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Linear alternating polymers of carbon monoxide with

one or more olefinically unsaturated compounds, i.e.
linear polymers in which the units originating in carbon
monoxide and the units originating in the olefinically
unsaturated compounds are present in a substantially
alternating order, can be prepared by contacting the
monomers at elevated temperature and pressure with a
catalyst containing a Group VIII metal.

The above-mentioned polymer preparation can be
carried out in two ways which, depending on the
continuous phase in which the polymerization takes place,
are referred to as liquid phase polymerization and gas
phase polymerization. 1In liquid phase polymerization the
continuous phase is usually formed by a liquid diluent in
which the catalyst is soluble but the polymers formed are
insoluble or virtually insoluble. At the end of the
polymerization the polymers are separated from the
diluent and the pure diluent intended for a subsequent
polymerization is recovered from the remaining liquid.

In gas phase polymerization the continuous phase is
formed by gaseous carbon monoxide and optionally one or
more of the other monomers, in so far as they are present
in gaseous form in the reactor.

For the preparation of the polymers on an industrial
scale, gas phase polymerization is much to be preferred
to liquid phase polymerization in view of the fact that
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above-mentioned polymerization is that it may be very
difficult to remove the alcohols completely from the
polymer products so that in some instances at least a
part of the alcohol employed remains behind in the
polymers. If the polymers are used as food packaging
material, the presence of alcohol is not permissible and
may thus form a substantial problem.

It has now surprisingly been found that in the
preparation of the present linear alternating polymers
using gas a phase polymerization the activity-enhancing
effect on the catalyst, as mentioned hereinbefore, is
also obtained if water, instead of an alcohol, is
introduced into the polymerization reactor prior to the
polymerization.

The present patent application therefore relates to a
process for the preparation of polymefs, wherein linear
alternating polymers of carbon monoxide with one or more
olefinically unsaturated compounds are prepared by
contacting the monomers at elevated temperature and
pressure with a catalyst containing a Group VIII metal,
the polymer preparation being carried out as a gas phase
polymerization, and water being present at the start of
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el ther separatgkz start of the polymerization is preferably more than 1
mol, and in particular more than 10 mol, per gram atom
Group VIII metal. The upper limit of the quantity of
water is set by the requirement that gas should form the
continuous phase in the reactor. The introduction of
water prior to the polymerization can very suitably take
place by introducing the water either separately or
together with the catalyst or with one or more of the
monomers during the charging of the reactor.

In the gas phase polymerization according to the
invention, a catalyst is used which contains 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. Catalysts
containing palladium, nickel or cobalt as Group VIII
metal are preferred. Palladium is particularly preferred
as Group VIII metal. The Group VIII metal is suitably

. incorporated into the catalyst in the form of a salt,
preferably 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
preferably contain a bidentate ligand which can form a
complex with the Group VIII metal via two phosphorus-,
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1,10-phenanthroline. If a sulphur bidentate ligand is
used, a compound 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, such as 1,2-bis(ethylthio)ethane and
cis-1,2-bis-(benzylthio)ethene. It is preferred to use
phosphorus bidentate ligands of the general formula

(R1) P-R-P(R1), in which R and Rl have the meanings
indicated hereinbefore. There is further preference for
the use of such phosphorus bidentate ligands in which R1
represents an aryl group carrying at least one alkoxy
substituent at an ortho position relative to phosphorus.
A very suitable compound for the present purpose is 1,3-
bis[bis (2-methoxyphenyl)phosphino]propane.

If in the catalysts use is made of a nitrogen or
sulphur bidentate ligand, the quantity employed is
preferably 0.5-100 and in particular 1-50 mol per gram
atom Group VIII metal. If a phosphorus bidentate ligand
is used, the quantity employed is preferably 0.5-2 and in
particular 0.75-1.5 mol per gram atom Group VIII metal.

Besides a Group VIII metal and a phosphorus, nitrogen
or sulphur bidentate ligand, the catalysts preferably
contain an acid component. Examples of suitable acid
components are strong organic acids such as para-
toluenesulphonic acid, trifluoroacetic acid and
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in particular 0.5-5 mol Brénsted acid per mol Lewis acid.
Very suitable Lewis acids for application in these
mixtures are fluorides such as borium trifluoride,
titanium tetrafluoride, phosphorus pentafluoride and
antimony pentafluoride. As Brénsted acid, hydrofluoric
acid is very suitable. The Lewis acid/Brénsted acid
mixtures are preferably selected from: tetrafluoroboric
acid, hexafluorotitanic acid, hexafluorophosphoric acid
and hexafluorocantimonic acid.

