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conp03|tfons suitable for use in the preparation of polynmers of carbon
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unsat urated conpounds in which polymers the units from carbon nonoxi de on
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be prepared by contacting the nononers at el evated tenperatur ure
with a catal yst conposition on the basis of a) a Goup VIII netal

conpound, b) a strong organic aci%A cHfsnesulphonic acid or
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known from EP- A- 246 resent pol yners can al'so be prepare
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catal ysts exhi bwhioy pohymérs the unlts from carbon monox1de 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 Db).

Continued research into this subject has now
surprisingly shown that catalysts exhibiting a high



-2- polynerization activity can be obtained by incorporating in catalysts
on the bdsis of conponents a) and c), as conponent b) a Lewis acid of the
general formula M-[err], in which Mrepresents an elenment that can forma
Lewis acid with quorine, F represents fluorine and n has the value 3 or 5.
Conpositions on the basis of conponents a) and c) which contain as
conponent b) a Lewis acid of the general fogmula M-n are novel. The present
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a) a Group VIII metal compound,

b) a Lewis acid of the general formula MF, 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. 1In 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.



i-ncorporation of the Goup VIII netal in the catalyst preferably takes
place in the formof a salt of a carboxylic acid having preferably |ess

t han*five carbon atons, in particular in the formof an acetate. -3- The
conposi tions according to the invention should contain as conponent b) a
Lewis acid of the general formula MFn. Exanples of suitable Lewi s acids are
boron trifluoride, antinony pentafl uoride, 3prosphorus pentafl uoride,
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Goup VIII netal, conponent C) Is pre
R[err]S—R—SR[eﬁq @ﬁkanRP@gﬁPcular .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 1, 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 R1S-R-SR1 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



represents an optionally polar substituted hydrocarbyl group and R
represents a dival ent organic bridging group containing at | east two carbon
atons in the bridge. Exanples of such conmpounds are

T, 2-bi s(et hyl t hi o) et hane, cis-1, 2-bi s(benzylthio)ethene and

1, 2- bi s(phenyl thio)- propane. If as conponent c) a bidentate ligand is used
whi ch via two nitrogen-containing dentate §roeups present therein can
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used as component c), a compound of the general formula
(R1)2P—R—P(Rl)2 is preferred in which R and 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

1, 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



present therein can conplex with the Goup VIII netal, the quantity

enpl oyed ‘is preferably 0.5-100 and in particular 1-50 nol per g.atom G oup
VIIIl mmetal. If a bidentate ligand is used which via two phosphorus-
cont ai ning dentate groups present therein can conplex with the Goup VII
nmetal, the quantity enployed is preferably 0.5-2 and in particular 0.75-1.5
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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



| east partly of a protic liquid. Very suitable diluents are |ower aliphatic
al cohol s*and in particular nethanol. During the investigation by the
appl i cant concerning the novel catalysts it was found that they are al so
eligible for use in carrying out the polynerization as gas phase
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? 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



di ssol ved or suspended beforehand in a Iiquid diluent and, after the

sol ution”or suspension has been introduced into the reactor, for exanple by
spraying, the diluent can be substantially renoved. Preferably an al cohol,
and in particular nethanol, is used as diluent. If an alcohol is used, its
renoval is carried out such that a small quantity remains behind in the
catal yst. The gas phase polynerization is preferably carried out using the
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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-



prepared. |If desired, the carrier material can be wholly or partly renoved
fromthe product at the end of the polynerization by treating the product
with,a solvent in which the carrier material is soluble but the prepared
polymer is insoluble. In the gas phase pol ynerization according to the

I nvention, a polynmer whose structure and conposition corresponds
substantially to that of the polyner to begprepared is preferably used as
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. vary mﬁthln\M(ﬁIdsann&;of 5-100 bar. The molar ratio %f ‘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



Per nol olefinically unsaturated conpound to be polynerized, a quantity of
catal yst 'is preferably used which contains 10-[err] to 10[err] and in
parti:cul ar 10[err] to 10[err] g.atom Group VIII netal. The polynerization
is preferably carried out at a tenperature of 25-150 OC and a pressure of
2-150 bar and in particular at a tenperature of 30-130 [err]C and a
pressure of 5-100 bar. The nolar ratio of-t@e-olefinically unsaturated
conmpounds rel at X r
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. forced in until a Eressure bar was reached. During
i owing dlfferences°

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).



