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The invention relates to novel catalyst compositions 

suitable for use in the preparation of polymers of carbon 

monoxide with one or more olefinically unsaturated 

compounds. 
It is known that linear polymers of carbon monoxide 

with one or more olefinically unsaturated compounds in 

which polymers the units from carbon monoxide on the one 

hand and the units from the olefinically unsaturated 

compounds on the other hand are present in a 

substantially alternating arrangement can be prepared by 

contacting the monomers at elevated temperature and 

pressure with a catalyst composition on the basis of: 

a) a Group VIII metal compound, 

b) a strong organic acid such as para-toluenesulphonic 

acid or methylsulphonic acid, and 

c) a dentate ligand containing at least two phosphorus-, 

nitrogen- or sulphur-containing dentate groups through 

which the dentate ligand can complex with the Group VIII 

metal. 

It is furthermore known from EP-A-246683 that the 

present polymers can also be prepared if component b) in 

the catalyst is replaced by tin chloride or germanium 

chloride. Such salts of a strong acid and a weak base 

are electron acceptors, and thus "Lewis" acids. Although 

linear alternating polymers can be prepared with these 

catalysts containing one of the aforesaid Lewis acids as 

component b), their polymerization activity is 

considerably less than that of -catalysts containing a 

strong organic acid as component b) • 

Continued research into this subject has now 

surprisingly shown that catalysts exhibiting a high 



- 2 -

polymerization activity can be obtained by incorporating 

in catalysts on the basis of components a} and c), as 

component b) a Lewis acid of the general formula MFn, in 

which M represents an element that can form a Lewis acid 

with fluorine, F represents fluorine and n has the value 

3 or 5. Compositions on the basis of components a} and 

c} which contain as component b) a Lewis acid of the 

general formula MFn are novel. 

The present patent application therefore relates to 
novel catalyst compositions on the basis of: 

a) a Group VIII metal compound, 

b) a Lewis acid of the general formula MFn in which M 
represents an element that can form a Lewis acid with 

fluorine, F represents fluorine and n has the value 3 or 
5, and 

c) a dentate ligand containing at least two phosphorus-, 

nitrogen- or sulphur-containing dentate groups through 

which the dentate ligand can complex with the Group VIII 
metal. 

The patent application further relates to the 
application of these catalyst compositions in the 
preparation of polymers of carbon monoxide with one or 

more olefinically unsaturated compounds. 

Group VIII metals are understood in this patent 

application to be the noble metals ruthenium, rhodium, 
palladium, osmium, iridium and platinum, as well as the 

iron group metals iron, cobalt and nickel. In the 
process according to the invention, catalysts are 

preferably used which contain a Group VIII metal selected 
from palladium, nickel and cobalt. Palladium is 

particularly preferred as Group VIII metal. The 

incorporation of the Group VIII metal in the catalyst 
preferably takes place in the form of a salt of a 

carboxylic acid having preferably less than five carbon 

atoms, in particular in the form of an acetate. 
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The compositions according to the invention should 
contain as component b) a Lewis acid of the general 
formula MFn. Examples of suitable Lewis acids are boron 
trifluoride, antimony pentafluoride, phosphorus 
pentafluoride, aluminium trifluoride, gallium 
trifluoride, arsenic pentafluoride, tantalum 
pentafluoride, niobium pentafluoride and indium 
trifluoride. The use of boron trifluoride, aluminium 
trifluoride and antimony pentafluoride is preferred. 
Component b) is preferably present in a quantity of 0.5 
to 200 and in particular 1.0 to 100 mol per g.atom Group 
VIII metal. 

In addition to components a) and b), the compositions 
according to the invention should include as component c) 
a dentate ligand containing at least two phosphorus-, 
nitrogen- or sulphur-containing dentate groups through 
which the dentate ligand can complex with the Group VIII 
metal. Although dentate ligands containing more than two 
dentate groups such as the tetradentate ligand l,8-
bis[bis-(2-methoxyphenyl)phosphino)-2,7-bis- [bis(2-
methoxyphenyl)phosphinomethyl]octane, are suitable, 
bidentate ligands are preferred. 