The quantity of acid component in the catalysts is
preferably 0.5-200 and in particular 1-100 mol per gram
atom Group VIII metal, with the proviso that if a Lewis
acid/Brénsted acid mixture is used, these quantities
refer to the Lewis acid present in the mixture.

To enhance the activity of the catalysts, an organic
oxidizing agent can also be incorporated therein.
Aromatic nitro compounds such as nitrobenzene are very
suitable for this purpose. The quantity of organic
oxidizing agent used is preferably 5-5000 and in
particular 10-1000 mol per gram atom Group VIII metal.

In the gas phase polymerization of the invention
preferably a catalyst is used which is deposited on a
carrier. There is particular preference for carriers
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If in the gas phase polymerization of the invention a
catalyst is used which is deposited on a carrier, there
is preference for catalysts which contain 10-100,000 and
in particular 50-10,000 mg Group VIII metal per kg
carrier. '
The deposition of the catalyst onto the carrier may
suitably take place by impregnating the carrier with a
solution or suspension of the catalyst in a liquid
diluent containing at least partly water, optionally
followed by partial removal of the diluent, with water
remaining behind in the catalyst. If the catalyst
comprises a plurality of components, the catalyst
preparation may take place either by impregnating the
carrier with all components together or with one or more
of the components separately. The carrier is preferably
a porous carrier, whilst both inorganic and organic
carriers are eligible. Examples of suitable carriers are
silica, alumina, talc, charcoal, cellulose, dextrose and
dextran gel. Polymers such as polyethylene,
polypropylene and polystyrene can also be used as
carriers. When the gas phase polymerization is carried
out with the catalyst deposited on a carrier, products
are obtained in which the prepared polymer occurs
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understood to be the quotient of the bulk density of the carrier expressed
in g/m and 0.6x the relative density of the Tarrier, also expressed in

g/m. There i Stagafta@Qth&prth@rddﬁl%xofué@a ch fRus, 'dééé}?dir?é'g&z Ofhe
0.05-1.0 and in Eartlcu ar of Q. here is al so preference for

carriers of whP&HUES §n1dn‘1uﬁé’tr%r¥gé’fof hf S L8 iRFSHGtE ik 1®-Viewy.
If in the gas phdeerpagenef paiopertdfes hﬁld wﬂmmmta&ws&el s used

Contai n 10 10oPEEHAERAT n g Eines S3E RS W dF WHETIEE per kg
carrier. Thertdyosetioyedoif roime that @Iryxtuatntaj: tthee cmtd i they suitably
take place by Lgp gﬁga}gkk%&ohh% Rela®i nY %ﬁéﬁgﬂd&d%ﬁn&%&%'&n of the

catalyst in a uent containing "at artly wat er,  optionally
fol | oned by paﬁ?iaﬁnﬂ:eﬂ@vym@h the prepared wolymen dis sadabliedwertibel in

thte ;:at ?I yst. bafkmercaba?n%bmgmﬂ %stitw W& @dd1terif tﬁprmghreﬁ{lt@uethe o
catal yst preparation na a a ating e carrier w
al | conponent sB5§2fhert 0F°§Ppﬁ %@ oF e%?‘?ﬁgpggﬁﬁﬁﬂ% uklg y .
The carrier is prelnraheygaspphase paaymetlzwhubmtoEDEMe mmvﬁntxbﬁﬁuh
organic carrie I | e f ar ilica,

g ﬁaﬁgﬁcoa%hggg t Eé@ggg 3 %.c%%@ % d% dbfﬁ'sﬁﬁgqi

alum na, talc, cel 0ose rose tran ge nmers such
as pol yet hyl enéwﬁbﬁyﬁﬂ-éé}lveﬁe &hétpolfytthw @@émx é:lostbeb@rlmre,d; is

carriers. Wenpibgegap1phasedraky datriall ¢y %h%arcra't%qy@tt. with the
catal yst deposited on a carrier, products are obtained in which the
prepared pol ymer obRgrel eflnlcally unsaturated compounds which can be
polymerized with carbon monoxide according to the
invention, may be compounds 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 préferably 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-1l, hexene-1, octene-1l, styrene,
¢ cyclopentene, norbornene and dicyclopentadiene. The -
process according to the invention is in particular very
suitable for the preparation of copolymers of carbon
monoxide with ethene and terpolymers of carbon monoxide
with ethene and an a-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
104 gram atom Group VIII metal.
The polymerization is preferably carried out at a
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monoxide/ethene copolymer with a pore volume of 0.5 ml/g

into a catalyst solution containing:

20 ml dry methylethylketone,

0.0095 mmol palladium acetate,

0.19 mmol citric acid, and

0.01 mmol 1,3—bis[bis(2—methoxyphenyl)phoébhino]propane,
evaporating the suspension thus obtained to dryness and
drying the resulting catalyst composition for 2 hours at
50 °C under reduced pressure.

