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It is known that linear copolymers in which the units
originating from carbon monoxide substantially altermate with the
units originating from the ethylenically unsaturated compound(s),
may be prepared by contacting the monomers under polymerization

10 conditions in the presence of a suitable catalyst.

Convenient methods for preparing such copolymers are disclosed
in, inter alia, EP-A-181014 and EP-A-248483. The copolymers
obtained according to these, or similar preparation methods, are
relatively high molecular weight compounds, having established

15 utility as thermoplastics in the production of shaped articles,
such as containers for foods and drinks and parts for the car
industry and for various applications in the domestic sphere.

For these uses and the like, the copolymers have to be melt
processed, i.e. they have to be brought in moiten state so that

20 they can be moulded or extruded. In view of their high melting
point, usually of 200 °C or-even higher, the melt stability of the
copolymers may become a problem if the copolymers are to remain in
molten state for a substantial length of time. The longer the
copolymers are subjected to high temperatures, the more they are

25 susceptible to degradation caused by chemical reactioms.

The formation of degradation products will usually be at the
expense of the properties of the copolymer product.

The presence of specific impurities in the copolymers may have
a negative effect on the stability of the copolymers whilst being

30 processed at high temperatures.
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the cgpol ynerggpgfyhgggcggnzhg invention is adversely affected by the presence
therein of trace quantities of alkali(ne earth) metal salt
impurities. It has also been found that a significant improvement
in melt stability is achieved by reducing the alkali(ne earth)

20 metal salt content of the produced copolymers or by adding to a
copolymer which is contaminated with alkali(ne earth) metal salt a
substance which is able to bind the contaminating salt. Evidently,
both treatments may be combined as well.

The detrimental influence of minute quantities of alkali(ne

25 earth) metal salts on the melt stability of the copolymers is
surprising in view of the prior art. For example, in EP-A-285218 it
is proposed to treat the copolymers with alkali metal
N,N-diethyldithiocarbamate as a step in reducing the concentration
of palladium or nickel catalyst remnants for the purpose of

30 improving the copolymers' melt stability. In US-A-3948850 it is

proposed to stabilise ethylene/carbon monoxide copolymers having up

to 50 $-mol carbon monoxide by adding thereto a dihydro phosphoric
acid salt of an alkali(ne earth) metal.
Calcium hydroxyapatite and zeolites containing a metal of

35 Group 2 of the Periodic Table, such as calcium, have been
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result of interaction of the apatite or the zeolite with any
alkali(ne earth) metal salt present in the polymer. However, from
the documents nothing can be learnt in that respect and since there
is no mention of removal of stabilisers from the copolymers, a
reduction of the alkali(ne earth) metal salt content thereof has
not been effected. For completeness' sake it is noted that in
GB-A-2249549 there is a single mention of a destabilizing effect of
sodium and potassium containing zeolite when added to the copolymer
in quantities which, however, exceed by far the trace level.

Accordingly, the invention relates to a process for the
preparation of linear alternating copolymers of carbon monoxide and
onie or more ethylenically unsaturated compounds by reacting the
monomers under polymerization conditions in the presence of a
suitable catalyst system, one or more components present in the
reaction mixture being contaminated with alkali(ne earth) metal
salt(s), which process involves a treatment by which at least part
of the alkali(ne earth) metal salt is removed such that the total
amount of alkali(ne earth) metals present in the copolymerization
product is less than 1 part per million by weight.

The invention also relates to a copolymer composition
comprising a linear alternating copolymer of carbon monoxide and
one or more ethylenically unsaturated compounds, a contaminant
comprising an alkali(ne earth) metal salt and a stabilizing

quantity of a substance which is able to bind at least part of the
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also a reduction of the content of the accompanying anion of the
copolymerization product.

Depending on the origin of the alkali(ne earth) metal salt
impurities, the treatﬁent resulting in a decrease in alkali(ne
earth) metal content of the copolymers produced, may be carried out
after, during or prior to the copolymerization reaction. For
example, in the event that the impurities are introduced into the
reactor, as contaminants in more than one of the reactor
Components, the treatment will preferably be carried out during the
polymerization reaction.

In the event tha; the source of alkali(ne earth) metal salt
impurities can be attributed to a specific component in the
reaction mixture, it is advantageous to subject only that component
to the said treatment, prior to its use in the polymerization
reaction. For example, if the copolymerization is carried out in
the presence of a diluent which is contaminated with alkali(ne
earth) metal salts, it is preferred to reduce the alkali(ne earth)
metal salt content of the diluent before introducing the diluent

into the reactor. Thus, when said treatment is carried out during
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" ' treatment of the invention results in a substantial improvement in
melt stability of the copolymers and is performed such that the
alkali(ne earth) metal content of the copolymers is reduced to less
15 than 1 ppmw and preferably to less than 0.1 ppmw. When said
treatment is carried out during or.prior to the copolymerization
the alkali(ne earth) metal salt(s) is/are preferably removed to
such an extent that the alkali(ne earth) metal content of the
reaction mixture is below 0.5 ppmw and more preferably below 0.05
20 PPMW.
For the removal of alkali(ne earth) metal salt(s) various
treating methods may be elected. A convenient method may consist
in contacting the reaction mixture, or one or more components
thereof, such as a contaminated starting material or a contaminated
25 diluent, with a solid material capable of binding or otherwise
inactivating the contaminating alkali(ne earth) metal salts,
followed by at least partly removal of the alkali(ne earth)
metal-enriched solid material.
For example, if a liquid diluent or solvent is used which is
30 contaminated with alkali metal salts, it -is recommended to pass the
impure liquid through a bed, substantially consisting of solid
adsorbent, followed by passing the purified liquid to the reactor.
Alternatively, finely divided solid adsorbent particles may be
admixed with the contaminated liquid, followed by filtering off the
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the alkali(ne earth) metal ions, such as sodium, lithium and
potassiums ions, and a major part of the accompanying anions, such
as chloride, bromide and acetate ions. Suitable are e.g. iom-

exchange resins, zeolites and basic solid materials.

20 A good adsorbent for the treatment of the invention are
apatites, having the general formula MlO(Poa)GanZ-n’ wherein M is
barium, strontium or, preferably, calcium, n is 0, 1 or 2, X is OH
and Y is fluorine. Calcium hydroxyapatite is a naturally occurring

2 calcium phosphate, being the major constituent of bone and tooth

mineral. It is a crystalline, material, also referred to as
tribasic ‘calcium phosphate. However, when the treatment of this
invention involves treating a lower aliphatic alcohol, for example
methanol, or a mixture containing a substantial quantity of a lower
aliphatic alcohol it is less preferred to use an apatite as the
30 adsorbent because, as is known in the art, apatites may not be
completely inert in lower aliphatic alcohols.

Suitable ion exchange resins are typically resins containing
strong acidic groups, such as sulphonic acid groups, as the cation
exchanging groups on a matrix. For the exchange of anions

3% accompanying the alkali(ne earth) metal a strong basic ion exchange
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usually a limited amount is used, in order to avoid the handling
and removal of large amounts of material. Preferably the amount of
solid adsorbent is less than 5% by weight of the treated

15 contaminated component(s) of the reaction mixture. Most preferably
the amount of solid adsorbent is selected in the range of 0.000001
to 0.5% by weight of the component(s) to be treated.

It may be convenient to use the electrical conductivity as a
characterization of liquid components, which are usually

20 essentially organic and non-ionic by nature, after they have been
treated with an adsorbent. Suitably the electrical conductivity is
lower than 200 uS/m, preferably less than 100 uS/m and in
particular less than 60 uS/m. Throughout this application the
electrical conductivities are specified as conductivities measured

25 at 20 °cC.