If as component c) a bidentate ligand is used which 
via two sulphur-containing dentate groups present therein 
can complex with the Group VIII metal, a component c) is 
preferred of the general formula Rls-R-sRl in which Rl 
represents 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(phenylthio)­
propane. 

If as component c) a bidentate ligand is used which 
via two nitrogen-containing dentate groups present 
therein can complex with the Group VIII metal, a 
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component c) is pref erred of the general formula 

x x 
I \ 

N = C 

I \ 
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'-dipyridyl and 1,10-phenanthroline. 

Preferably, as component c) in the catalysts a 

bidentate ligand is used which via two phosphorus­

containing dentate groups present therein can complex 

with the Group VIII metal. If such a bidentate ligand is 

used as component c), a compound of the general formula 

(Rl)2P-R-P(Rl)2 is preferred in which Rand Rl have the 

previously indicated meanings. In that case, there is 

particular preference for a compound in which Rl 

represents an aryl group having at the ortho position 

relative to the phosphorus atom to which it is linked an 

alkoxy group as substituent and in which R contains three 

atoms in the bridge. An example of such a compound is 

l,3-bis[bis(2-methoxyphenyl}phosphino]propane. 

If as component c) a bidentate ligand is used which 

via two sulphur- or nitrogen-containing dentate groups 

present therein can complex with the Group VIII metal, 

the quantity employed is preferably 0.5-100 and in 

particular 1-50 mol per g.atom Group VIII metal. If a 

bidentate ligand is used which via two phosphorus­

containing dentate groups present therein can complex 

with the Group VIII metal, the quantity employed is 

preferably 0.5-2 and in particular 0.75-1.5 mol per 

g.atom Group VIII metal. 

To enhance the activity of the compositions, an 

organic oxidizing agent can also be incorporated therein 

as component d). 1,4-Quinones such as 1,4-benzoquinone 

and 1,4-naphthoquinone and aromatic nitro compounds such 
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as nitrobenzene are very suitable. The quantity of 

organic oxidizing agent used is preferably 5-5000 and in 

particular 10-1000 mol per g.atom Group VIII metal. 

The preparation of the present linear alternating 

polymers hitherto has been carried out mainly as liquid 
phase polymerization, the monomers being contacted with a 

solution of the catalyst in a liquid non-polymerizable 

diluent in which the polymers are insoluble or virtually 

insoluble. During the polymerization the polymers are 

obtained in the form of a suspension in the diluent. 

After the required degree of polymerization has been 

reached, the polymerization is generally terminated by 

cooling the reaction mixture and releasing the pressure. 

The polymers are isolated from the suspension, for 

example by filtration or centrifuging. The pure diluent 

to be used for a following polymerization is recovered 

from the remaining liquid, e.g. by distillation. The 
diluents used in the polymerization preferably consist at 

least partly of a protic liquid. Very suitable diluents 

are lower aliphatic alcohols and in particular methanol. 

During the investigation by the applicant concerning 

the novel catalysts it was found that they are also 

eligible for use in carrying out the polymerization as 

gas phase polymerization. This is characterized in that 

the monomers are contacted with the catalyst 
substantially in the absence of a liquid non­

polymerizable diluent. For the preparation of the 

polymers on an industrial scale, gas phase polymerization 

is much to be preferred to liquid phase polymerization on 
account of the fact that with gas phase polymerization 

the above-mentioned filtration or centrifuging step, as 

well as the distillation step, can be omitted. If 

applied on an industrial scale, such separation and 

purification steps involve considerable expense. 

To improve the behaviour of the catalysts, the gas 
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phase polymerization is preferably carried out in the 

presence of a small quantity of alcohol and/or hydrogen. 

