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

It is known that linear polymers of carbon monoxide
with one or more olefinically unsaturated compounds, in
which polymers the units originating from carbon monoxide
(on the one hand) and the units originating from the
olefinically unsaturated compounds (on the other hand)
occur in a substantially alternating order, can be
prepared by contacting the monomers at an elevated
temperature and pressure with a solution of a suitable
catalyst (or catalyst composition), in the presence of a
liquid, non-polymerizable diluent in which the polymers
are insoluble or virtually insoluble.

The polymerization is conventionally carried out by
introducing a catalyst solution into a reactor which
contains the monomers and the diluent and which is at the
desired temperature and pressure. During the poly-

. merization the polymers are obtained in the form of a
.ii;g“ suspension in the diluent. When the required degree of
: polymerization has been achieved, the polymerization is
terminated, conventionally by cooling the reaction
mixture to room temperature and releasing the pressure.
The polymer is removed from the suspension, washed and
dried.

As regards the diluent to be used in the poly-
merization, lower aliphatic alcohols such as methanol are
preferred, since it was found that the suitable catalyst
compositions have the highest polymerization rate when
dissolved in these. A drawback of the use of lower
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polymers, since it was found that the alcohol content is
hardly changed after extrusion of the polymers at
temperatures of around 270 °C.

The high alcohol content can be a problem if the
present polymers are uséd as packaging material for
foodstuffs. It is therefore desirable to lower this high
alcohol content.

The applicant has carried out extensive research into
this subject. Initially it was tried to achieve the
desired goal by treating the polymers at high temperature
with water or steam. Although the alcohol content of the
polymers could be reduced in this way, the resulting
deterioration in the properties of the polymers was such
that these methods had to be rejected.

In the course of continued research by the applicant
into this subject, it has now surprisingly been found
that in the preparation of the aforesaid alternating
polymers using one or more lower aliphatic alcohols as
diluent, polymers with a reduced alcohol content can be
prepared by adding water to the diluent.

It should be mentioned that (comparative) example 5

. of EP-A-307027 describes the preparation of a CO/ethene/-
propene terpolymer at 56 bar and 85 °C in the presence of
a diluent consisting of 3 ml water, 1.5 ml toluene and
181.5 ml methanol, i.e. 2.0 pbw (parts by weight) water,
0.9 pbw toluene and 97.1 pbw methanol. This example was
carried out to show that the presence of water in the
(carbon monoxide) feed does not have any disadvantageous
effect on the polymerisation rate, whereas other



by ptol onged and careful drying. It nust be assuned that this quantity of
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originating from the olefinically unsaturated compounds
occur in a substantially alternating order, are prepared
by contacting the monomers at elevated temperature and
pressure with a solution of a suitable catalyst, in the
presence of a diluent at least consisting of one or more
lower aliphatic alcohols and water, with the exclusion of
the preparation of a CO/ethene/propene terpolymer at

56 bar and 85 °C in the presence of a diluent consisting
of 0.9 %w toluene, 2.0 %w water and 97.1 %w methanol.

As stated above, it was found that when the present
polymers are prepared in the conventional manner, i.e. in
the presence of a diluent containing a lower aliphatic
alcohol, they show a residual content of the applied
alcohol of 4000 - 15000 ppmw (0.4 - 1.5 %w). Thus
polymers having a lower alcohol content, when prepared in
a process using a lower aliphatic alcohol as a liquid
non-polymerisable diluent, are novel compounds.
Accordingly, the present patent application also relates
to linear polymers obtained by copolymerization of carbon
monoxide with one or more olefinically unsaturated
compounds in the presence of a diluent at least con-
sisting of one or more lower aliphatic alcohols, in which
polymers the units originating from carbon monoxide and
the units originating from the olefinically unsaturated
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ef fect on the polynerisation rate, whereas other

3 I mpurities such as iron carbonyl or sul phidic sul phur have to be
renoved therefrom There is no nmention of residual met hanol contact in
EP- A- 307027, nor in any other docunent of the state of the art known to
Appl i cant. However, the 5 procedure of this exanple is not clained in
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The polymerization according to the invention is
preferably carried out in the presence of a diluent that
contains methanol as lower aliphatic alcohol. The term
"lower aliphatic alcohol™ as used herein comprises
alcohols such as methanol, ethanol, 1- and 2-propanol,
l-butanol, 2-butanol and 2-methyl-2-propanol, and |
corresponding diols, but excludes unsaturated alcohols
such as vinyl, allyl or crotyl alcohol, these
participating in the polymerization in an unwanted way.
The quantity of water in the diluent preferably amounts
to at least 2.5%w. The diluent further preferably
comprises a maximum of 15 %w water and in particular a
maximum of 10 %w water.