A treatment according to this invention which does not involve
the use of a solid adsorbent may comprise whashing the copolymer
powder as prepared in the reactor with a washing liquid which is
able to remove alkali(ne earth) metal salts from the copolymer. The

30 invention also relates to a washing per se comprising washing a
preformed reactor powder of the copolymer which contains a
contaminant comprising an alkali(ne earth) metal salt with a
washing liquid which is able to remove at least part of the

alkali(ne earth) metal salt(s) from the copolymer, preferably such
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tri valern SnEtéﬂnsSSdlhgaiﬁiwater having an electrical conductivity of less than
j 1000 pS/m, in particular less than 600 uS/m. Very good results can
be obtained by washing a copolymer powder, contaminated with
alkali(ne earth) metal salt, with methanol or with methanol/water
(95/5 v/v) which has prior been made essentially free of alkali(ne
20 earth) metal salt by a treatment with one or more ion exchange
resins.

Another example of a suitable washing liquid may be a diluent

in which the copolymer is insoluble or virtually insoluble and to
which one or more complexing agents for the contaminating alkali(ne
25 earth) metal ion(s) have been added, such as crown ethers.

The catalyst system used in the process of the invention is
preferably a catalyst containing one or more metals of Group VIII
of the Periodic Table. The amount of such a catalyst is not
critical and may vary within wide ranges, e.g. between 10'7 and

30 10.2 gram atom of Group VIII metal per mol of ethylenically
unsaturated compound to be copolymerized. Preferably the amount is
between 10°® and 10™% on the same basis. With a view at their
thermal stability copolymers are typically prepared which contain
less that 20 ppmw Group VIII metal, preferably less than 10 ppmw

35 and in particular less than 5 ppmw.
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Suitably Rl, Rz, R and R represent the same, optionally
substituted hydrocarbyl group, preferably an aromatic group such as
20. phenyl, diphenyl or naphthyl group or an aromatic group containing
one or more substituents, in particular polar substituents such as
halogen atoms, halogenated alkyl groups, alkoxy groups such as

methoxy, ethoxy or isopropyloxy groups, hydroxyl, (di)alkylamino or

ester groups.

25 Preferably one or two substituents are located at the ortho
position(s) in the aromatic ring with respect to the phosphorus
atom to which that aromatic group is linked.

The copolymerization process of the invention may proceed in
the gasphase, but is typically carried out by contacting the

30 monomers in the presence of a suitable diluent with the catalyst

system, usually a solution of a compound of a Group VIII metal in a

suitable solvent, such as a lower ketone or a lower aliphatic

: alcohol, for example acetone or methanol. Suitable diluents are
typically those in which the formed copolymers are insoluble or

35 virtually insoluble. The diluent is preferably a protic compound,
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particular lower olefins such as ethene, propene and butene-1 and
mixtures thereof and olefins substituted by an aromatic group such
as styrene and p-alkylstyrenes. Ethene and mixtures comprising

ethene and propene are in particular preferred starting materials.
The molar ratio between the monomers, viz. carbon monoxide and the
ethylenically unsaturated compound(s), is suitably selected in the
range of 5:1 to 1:5, preferably in the range of 1.5:1 to 1:1.5.

The copolymerization reaction is suitably carried out at a
temperature in the range of 10-200 °C and a pressure in the range
of 1 to 200 bar. Preferred temperatures are in the range of
20-180 °C, in particular in the range of 30-150 °C. Preferred
pressures are selected in the range of 5 to 100 bar.

In other embodiments of this invention the stability of a
linear alternating copolymer of carbon monoxide and one or more
ethylenically unsaturated compounds which is contaminated with an
alkali(ne earth) metal salt is improved by using as a stabiliser a
substance which is able to bind at least a part of the alkali(ne
earth) metal salt. As discussed hereinbefore, the use of a
stabilizing quantity of a hydroxyapatite or a zeolite-type
trivalent metal silicate in these polymers, conceivably effecting
the binding of alkali(ne earth) metal salts in the copolymers, is
know in the art and is excluded from the protection of these
embodiments of the inventionm.

The alkali(ne earth) metal salt binding substances used in the

compositions of the invention and in the method of melt processing
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10 (i.e. a mineral of the formula CalO(P04)6 2). Preferred stabilisers
are selected from the group consisting of lanthanium phosphate,
magnesium silicium phosphate and calcium silicium phosphate.

The quantity of the alkali(ne earth) metal salt binding
substances to be used is not critical as long as melt stabilization

15 of the copolymer is effected. Usually a quantity in the range of
from 0.01 %w to 5.0 %w, relative to the quantity of the copolymer,
will be effective, in particular from 0.02 %w to 1.0 %w and more in
particular from 0.05 %w to 0.5 w%, on the same basis.

These substances are frequently solids thus forming a solid

20 phase in the compositions of the invention. They are preferably
used as a finely divided material, typically having a
volume-average particle size in the ‘range of 0.1 - 50 um, in
particular in the range of 0.5 - 10 um.

The melt stability of the copolymers may be further improved

25 by adding one or more (further) stabilizers, conveniently by dry
blending of the copolymers and the stabilizing compounds, at any
downstream stage of the process. Materials known to be suitable in
this respect, include inorganic or organometallic compounds, such
as zinc aluminates, alumina hydrogels and cupric chromite. As

30 mentioned hereinbefore, calcium hydroxyapatite and calcium
containing zeolites have also been recommended as a suitable
stabilizer. Also other additives may be included in the
compositions, such as antioxidants, dyes, fillers or reinforcing

agents, fire resistant materials, mould release agents, colorants
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2 sheets, plates and shaped articles.

salt inpurities, trhe ifveatignts riQsuddraBed ivy ehdl@6IRASAgidbnal k@ildingne earth)
metal content of the copolynmers produced, may be carried out after, during
or prior to tﬁ’épecr&bnS?WP?féf?élﬁsreaction. For exanple, in the event that
the inmpuritieSxpardment rloduced into the reactor, as contam nants in nore

than one of the r@‘ﬁgtﬂ'{flﬁ 05‘?%§¢e tqlilﬁnéfc‘iéé W%aﬂoluls %)rl%fs.egna thrxt.:ea t

carried out during the polynerization reaction. I'n The even t he
source of al kaFaitéteaft p)lizeen alsernating nopelymer cef chebat mendnided to a
splecifihc conmpefiite hid tplﬂﬁpé’n@aﬁ;d% ALadUrklULL folfosS advant ageous tﬁ subj ect
only that conponent to t aid treatnent, prior to its_use in the

pol yneri zati on regﬂ'f“?]t?ﬁ. °§c¥?‘ee]x’ﬁ‘ﬁﬁ¥ éltFF“ﬁﬁ}Bgcﬁ?BSimr?EafﬁFB?f‘ is carried
out in the presexddepfethent latié piropéreC fme britgndcdmi nzA2e dc Wiwelte aldadkd (ne

cor ) el 9 R et 3 BELAAGSY s EgfRs Uhenalnd) (0o bl
react or .13Thustheysenpkesi Hith easqhution ofcthe isetit dot dehicpbzpdodpiler to t he
copol yneri zat j ot il eadt Lere R4 Qﬁmé S@er tJoﬁasrj'ngnm bpolymer sample
was treated in the same way with de-ionized water, but without a
salt dissolved therein. The resultant copolymer powders were
compression moulded to form 1 mm thick sheets by pressing at 250 °C
20 for 0.5 minutes at & kg/cm2 and 1.5 minutes at 40 kg/cmz. Circular
discs cut from the sheets were subjected to dynamic rheology
testing, i.e. measurement of dynamic shear moduli, at a temperature
of 275 °C, using an angular frequency of 1 rad/s and the sample
being hold between aluminium discs at a distance of 0.9 mm. The
25 aluminium discs were disposable discs, pretreated with an Alodine S
solution. The cross-over ‘time (COT), which is defined as the time
elapsed since sample loading until the loss factor (i.e. the ratio
of the loss modulus G" and the storage modulus G') equals 1, is
indicated in Table I for each sample. A higher cross-over time is