The lower aliphatic alcohols are especially suitable as 

alcohols. The use of methanol is particularly preferred. 

The quantity of this alcohol is so small that under the 

polymerization conditions it is substantially in the gas 

phase. 
As regards the way in which, during the gas phase 

polymerization, the catalyst is presented to the monomer 

mixture to be polymerized, a number of possibilities can 

be distinguished. Firstly, the catalyst as such, i.e. 

without carrier material, can be introduced into the 

polymerization reactor. Optionally, the catalyst can be 

dissolved or suspended beforehand in a liquid diluent 
and, after the solution or suspension has been introduced 

into the reactor, for example by spraying, the diluent 

can be substantially removed. Preferably an alcohol, and 

in particular methanol, is used as diluent. If an 

alcohol is used, its removal is carried out such that a 
small quantity remains behind in the catalyst. The gas 

phase polymerization is preferably carried out using the 

catalyst applied to a carrier material. The application 

of the catalyst to the carrier material can be 
accomplished very suitably by contacting the carrier 

material with a solution or suspension of the catalyst in 
a liquid diluent and then substantially removing the 

diluent. As diluents, preferably alcohols and in 
particular methanol are used. If an alcohol is used as 

diluent, its removal is preferably carried out such that 

a small quantity remains behind in the catalyst on the 

carrier. As carrier material, a porous carrier material 
is preferably chosen. Both inorganic and organic carrier 

materials are eligible as carrier materials for the 

catalyst. Examples of suitable carrier materials are 

silica, alumina, talc, charcoal, cellulose, dextrose and 
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dextran gel. Polymers such as polyethylene, 

polypropylene and polystyrene can also be used as carrier 

materials. Carrying out the gas phase polymerization 

with the catalyst applied to a carrier material results 

in products in which the prepared polymer occurs together 

with the carrier material used. Depending on the nature 

and quantity used of the carrier material, products with 

a very wide range of properties and applications can be 

prepared. If desired, the carrier material can be wholly 

or partly removed from the product at the end of the 

polymerization by treating the product with a solvent in 

which the carrier material is soluble but the prepared 

polymer is insoluble. 

In the gas phase polymerization according to the 

invention, a polymer whose structure and composition 

corresponds substantially to that of the polymer to be 

prepared is preferably used as carrier material for the 

catalyst. Polymers prepared both by liquid phase 

polymerization and by gas phase polymerization are 

eligible for this purpose. 

As olefinically unsaturated compounds which according 

to the invention can be polymerized with carbon monoxide, 

compounds are eligible which consist exclusively of 

carbon and hydrogen, as well as compounds which besides 

carbon and hydrogen also contain one or more heteroatoms. 

The process according to the invention is preferably used 

for the preparation of polymers of carbon monoxide with 

one or more olefinically unsaturated hydrocarbons. 

Examples of suitable hydrocarbon monomers are ethene, 

propene, butene-1, hexene-1, octene-1, styrene, 

cyclopentene, norbornene and dicyclopentadiene. The 

process according to the invention is in particular very 

suitable for use in the preparation of copolymers of 

carbon monoxide with ethene and in the preparation of 

terpolymers of carbon monoxide with ethene and an a-
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olefin, in particular propene. 

The quantity of catalyst used in the process 

according to the invention can vary within wide limits. 

Per mol olefinically unsaturated compound to be 

polymerized, a quantity of catalyst is preferably used 

which contains 10-7 to 10-3 and in particular 10-6 to 

10-4 g.atom Group VIII metal. 

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 is preferably 10:1 to 1:10 and in particular 5:1 

to 1:5. The polymer preparation according to the 

invention can be carried out either batchwise or 

continuously. 

The invention will now be illustrated with reference 

to the following examples. 