In the process of the invention, a catalyst is used
which, starting from a mixture of carbon monoxide and one
or more olefinically unsaturated compounds, is capable of
catalyzing the formation of the previously mentioned
linear alternating polymers. Suitable catalysts for the
present purpose are, inter alia, those which comprise a
Group VIII metal. In this patent application, Group VIII
metals are understood to be the noble metals ruthenium,
rhodium, palladium, osmium, iridium and platinum, as well
as the iron group metals iron, cobalt and nickel.
Preference is given to catalysts which include palladium,
nickel or cobalt as Group VIII metal. Particular
preference is given to palladium as Group VIII metal. If
the catalysts that are used in the process of the
invention comprise a Group VIII metal, it is preferably

“incorporated in the catalyst in the form of a salt of a
carboxylic acid, in particular in the form of an acetate.
In addition to a Group VIII metal, the catalysts
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ﬁéontacting the nononers at elevated tenperature and pressure 15 wth a

solution of a suitable catalyst, in the presence of a di l uent at | east
consi sting of one or nore lower aliphatic al cohol s and at | east 0.56%w
water, relative to the wei ght of the diluent, with the exclusion of the
preparatlon of a CJ et hene/ pr opene tergolyner at 56 bar and
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Accordingly, g resent patent application also relates to
| i near pol yner $°HBY ?nable by copol ynerization of carbon nonoxi de w th
one or nore olefinically unsaturatedX X
/ N\ / N\
N = C---C = N wherein X

represents an organic bridge group containing three or
four atoms in the bridge, at least two of which are
carbon atoms, such as 2,2'-bipyridine and 1,10-
phenanthroline. If a sulphur bidentate ligand is used,
preference is given to compounds of the general formula
Rls—R—SRl, wherein R1 represents an optionally polar-
substituted hydrocarbyl group and R represents a bivalent
organic bridge group containing at least two carbon atoms
in the bridge, such as 1,2-bis(ethylthio)ethane and cis-
1,2-bis(benzylthio)ethene. Preference is given to the
use of phosphorus bidentate ligands of the general
formula (R1)2P-R—P(R1)2, wherein R and Rl have the
previously given meanings. Preference is further given
to the use of phosphorus bidentate ligands of this type
in which Rl represents an aromatic hydrocarbyl group
having at least one alkoxy substituent in the ortho
position relative to the phosphorus atom to which it is
attached. A very suitable compound for the present
purpose is 1,3-bis[bis(2-methoxyphenyl)phosphino]propane.
If a nitrogen or sulphur bidentate ligand is used in the
catalysts, the quantity used is preferably 0.5-100 and in
particular 1-50 mol per g.atom Group VIII metal. If a
phosphorus bidentate ligand is used, the quantity used is
preferably 0.5-2 and in particular 0.75-1.5 mol per
g.atom Group VIII metal. In addition to a Group VIII
metal and a phosphorus, nitrogen or sulphur bidentate
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The diluent further refera conprises _a maxi mum 15%w wat er
and in pARIQRY| 1§ rar%%sam arelw vt dihe catalystg fin i process of

the invention quartity ot 1s10G&thd in particular 2-50 mol per g.atom
Group VIII metal. In addition to catalysts on the basis
of the three aforementioned components, viz. a) a
Group VIII metal compound, b) an acid with a pKa of less
than 4 or a non-noble transition metal salt thereof, and
c) a bidentate ligand containing two phosphorus-,
nitrogen- or sulphur-containing dentate groups, catalysts
eligible for the present purpose can also be cor-
responding catalysts on the basis of two components by
combining components a) and b) such as by the application
of palladium trifluorocacetate or palladium para-tosylate
or by combining components b) and c¢) such as by the
application of ortho-(diphenylphosphino)benzenesulphonic
acid or 3- (diphenylphosphino) propanesulphonic acid. 1In
order to enhance the activity of the Group VIII metal-
containing catalysts, a 1,4-quinone may be additionally
incorporated therein. For that purpose, 1,4-benzoquinone
and 1,4-naphthoquinone are very suitable. The quantity
of 1,4-quinone used preferably amounts to 5-5000 and in
particular 10-1000 mol per g.atom Group VIII metal.