The catalyst composition thus prepared was introduced
into a stirred autoclave. After the air in the autoclave
had been displaced by nitrogen, the autoclave content was
brought to 85 °C and a 1:1 carbon monoxide/ethene mixture
was introduced until a pressure of 50 bar was reached.
During the polymerization the pressure was maintained by
continously supplying a 1:1 carbon monoxide/ethene
mixture. After 4 hours the polymerization was terminated
by cooling the reaction mixture to room temperature and
releasing the pressure. 12.4 g copolymer was obtained.
The polymerization rate was 1.1 kg copolymer/ (g
palladium.hour).
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A carbon monoxide/ethene copolymer was prepared in
substantially the same way as in example 1, but with the
following differences:

a) prior to the polymerization 7 ml water was introduced
into the reactor, and
b) the reaction time was 3 hours instead of 4 hours.

17.6 g copolymer was obtained. The polymerization
rate was 3.2 kg copolymer/(g palladium.hour).

The favourable effect on the catalyst activity in the
gas phase polymerization achieved by introducing water
into the reactor prior to the polymerization can be seen
by comparing the results of examples 2 and 3 with the
result of comparative example 1. It was established by
NMR analysis that the carbon monoxide/ethene copolymers
prepared according to examples 1-3 were built up of
linear chains in which the units originating in carbon
monoxide and the units originating in ethene were present
in an alternating order.



Lbrought to 85 [err]C and a 1:1 carbon nonoxi de/ et hene m xture was

I ntrodduced until a pressure of 50 bar was reached. During the

-pol yneri zation the pressure was nai ntai ned by continously supplying a 1:1
“car bon nonoxi de/ et hene mi xture. After 4 hours the pol ynerization was
term nated by cooling the reaction mxture to roomtenperature and

rel easing the pressure. 12.4 g copol ymer- we& bt ai ned. The pol ynmeri zati on
rate was 1.1 kg copol yner/ (g pal | adi um hour). T 1537 SIN
-9- Exanmple 2 —Acarbon—roehoxi-delet hene copol yner was prepared in

substantially the in exanple 1, but with the foll ow ng
di fferences: a) pr lmmmwnmrmam ANIIMnE water was introduced into
the reactor, and b)s it me was 3 hours instead of 4 hours.

21.8 g copol yner was obtai ned. The pol ynerization rate was 4.6 k
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with the followng differences: 0 pol yner | zat1 o wat er
was i ntroduce®¥ Mere eletiicrllingngpturatedacrrpRundse 2kgsPyeRaTeS

intstead o; 121 wr@oml;actilﬂ &Hefﬁ@ﬂbﬂé?ﬁ a@swabat?_ﬁdt?ﬁbera@hlreﬁa;pfaatiton
rate was . cCopo ner al ) adl u ou s avo e ec on
the catalyst dESRAUEE ml'/f;gaga#iﬂxgﬁ" Sorbhining, fofiath H9dd Betars

i nt roduci ng wdthee polymer preparation being carried out as a gas phase

polymerization, and water being present at the start of
the polymerization. '

2. Process according to claim 1, characterized in that
the quantity of water present at the start of the
polymerization is more than 1 mol per gram atom Group
VIII metal.

3. Process according to claim 2, characterized in that
the quantity of water is more than 10 mol per gram atom
Group VIII metal.

4, Process according to one or more of claims 1-3,
characterized in that the catalyst contains

a) palladium as Group VIII metal,

b) a phosphorus bidentate ligand of the general formula
(R1),P-R-P(R1l)5 where 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, and

c) an acid.

5. Process according to claim 4, characterized in that
the catalyst contains a phosphorus bidentate ligand of
the general formula (R1),P-R-P(Rl), where Rl represents
an aryl group carrying at least one alkoxy substituent at
an ortho position relative to phosphorus, such as 1,3-
bis[bis (2-methoxyphenyl)phosphino]propane.