Example 1 

A carbon monoxide/ethene copolymer was prepared as 

follows. A catalyst was prepared by absorbing a catalyst 

solution containing 

1.5 ml methanol, 

0.5 ml tetrahydrofuran, 

0.0095 mmol palladium acetate, 

0.028 mmol boron trifluoride-etherate, and 

0.0104 mmol 1,3-bis[bis(2-methoxyphenyl)phosphino]propane 

on 8 g of a linear alternating carbon monoxide/ethene 

copolymer. The catalyst thus prepared was introduced 

into a stirred autoclave with a volume of 300 ml. After 

the air in the autoclave had been displaced by nitrogen, 

the autoclave contents were brought to 85 °C and a 1:1 

carbon monoxide/ethene mixture was forced in until a 

pressure of 50 bar was reached. Finally, hydrogen was 

forced in until a pressure of 55 bar was reached. During 
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the polymerization the pressure was maintained at 55 bar 

by forcing in a 1:1 carbon monoxide/ethene mixture. 

After 10 hours the polymerization was terminated by 

cooling the reaction mixture to room temperature and 
releasing the pressure. 

89.4 g copolymer was obtained. The polymerization 

rate was 7.9 kg copolymer/(g palladium.hour). 

Example 2 

A carbon rnonoxide/ethene copolymer was prepared in 

substantially the same way as in example 1, but with the 

following differences: 

a) the catalyst solution contained 0.024 mmol antimony 

pentafluoride instead of boron trifluoride-etherate, and 

b) the reaction time was 4 hours instead of 10 hours. 
32.6 g copolymer was obtained. The polymerization 

rate was 6.1 kg copolymer/(g palladium.hour). 
Example 3 

A carbon monoxide/ethene copolymer was prepared in 

substantially the same way as in example 1, but with the 

following differences: 

a) the catalyst solution contained 0.028 mmol aluminium 

trifluoride instead of boron trifluoride-etherate, and 

b) the reaction time was 4.4 hours instead of 10 hours. 
20.4 g copolymer was obtained. The polymerization 

rate was 2.8 kg copolymer/(g palladium.hour). 
Example 4 

A carbon monoxide/ethene copolymer was prepared in 

substantially the same way as in example 1, but with the 

following differences: 
a) the catalyst solution contained 0.19 mmol boron 

trifluoride-etherate instead of 0.028 mmol, and 

b) the reaction time was 4.2 hours instead of 10 hours. 
20.3 g copolymer was obtained. The polymerization 

rate was 2.9 kg copolymer/(g palladium.hour). 
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Example 5 

A carbon monoxide/ethene copolymer was prepared as 

follows. Into a stirred autoclave with a volume of 

250 ml a catalyst solution was introduced containing 

50 ml methanol, 

0.1 mmol palladium acetate, 

2 mmol boron trifluoride-etherate, and 

0.15 mmol 1,3-bis(diphenylphosphino)propane. 

After the air in the autoclave had been displaced by 

nitrogen, 30 bar ethene was forced in and then 30 bar 

carbon monoxide. Finally the autoclave contents were 

brought to 60 °C. After 1 hour the polymerization was 

terminated by cooling the reaction mixture to room 

temperature and releasing the pressure. The formed 

polymer was filtered off, washed with methanol and dried. 

10 g copolymer was obtained. The polymerization rate 

was 1 kg copolymer/(g palladium.hour). 

Example 6 

A carbon monoxide/ethene copolymer was prepared in 

substantially the same way as in example 1, but with the 

following differences: 

a) the catalyst solution contained 0.028 mmol 

methylsulphonic acid instead of boron trifluoride­

etherate, and 

b) the reaction time was 5 hours instead of 10 hours. 

15.6 g copolymer was obtained. The polymerization 

rate was 1.5 kg copolymer/(g palladium.hour). 

Example 7 

A carbon monoxide/ethene copolymer was prepared in 

substantially the same way as in example 1, but with the 

following differences: 

a) the catalyst solution contained 0.19 mmol 

methylsulphonic acid instead of boron trifluoride­

etherate, and 

b) the reaction time was 4.8 hours instead of 10 hours. 
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10.9 g copolymer was obtained. The polymerization 

rate was 0.6 kg copolymer/(g palladium.hour). 