30 indicative for a better thermal stability of the copolymer.
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nore al kali(ne earth) netal(s) containing conponents of fhe reaction
m xture before being introduced into the copolynerization reactor, the
alkali (nd earth) netal corfeei® shlemder €x@ion m xture %% reduced. | t

has been observed that the sahkal beagigats ) netal 11

- 6 - content of the gopol yners oduced by a procegss not involving
the treatment according to%f’ﬁb“{r’t%hdﬁ g?‘l(gl s usual ly in *he range of 1-5
parts per mllion by wei ghtSof@pppmagetdfen¢®io)ably in sone dases the al kali(ne
earth) netal content may bg YR gigpaq:epP%) The melt stability

100 Sodium sulphate (5.0) 23
Sodium perchlorate (5.0) 5
Potassium bromide (8.6) 8
Magnesium sulphate (5.3) 15
Calcium chloride (8.2)

15 Barium bromide (30.2) 2

' These experiments show that trace amounts of alkali(ne earth)
metal salts contaminating the linear alternating copolymers have a
detrimental influence on the copolymers' melt stability.

Experiment 2

20 The thermal stability of a model compound, representing a
carbon monoxide/ethene copolymer, and the influence of (the removal
of) trace quantities of alkali(ne earth) metal impurities thereon
were measured as follows. The model compound, tetradecan-3,6,9,12-
tetraone, was prepared by using methods described by H. Stetter,

25 Angew. Chem. 88 (1976) pp. 695 ff.

Tetradecan-3,6,9,12-tetraone (1 g, containing 300 ppmw sodium)
was dissolved in 50 ml dichloromethane which was essentially free
of alkali(ne earth) metal. Calcium hydroxyapatite (0.04 g,
containing less than 0.1 %w sodium) was suspended in this solution.

30 The resulting suspension was stirred for 1 hour and filtered. The

tetradecan-3,6,9,12-tetraone was recovered by evaporating the
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- oamples oL the Iresh and of the recovered tetradecan-3,6,9,12-

of these copotermeemse iwsrushsatécy agnet i° sfxaaitear:y:.cribax t GBratalaiaD}sief cdhi@ed

I nvention res t§f&& tabilit f the
copolynmers and iIs per or rre suchg%%ag%% T(WI %reg?‘%ar%%) Wﬁ? ontent of
t he copol yner&etradecagnd ¢ 9 b2 {tessaqreanas) qspmtah!i qeneéxtedbldegiraddéddss t han

0.1 ppmv. Whedhgsahdk bk eftdrepte 'r%cmrﬁhe&cgﬂae&ﬂriir@90£2~Q:re|tP£onteow£$e
copol ym=1¥)| zation the alkali(ne earth) metal salt(s) is/are preferably

renoved To s FORVERTSEXERTR 2t FeRse: AE derRmRqsiftoe aFPdcthet al content of the
reaction mxture T bbbweﬁp&mpﬁimﬁldréﬁ&l’aEe@ﬁﬁiﬂg abgyothal e¥FfRr& ppmw.

For the rerme%‘hl gi & kgl !t(eg?a(%n%rﬁ@ 6n§tﬁ) tegr @g)an\éarllé)%z&taeatl ng mnet hods

may be el ect conveni en od Ay consi st in con nggt he reaction
m xture, or disathnivpr ghasphpemdnsteadhef cafleigndiidrexyapatdtean nated starting

material or a Conélael?ﬁhﬂ@éle‘ingiyls*égncﬁﬁ t%tf}eéhsé}ld' Qhér%%x}&'edcé’a@%%@ca% et al

bi ndi ngflg ot herw se inactivating the_contam nati cglza kali (ne eart
|1

salts, ovied DytZatereaese yeret £5 SodheMal 9 rPmwhand 2keRmv( ﬁ%dié‘a‘r't h) metal -
enriched sol ixdsnpgned aAd .0.6 ppmw calcium, 0.2 ppmw and 0.2 ppmw magnesium,

less than 0.5 ppmw and 35 ppmw lanthanium, respectively. The
elemental analyses of the fresh and the recovered lanthanium
phosphate were as follows: 55 ppmw and 500 ppmw sodium, 45 ppmw and

20 180 ppmw calcium, less than 30 ppmw and 70 ppmw magnesium,
respectively.

GLC analyses after heating the fresh and the recovered tetra-
decan-3,6,9,12-tetraone (240 °C, 20 hours) revealed that the 60 %
of the fresh model compound was converted and 20 % of the recovered

1 25 model compound.

These experiments show that calcium hydroxyapatite and
lanthanium phosphate adsorb alkali(ne earth) metal contaminants and
that the treatment of the model compound with calcium
hydroxyapatite or lanthanium phosphate leads to an improvement in

30 thermal stability. There is also a correlation between the rate of
decomposition upon heééing at 240 °C and the alkali(ne earth) metal
content of the tested samples. It is evident that the melt
stability of linear alternating copolymers of carbon monoxide and

ethylenically unsaturated compounds can be improved by removing

i



40UV ml autoclave equipped with a stirrer was charged with 1500 ml
For exanpl e, ifethahblyvatderi(96ehtv/0) ity bmingi slmednadailcdfalitsmrmahnma'mat ed

wth akall mobgl paoldSanl fiok 8l ASOUIRIIEN. 19 02350 AT | T SoddeOi s

through a bed, substa CoNnsi's 1'd"a
passing the pu¢1°fsleédaﬂ<i goe dil!-'otl‘eel‘lrem east vamovad thyr pressur ising, Wiqhnem;boetl vi ded

sol i d adsor benfofRaild oess rm &R @éﬂaa&@ag vuhkhpséaeufémtrﬁm bk a4é d,
followed by filtering off the alkali netal -enriched adsorbent partlcles and

i ntroducimg th%relsls}‘f’rséf‘é et Bresrece ipdepfe was repeated; three times, {Revat pent
of al kal i (ne eegnparatiiealn Mkt autoclave was raised to 88 °C and a mixture of

carbon monoxide and ethene in a 2:1 ratio was introduced until the
pressure was 26 bar. A catalyst solution containing 0.0065 mmol

15 palladium acetate, 0.0069 mmol 1,3-bis[bis(2-methoxyphenyl)-
phosphinolpropane, 0.0040 mmol trifluorocacetic acid and 4.3 ml
acetone was added. The acetone used for preparing the catalyst
solution contained alkali metal salt contaminants and had an
electrical conductivity of 75 uS/m.

20 After a period of 17 hours the polymerisation was terminated
by cooling the reaction mixture to room temperature and releasing
the pressure. Solid powdery product was filtered off, washed with
methanol/water, which was taken from the same stock as the diluent
used in the polymerization, and dried.

