The present patent application therefore relates
to a process for the preparation of polymers, in which
a) 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) occur in a substantially alternating order,
are prepared by contacting the monomers at elevated
temperature and pressure with a suitable catalyst,

b) the preparation is carried out continuously,

c) the start-up procedure is carried out by adding
the feed streams to a reactor containing monomers and
diluent and which is at the temperature and pressure
chosen for the stationary period, and

d) at the beginning of the start-up period a solid
material suspended in the diluent is present in the
reactor .

In the process of the invention, a solid material
suspended in the diluent should be present in the
reactor at the beginning of the start-up period. Both
organic and inorganic materials can be used for this
purpose. Preferably, a polymer is used, and in
particular an alternating polymer of carbon monoxide
with one or more olefinically unsaturated compounds.
For example, in the preparation of an alternating
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carbon monoxide/ethene/propene terpolymer, use can very
suitably be made of a suspension in which an alter-
nating carbon monoxide/ethene copolymer is present.
More in particular, there is preference for the
application of a suspension in which the polymer is not
only alternating, but moreover as regards the
composition substantially corresponds with the polymer
to be prepared. For this reason, in the preparation of
an alternating carbon monoxide/ethene/propene
terpolymer according to the invention, use is
preferably made of a suspension in which the polymer is
also an alternating carbon monoxide/ethene/propene
terpolymer. The concentration of the suspension which
is present in the reactor at the beginning of the
start-up period is preferably at least 12.5%.

As regards the catalyst addition rate employed
during the start-up period, two variants were
investigated and found suitable. Either the catalyst
addition rate c¢an be kept substantially constant during
the whole start-up period at the value chosen for the
stationary periocd or a higher catalyst addition rate
can be used at the beginning of the start-up period and
this can be reduced during the start-up period such
that, by the end of the start-up period, it has
substantially the value chosen for the stationary
period.

As stated above, the suspension which according to
the invention should be present in the reactor at the
beginriing of the start-up period is preferably a
suspension of an alternating polymer of tarbon monoxide
with one or more olefinically unsaturated compourds,
which suspension, moreover, preferably has a con-
centration of at least 12.5%. 1In view of the high
viscosity which such suspensions generally have, their
transport can cause problems. Such t ansport is
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necessary if the suspension is prepared batchwise in a
separate reactor and then has to be transferred to a
reactor in which the continuous preparation is to take
place. Possible problems in the transport of the
suspension will play a greater role as greater
quantities of the suspension have to be transferred to
the continuous reactor, for example if this form of
implementation is chosen in the preparatien of the
present polymers on an industrial scale. The above-
mentioned problems can be avoided by carrying out both
the preparation of the polymer suspension needed for
the start-up period and the continuous polymer
preparation in the same reactor. The preparation of
the required polymer suspension can very suitably be
carried out batchwise, with the polymerization being
continued until the suspension coneentration desired
for the start-up period is achieved. Preferably, the
same catalyst is used for the batchwise preparation of
the polymer suspension as is also subsequently used for
the continuous polyhmer preparation. It is further
preferable to employ substantially the same temperature
and pressure during the batchwise preparation of the
polymer suspension as that subséquently enmployed during
the continuous polymer preparation. As regards the
catalyst concentrations which can be used if the same
catalyst is used for batchwise preparation of the
polymer suspension and the continuous polymer
preparation, three variants have been investigated and
found suitable. Firstly, a lower catalyst con-
centration can be used for the batchwise preparation of
the polymer suspension than subsequently for the
continuous polymer preparation. It is also possible to
use substantially the same catalyst concentration in
both cases. Finally, the catalyst concentration can
very suitably be varied during the batchwise
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preparation of the polymer suspension, this being done
such that a catalyst concentration is used at the
beginning of the batchwise polymerization which is
lower than that needed for the continuous poly-
merization and that the catalyst concentration is
raised during the batchwise polymerization to the value
used for the continuous polymer preparation. For the
batchwise preparation of the polymer suspension,
preferably a small quantity of solid material is
suspended in the diluent before the monomers are
contacted with the catalyst. As regards the nature of
the solid materials eligible for this purpose,
reference is made to the previous remark with regard to
the solid materials which can be present suspended in
the diluent at the beginning of the start-up period.