Olefinically unsaturated compounds that can be

polymerized with carbon monoxide by using the process of
the invention may be compounds consisting exclusively of
carbon and hydrogen, as well as compounds which contain,
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f.ormati on of the previously nentioned |inear al ternating pol yners.
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conprise a Goup VIII _ 9 _ - 4A-
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pentene, norbornene and dicyclopentadiene. The process
of the invention is in particular very suitable for
application in the preparation of copolymers of carbon
monoxide with ethene and in 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 the invention may vary within wide limits. If
a Group VIII metal-containing catalyst is used, a
quantity of catalyst is preferably used per mol of
olefinically unsaturated compound to be polymerized which
contains 10-7-10"3 and in particular 10-6-10-4 g.atom
Group VIII metal.

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
olefinically unsaturated compounds relative to carbon
monoxide is preferably 10:1-1:10 and in particular 5:1-
1:5,

The invention is further illustrated by the following
examples.

Example 1

A carbon monoxide/ethene/propene terpolymer was prepared
as follows. 144 g methanol was introduced into a stirred
autoclave with a capacity of 300 ml. The air in the
autoclave was driven out by forcing in carbon monoxide to
a pressure of 50 bar and then releasing the pressure and
repeating this procedure two more times. After the
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cat al ysts -5-  preferably include a

bi dentate |igand which can forma conplex with the Goup VIII netal via two
phosphorus-, nitrogen- or sul phur-containing dentate groups present in the
bidentate ligand. If a nitrogen bidentate ligand is used, preference is

gi ven to conpounds of the general fornula [err]
represents an organic bridge group contafnBng three or four atons in the
bridge, at | east are carbon atonms, such as 2,2 b|é¥r|d|ne and
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at ons solution was 1ntroduced into the autoclave, consisting

of:

2 ml acetone,

0.01 mmol palladium acetate,

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

and ,

0.2 mmol trifluorocacetic acid.

During the polymerization the pressure in the
autoclave was maintained by forcing in a 1:1 carbon
monoxide/ethene mixture. After 2 hours the poly-
merization was terminated by cooling to room temperature
and releasing the pressure. The terpolymer was filtered
off, washed with methanol and dried at 70 °C. 13 g
terpolymer was obtained with a methanol content of
7000 ppmw. The polymerization rate was 6.1 kg
terpolymer/ (g palladium.hour).

Example 2

A carbon monoxide/ethene/propene terpolymer was prepared
in substantially the same way as in example 1, but with
the difference that 0.8 g of the 144 g methanol was
replaced by water.

14 g terpolymer was obtained with a methanol content
of 3000 ppmw. The polymerization rate was 6.6 kg
terpolymer/ (g palladium.hour).

Example 3

A carbon monoxide/ethene/propene terpolymer was prepared
in substantially the same way as in example 1, but with
the difference that 2.9 g of the 144 g methanol was
replaced by water.

16 g terpolymer was obtained with a methanol content
of 1100 ppmw. The polymerization rate was 7.5 kg
terpolymer/ (g palladium.hour).



i.n the bridge, such as 1, 2-bis(ethylthio)ethane and cis-

1, 2-bi s(benzylthio)ethene. Preference is given to the use of phosphorus
bi.dentate |igands of the general fornmula (Rlerr])[err]P-R-P(Rlerr])[err],
wherein R and Rlerr] have the previously given neanings. Preference is
further given to the use of phosphorus bidentate |igands of this type in
whi ch R[err] represents an aromatic hydrocarﬁyl group having at | east one
al koxy substit g’ hn ahe ortho position relative to the phosphorus atomto
which it is a ¥ee—A very suitabl e conpound for the present purpose is
1, 3-bi s[ bi s(2- Aecbnb9phmoybxpdeépbhenkppnppene térpobyhepgwas oprepbpear
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phosphorus bi deheadéffrgangei thated; 2tqeo§ubhe|194ugemetbapcbfuaab|y 0.5-2
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of 100 ppmw. The polymerization rate was 7.1 kg
terpolymer/ (g palladium.hour).

Example 5

A carbon monoxide/ethene/propene terpolymer was prepared
in substantially the same way as in example 1, but with
the difference that 14.4 g of the 144 g methanol was
replaced by water.

14 g terpolymer was obtained with a methanol content
of < 50 ppmw. The polymerization rate was 6.6 kg
terpolymer/ (g palladium.hour).

The methanol content of the polymers was determined
by extracting them for 20 hours at 120 °C with water and
analyzing the aqueous phase with the aid of GLC. To
establish that a complete extraction of methanol really
had been accomplished in this way, the methanol content
of the polymer prepared according to example 1 was also
determined by dissolving the polymer in hexafluoro-
isopropanol and analyzing the solution with NMR. This
procedure also gave a methanol content of 7000 ppmw.