25 A sample of the obtained white polymer powder was compression
moulded using substantially the procedure as described in
Experiment 1. The sheet obtained was whitish with a grizzly shade.
Example 2

A carbon monoxide/ethene polymer was prepared substantially as

30 described in Example 1, but with the differences that prior to
their use in the preparation the methanol/water and the acetone
were both perculated over a mixed bed anion/cation exchange resin
purchased under the trade name MILLIPORE ION-EX CARTRIDGE. The
electrical conductivities of the perculated methanol/water and '

35 acetone were 57 uS/m and 38 uS/m, respectively.
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b with the colour of the sheet obtained in Example 1 is indicative

cont am nat ed O Qe imp R BekRal ISRaP Al ilch Colt Qﬁeléﬂld'lgmérEEdSt ocks such as
pr opene, lge caer:ed out in a simlar” manner rinciple the al kali(ne
earth) met aI d adsorbent, when forned during or after the

pol yneri zati on préocesisn in&mﬁﬁﬁa/eaﬂxade fyoQnd h&ras @Y FEY %ub&anlm
ne eart

selectively di | g; 4 aLt and ey t he al kal i

net al - enrj che8§§ slér Eg tﬁe s STTRYSOR :ﬂg\/\%‘??(?tlymecfnlpﬁ‘g%“f 8'9\F5§15‘F9ent s
are capabfe of’a%é\iaébw vf@rdy 'dlmsso'm:hnlgetmaaoboqmblymen:hano'l[heaefp@mer| t | s
preferred (Nabefdibeal WAt £aHRId Selld il U ofl oiinifild 9o 005 QLPANLLS

carried out at a stage before the co& \{rrers are erred
adsor bent s” ar B¢ |tBe rf"étaéfl%ﬂ“'g MILAABORFe IOV - X SORIRIRGE . JhmetlelFyicad a

het er ogeneous cattietbeity, oft 4HRj ﬁércmated)'inetﬁ”ﬁanﬁ Rgngsmarth) net aI i ons,
such as sodi um |Lr¥_‘hl and 0%8 assi uns, i ons ' rt of

or
accorrpanku ng ani ons, suc Fi BRYdes, B3 88’"%15?&55%%1’“8‘92 §dofRd tgﬁF‘f‘%\bl e
are e.g. 3 on- elxcflfmngec mbselngy teUling esibangndiaily asoHestribédrinal S. A good

adsorbent forgifigihegatTeRle QbodNSviPUEREI L 20 minuces.

The electrical conductivities of the washing liquids obtained
in each washing were 650 uS/m, 200 uxS/m, 60 uS/m and 52 uS/m,
respectively, indicating that alkali metal salt impurities were

20 removed from the copolymer in each of the washings.

For comparison a sheet was compression moulded from a sample
of the un-washed copolymer and a circular disc cut from the sheet
was subjected to the dynamic rheology testing. The cross-over time
was 14 minutes.

‘ 25 The improved thermal stability of the washed sample is evident
from a comparison of the cross-over times.

Examples 4 - 13

Samples of a linear alternating copolymer of carbon monoxide,
ethene and propene (melting point 222 °C), which was contaminated
30 with alkali metal salt, were powder-blended with 0.25 %w or 0.20 sw
(calculated on the weight of the composition) of any one of the
phosphates indicated in Table II. The resultant powder mixtures
were compression moulded and tested in dynamic rheology testing

substantially as described in Experiment 1. For comparison a sample
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are apatites, having tlpRagiaRer ahobkpHdtdl @concentration, sw) COT
Merr](POerr])[err]X[err]Y[err]-n, wherein Mis barium strontium or,
preferably, calcium nis O 1 or 2, Xis OHand Y is fluorine. BEYSEmM
hydr oxyapatite is a na } t - } j or
constituent of bone and tooth mimeral. It is a crystalline, mate %al, al so
referred to as tribasic cal cium phosphate. However, when the treatnent of
this invention involves treati fglaivmhgdradyapateittec(@li26bhol , for 8%anpl e
met hanol, or a mxture contgi nifg -RamuhSiibhle qyaskhity of a loygr .
aliphatic alcohol it is less preferred to use an _apatite as the adsorbent
because, as i s known in the’ar tBariymphperhargy(0.25) 33

10 8 Calcium fluorapatite (0.25) 28
9 Magnesium orthophosphate (0.20) 37
10 Calcium phosphate (0.20) 31
11 Calcium silicium phosphate (0.20) 39
12 Magnesium silicium phosphate (0.20) 30
15 13 Aluminium phosphate (0.20) 29

*
) for comparison, not according to invention
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1. A process for the preparation of linear altermating copolymers

- 8 - not be CS’f‘PJa@B@A %ohglxlgi:‘dte A:{h LRWr ﬂ!n@e_oIaﬁ)ilcen%ﬁqgoll&s_aturacegui table ion

exchange resins are typically resins containing strong acidic groups, such
as sul phoni c aBIMPOYRERIPY, RS tLTR tRAtTFATRSE PR ROLTICSLPACIOR PNAFEITE. For
the exchange ofn ahleOpife saReO BN WulGalRCcatNPEt (J38coml bRe dehate @ Strong
basi c i on exchange resin _can _bge used, sugch as a resi,n containin uat ernary
anmoni um hidr 0&?“8’8“@?&35?5?&1%)€§ﬁpﬁ‘e§°8}°'} RE* PR 29T 8 ﬁ%’f%?f‘%ﬁﬁ%&% type,
on a matrix. Valkald(nd aBkyh)t hetdasabu(sandieoh proerehdnyelvessansceatgentsed i n
a mxed bed Oryp ook el FedkiCfhtbe MiEORRINGtnd NG ABeaNd ga{ON

exchangi ng groups on a single rirx. Cross-Il1nke .{)o ystyrene 1s a
sui t abl e mit r i xemoyed| sehethatathfe tobal paount REraliali(necsapdi)ngealist abl e as

vell. Very suijfaldefe SistRETopb1ARe 1 24t idR! $rodQE: @%CIed I niel psriiper t hose
whi ch can (ge used .in water dem™neralisation processes. Very good results
have beent®bt aPhedotiBh*aishtxed bed i on exchange resin. Al t hough t he
anount of solig. adaopdesss ias @Ddimed in claim 1, characterized in that the

total amount of alkali(ne earth) metals is less than 0.1 part per
million by weight.
3. A process as claimed in claim 1 or 2, characterized in that
15 said treatment is carried out during or prior to the
copolymerization reaction and comprises treating one or more
alkali(ne earth) metal(s) containing components of the reaction
mixture before being introduced into the copolymerization reactor.
4, A process as claimed in claim 3, characterized in that the

20 said treatment consists in contacting one or more of the components

-~d

of the reaction mixture with a solid adsorbent, capable of
adsorbing ions of alkali(ne earth) metal salts, followed by at
least partly removal of alkali(ne earth) metal-enriched adsorbent.
5. A process as claimed in claim 4, characterized in that the
25 solid adsorbent comprises one or more ion exchange resins
containing anion exchanging and cation exchanging groups on a
matrix, optionally combined on a single matrix.
6. A process as claimed in claim 4 or 5, characterized in that
the amount of solid adsorbent is in the range of 0.000001 to 0.5%
30 by weight of the component(s) treated.
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5 insoluble or virtually insoluble and which has an electrical

critical, Usg?drﬁ'ch@i\Jiic '%ﬁ?e@%% Jod. Efﬁ"d in order to avoid the handling

and renoval arge a s of material. Preferably the anpunt of solid
adsorbent is l%ss 4 PAACESR By eilged igf aphefteladmad cont afanatedized in

conponent (S) afhathehe' @2E41yRR $Yotbhl@nchhed aprafagt adtleyméhla 8Ly Ofr130! i d
adsorbent is sgl ect epd LN th% fange of 0.000Q001 to O. 5%% gew %ht of_ the
conponent (s) t% BB® FPEAPEE Table Fpd 15, used A8 ATLAPUME FRCHLISRT RET MY PFi cal
conduct i M0ty ashpletizadly ensZaibaced ebmpougdi do benpaprdnherizeli £th caneaimsual | y
essential ly or.gafi c ,aré n-L.oni nat , er they have been treated
w th an adsorbgnt. é%l t b a;? ?%’éﬂ gf‘?céﬂl c%ﬁc"cl)%fégétivi ty is lower than 200
[err] S/m préerablproress ashelringd ineek4is/ by ahdracrepdred dol Bratl @ss than 60
[err]S/m Throughoyde thiSePRPldseal tRnt [\ baL&E bohi FAl12800HWSt é26ubi e8I Tar €

specified as conductivities neasured .
metal, an anion of an acid with a pKa of less than 4 and a

15 bidentate ligand of the general formula RleMl-R-M2R3R4 wherein
each of Ml and M2 independently represents a phosphorus, arsenic,
antimony or nitrogen atom, each of Rl, Rz, R3 and Ra independently
represents a substituted or non-substituted hydrocarbyl group and R
represents a divalent organic bridging group containing at least

20 two carbon atoms in the bridge.