As was mentioned there, it also applies to the present
case that there is particular preference for an
alternating polymer that, as regards composition;
corresponds substantially with the polymer to¢ be
prepared batchwise. If in the batchwise preparation of
the polymer suspension use is made of a solid material
suspended in the diluent, the concentration of the
suspension present in the reactor at the beginning of
the batchwise preparation is preferably at most 5%.

In the process of the invention, a catalyst is
used which is capable of catalyzing the formation of
the linear alternating polymers mentioned hereinbefore,
starting from & mixture of carbon monoxide and one or
more olefinically unsaturated compounds. Catalysts
that are suitable for the present purpose are, inter
alia, those which include a Group VIII metal. 1In 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. Prefereéence is given to




&

.

¢ o
[ A XX ]
sebe
.

(X XX
. <
LN ]

[ XX X4

.
abey
(2]

[
L XX XX ]
L} L]

ae* s

- .

LI% X ]
sen e

[ XX
14
sien

10

15

20

25

30

- 10 -~

catalysts which include palladium, nickel or cobalt as
Group VIII metal.
palladium as the Group VIII metal.

Special preference is given to

If the catalysts
that are used in the process of the invention comprise
a Group VIII metal, they ar€ incorporated in the
catalyst preferably in the form of a salt of a
carboxylic acid, in particular in the form of an

In addition to a Group VIII metal, the
catalysts preferably include a dentate ligand in which

acetate.

at least two dentate groups occur, selected from
phosphorus-containing, nitrogen-containing and
sulphur-containing dentate groups, whereby the dentate
Although
dentate ligands containing more than two dentate groups

ligand can complex with the Group VIII metal.

are &lso eligible for this purpose, such as the tetra-
dentate ligand 1,8-bis[bis(2-~-methoxyphenyl)phosphino]-
2,7-bis[bis(2~-methoxyphenyl) phosphinomethyljoctane,
bidentate ligands are preferred. When a nitrogen
bidentate ligand is used, preference is given to
compounds of the general formula
X X

/N /N
N=C~-C=N wherein X
represents an organic bridging group containing tﬁree
or four atoms in the bridge, at léast two of which are
carbon atoms, such as 2,2'-bipyridine and 1,10-phenan-
throline. When use is made of a sulphur bidentate
ligand, it is preferred to use compounds of the general

formula Rls—R-SRl, wherein R? represents an optionally

organic bridging group which has at least two carbon
atoms in the bridge, such as 1,2-bis(ethylthio) ethane
and cis=1,2-bis(benzylthioc) ethene. Preference is
given to the use of phosphorus bidentate ligands of the
general formula (ﬁljzpﬁRﬁP(Rl)g, wheréin R and ?l have
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the meanings given hereinbefore. Further it is
preferred to use such phosphorus bidentate ligands in
which R1 represents an aromatic hydrocarbon group
having at least one alkoxy substituent in the ortho
position relative to the phosphorus atom to which it is
bound. A compound which is very suitable for the
present purpose is 1,3-bis[bis(2-methoxyphenyl)phos-
phino}propane. If a nitrogen or sulphur bidentate
ligand is used in the catalysts, the applied quantity
is preferably 0.5-100 and in particular 1-50 mol per
mol of Group VIII metal. When a phosphorus bidentate
ligand is used, the applied gquantity is preferably
0.5-2 and in particular 0.75-1.5 mol per mol of Group
VIII metal. In addition to a Group VIII metal and a
phosphorus, nitrogen or sulphur bidentate ligand, the
catalysts preferably include an anion of an acid with a
pKa of less than 4 and in particular an anion of an
acid with a pKa of less than 2. The anion can be
introduced into the catalyst either in the form of a
compound from which the desired anion splits off or in
the form of a mixture of compounds from which the
desired anion is formed by interaction. Both mineral
acids and organic acids are eligible as acids with a
pKa of less than 4. Examples of suitable mineral acids
are sulphuric acid and perchloric acid. Examples of
suitable organic acids are sulphonic acids such as
para-toluenesulphonic acid and halogen carboxylic acids
such as trifluoroacetic¢ acid. The anion can be
ineorporated in the catalyst in the form of a
carboxylic acid or in the form of a derivative thereof
such as an alkyl or aryl ester, an amide, an imide, an
anhydride, an ortho-ester, a lactone, a lactam or an
alkylidene dicarboxylate. The anion is preferably
present in the catalysts in a dquantity of 1-100 and in
particular 2«50 mol per mol of Group VIII metal. Apart



..