Of the examples 1-5, examples 2-5 are according to
the invention. 1In these examples the polymerization was

carried out in the presence of a diluent consisting of
methanol to which water had been added. Example 1 falls
outside the scope of the invention and is included in the
patent application for comparison. In this example no
water was added to the methanol. It was established by
NMR analysis that the polymers prepared according to
examples 1-5 were built up of linear chains in which on
the one hand the units from carbon monoxide and on the



acidwth a pKa of less than 4 and in particular an anion of an acid with a
pKa of less than 2. Exanples of suitable acids with a pKa of I|ess than 2
‘are sul phonic acids such as para-tol uenesul phonic acid and

hal ogencar boxylic acids such as trifluoroacetic acid. The introduction of
an anion of an acid wth a pKa of less than, 4 into the catal ysts can take
ptace in the formof an acid and/or in fhgﬂ}d?n1of a salt of a non-noble

transition net h i Lm anign i f.erably
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t hereof , and c?lﬁtEFHBﬁ?QtBappgﬁnd cont ai ni ng two phosphorus-, nitrogen- or
sul phur-contai ning dentate groups, catalysts eligible for the present

pur pose can al so be cor- responding catal ysts on the basis of two
conmponent s by conbi ni ng conponents a) and b) such as by the application of
pall adiumtrifluoroacetate or palladium para-tosylate or by conbining
conponents b) and c) such as by the application of

ort ho- (di phenyl phosphi no) benzenesul phoni ¢ acid or

3- (di phenyl phosphi no) pr opanesul phonic acid. In order to enhance the
activity of the Goup VIII netal- containing catalysts, a 1,4-qui none may
be additionally incorporated therein. For that purpose, 1,4-benzoquinone
and 1, 4- napht hoqui none are very suitable. The quantity of 1, 4-quinone used
preferably amunts to 5-5000 and in particular 10-1000 nol per g.atom G oup
VITl metal.



A efinically unsaturated conpounds that can be polynerized wt r bon

nonoxi de by using the process of the invention may be corrpoung Barﬂ HII"VH'II"IIII
excl usively of carbon and hydrogen, as well as conpounds whic (s sl i i s
in addition to carbon and hydrogen, one or nore hetero- atons. The

process of the invention is preferably applied in the preparation of

pol yners of carbon nonoxi de with one or ldore ol efinically unsaturated

hydr ocar bons. Exanpl es of suitable hydrocarbon nononers are §h§§§%;
propene, butene-1, hexene-1, octene-1, styrene, cyclo-  pentkgkdd SIN

nor bor nene and di cycl opent adi ene. The process of the inventionis in
particul ar very suitable for appIiQ§HL irhtge preparation of copol yners

of carbon nonoxi de with et hene and paration of  terpolymers of
car bon nmonoxi de with ethene and an [err]-olefin, in particular propene.

The quantity of, cairdoeds CBPAH ¥t tAEf df' gd¥mers,
characterized in that linear polymers of carbon monoxide
with one or more olefinically unsaturated compounds, in

which polymers the units originating from carbon monoxide
and the units originating from the olefinically
unsaturated compounds occur in a substantially
alternating order, are prepared by contacting the
monomers at elevated temperature and pressure with a
solution of a suitable catalyst, in the presence of a
liquid, non-polymerizable diluent at least consisting of
one or more lower aliphatic alcohols and water, with the
exclusion of the preparation of a CO/ethene/propene
terpolymer at 56 bar and 85 °C in the presence of a
diluent consisting of 0.9 %w toluene, 2.0 %w water and
97.1 %w methanol.

2. Process according to claim 1, characterized in that
the diluent contains methanol as lower aliphatic alcohol.
3. Process according to claim 1 or 2, characterized in
that the diluent contains at least 2.5 %w water.

4. Process according to one or more of claims 1-3,
characterized in that the diluent contains a maximum of
15 %w water.

5. Process according to one or more of claims 1-4,
characterized in that the catalyst contains a Group VIII
metal.

6. Process according to claim 5, characterized in that
the catalyst contains in addition to a Group VIII metal a
bidentate ligand which can form a complex with the Group
VIII metal via two phosphorus-, nitrogen- or sulphur-
containing dentate groups present in the bidentate
ligand.