Example 8 

A carbon monoxide/ethene copolymer was prepared in 

substantially the same way as in example 1, but with the 

following differences: 
a) the catalyst solution contained 0.024 mmol para­
toluenesulphonic acid instead of boron trifluoride­

etherate, and 

b) the reaction time was 4.6 hours instead of 10 hours. 
16.8 g copolymer was obtained. The polymerization 

rate was 1.9 kg copolymer/(g palladium.hour). 

Example 9 
A carbon monoxide/ethene copolymer was prepared in 

substantially the same way as in example 1, but with the 

following differences: 
a) the catalyst solution contained 0.19 mmol para­

toluenesulphonic acid instead of boron trifluoride­
etherate, and 
b) the reaction time was 4.6 hours instead of 10 hours. 

8.3 g copolymer was obtained. The polymerization 

rate was 0.1 kg copolymer/(g palladium.hour). 

Example 10 

Example 5 was substantially repeated, but with the 

following differences: 
a) the catalyst solution contained 2 mmol aluminium 
trichloride instead of boron trifluoride-etherate, 

b) the reaction temperature was 80°C instead of 60 °C, 

and 

c) the reaction time was 5 hours instead of 1 hour. 
Only a trace of polymer was formed. 

Example 11 

A carbon monoxide/ethene copolymer was prepared in 

substantially the same way as in example 5, but with the 
following differences: 
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a) the catalyst solution contained 2 mmol tin dichloride 

instead of boron trif luoride-etherate, 

b) the reaction temperature was 80 °C instead of 60 °C, 

and 

c) the reaction time was 5 hours instead of 1 hour. 

5.5 g copolymer was obtained. The polymerization 

rate was 110 g copolymer/(g palladium.hour). 

Example 12 

A carbon monoxide/ethene copolymer was prepared as 

follows. Into a stirred autoclave with a volume of 

300 ml a catalyst solution was introduced containing 

50 ml methanol, 

0.1 mmol palladium acetate, 

0.2 mmol methylsulphonic acid, and 

0.15 mmol 1,3-bis[bis(2-methoxyphenyl)phosphino]propane. 

After the air in the autoclave had been displaced by 

nitrogen and the autoclave contents had been brought to 

89 °C, a 1:1 carbon monoxide/ethene mixture was forced in 

until a pressure of 55 bar had been reached. During the 

polymerization the pressure was maintained at 55 bar by 

forcing in a 1:1 carbon monoxide/ethene mixture. After 2 

hours the polymerization was terminated by cooling the 

reaction mixture to room temperature and releasing the 

pressure. The polymer was filtered off, washed with 

methanol and dried. 

22.3 g copolymer was obtained. The polymerization 

rate was 10.5 kg copolymer/(g palladium.hour). 

Example 13 

A carbon monoxide/ethene copolymer was prepared in 

substantially the same way as in example 12, but with the 

following differences: 

a) the catalyst solution contained 0.19 mmol para­

toluenesulphonic acid instead of methylsulphonic acid, 

and 

b} the reaction temperature was 88 °C instead of 89 °C. 
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19.5 g copolymer was obtained. The polymerization 

rate was 9.7 kg copolymer/(g palladium.hour). 

Of the examples 1-13, examples 1-5 are according to 

the invention. In these examples, catalysts according to 

the invention were used which contained as component b) a 

Lewis acid of the general formula MFn. Examples 1-4 

relate to gas phase polymerization. In example 5 liquid 

phase polymerization was applied. Examples 6-13 fall 

outside the scope of the invention, and were included in 

the patent application for comparison. Examples 6-9 

relate to gas phase polymerization using catalysts 

containing a strong organic acid as component b) . In 

examples 10-13 liquid phase polymerization was applied. 