-9- the polynerization the pressure was nmai ntained at 55 bar by forcing in
a 1:1 carbon nonoxi de/ ethene m xture. After 10 hours the pol ynerization was
term nated by cooling the reaction mxture to roomtenperature and

rel easing the pressure. 89.4 g copolynmer was obtained. The pol yneri zati on
rate was 7.9 kg copol yner/ (g palladi um hour). Exanple 2 A carbon
nonoxi de/ et hene copol yner was prepared inr s0bstantially the sanme way as in
exanple 1, but with the.following differences: a) the catal yst solution
cont ai ned 0.02&£&¥33i%ﬁ2innny pent af | uori de instead of boron
trifluoride-etheratk, cariom)mdnmex rdeaitienet icopolaymesr wWagr prepsteddast 10
hours. 32.6 g ¢ r b '@fﬂ: g WA AN vhalgends 6.1 kg
copol yrmer/ (g paf‘ﬁg%éf(uni h\(l)\%?s(.g) giéanp ee%r%t(%léﬁr nonoxi de/ et hene copol yner
was prepared i n280bel amt ¢atalystheschislamwass introdaesde cONtBAPIRGt h t he
following diffeggncesi RetnidhgLcatalyst solution contained 0.028 mol
alumniumtrifluoride instead of boron trifluoride-etherate, and b) the
reaction time wlsl4 Boeb PRl RLA P hours. 20.4 g copol ymer was
obt ai ned. The p®l| ynmemm@Rtberon at £i filso A di ke hemaadey mamd( g pal | adi um hour) .
Exanmpl e 4 A car pon. monoxi gdef et hepe. conol [ I in substantially
t he sanme way asgrﬁse %%Ig’é?bﬁﬁigxéh#?¥%%§§%ﬁﬁ£§gﬂ§?%%aﬁgérences: a) the
catal yst sol utibfiteontlae netir Oinstherdutarlave hiad beendeispRecgdebiynst ead of
- 0.028 mmol , - and, Py 5061 €F6IHAP LidEndARadt Fort¥Y Sr RtiFfenl 300pBQUrS.

! 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.



20.3 g copol ymer was obtained. The polynerization rate was 2.9 kg

copol yner/ (g pal | adi um hour) . - 10 - Exanple 5 A carbon nonoxi de/ et hene
copol:ymer was prepared as follows. Into a stirred autoclave with a vol une
of 250 m a catalyst solution was introduced containing 50 m nmet hanol
0.1 nmmol palladium acetate, 2 mmol boron trifluoride-etherate, and 0.15
mmol 1, 3- bi s(di phenyl phosphi no) propane. Aftir +he air in the autoclave had

been di spl aced by ni gen, 30.bar et hene t hen .30 bar
~carbon nonoxi de. Fi it Ig 9% FEPRIVBEF alfaSc Rﬁah?§SMBg@“bﬁ@ﬁ%ﬂeﬁ%?%ﬁi’%rr]C
After 1 hour the:apml YS! |Oz.§t ikgn cops 1lymeny igt pall bydtwol haowr t he reaction

mxture to roonzégﬁggkggyre and rel easing the pressure. The forned pol yner
was filtered of wi th nmethanol and dried. 10 g copol yner was

obt ai ned. The pol ymér c2aboonmearyidedethene coprtlyney (Wpparerinad Hour) .
Exanple 6 A car Q%S'E%%a%fttﬂénﬁaﬁep%%”Eé YRSe PARPEL e, igus upsianinal |y

the same way as in_exa e tollow ng di fferences: a) the
~cat al yst soIut|éﬁlé@ﬁﬂaﬂhédféeGEBCﬁﬁnl met hyl sul phoni ¢ aci d i nstead of

~boron trifluoridg- Qhaeeatgly@adsblutbgnr@@@taiﬁea|0mnzmxhﬁbjupgza4 nst ead
A0 U 15 SR NED P50 88 aa 1DF BSLUEL AL © ves 1.9
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 differerces:
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:



A carbon nonoxi de/ et hene copol yner was prepared in substantially the sanme
way as in exanple 1, but with the following differences: a) the catal yst

sol ution contained 0.19 mmol methyl sul phoni ¢ acid instead of boron
trifluoride- etherate, and b) the reaction time was 4.8 hours instead of 10
hours. - 11 - 10.9 g copolyner was obtained. The polynerization rate was
0.6 kg copolyner/ (g pall adium hour). ExaprplZz 8 A carbon nonoxi de/ et hene

copol ymer was prepared | ubstantial.ly the I s ex . gbut
wi th the fol Toing e fEAHERE S&;‘u%tlﬁé 88?5?‘%&2%%@‘?%%‘&%% 3854
ol para- tol usssedgohiboras dnifdueaddef-ebbesaterifluori de- etherate,
and b) the reagly ofkdd 85t Goliplraclost fad b 40 fidticnd ¥ &oo°c,

) ol yme

copol yner was t ai ned. ep I'zatron rate was 1.9 kg copolynmer/ (g
pal | adi um hour)andxanpl e 9 A carbon nonoxi de/ et hene copol yner was prepar ed

in substantial ly) t hg,Sa@RNabrATime @4%a8NBl Bolrsbihstbad éhel fiadbow ng
differences: a) the catal yst solution cgntain do

&9 nng%ygara-.
t ol uenesul phoni ¢ adl <P ih$OPd YBETH RSN OPLREPEDr | dERE PR L2358t he
reaction tinme vwasté wadawe 4 teipedgmelr /19 baltladiBm3hgurppol yner was

obt ai ned. The I ri ilon rate was 0.1 kg copolyner/ (g pall adi um hour).
obtal ned. o T"® RtdmEid %

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.