This Sheet Has Been Replaced




process of the invention may vary within wide linits.
netal -contai ning catal yst is used, a quantity of catalyst | ﬂ“@l Mﬂl "“
used per nol of ol efinically unsat ur at ed conmpound to be pol \reri ze

contains 10[err]-10[err] and in particular 10[err]-10[err] g.atom (}oup

VIl netal. The process of the |nve?éi9n Is preferably carried out
at a tenperature of 25-150 [err]C and a p ssure of 2- 150 bar and in
particul ar at erature of r.r, a re of 100 bar .
The nol ar rat |—i(j)1 of LSS arﬁ"&éi‘%g %@at 5’ &f % dtar bon
nmonoxi de is prtﬂ'fad:r gy midk ofl: oﬂ(kﬁmidailpanmecaﬁtmat"gdlcompmmd to beThe

I nvention is f i ﬁ@g

provi ded for i st rat%év&e%)uﬁaggtel?&orﬁ dcax‘yai e const rued
as I|n1t|ng(M?%qﬁiyﬁﬁmﬁﬂluﬁﬁ \ﬁﬁpt45ﬂﬁn¥ caﬂb@ﬁom Group

nonoxi de/ et hengf/1r aRengl [ er pol yner was prepared as fol | ows. 1449

nmet hanol was _intyoduced into,,a ,stirred autocla mnth aﬁpapacity of
300 m. Thé: aifFOqSFs AR &R RS W id in carbon

nonoxi de to a ghaxstexridedlibathanditt hien daa&raaﬂ et hft rzr el:empeacmxte

repeating tmé% é%£¥§@“%£ aFB?esgﬁE% oEiggiSO bar éL eh mbagr ratio
of the olefinically unsaturated compounds relative to
carbon monoxide of 10:1 to 1:10.
9. Linear polymers obtained by copolymerization of
carbon monoxide with one or more olefinically unsaturated
compounds in the presence of a diluent at least
consisting of one or more lower aliphatic alcohols, in
which polymers the units originating from carbon monoxide
and the units originating from the olefinically
unsaturated compounds occur in a substantially
alternating order, characterized in that the polymers
contain less than 4000 ppmw of the applied lower
aliphatic alcohol(s).
10. Polymers as claimed in claim 9, characterized in that
the polymers contain less than 100 ppow of the applied
lower aliphatic alcohol(s).

D10/T1599FF
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»8++ contents of the autoclave had been brought to 78 [err]C, 19 bar
propene was forced in, then 11 bar ethene and finally 30 bar carbon
nmonoxi de. After this, a catalyst solution was introduced into the

aut ocl ave, consisting of: 2 m acetone, 0.01 muol palladium acetate, 0.01
mol 1, 3- bi s[ bi s(2- et hoxyphenyl ) phosphi no] propane, and 0.2 mol
trifluoroacetic acid. During the polynerization the pressure in the

aut ocl ave was nmintained by forcing in a 1:1 carbon m)noxide@eéggge§ N
mxture. After 2 hours the poly- nerization was termnated b } to
roomtenperature and rel easing the pressure. The terpolyner was filtered
of f, washed with nethanol and drie t 7@ REAre 13 g terpol yner was
obtained with a nethanol content og;gege—ppnmr—gge pol ynmeri zation rate was
6.1 kg terpolyner/ (g palladiumhour). Exanple 2 A carbon

nonoxi de/ et hene/ propene terpol yRepPARAS IDNEDE eOLYMERGDSt antially the same
way as in exanple 1, but with the difference that 0.8 g of the 144 ¢

nmet hanol was repl aced by water. 14 g terpolymer was obtained with a
met hanol content Process for the preparation of linear polymers of

carbon monoxide with one or more olefinically unsaturated
compounds, in which polymers the units originating from
carbon monoxide and the units originating from the
olefinically unsaturated compounds occur in a
substantially alternating order, comprising contacting
the monomers at elevated temperature and pressure with a
solution of a suitable catalyét, in the presence of a
liquid, non-polymerizable diluent at least consisting of
one or more lower aliphatic alcohols and water. Such
polymers having an alcohol content below 4000 ppmw, are
novel compounds.
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of 3000 ppmw. The pol ynerization rate was 6.6 kg terpolymer/ (g Wologo-5 x7es
pak | adi gm-hour,).Exanpl e-3- A car-bon..nonoxi de/ et hene/ propene terpol yner was
prepared yn subst antlal I,‘,y“gﬁe sife way as in exanple 1, but with the

di f f er enci that: 1279 196 4l .g.. mbt hanol vva§ub§'§ﬂl!£§(§i'lew -vé8 dune 200Q6 g
t er pol yrrer “was. obt ai- ned \Mt‘ rret'!f\a[ol content of 1100 ppnw. The

pol ymeri zat i on: {ate Vigs! 7. 5: Ii sdder.pokymer/ (g pal | adi um hour).
-9-  Exanple 4-A carbon: nomoxigel.et hene/ propene terpol ymer was prepared in

substantially the same way as in exarrpl_e3_1 but. wth the difference that
7.2.9 of the 144 g.net: hane.}nm(as repl aced by water. 15 g terpolymer was

........

obt ai ned wi th a nethanol cont-ert—et~100 ppmw. The pol ynerization rate was:

7.1 kg ter ng i3 RAdRdYM BBHT karBXAYR! ©r° sulphidic sulphur have

to be removed therefrom. There is no mention of residual
methanol contact in EP-A-307027, nor in any other document
of the state of the ért known to Applicant. However, the

5 procedure of this example is not claimed in the said prior
patent application.