10. A process as claimed in claim 9, characterized in that a
catalyst system is used comprising a bidentate ligand of the
general formula RleP-R-PR3R4 wherein at least one of Rl, Rz, R3
and Ra represents an aromatic group substituted by a polar group,
~‘ 25 in particular an alkoxy group, at one or both ortho positions with
respect to the phosphorus atom to which the aromatic group is
linked.
11. A process as claimed in any of claims 1 - 10, characterized in
that as ethylenically unsaturated compound ethene or a mixture of

30 ethene and propene is used, in that the molar ratio between carbon
monoxide on the one hand and the ethylenically unsaturated
compound(s) on the other, is in the range from 5:1 to 1:5, in
particular in the range from 1.5:1 to 1:1.5, and in that the

reaction is carried out in the presence of a protic diluent, for

This Sheet Has Been Replaced

(AR



5 ethylenlcally unsaturated compounds compr151ng washing a preformed

-9- at 20 [err LLeatpent a his i nvention which does
not invol ve thléealfggr gerso g!‘aa&gf’)“?:%gﬁf %ﬁ NPT 2V FIEAP T he

copol yner povvdeqmpaésmgepara-:l@aln(rtehear@acmmalvwam witkaghwashihg duigdidvhi ch i s
able tor ermvewl?:.l Kalé (a'BQeet%r E’:mov@e&@lle§§!: tp%rt: r&F"cEé‘%lEQPP('nX”EJrchZ tal

invention also relates to a washing per se conprising washing a o1 med
react or powders"ﬂft fhefreBpdiey RRROWIAEEL cont ai ns a cont ani nant conpri sing an

al kal i (ne 1eartig. rTEtm'UpOSﬁﬁér %xﬁﬂmsacmshbmllst |ad1¥HUa§halc%r{%b&1% to renove
at | east part og Jphe. %al; ne earth a% g’%nﬁ?ho tge copolyrrer
preferably suct® 5’? Pt et AR TRASHT g 2P é’“FoTraIm BhEOY  rcatWal i (ne earth)
netal s pr esentunsracutre:edomllp;oms,l 8 éceﬂ:amirhaln dompat éingesn ralkhlimebyanmid ght .
metal salt and a stabilizing quantity of a substance which is able
to bind at least part of the alkali(ne earth) metal salt, the
15 substance being other than a hydroxyapatite or a zeolite-type
trivalent metal silicate.
14, A copolymer composition as claimed in claim 13, characterized
in that the substance which is able to bind at least part of the
alkali(ne earth) metal salt is selected from the group consisting
20 of barium phosphate, lanthanium phosphate, magnesium
orthophosphate, calcium silicium phosphate, magnesium silicium
phosphate, aluminium phosphate and fluorapatite.
15. A copolymer composition as claimed in claim 14, characterized
in that the substance which is able to bind at least part of the
25 alkali(ne earth) metal salt is selected from the group consisting
of lanthanium phosphate, magnesium silicium phosphate and calcium
silicium phosphate.
16. A copolymer composition as claimed in any of claims 13 - 15,
characterized in that the substance which is able to bind at least
30 part of the alkali(ne earth) metal salt is used in a quantity of in
the range of from 0.02 $w to 1.0 w%, relative to the quantity of
the copolymer.
17. A copolymer composition as claimed in claim 16, characterized
in that the substance which is able to bind at least part of the

35 . alkali(ne earth) metal salt is used in a quantity of in the range
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5 compounds, wherein a linear alternating copolymer of carbon

Sui t abl e washi ma ue ich the copol

i nsol ubl e or V%Augg#y AR s o uBFemgﬁde%ﬁEWcé S8R H“\é‘p?‘r"é’é gpich

al kal i (ne eart hjonteins asabummifeant esmprikéndynbeikagixd eartineated valh igne
o ore 10N eXChARAC,{shn5:ae1 dangl 4 el P 8! DUREOLSc, TR QIORl gL ] Ui

is suitably essentially organic, | ar _and non- 1onic by nature,
exanpl e an al i phdd 8t d-leééﬁcﬂarér°ﬁ<éf‘6r§kﬁh%fﬁgewht)omq'-'@@trS%leFr bt#e at ons, and

has typicaldy aéhbelcﬁhedé bemg GeR&W Ghhyid My&foxks&a&lwa& ZOQedlees.]é/ It may
be advant ageous, tLQ,a ve V\ﬁt er_.present |dn suc was hi ﬂ; or exanple
1 - 20 wol rel F1 9o R FEETATT ANt r(il%%uf’es“ ?5’1 KEWGuaF ediit ent
of al kali(ne eagnolays smt, abéah) asrlat aktmeivo drhen_teactcabnmugdntngof the Iiquid.
The washing liquid nay al so essentially consisting of water having an

el ectrical conductivity of less than 1000 [err]S/m in particular |ess than
600 [err]S/m Very good results can be obtained by washing a copol yner
powder, contami nated with alkali(ne earth) netal salt, wth methanol or

wi th et hanol /water (95/5 v/v) which has prior been nade essentially free
of alkali(ne earth) nmetal salt by a

MG1/T1879FF
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PREPARATION OF COPOLYMERS OF CARBON MONOXIDE WITH ETHYLENICALLY

- - i ; . h
exampl e of & surtah BALEe AR opytR (AR TEERE Kb B Bre s PiteeSo e

copol ynmer is insoluble or virtually insoluble and to which one or nore
conpl exi ng agents for the contaminating alkali(ne earth) nmetal ion(s) have
been added, such as crown ethers. The catal yst systemused in the
process of the invehtR*™8Re$% I0F cfher REARATAtton af idmean milsprratdnp mepotymarse

metal s of G oupfVekibodf mbhxiBerdradi ebahlénicIDB, aHPMMUra0da SURFoBACHY al YSt
I's not criti Ca'p&iQQeJ?%¥n¥E¥H£ x@JJ}LQsV¥Hdghe presence of a suitable catalyst
’ system, one or more components present in the reaction mixture
being contaminated with alkali(ne earth) metal salt(s), which
process involves a treatment by which at least part of the
alkali(ne earth) metal salt is removed such that the total amount
of alkali(ne earth) metals present in the copolymerization product
is less than 1 part per million by weight; a copolymer composition
comprising said copolymer, an alkali(ne earth) metal salt
contaminant and a stabilizing quantity of a substance which is able
to bind at least part of the alkali(ne earth) metal salt, the
substance being other than a hydroxyapatite or a zeolite-type
trivalent metal silicate; and a method for melt processing said
copolymer, wherein the copolymer which contains an alkali(ne earth)
metal salt contaminant is mixed with a stabilizing quantity of a
1 substance which is able to bind at least part of the alkali(ne
earth) metal salt, the substance being other than a hydroxyapatite
or a zeolite-type trivalent metal silicate, and wherein the

resulting mixture is melt processed.