[ X ]

. L]
LA LXK ]

LX X XY
LI
se o
seed
» .
*o00
EXXY}
04
seee

.
s8¢0 e
. .

XX XY
L]

[ 42 B

vede

.
edoe

10

20

25

30

-12 -

from application as separate conponent, the anion of an
acid with a pKa of less than 4 can also be present in
the catalyst because, for example, palladium trifluoro-
acetate or palladium para~tosylate was used as Group
VIII metal compound. In order to increase the activity
of the Group VIII metal-containing catalysts, a
1,4-quinone may be additionally incorporated therein.
For that purpose, 1,4-benzoguinone and 1,4-naphtho-
quinone are very suitable. Thé quantity of 1,4~quinone
used preferably amounts to 5-5,000 and in particular
10-1,000 mol per mol Group VIII metal.

Olefinically unsaturated compounds that can be
polymerized with carbon monoxide by using the process
of the invention can be compounds consisting
exclusively of carbon and hydrogen as well as compounds
which contain, in addition to carbon and hydrogen, one
or more hetero-atoms. The process of the invention is
preferably applied for the preparation of polymers of
carbon monoxide with one or more olefinically
unsaturated hydrocarbons. Examples of suitable hydro-
carbon monomers are ethene, propene, butene-l,
hexene-1, octene-~l, styrene, cyclopentene, norbornene
and dicyclopentadiene. The process of the invention is
in particular very suitable for application in the
preparation of copolymers of carboh monoxide with
ethene and for the preparation of terpolymers of carbon
monoxide with ethene and an a-olefin, in particular
propene.

The quantity of catalyst composition employed in
the process of tke invention may vary within wide
limits. Preferably, a guantity of catalyst composition
is used which comprises 103'7510'33
16~6<1074 mol of Group VIII metal per mol of
cléfinically unsaturated compound to be polymerized.

and in particular
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The contacting of the monomers with the catalyst
is, in the process of the invention, carried out in the
presence of a diluent in which the polymers are
insoluble or wvirtually insoluble. Very suitable for
this purpose are lower aliphatic alcohols and in
particular methanol.

The process of the invention is preferably carried
out in two or more reactors connected in series. If
reactors connected in series are used, preferably not
more than three reactors are used.

The process of the invention 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 clefinically unsaturated ¢ompounds relative to
carbon monoxide is preferably 10:1-1:10 and in
particular 5:1-1:5.

The invention will now be illustrated with the aid
of six examples of the continuous preparation of carbon
monoxide/ethehe copolymers and carbon monoxide/ethene/-
propene terpolymers. The examples were carried out in
a reactor with a capacity of 150 1. The catalyst
components were distributed over two solutions:
Solution 1 contained 1000 mg palladium acetate per
litre acetone, 2491 mg 1,3-bis[bis(2-methoxyphenyl)-
rhosphino]lpropane and 1067 mg trifluoroacetic acid.
Solution 2 contained 3000 mg trifluorocacetic acid per
litre acetone.

Unless stated othexrwise, the suspension mass in
the reactor was 70 kg.

Example 1

Starting up in a reactor which contained monomers
and polymer suspension and in which the feed rates
chosen for the stationary period had been set from the
start.
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53 kg methanol and 20 kg of an alternating carbon
monoxide/ethene copolymer with a bulk density of 380
kg/m3 were introduced into the reactor.
Reactor pressure: 45 bar
Reactor temperature: 77°C
Gas phase composition: 23 mol % carbon monoxide

54 mol % ethene

23 mol % propene
The suspension mass in the reactor was 80 kg.
At run-hour zero the following rates were set:
Methanol: 5 kg/hour
Solution 1: 37 ml/hour
Solution 2: 25 ml/hour
At run-hour 14 the polymer content of the suspension
removed from the reactor was 15.5% and the bulk density
of the polymers contained therein was 190 kg/m3.
At run~hour 28 the suspension concentration was 18.5%
and the bulk density was 240 kg/m3,
At run-hour 45 the suspensionrconcentration was 22% and
the bulk density was 300 kg/m3. At run-hour 80 the
same values were found for the suspension concentration
and the bulk density.
Example 2

Starting uUp in a reactor which contained monomers
and polymer suspension, initially with a high catalyst
feed rate, after which the rate was reduced to the
value chosen for the stationary perioed.