The present patent application therefore relates to a

~ process for the preparation of polymers, characterized in

that linear polymers of carbon monoxide with one or more

10 olefinically unsaturated compounds, in which polymers the

units originating from carbon monoxide and the wunits

originating from the olefinically unsaturated compounds

occur in a substantially alternating order, are prepared by

contacting the monomers at elevated temperature and pressure

15 with a solution of a suitable catalyst, in the presence of a

diluent at least consisting of one or more lowér aliphatic

alcohols and at least 0.56%w water, relative to the weight

of the diluent, with the exclusion of the preparation of a

CO/ethene/propene terpolynier at 56 bar and 85°C in the

20 presence of a diluent consisting of 0.9%w toluene, 2.0%w
water and 97.1%w methanol.

As stated above, it was found that when the present
polymers are prepared in the conventional manner, i.e. in
the presence of a diluent containing a lower aliphatic

25 alcohol, they show a residual content of the applied alcohol
of 4000-15000 ppmw (0.4 - 1.5%w). Thus polymers having a
lower alcohol content, when prepared in a process using a
lower aliphatiec alcohol as a 1liquid non-polymerizable
diluent, are novel compounds. '

30 Accordingly, the present paten't application also
relates to linear polymers obtainable by copolymerization of

carbon monoxide with one or more olefinically unsaturated

e‘ 6@60A—Q’ s
221 6les



A carbon nonoxi de/ et hene/ propene terpol yner was prepared in substantially
the sane way as in exanple 1, Db wth the difference that 14.4 g of the
144 g met hanol we= qﬁf@ngﬁhter. 14 g terpolynmer was obtained with
a met hanol cont ehtRi . e pol yneri z8ubstitutatsheeas 28 Gukg 2000
The net hanol content of the pol yners was
Y0 hours at 120 [err]C with water and

| 'y hagd been acconplished in this way,
t he nethanol cont veT prepared according to exanple 1 was
al so determ ned by dissolving the polyner in hexafl uoro- isopropanol and

anal yzing t ;&&S{go%dﬁdsorﬁ.rw &% %sgﬂéé BE0GeinQ ehtS wtdaVeast "BOREDNSOt ing

cont-ent of ppMmw. e exanples 1-5, exanples 2-5 are accordi ng

to the invendf oonel prt hege chaneyl exlivhatisl yahaahedsi ol iaghteh rPRYYBRES | n

added. - Bramie 107AEPs DEHR B B TR PR mer e e e TP

in the patensripipldiciatg orffamr onepardlsfiinicalili svagakpkated waempowads

e LS oo Toath b BB EEAL e Pl R APkt T e e

on the one hgathhdies uabhsainowhemibabl goboxniddd drveon #hiphatic alcohol
applied in the copolymerization, characterized in that the
polymers contain less than 4000 ppmw of the lower aliphatic
alcohol, with the exclusion of a CO/ethene/propene

10 terpolymer obtainable by copolymerizing the monomers at 56
bar and 85°C in the presence of a diluent consisting of 0.3%w
toluene, 2.0%w water and 97.1l%w methanol.

In a preferred embodiment, the polymers contain less
than 100 ppmw of the applied lower aliphatic alcohol.

15 The polymerization according to the invention is
preferably carried out in the presence of a diluent that
contains methanol as lower aliphatic alcohel.  The. term
"lower aliphatic alcohol" as used herein comprises alcohols
such as methanol, ethanol, l- and 2-propancl, l-butanol, 2-

N 20 butanol and 2—metﬁyl—2—propanol, and corresponding diols,

but excludes unsaturated alcohols such as vinyl, allyl or
crotyl aleohol, these participating in the polymexization in
an unwanted way. The quantity of water in the diluent
preferably amounts to at least 2.5%w. The diluent further

25 preferably comprises a maximum of 15%w water and in
particular a maximum of 10%w water.