6. Process according to claim 4 or 5, characterized in



Fnto the reactor prlor to the polynerlzatlon can be seen by conparing the
results of exanples—2and 3 wth the result of conparative exanple 1. It
‘was established by mll ‘mﬂﬂ t he carbon nonoxi de/ et hene copol yners

prepared according t re built up of linear chains in which
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where R represents the relative bulk density and d the
number of microns of the average particle diameter, and
in that the catalyst contains 50-10, 000 mg Group VIII
metal per kg carrier.

8. Process according to claim 7, characterized in that
the catalyst is deposited on a carrier of which R is in
the range of 0.1-0.9 and d is in the range of 10-1,000.
9. Process according to claim 7 or 8, characterized in
that the carrier is a polymer that as regards structure
and composition corresponds with the polymer to be
prepared.

10. Process according to one or more of claims 1-9,
characterized in that as olefinically unsaturated
compounds one or more hydrocarbons are used such as
ethene or a mixture of ethene with an a-olefin such as
propene, in that per mol olefinically unsaturated
compound to be polymerized, a quantity of catalyst is
used which contains 106 to 10-4 gram atom Group VIII
metal, and in that the process is carried out at a
temperature of 30-130 °C, a pressure of 5-100 bar and a
molar ratio of the olefinically unsaturated compounds
relative to carbon monoxide of 5:1 to 1:5.

TH1/T1537FF



4., Process according to one or nore of clains 1-3, characterized in that
the catal yst contains a) palladiumas Goup VIII netal, b) a phosphorus
-bidentate ligand of the general formula (Rlerr])[err]P-R-P(Rerr])[err]
where R err] 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, and c) an acid. 5. Process according to claim
4, characterized in that the catal yst contains a phosphorus bijdedsi 51N
ligand of the general fornmula (Rlerr])2P-R P(R err])2 where RI Tepresents
an aryl group carrying at |east one al koxy substituent at an ortho position
rel ative to phosphorus, such as 1, 3ABS TRACT

bi s[ bi s(2- met hoxyphenyl ) phosphi no] propane. 6. Process according to claim4
or 5,. characterized in that the catal yst contains the phosphorus
bi dentate |igand i RRERCEGENFPRy TEE BREBARASIAN Ofic POFYMBRS OF GARRON/ |
metal and the aci d MoN NANDY | THRA Qﬁ¥ﬁ%ﬁﬂﬁ)VIH
metal . 7. Process acco?}é?%g %tgboﬂgﬁgrhq%oefggﬁgf U(i:a?g\i s ?E? charact esri zed in
that the catalyst is deposited on a carrier having a relative bulk density
and an average particle dianeter which satisfy the relation (d)R <25, where
R represents the r I k.density and.d the nugber of mcrons of the
average particle Jﬁ%ﬁ%%%%,eg%dtﬂ% PrEbats leﬁtangPEQHﬁfﬁrngh§6gi§,000 Ny
Goup VIl nethingay altewmating polymers of carbon monoxide with one

or more olefinically unsaturated compoﬁnds are prepared
by contacting the monomers at elevated temperature and
pressure with a catalyst containing a Group VIII metal,
the polymer preparation being carried out as a gas phase
polymerization, and water being present at the start of
the polymerization.

TH1/T1537FF



8. Process according-t laim7, characterlzed in 3ngﬂﬂﬂeckatz¢pg
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During a previous lnvestlgatlon carried out by the

applicant into the preparatlon of the present linear
alternating polymers by.gas phase polymerization using
catalysts containing a Group VIII metal it was found that

10 the activity of the catalysts can be enhanced

considerably by introducing an alcohol into the

polymerlzatlon reactor prior to the polymerlzatlon A
considerable drawback of the use of alcohols in .the
above-mentioned polymerization is that it may be very

15 difficult to remove the alcohols completely from the
polymer products so that in some instances at least a
part of the alcohol employed remains behind in the
polymers. If the polymers are used as food packaging
material, the presence of alcohol is not permissible and

20nmy'thus form a substantial problemn.

It has now surprisingly been found that in the
preparation of the present linear alternating polymers
using a gas phase polymerization the activity-enhancing .
effect on the catalyst, as mentioned hereiﬁbefore, is

25 also obtained if water, instead of an alcohol, is
introduced into the polymerization reactor prior to the
polymerization.

The present patent application therefore relates to a
process for the preparation of polymers, wherein linear
30 alternating polymers of carbon monoxide with one or more

olefinically unsaturated compounds are prepared by
contacting the monomers at elevated temperature and
pressure with a catalyst containing a Group VIII metal,
the polymer preparation being carried out as a gas phase
35polymerization, and water being present at the start of