Exanple 5 was substantially repeated, but with the follow ng differences:
a) the-:catalyst solution contained 2 mml alum niumtrichloride instead of
boron trifluoride-etherate, b) the reaction tenperature was 80[err]C
i'nstead of 60 [err]C, and c) the reaction tine was 5 hours instead of 1
hour. Only a trace of polyner was forned. Exanple 11 A carbon
nonoxi de/ et hene copol ymer was prepared in $8bstantially the sane way as in

exanpl e 5, but withdhe 4 Qldy At OhbiCBiited, ThZpolghetigatdbal yst

sol uti on cont ai ned i chl oride instead Q
trifluoride-et herte e¥ap)9 theke cxpnalomardrige PaldreiiBs P88 ) err] C i nstead of

60 [err]C, and c) tdhe #Racdidplldd ™ -Uas exdeplesi 1steadeohcdobaiing bo5 g
copol ymer was obt ai hed. The polynerization rate was, (110 copal r/(
pal | adi um hour ) PRECFERE 10N E&}?%W@Févh&ﬁéaié’ﬁgﬁyﬁgfi°ﬁ§n8r g%ar ed
as follows. Intehe bivenerbmwand asediviich woniadnetl 380cofpaneatabysa
ol ution vas |4 LoIORt SO0t AU Ny opRAIATRL, OskaflBleaPLact um
1, 3- bi s[ bi s(2- me¢ havkg pteenyd 9 Mip&ﬂym&xﬁm.iomet ednt pgamplei i dhguid
b bracons PES SO BB L e bR cEan ams bl
in 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 MF,. 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



until a pressure of 55 bar had been reached. During the pol ynerization the
pressure was maintained at 55 bar by forcing in a 1:1 carbon

nonoxi de/ et hene m xture. After 2 hours the polynerization was term nated by
cooling the reaction m xture to roomtenperature and rel easing the
pressure. The polyner was filtered off, washed with nethanol and dried.
22.3 g copol ynmer was obtained. The polynmerl4&ation rate was 10.5 kg
copolymer/ (g p c o] qﬁppl yner
was prepared |(?f"lr£,~:u(l;l G{pe %anf%é la}l%e%\%aégaghp @8”%'05‘% CE%’élbut with the
fol | owi ng di ffeafemsstea)t nne@semeal y’%llerg}élsutthénrééﬁth?ﬂeﬁe’ﬁpiga%? par a-

tol uenesul phoni £, 2cd thnghsd 64 oAt £|®9tp8ﬂ@'€h@%:%eﬁﬂﬁbxm wd¥e reaction
tenperature was 88 [err] Cinstead o glerr 13 - 19.5 g copol yner

was obtai ned. TRREHRG MRS 2rdedn dregtr@a\ﬁ& 99P e?é“ESpol ymer/ (g
pal | adi um hour). O71t heaLeyiing sheli3pyeNHRPbAAL §sbsatkatctbe dpohyners he

i nvention. In these ex Ies cat q_ﬁ%/sts a %gr alcggaﬁg Hﬂ] bn‘);gpélg{f?oy\@re

used whi ch cont®fTRAF ener al rmul a
MFn. Exanpl es lupt cnfellaneeam cgmrp#name vqhalcyxrréhezamﬁﬁ fmmeszanlpo@ 5 liquid
phase pol ymer | gLl opy 98, AP din PATERICES Bnbief 8Lkuetbal df bhe scope of
t he invention, wer e 1 ncl I'n the patent application for conparison.
Exanpl es 6-9 re&h‘t@fn@m AREY pol yneri zati on usi ng catal ysts contai ni ng
a strong organic acid as conponent b). In exanples 10-13 liquid phase

pol yneri zati on was appli ed.