In the process of the invention, a catalyst is used
which, starting from a mixture of carbon monoxide and one or
more olefinically unsaturated compounds, 1is capable of

30 catalyzing the formation of the previously mentioned linear
alternating polymers. Suitable catalysts for the present

purpose are, inter alia, those which comprise a Group VIIL



- 10 - other hand the units fromethene and propene occurred in an
alternating arrangenent. In the polyner chains the units from ethene and
propene occurred in a randomy distributed manner.

CLAI V5

1

Process for the preparation of pdSybstitate sheetc26r Jures 2000 n

that |inear polymers of carbon nonoxide with one or nore olefinically
unsat urated conpounds, in which polyners the

10

< 4A -

metal. In this patent application, Group VIII metals are
understood to be the noble metals ruthenium, rhodium,
palladium, osmium, iridium and platinum, as well as the iron
group metals iron, cobalt and nickel. Preference is given
to catalysts which include palladium, nickel or cobalt as
Group VIII metal. Particular preference is given to
palladium as Group VII metal. If the catalysts that are
used in the process of the invention comprise a Group VIII
metal, it is preferably incorporated in the catalyst in the
form of a salt of a carboxylic acid, in particular in the

form of an acetate. In addition to a Group VIII metal, the
catalysts
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5 units originatin 1o noxide and the wunits

originating fromt hé 8*’-%#45#?‘/5@[‘ %ﬁs t ur at ed conpounds occur in a
substantially alternatfi ng order, repared by contacting the nononers
at ‘el evat ed t enper atjurfe gngmqemgmr wi t h aSsibktitutershedfeta 281Uuakl 2000
catalyst, in the prgsgnce of a 10 i quid, non-polynerizabl e..di |l uent at

| east consisting of Jo or—1ore | gqwer aliphatic al cohols and at | east

0. 56%w of water, {relative to thejwejght of the diluent, wth the
exclusion of the preparation of a CO ethene/propene terpol ymer at

56 bar and 85freraddi tdinrd e I&éeﬁeﬂcén@fh@dﬂb étentorae‘io&owrét hBBer&f 0. 9%v
t ol uene, 2. ocess according

toclaiml1, c aracterlzeﬁéggefga?%t S ln%ﬁq ?ﬂ %ﬁ)ﬁF&%ﬁ§a§éYhanol as | ower
al i phatic al @ARiied in Fhe prepasatbenor flipwl ey aifncerbpn2monoxide

Zhargct eri zedvitth 2he td‘ratmotrléeodbEUEDéaPDﬁt\ﬁié”h%L&taﬂé%ﬁ%yd%oéa@b&\ﬁ& er.

. r ocess

characteri zedﬁ%&%%t’lh { fhes(&&lt &fit Ré%ﬁ?%?%mé W“fﬁfrﬁ &relg(w,ene, wat er .
5. Process RERAHMN uﬁﬁﬁe“éneheﬁﬁnerﬁmEQCEﬁne1ﬁ:ammyrene4 cgslo-

characteri zecberrtetrfea,t rid?:%o@:@\bﬁlEYSth@ﬂé@éfb}éthdl%eV' | the pro&L&d - 6.
Pr ocess accorg% | aim 5, .character] n cata
di |on

t.h yst
contains in a SRRl b?l?a7ﬁﬁﬁﬂl§f ver%ﬂ%ﬁéﬁ?&ﬁ@ fPFand whi ch can
forma Conpleﬁpm&iQﬁﬁﬂﬂa Gnope preparation of copolymers of carbon

monoxide with ethene and in the preparation of

o, terpolymers of carbon monoxide with ethene and an

, . - a-olefin, in particular propene.

' The quantity of catalyst composition employed in the
process of the invention may vary within wide limits. 1If
a Group VIII metal-containing catalyst is used, a
quantity of catalyst is preferably used per mol of
olefinically unsaturated ccmpound to be polymerized which
contaians 1077-10"3 and in particular 10-6-10-% g.atom
Group VIII metal.

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

\/_ olefinically unsaturated compounds relative to carbon
monoxide is preferably 10:1-1:10 and in particular 5:1-
1:5.

The invention is further”{ilustrated by the following
examples which are provided for illustrative purposes only
and which should not be constrﬁed as limiting on the
invention in any way.