53 kg methanol and 20 kg of an alternating carbon
monoxide/ethene copolymer with a bulk density of 380
kg/m> were introduced into the reactor.

Reactor pressure: 45 bar

Reactor temperature: 77°C

Gas phase conposition: 23 mol % carbon monoxide
54 mol % ethene
23 mol % properne
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The suspension mass in the reactor was 80 kg.

At run-hour zero the following rates were set:
Methanol: 5 kg/hour

Solution 1: 100 ml/hour

Solution 2: 68 ml/hour

At run-hour 5 the polymer content of the suspension
removed from the reactor was 24% and the bulk density
of the polymers contained therein was 350 kg/m3. At
run-hour 5 the feed rates of solutions 1 and 2 were
reduced, the reduction being to 25 ml/hour for solution
2.

At run-hour 10 the suspension concentration was
22% and the bulk density was 300 kg/m3; At run-hour 45
the same values were found for the suspension con-
centration and the bulk density.

Example 3

Starting up in a reactor which contained monomers
and polymer suspension, initially with a high catalyst
feed rate, after which the rate was reduced to the
value chosen for the stationary period.

The polymer suspension present in the reactor at the
start of the starting-up period had been prepared
batchwise in this reactor using a catalyst con-
centration which was lower than that chosen for the
stationary period of the continuous part of the polymer
preparation. At the switch-over from the batchwise
part of the polymer preparation to the continuous part
a high catalyst feed rate was applied, after which this
was reduced to the valued chosen for the stationary
period.

50 kg methanol and 1 kg of an alternating carbon
monoxide/ethene/propene terpolymer were introduced into
the reactor.

Reactor pressure: 45 bar
Reactor temperature: 78°C
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Gas phase composition: 29 mol % carbon monoxide
42 mol % ethene
29 mol % propene

At run-hour zero 211 ml of solution 1 and 282 ml of
solution 2 were introduced into the reactor. During
the polymerization the pressure was maintained at 45
bar by forcing in a 1:1 carbon monoxide/ethene mixture.
The batchwise polymer preparation was carried out for
22 hours.
At run-hour 18 the polymer content of the suspension
amounted to 21% and the bulk density of the polymers
contained therein was 360 kg/m3.
At run-hour 22 the process was switched over to
continuous polymer preparation.
At run-hour 22 the following feed rates were set:
Methanol: 3.5 kg/hour
Solution 1: 100 ml/hour
Solution 2: 68 ml/hour
At run-hour 25 the suspension concentration was 23% and
the bulk density was 350 kg/m3. At run~hour 25 the
feed rates of solutions 1 and 2 were reduced to 26
ml/hour for solution 1 and 17 ml/hour for solution 2.

At run-hour 40 the suspension concentration was
23% and the bulk density was 260 kg/m3, At run-~hour 80
the same values were found for the suspension con-
centtration and the bulk density.
Example 4

Starting up in a reactor which contained monomers
and polymer suspension and where the catalyst feed rate
chosen for the stationary period was set from the
beginning. The polymer suspension present in the
reactor at the start of the starting-up period had been
prepared batchwise in this reactor using the same
catalyst conecentration as that chosen for the
continuous polymer preparation.
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50 kg methanol and 0.5 kg of an alternating carbon
monoxide/ethene/propene terpolymer were introduced into
the reactor.