MGl/T1879FF
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METHOD FOR MELT PROCESSING
ranges, e.g. between 10[err] and 10[err] gramatom of Goup VIII netal per
nol of ethylenically unsaturated conpound to be copol ynerized. Preferably

t he anount is bamWeamvHﬂtmud nyﬂitaﬂeﬁd]a(prddzssammrttnés Wth a view at

their ther I I ntain
| ess that 2 %lyélof,y C\cﬁoeﬁ e alsal%eﬁ:é#ay é‘%/%és)fsﬁ? %hp%rjnbm&gnd I n
particul ar mgnpxmdgww;qhmﬂne or mnngnqnmpqunggcgqmmriﬁlnqlamlude i ron,
cobalt, ni clé%hylréﬂlmlwuﬂéa&(#imedwdzﬁﬂl 4a aﬁﬂpmtwwl um and

platlnun1 Amond these, .cobalt, .nickel, ruthenium. rhodium and palladlun1are

preferred. FR ing fhey C&&%%rssfﬂderﬁ%%é'é?wc%)aﬁ%d?%
preferred. procéssinuithablepddivilersd. systens are catal ytically active

of Tess than 6 15 aporRelp et T1a8 % Unedi dth nith Jie daids® P
Preferred bbatelqu.maé:mggim icay bioa mulmai@l subs tten tienlckwl aX terna te
Rler o] Rler s bt beligankdhe leotieald camndifidpry] and Merr]
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the monomers under polymerization conditions in the
presence of a suitable catalyst.

Convenient methods for preparing such copolymers are
disclosed in, inter alia, EP-A-181014 and EP-A-248483.
The copolymers obtained according to these, or similar
preparation methods, are relatively high molecular weight
compounds, having established utility as thermoplastics
in the production of shaped articles, such as containers
for foods and drinks and parts for the car industry and
for various applications in the domestic sphere.

For these uses and the like, the copolymers have to
be melt processed, i.e. they have to be brought in molten
state so that they can be moulded or extruded. In view of
their high melting point, usually of 200 °C or even
higher, the melt stability of the copolymers may become a
problem if the copolymers are to remain in molten state

~for a substantial length of time. The longer the
copolymers are subjected to high temperatures, the more
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It has already been proposed to reduce the content of
typical impurities, such as sulphur in sulphidic form and
iron present as iron carbonyl, which impurities often
occur in the carbon monoxide feedstock, in particular if
the carbon monoxide used is a commercial grade feedstock,
such as commonly available at (petro)chemical sites.
Whilst a reduction in the content of these impurities in
the carbon monoxide monomer feed has a favourable effect
on the average reaction rate at which the polymerization
proceeds, it has little effect on the melt stability of
the copolymers obtained.

It has now been found that the melt stability of the
copolymers of the invention is adversely affected by the
presence therein of trace quantities of alkali(ne earth)
metal salt impurities. It has also been found that a
significant improvement in melt stability is achieved by
reducing the alkali(ne earth) metal salt content of the
produced copolymers or by adding to a copolymer which is
contaminated with alkali (ne earth) metal salt a substance
which is able to bind the contaminating salt. Evidently,
both treatments may be combined as well.

The detrimental influence of minute quantities of
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ethylenically unsaturated compounds (cf. EP-A-478088 and
GB-A-2249549, respectivelyi. The present invention
surprisingly teaches that trace quantities of the
alkali (ne earth) metal salts which may be present in the
polymers need to be removed or need to be bound in order
to stabilize the copolymers, as opposed to the prior art
which teaches that these metals have to be added. With
hindsight it is conceivable that the stabilization
achieved by the addition of calcium hydroxyapatite or a
Group 2 metal containing zeolite may (in part) have been
the result of interaction of the apatite or the zeolite
with any alkali(ne earth) metal salt present in the
polymer. However, from the documents nothing can be
learnt in that respect and since there is no mention of
removal of stabilisers from the copolymers, a reduction
of the alkali(ne earth) metal salt content thereof has
not been effected. For completeness' sake it is noted
that in GB-A-2249549 there is a single mention of a
destabilizing effect of sodium and potassium containing
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the total amount of alkali(ne earth) metals present in
the copolymerization product is less than 1 part per
million by weight.

The invention also relates to a copolymer composition
comprising a linear alternating copolymer of carbon
monoxide and one or more ethylenically unsaturated
compounds, a contaminant comprising an alkali (ne earth)
metal salt and a stabilizing quantity of a substance
which is able to bind at least part of the alkali (ne
earth) metal salt, the substance being other than a
hydroxyapatite or a zeolite-type trivalent metal
silicate.

Finally, the invention also relates to a method for
melt processing a linear alternating copolymer of carbon
monoxide and one or more ethylenically unsaturated
compounds, wherein a linear alternating copolymer of
carbon monoxide and one or more ethylenically unsaturated
compounds which contains a contaminant comprising an
alkali(ne earth) metal salt is mixed with a stabilizing
quantity of a substance which is able to bind at least
part of the alkali(ne earth) metal salt, the substance
being other than a hydroxyapatite or a zeolite-type
trivalent metal silicate, and wherein the resulting
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the treatment will preferably be carried out during the

polymerization reaction.

In the event that the source of alkali(ne earth)
metal salt impurities can be attributed to a specific
component in the reaction mixture, it is adwvantageous to
subject only that component to the said treatment, prior
to its use in the polymerization reaction. For example,
if the copolymerization is carried out in the presence of
a diluent which is contaminated with alkali (ne earth)
metal salts, it is preferred to reduce the alkali (ne
earth) metal salt content of the diluent before
introducing the diluent into the reactor. Thus, when said
treatment is carried out during or prior to the
copolymerization reaction and comprises treating one or
more alkali(ne earth) metal(s) containing components of
the reaction mixture before being introduced into the
copolymerization reactor, the alkali(ne earth) metal
content of the reaction mixture is reduced.

It has been observed that the alkali(ne earth) metal
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carried out during or prior to the copolymerization the
alkali (ne earth) metal salt(s) is/are preferably removed
to such an extent that the alkali(ne earth) metal content
of the reaction mixture is below 0.5 ppmw and more
preferably below 0.05 ppmw. _

For the removal of alkali(ne earth) metal salt(s)
various treating methods may be elected. A convenient
method may consist in contacting-the reaction mixture, or
one or more components thereof, such as a contaminated
starting material or a contaminated diluent, with a solid
material capable of binding or otherwise inactivating the
contaminating alkali(ne earth) metal salts, followed by
at least partly removal of the alkali(ne earth) metal-
enriched solid material.

For example, if a liquid diluent or solvent is used
which is contaminated with alkali metal salts, it is
recommended to pass the impure liquid through a bed,
substantially consisting of solid adsorbent, followed by
passing the purified liquid to the reactor. Alter-
natively, finely divided solid adsorbent particles may be
admixed with the contaminated liquid, followed by
filtering off the alkali metal-enriched adsorbent
particles and introducing the filtrate into the reactor.
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are frequently s
major part of the alkali(ne earth) metal ions, such as

sodium, lithium and potassiums ions, and a major part of
the accompanying anions, such as chloride, bromide and
acetate ions. Suitable are e.g. ion-exchange resins,
zeolites and basic solid materials.

A good adsorbent for the treatment of the invention
are apatites, having the general formula Mjg(PO4) 6Xpn¥2-n-
wherein M is barium, strontium or, preferably, calcium, n
is O, 1 or 2, X is OH and Y is fluorine. Calcium
hydroxyapatite is a naturally occurring calcium
phosphate, being the major constituent of bone and tooth
mineral. It is a crystalline, material, also referred to
as tribasic calcium phosphate. However, when the
treatment of this invention involves treating a lower
aliphatic alcohol, for example methanol, or a mixture
containing a substantial quantity of a lower aliphatic
alcohol it is less preferred to use an apatite as the
adsorbent because, as is known in the art, apatites may
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suitable as well. Very suitable systems of one or more
ion exchange resins are those which can be used in water
demineralisation processes. Very good results have been
obtained with a mixed bed ion exchange resin.