Example 1

A carbon monoxide/ethene/propene terpolymer was prepared as
follows. 144g methanol was intrxoduced into a stirred
autoclave with a capacity of 300 ml. The air in the
autoclave was driven out by forcing in carbon monoxide to a
pressure of 50 bar and then releasing the pressure and

repeating this procedure two more times. After the



-12- VIII netal via tw phosphorus-, nitrogen- Illlsm "I' "H“Jljll““l
contai ning dentate groups present in the bidentate |igand.
according to claim5 or 6, characteri.zed in t hat per nol of ol efinlcal Iy

unsat ur at ed conpou E?E‘ N& oémr zed a quaSubstitute shesip 28 Uune 2000
met al - cont ai ni ng 8 VAS whi ch contains 10[err]-10[err] g.atom
G oup VIII nmet all. : Proce s according to one or nore of
clains 1-7, ch rect29ld@N 20B0thal it is carried out at a tenperature of
10 25-150[err]C, pgressure of 2-150 bar_and a nolar ratio of the
olefinically wunsatjurated conpounds} relative to carbon monoxi de of
10:1 to 1:10. Linear polyoeds obtainable by copolynerization
of CLAIMS

1. Process for the preparation of polymers, characterized

in that linear polymers of carbon monoxide with one or more
olefinically unsaturated compounds, in which polymers the

5 units originating from carbon monoxide and the units
originating from the olefinically unsaturated compounds
occur in a substantially alternating order, are prepared by

e contacting the monomers at elevated temperature and pressure
with a solution of a suitable catalyst, in the presence of a

10 1liquid, non-polymerizable diluent at least consisting of one
or more lower aliphatic alcohols and at least 0.56%w of
water, relative to the weight of the diluent, with the
exclusion of the preparation of a CO/ethene/propene
terpolymer at 56 bar and 85°C in the presence of a diluent

15 consisting of 0.9%w toluene, 2.0%w water and 97.1%w
methanol. '

2. Process according to claim 1, characterized in that the

diluent contains methanol as lower aliphatic alecohol.

3. Process according t¢ claim 1 or 2, characterized in

20 that the diluent contains at least 2.5%w water.

4, Process according to one or more of claims 1-3,

characterized in tﬁat the diluent contains a maximum of 15%w
water.

5. Process according to one or more of claims 1-4,

25 characterized in that the catalyst contains a Group VIII
metal.

6. Process according to claim 5, characterized in that the
catalyst contains in addition to a Group VIII metal a

bidentate ligand which can form a complex with the Group



carbon nonoxide with one or nore ol efinically unsat uU IHﬂlHﬂ"lﬂHﬂls in
the presence of a diluent at |east consisting

al i phatic al cohol r s t he unlts orlgl natlng ffom car bon
nonoxi de and t he JI’IRE%—ACEM%NT 5{”15% Ei ng from t heSobsfitutecshidet -.28 dune2EGO0D

conpounds occu n a substantifaljy alternating order and which 20
pol ymers contain ¢h am'zc?IJUN bggaded | ower aliphatic al cohol applied in
t he copol yneri zat {on, ar act er| zed i n that the pol yners contain |ess

t han 4000 ppnmw of |t fe—t+ower—attphat al cohol (s), wth the exclusion
of .a CO ethene/ propene t er pol yrrer c?bt ai nabl e by copol ynerizing the
nononers at 56 25 bar and 385[err|C in the presence of a di I uent consi sting

of 0. 9%v | u 2. r 7. 1% et ners as
clained in c{[gl mﬁgga%ha{r)g%vt \éﬁged&{;‘%s%hda%u@ the%pr}g:]gyrrers cont all%IhI &Ss than
100 ppmw ofotheinppd i dehtowergroupal ppeatht ahcohellisdentate ligand.

7. Process according to claim 5 or 6, characterized in
that per mol of olefinically unsaturated compound to be

5 polymerized a gquantity of Group VIII metal-containing
catalyst is used which contains 10°7-107° g.atom Group VIII
metal.

8. Process according fo one or more of claims 1-7,
characterized in that it is carried out at a temperature of

10 25-150°C, a pfessure of 2-150 bar and a molar ratio of the
olefinically " unsaturated compounds relative to carbon
monoxide of 10:1 to 1:10.

9. Linear polymers obtainable by copolymerization of
carbon monoxide with one or more olefinically unsaturated
15 compounds in the presence of a diluent at least consisting
of one or more lower éliphatic alcohols, in which polymers
the units originating Ffrom carbon monoxide and the units
originating from the olefinically unsaturated compounds
occur in a substantially alternating order and which
20 polymers contain chemically bonded lower aliphatic alcohol
applied in the copolymerization, characterized in that the
polymers contain less than 4000 ppmw of the lower aliphatic
alcohol(s), with thé exclusion of a CO/ethene/propene
terpolymer obtainable by copolymerizing the monomers at 56
25 bar and 85°C in the presence of a diluent consisting of 0.9%w

toluene, 2.0%w water and 97.1%w methanol.

10. Polymers as claimed in claim 9, characterized in that
the polymers contain less than 100 ppmw of the applied lower
aliphatic alcohol (s).