Reactor pressure: 45 bar
Reactor temperature: 75°C
Gas phase composition: 29 mol % carbon monoxide

42 mol % ethene

29 mol % propene
At run-hour zero 369 ml of soluation 1 and 244 ml of
solution 2 were introduced into the reactor. During
the polymerization the pressure was maintained at 45
bar by forcing in a 1:1 carbon monoxide/ethene mixture.
The batchwise polymer preparation was carried out for
14 rs. At run-hour 10 the polymer content of the
suspension amounted to 13% and the bulk density of the
polymers contained therein was 300 kg/m3.
At run-hour 14 the process was switched over to
continuous polymer prepatration.
At run-hour 14 the fo6llowing feed rates were set:
Methanol: 3.5 kg/hour
Solution 1: 26 ml/hour
Solution 2: 17 ml/hour

At run-hour 30 the suspension concentration was
21% and the bulk density was 240 kg/m3.

At run-hour 40 the suspénsion concentration was
23% and the bulk density was 260 kg/m°>. At run-hour 80
the same values were found for the suspension con-
centration and the bulk density.

Example 5

Starting up in.a reacter which contained monomers
and polymer suspension and where the catalyst feed rate
chosen for the stationary period was set from the
beginning. The polymer suspension present in the
reactor at the start of theée starting-up period had been
preépared batchwise in this reactor using the same



e

-
(XXX )

*ebe
[

o0
ees s
. [}
s e
L X R X}
L ]
(12X ]

§ .
‘ess e
- L)
sse e

o> o

soee
-

eeny
.

sese

10

20

25

30

- 18 =~

catalyst concentration as that chosen for the
continuous polymer preparation. In the switch-over
from the batchwise part of the polymer preparation to
the continuous part, the gas phase composition was
changed.

55 kg methanol and 1.0 kg of an alternating carbon
monoxide/ethene/propene terpolymer were introduced into
the reactor.

Reactor pressure: 45 bar
Reactor temperature: 93°C
Gas phase composition: 67 mol % carbon monoxide

33 mol % ethene
At run-hour zero 93 ml of solution 1 and 124 ml of
solution 2 were introduced int® the reactor. During
the polymerization the pressure was maintained at 45
bar by forcing in a 1:1 carbon monoxide/ethene mixture.
The batchwise polymer preparation was carried out for
22 hours. At run-hour 18 the polymer content of the
suspehsion amounted to 18.5% and the bulk density of
the polymers contained therein was 230 kg/m3.

At run-hour 22 the process was switched over to
continuous polymer preparation. At run-hour 22 the
following feed rates were set:

Methanol: 3.5 kg/hour
Selution 1: 6 ml/hour
Solution 2: 4 ml/hour

Moreover, from run-hour 22 the gas phase
composition was c¢hanged in 4 hours to 33 mol % carbon
monoxide and 67 mol % ethene.

At run-hour 26 the suspension concentration was
21% and the bulk density was 250 kg/m3. At run-hour 80
the same values werée found for the suspension con-
centration and the bulk density.
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Example 6
Starting up in a reactor which contained monomers

and polymer suspension and where the catalyst feed rate
chosen for the stationary period was set from the
beginning. The polymer suspension present in the
reactor at the start of the starting-up period had been
prepared batchwise in this reactor, the catalyst
concentration being raised in the mean time to the
value chosen for the continuous preparation.

48 kg methanol and 1.0 kg of an alternating carbon
monoxide/ethene/propene terpolymer were introduced into
the reactor.

Reactor pressure: 45 bar
Reactor temperature: 78°¢C
Gas phase composition: 24 mol % carbon monoxide

54 mol % ethene

20 mol % propene
At run-hour zero 127 ml of solution 1 and 169 ml of
solution 2 were introduced into the reactor. During
the polymerization the pressure was maintained at 45
bar by forcing in a 1:1 carbon monoxide/ethene mixture.
At run-hour 11 the polymer content of the suspension
amounted to 9.5% and the bulk density of the polymers
contained therein was 170 kg/m3.

At run-hour 15 151 ml of solution 1 and 203 ml of
solution 2 were introduced into the reactor. At
run~hour 18 the polymer content of the suspension
amounted to 19% and the bulk density of the polymers
contained therein was 250 kg/m3.

At run-hour 22 the process was sSwitched over to
continuous polymer preparation.

At run-hour 22 the following feed rates were set:
Methanol: 3.5 kg/hour

Solution 1: 20 ml/hHour

$olution 2: 14 ml/hour
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At run-hour 30 the suspension concentration was
24% and the bulk density was 280 kg/m3.