In examples 10 and 11 use was made of a catalyst 

containing as component b) a Lewis acid that did not 

satisfy the definition of MFn. Examples 12 and 13 were 

carried out using catalysts containing a strong organic 

acid as component b) . 

Comparison of the results of examples 1-4 with those 

of examples 6-9 shows the gain in the polymerization rate 

which occurs if in the gas phase preparation of the 

polymers a strong organic acid in the catalyst is 

replaced by a Lewis acid according to the invention. 

Example 10 shows that the Lewis acid aluminium 

trichloride is unsuitable to serve as component b) in a 

catalyst used in the liquid phase polymer preparation. 

Example 11 demonstrates that a catalyst containing the 

Lewis acid tin dichloride as component b) displays a low 

polymerization rate in the liquid phase polymerization. 

Comparison of the results of example 5 with those of 

examples 12 and 13 shows that if in the liquid phase 

polymerization a strong organic acid in the catalyst is 

replaced by a Lewis acid according to the invention, the 

high polymerization rate is substantially maintained. In 

connection herewith, it is pointed out that examples 12 



- 14 -

and 13 were carried out at 89 and 88 °C respectively and 

at constant pressure, whereas the reaction temperature 

for example 5 was only 60 °C and the experiment was 

carried out under decreasing pressure. 

It was established by NMR analysis that the polymers 

prepared according to examples 1-9 and 11-13 were built 

up of linear chains in which the units from carbon 

monoxide and the units from ethene occurred in an 

alternating manner. 
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CLAIMS 

1. Catalyst compositions, characterized in that they are 

based on: 

a) a Group VIII metal compound, 

b) a Lewis acid of the general formula MFn, in which M 

represents an element that can form a Lewis acid with 

fluorine, F represents fluorine and n has the value 3 or 

5, and 
c) a dentate ligand containing at least two phosphorus-, 

nitrogen- or sulphur-containing dentate groups through 

which the dentate ligand can complex with the Group VIII 

metal. 

2. Catalyst compositions according to claim 1, 
characterized in that they contain boron trifluoride, 

aluminium trifluoride or antimony pentafluoride as 

component b} . 

3. Compositions according to claim 1 or 2, characterized 

in that they contain 0.5-200 mol of component b) per 

g.atom Group VIII metal. 

4. Compositions according to any of claims 1-3, 
characterized in that they contain as component c) a 

compound of the general formula (Rl)zP-R-P(R1)2 in which 
Rl represents an optionally polar substituted hydrocarbyl 

group and R represents a divalent organic bridging group 
containing at least two carbon atoms in the bridge. 

5. Compositions according to claim 4, characterized in 
that they contain 0.5-2 mol component c) per g.atom Group 

VIII metal. 
6. Process for the preparation of polymers, 

characterized in that polymers of carbon monoxide with 

one or more olefinically unsaturated compounds are 

prepared by contacting the monomers at elevated 

---·-------------------
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temperature and pressure with a catalyst composition 

according to any of claims 1-5. 

7. Process according to claim 6, characterized in that 

the polymerization is carried out as liquid phase 

polymerization by contacting the monomers with a solution 

of the catalyst composition in a liquid non-polymerizable 

diluent in which the polymers are insoluble or virtually 

insoluble. 

8. Process according to claim 6, characterized in that 

the polymerization is carried out as gas phase 

polymerization by contacting the monomers with the 

catalyst composition substantially in the absence of a 

liquid non-polymerizable diluent. 

9. Process according to any of claims 6-8, characterized 

in that per mol olef inically unsaturated compound to be 

polymerized a quantity of catalyst composition is used 

which contains 10-7-10-3 g.atom Group VIII metal, and 

that it is carried out at a temperature of 25-150 °C, a 

pressure of 2-150 bar and a molar ratio of the 

olefinically unsaturated compounds relative to carbon 

monoxide of 10:1 to 1:10. 
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