Although the amount of solid adsorbent is not
critical, usually a limited amount is used, in order to
avoid the handling and removal of large amounts of
material. Preferably the amount of solid adsorbent is
less than 5% by weight of the treated contaminated
component (s) of the reaction mixture. Most preferably the
amount of solid adsorbent is selected in the range of
0.000001 to 0.5% by weight of the component(s) to be
treated. |

It may be convenient to use the electrical
conductivity as a:characterization of liquid components,
which are usually essentially organic and non-ionic by
nature, after they have been treated with an adsorbent.
Suitably the electrical conductivity is lower than 200 p
S/m, preferably less than 100 puS/m and in particular less
than 60 uS/m. Throughout this applicatibn the electrical
conductivities are'specified as conductivities measured
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total amount of alkali(ne earth) metals present in the
copolymer is less than 1 part per million by weight.
Suitable washing liquids may be diluents in which the
copolymer is insoluble or virtually insoluble and which
are substantially free of alkali(ne earth) metal salts,
for example by being prior treated with one or more ion
exchange resins as described hereinbefore. The washing
liquid is suitably essentially organic, polar and non-
ionic by nature, for example an aliphatic alcohol or
ketone having up to four carbon atoms, and has typically
an electrical conductivity of less than ZOO'uS/m. It may
be advantageous to have water present in such a washing
liquid, for example 1 - 20 %vol relative to the resultant
liquid mixture, with an equal content of alkali(ne earth)
metal(s), relative to the total weight of the liquid. The
washing liquid may also essentially consisting of water
having an electrical conductivity of less than 1000 uS/m,
in particular less than 600 uS/m. Very good results can
be obtained by washing a copolymer powder, contaminated
with alkali(ne earth) metal salt, with methanol or with
methanol/water (95/5 v/v) which has prior been made
essentially free of alkali(ne earth) metal salt by a
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' contain less that 20 ppmw Group VIII metal, preferably
less than 10 ppmw and in particular less than 5 ppmw.

The metals of Group VIII include iron, cobalt,
nickel, ruthenium, rhodium, palladium, osmium, iridium
and platinum. Among these, cobalt, nickel, ruthenium,
rhodium and palladium are preferred. In particular a
catalyst system based on palladium, is preferred.

Very suitable catalyst systems are catalytically
active compositions based on a palladium compound, an
anion of an acid with a pKa of less than 6, preferably
less than 4, and a bidentate ligand.

Preferred bidentate ligands may be indicated by the
general formula R1R2M1-R-M2R3R4 wherein each of M! and M2
independently represents a phosphorus, arsenic, antimony
or nitrogen atom, each of Rl, R2, R3 and R4 independently
represents a substituted or non-substituted hydrocarbyl
group and R represents a divalent organic bridging group
containing at least two carbon atoms in the bridge.
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or ester groups.

Preferably one or two substituents are located at the
ortho position(s) in the aromatic ring with respect to
the phosphorus atom to which that aromatic'qroup is
linked.

The copolymerization process of the invention may
proceed in the gasphase, but is typically carried out by
contacting the monomers in the presence of a suitable
diluent with the catalyst system, usually a solution of a
compound of a Group VIII metal in a suitable solvent,
such as a lower ketone or a lower aliphatic alcohol, for
example acetone or methanol. Suitable diluents are
typically those in which the formed copolymers are
insoluble or wvirtually insoluble. The diluent is
preferably a protic compound, such as an alcohol, for
example methanol, isopropanol and butanol-1l. As explained
above, the diluent may have been subjected to a treatment
for reducing the alkali(ne earth) metal content thereof,
before being introduced into the reactor.

Ethylenically unsaturated compounds suitable to be
copolymerized with carbon monoxide in the process of the
invention include compounds consisting exclusively of
carbon and hydrogen and compounds which in addition
contain one or more hetercatoms, typical examples being
unsaturated esters such as methyl acrylate. Preferably,
however, unsaturated hydrocarbons are used, in particular

of
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stability.

at a temperature in the range of 10-200 °C and a pressure
in the range of 1 to 200 bar. Preferred temperatures are
in the range of 20-180 °C, in particular in the range of
30-150 °C. Preferred pressures are selected in the range
of 5 to 100 bar. :

In other embodiments of this invention the stability
of a linear alternating copolymer of carbon monoxide and
one or more ethylenically unsaturated compounds which is
contaminated with an alkali(ne earth) metal salt is
improved by using as a stabiliser a substance which is
able to bind at least a part of the alkali(ne earth)
metal salt. As discussed hereinbefore, the use of a
stabilizing quantity of a hydroxyapatite or a zeolite-
type trivalent metal silicate in these polymers,
conceivably effecting the binding of alkali{ne earth)
metal salts in the cépolymers, is know in the art and is
excluded from the protection of these embodiments of the
invention.

The alkali(ne earth) metal salt binding substances
used in the compositions of the invention and in the
method of melt processing according to the invention may
be organic or inorganic. Examples of suitable organic
substances may be ion exchange resins mentioned
hereinbefore. Inorganic substances which possess ion
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silicium phosphate and calcium silicium phosphate.

The quantity of the alkali(ne earth) metal salt
binding substances to be used is not critical as long as
melt stabilization of the copolymer is effected. Usually
a quantity in the range of from 0.01 $w to 5.0 %w,
relative to the quantity of the copolymer, will be
effective, in particular from 0.02 $w to 1.0 %w and more
in particular from 0.05 %w to 0.5 w%, on the same basis.

These substances are frequently solids thus forming a
solid phase in the compositions of the invention. They
are preferably used as a finely divided material,
typically having a volume-average particle size in the
range of 0.1 - 50 um, in particular in the range of 0.5 -
10 um.

The melt stability of the copolymers may be further
improved by adding one or more (further) stabilizers,
conveniently by dry blending of the copolymers and the
stabilizing compounds, at any downstream stage of the
process. Materials known to be suitable in this respect,
include inorganic or organometallic compounds, such as
zinc aluminates, alumina hydrogels and cupric chromite.
As mentioned hereinbefore, calcium hydroxyapatite and
calcium containing zeolites have also been recommended as
a suitable stabilizer. Also other additives may be
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filtrate toq‘c?ﬁl%%{srgg %gg?uﬁ%?\%?ys?ga% St#R 731369% ﬁb’ﬁg% Corrpound gave a
sodi um cont ent dﬂthmldihelsaihlusmrmdxlymp’ahetﬁolkmsu.ngngonn t he

filter was dyjeifd S it g@@n Sanpl es of the fresh
and of the recover e%? can- %{66 QJZ %etraone were heated at 240
[err]C underEjﬂﬁﬂm__JG.C anal ysis carried out after 24 hours of heat