In exanples 10 and 11 use was nade of a catal yst containing as conponent b)
a Lewis acid that did not satisfy the definition of Mn. Exanples 12 and 13
were.carried out using catalysts containing a strong organic acid as
conponent b). Conparison of the results of exanples 1-4 with those of
exanples 6-9 shows the gain in the polynerization rate which occurs if in

t he gas phase preparation of the polymers &5strong organic acid in the
catalyst is replaced by a Lewis acid according to the inventienjspxagpie 10
shows that the Lewis acid alumniumtrichloride is unsuitabl e To Serve as
conponent b) in a catalyst used in the |liquid phase pol yner preparation.
Exanpl e 11 denonstrates that a catal yg centrainisng the Lewis acid tin

di chl ori de as conponent b) displays a Tow polynerization rate in the |liquid
phase pol ymerization. Conparison of the results of exanple 5 with those of
exanpl es 12 andl 13 Gaimaiksydthatonidosirtitomes, | ichhardcpkeaseegolignthakathey are
strong organic gg%é&”éﬁfhe catalyst is replaced by a Lewis acid according
to the invention, e high polynerization rate is substantially maintained.
I n connection MY evit tdroun VI p@eatadd compoundi exanpl es 12 - 14 - and 13

were carried oy aty 8wand R3d ¥ ke gepechilvebymand BE, CODStRRLcRIgsSur e,
whereas the reaction tenperature for exanple 5 was onIy_%O [err]C and t he

experi nent was ERTSIRP Gutdhfdemedde t0ad fgrpfezdypeleviswasidstibhi shed by
NVR anal ysi s t heludinegol B i g¥etiiay €l uvaedakdiangd hohexagheesalud 3anfrll- 13
were built up(g | inear chains in which the units from carbon nonoxi de and
the units from¥t H8{e occurred in an

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 c¢laim 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 (R1)2P—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

e e
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al ternating manner. - 15 - T 1515 SINCL Al MS 1 Catalyst

conposi tions, characterized in that they are based on: a) a Goup VIII
met al compound, b) a Lewis acid of the general fornmula MFn, in which M
represents an elenent that can forma Lewis acid with fluorine, F
represents fluorine and n has the value 3 or 5, and c) a dentate |igand
containing at |east two phosphorus-, nirrééeﬁ- or sul phur-contai ni ng

dentate gr Oupstiégf;eyshuwi Shat Pee SRt aLg: th GANch Ay ROMImposiittilont he G oup
Vi1l netal. 2. al yst conpositions according to claim1, characterized in
that they cont 8FROBSLBE tPi #R¥oPE dela e um trifluoride or antinony

pﬁnt af | uori dg as Cﬁf@@éﬁﬁtab&:orain@owocsiéim)mls, amzcrrf atitrey itzedc limi rohdtor 2,

characterized ip that they contain 0.5-200,.nol, o t per g.atom

G oup vt 1 et hhe' BEL R e EROR Ds cear AR Db i, SHRARE Hnabe BE O

characterized polymeritheyonobyatonbsctimpotientmaonewomiding ol on

general formul %f(B{xgr{:L%L?ggkpagagéﬂ§{§ﬁ){ﬁf£111 Wi R 1VaRIESMIE an
stitu hydr y

optionally polar su . . car group and R represents a qbXalent
organi ¢ bri dgi dglyeatpinonhachi hlae apol WaeEs take ik RE iR a3 dge.
5. Conpositiongnaesapdeng to claim4, characterized in that they contain

0.5-2 nol conpagnent ¢ er g.atom G oup Vl)I tal. , .
er8° Proéegs agcordf%g topclaim é?aé%aracterlzed 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 olefinically 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.

I
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6. =Reoecess for the preparation of polyners, characterized in that polyners
of carbon nonoxide with one or nore olefinically unsaturated conpounds are
prepared by contacting the nononers at el evated - 16 - tenperature and
pressure with a catal yst conposition according to any of clainms 1-5. 7.
Process according to claim6, characterized in that the polynerization is
carried out as liquid phase polynerization by contacting the nononers with
a solution of the catalyst conposition in a |iquid non-pol ynerilZslld IN
diluent in which the polyners are insoluble or virtually insoluble. 8.
Process according to claim6, characterized in that the polynerization is
carried out as gas phase pol ynerizaai Bnsby Raat@cIing the nononers with the
catal yst conposition substantially 1n the absence of a liquid

non- pol ymeri zabl e diluent. 9. Process according to any of clainms 6-8,
characterized in that per nol ol GATALEAT| GOMPRIITICNEd conpound to be

pol yneri zed a quantity of catal yst conposition is used which contains
10[err]-10[err] g.atom Goup VIII nmetal, and that it is carried out at a
tenperature of 25-150 [err]C, a pressure of 2-150 bar and a nolar ratio of

the ol efinically upsaklr ahed1§eePesRESsiElahs Saddd caihon nonoxi de of 10:1
to 1:10. C13/ T1515FF

a) a Group VIII metal compound,

b) a Lewis acid of the general formula MFp, 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

*"*@iﬁj .

metal.
They are suitable for use in the preparation of
polymers of carbon monoxide with one or more olefinically

unsaturated compounds.
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