At run-hour 40 the suspension concentration was
25% and the bulk density was 280 kg/m3. At run-hour 80
the same values were found for the suspension con-
centration and the bulk density.

Examples 1-6 are all according to the invention.
In these examples carbon monoxide/ethene copolymers and
carbon monoxide/ethene/propene terpolymers were
prepared in continuous manner using a starting-up
procedure whereby a polymer suspension was already
present in the reactor at the beginning. In this way
polymers with a bulk density of 250~300 kg/m3 could be
prepared during the stationary period of the continuous
process at a suspension concentration of 20-25%.

It was established by 13c-NMR analysis that the
carbon monoxide/ethene copolymers prepared according to
example 5 and the carbon monoxide/ethehe/propene
terpolymers prepared according to examples 1-4 and 6
consisted of linear chains in which on the ¢ne hand the
units from carbon monoxidée and on the other hand the
units from ethene or from ethene and propene occurred in
an alternating arrangement. In the terpolymer chains
the units from ethene and propene occurred in a randomly
distributed manner.
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T 1413
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The claims defining the invention are as follows:
1. Process for the preparation of polyketone

polymers, characterized in that
a) 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) occur in a substantially alternating order,
are prepared by contacting the monomers at elevated
temperature and pressure, in the presence of a diluent
in which the polymers are insoluble or virtually
insoluble, with a suitable catalyst,
b) the preparation is carried out continuously,
c) the start-up procedure is carried out by adding
the feed streams into & reactor containing monomers and
diluent and which is at the temperature and pressure
chosen for the stationary period, and
d) a solid material suspended in the diluent is
present in the reactor at the beginning of the start-up
peried.
2. Process according to claim 1, characterized in
that the solid material which at the beginning of the
start~up period is present in the reactor suspended in
the diluent is an alternating polymer of carbon
monoxide with one or more olefinically unsaturated
compounds.
3. Process according to claim 1 or 2, characterized
in that the concentration of the suspension in the
reactor at the beginning of the start-up period amounts
to at least 12.5%.

one
4, Process according to any,of claims 1-3,
characterized in that during the whole start-up period
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the catalyst feed rate is kept substantially constant
at the value chosen for the stationary period.

5. Process according to anngf claims 1-3,
characterized in that at the beginning of the start-up
period a catalyst feed rate is employed which is higher
than that chosen for the stationary period and that
this rate is reduced during the start-up periocd such
that at the end of the start-up period it has
substantially the value chosen for the stationary
period.

6. Process according to an;?gf claims 2-5,
characterized in that both the preparation of the
polymer suspension needed for the the start-up period
and the continuous polymer preparation are carried out
in the same reactor, where the preparation of the
required polymer suspension is carried out batchwise,
and is continued until the suspension concentration
required for the start-~up period is reached.

7. Process according to claim 6, characterized in
that the batchwise polymer preparation and the
continuous polymer preparation are carried out at
substantially the same temperature and pressure, and
use the same catalyst.

8. Process according to claim 7; characterized in
that at the start of the batchwise polymer preparation
a catalyst concentration is employed which is lower
than that for the continucus polymer preparation 'and
that during the batchwise polymer preparation the
catalyst concentration is raised to the value employed
for the continueus polymer preparation.

9. Proceéss according to ani?gf claims 6-8,
charac*erized in that a small quantity of solid
material is suspended in the diluént before the
monomers are contacted with the catalyst, so that the
concentration of the suspension present in the reactor
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at the beginning of the batchwise preparation is at
most 5%.
. ) one .
10. Process according to any,of claims 1-9,
characterized in that the catalyst contains a Group
5 VIII metal, and a dentate ligand in which at least two

dentate groups occur, chosen from phosphorus-,

nitrogen- and sulphur-containing dentate groups, so

that the dentate ligand can complex with the Group VIII

metal, and optionally also an anion of an acid with a
10 pKa of less than 4. any

11. Process according to,one e¥-mere of claims 1-10,

characterized in that it is carried out in twe or more

::". reactors connected in series.

sceo

‘:::°; 12.  Process for the preparation of polyketone polymers

ot substantially as hereinbefore described with reference to any one of
.é.. the Examples.

e 13.  The product of the process of any one of claims 1 to 12.
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