~exposure reveal qu%é (*}&ifdld&wgﬁaﬂﬁbé Q%dagtg@%;@ﬂ?s?tcﬁf %éziéﬁéfﬁamesv\@ﬁ
conpl etely verte e 0 0 recove

t et radecan- §%§ téﬁéﬁ&ﬁg ébﬂﬁﬁﬁﬁﬁl?+ﬁ%F%PF%%%ec%P°L¥ESFp8§ition
products. cafﬂunemnnaxrdaxﬁetnﬁneVindrpxmpém@ wss ngedsgred asdi fferent
sanpl e of th_;eot é";tdecan 3,6,9,12-tetraone and using 0.04 g |anthanium

phosphat e i nstéad of cal ci um hydroxyapati te.
Samples of the linear alternating copolymer of carbon

monoxide, ethene and propene (melting point 222 °C) were
loaded with any one of the salts, as indicated in Table
I, by impregnating the samples with a solution of the
salt in de-ionized (double-distilled) water and drying.
For comparison one copolymer sample was treated in the
same way with de-ionized water, but without a salt
dissolved therein. The resultant copolymer powders were
compression moulded to form 1 mm thick sheets by pressing
at 250 °C for 0.5 minutes at 4 kg/cm? and 1.5 minutes at
40 kg/cmz. Circular discs cut from the sheets were
subjected to dynamic rheology testing, i.e. measurement
of dynamic shear moduli, at a temperature of 275 °C,
using an angular frequency of 1 rad/s and the sample
being hold between aluminium discs at a distance of

0.9 mm. The aluminium discs were disposable discs,
pretreated with an Alodine S solution. The cross-over
time (COT), which is defined as the time elapsed since
sample loading until the loss factor (i.e. the ratio of



El emental anal yses of the fresh and &he recovered

tetradecan-3, 6,9, 12-tetraone were TaBleof| ows: 9 pprmw and 2 ppnw sodium 3.5
ppmw and 0.6 pprmwcattron 02 pprmwand— 0 2—ppmwegrestom | ess than 0.5
ppmw and 35 pp t hani um respectively. The elqggptal anal yses of the
fresh and the recoveéred | ant hani um phosphate were foll ows: 55 ppmw and
500 ppnmw sodi um (mst pbnernitent SOf ppoimern) cppmy) | essintites 30 ppnw and 70
ppmMv nmagnesi um -—+-espeetivety— - G-C-analyses—after—heati ng the fresh and
t he recovered tetradecan 3,6,9,12-tetraone (240 C:3§0 hour s)

Sodium chloride (5.0) 10
Sodium bromide (5.0) 11
Sodium iodide (5.0) 13
Sodium acetate (5.0) 7
Sodium nitrate (5.0) 12
Sodium sulphate (5.0) 23
Sodium perchlorate (5.0) 5
Potassium bromide (8.6) 8
Magnesium sulphate (5.3) 15
Calcium chloride (8.2) 1
Barium bromide (30.2) 2

These experiments show that trace amounts of
alkali (ne earth) metal salts contaminating the linear
alternating copolymers have a detrimental influence on
the copolymers' melt stability.
Experiment 2

The thermal stability of a model compound,
representing a carbon monoxide/ethene copolymer, and the
influence of (the removal of) trace quantities of
alkali (ne earth) metal impurities thereon were measured
as follows. The model compound, tetradecan-3,6,9,12-
tetraone, was prepared by using methods described by H.




Calcium hydrox ap atite (0.04 g, contalnlng less than
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20 % of the W 29d4BBE| W nprargnded 1?h5§ése§9é EAeRrs T88ow t hat
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content of the tested sanple evi d ab| ity of
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havi ng an electric
revealed that the untreated tetradecan-3,6,9,12-tetraone

was completely converted (degraded) and that 94 § of the
recovered tetradecan-3,6,9,12-tetraone was converted into
a range of decomposition products.

The above experiment was repeated using 1 g of a
different sample of the tetradecan-3,6,9,12-tetraone and
using 0.04 g lanthanium phosphate instead of calcium
hydroxyapatite.

Elemental analyses of the fresh and the recovered
tetradecan-3,6,9,12-tetraone were as follows: 9 ppmw and
2 ppmw sodium, 3.5 ppmw and 0.6 ppmw calcium, 0.2 ppmw

. and 0.2 ppmw magnesium, less than 0.5 ppmw and 35 ppmw
~ lanthanium, respectively. The elemental analyses of the
fresh and the recovered lanthanium phosphate were as
follows: 55 ppmw and 500 ppmw sodium, 45 ppmw and
180 ppmw calcium, less than 30 ppmw and 70 ppmw
magnesium, respectively.

GLC analyses after heating the fresh and the

recovered tetradecan-3,6,9,12-tetraone (240 °C, 20 hours)



q o CO%F%?lnants]i§d tnﬁt the treatment of EPe model compound
conductivit err e re sed a rein
was rermvedx"d%hp W’i%ﬁ?a?’a%ﬁ] %&%@?b%?%%?ggﬁﬁerﬁ?% §| ng
t he pressuréo 'Eln s.ngmmmhsrﬁ: dfn prhesmall sstabilikpr clsere iel #bse aas
repeated thr T r r Y/ sed to 88
B on Bl i Rnd 48 URBBR BB NPT s

[err]C and & ure of "carbon nonoxi de and
i nt roduced @lﬁalﬂln@h@tpr%uﬁeamds the BakalA (ngt gaysh)saehalocansiandi ni ng

0. 0065 nmol oqaltln%dlt@yaf@ts%g;o 15 .006% il eviy Berltt S&KH@(&@B&@P%Y-

phenyl ) phosph opan 40 nmmol trlfluoro cetic a
acet one was 5&3’ ?ﬁ fi Fde At iRve 5208 c%#a‘F%&P%ol ution
cont ai ned amoaloix Laket alndsedmxmmmtmmmmrtcﬂpmmds%ammuct ivity

of 75 [err] §4x1g'rovedo‘fbgferr Q:here rorllnoualskalr}.e(rpemélmﬂ)sameeanl was
salt contaminants in an analogous way.
Example 1 (for comparison)

A carbon monoxide/ethene copclymer was prepared as
follows. A 4000 ml autoclave equipped with a stirrer was
charged with 1500 ml methanol/water (95/5 v/v) containing
alkali metal salt contaminants and having an electrical
conductivity of 360 uS/m. The reactor was closed and the
air therein was removed by pressurising with carbon
monoxide to 15 bar and releasing the pressure. This
procedure of pressurising and pressure release was
repeated three times. The temperature in the autoclave
was raised to 88 °C and a mixture of carbon monoxide and
ethene in a 2:1 ratio was introduced until the pressure
was 26 bar. A catalyst solution containing 0.0065 mmol
palladium acetate, 0.0069 mmol 1,3-bis[bis(2-methoxy-
phenyl)phosphinolpropane, 0.0040 mmol trifluoroacetic
acid and 4.3 ml acetone was added. The acetone used for
preparing the catalyst solution contained alkali metal
salt contaminants and had an electrical conductivity of
75 uS/m.

After a period of 17 hours the polymerisation was



. in the polymerization, and dried.
-18 - termnated_b pcoX?ln fhe réaction mxture to roomtenperature and

rel easi ng the prRs3@FRlesefi BhpookErinpdonbétennslymrrePOWISRT Wagashed with
mﬁt hanf)I [ wat cémpmbkshog/agoaagea tsonyt B&bfeaﬁgih%w %f.e? b&g‘é:lv\elhd’a&@t alslsed in
the polynerizatlg n i ed. . sagpl e e ai ne i te polyner
powder was c%ﬁi?ﬁgg?gnlﬂnéfaﬁﬁlﬁgpﬁgiSUEEFaﬁBFS%I9bgﬁénﬁao@@&uV 1fdsh
descri bed i wikbheai gebzzly Shadebeet obtained was whitish with a grizzly
shade. Exanppg.Znie 2A car bon nonoxi de/ et hene pol ymer was prepar ed

substanti al | ribed in Exanple 1, but with the differences that
prior to their U3eCarbeomncrprepidef¢thendcpodynanovasapeepaned:t he acet one

were both peseyseAReifYEy dsd&ser D5E afh OBLkambl N1 $XplR WS thegh@ Purchased
differences that prior to their use in the preparation
the methanol/water and the acetone were both perculated
over a mixed bed anion/cation exchange resin purchased
under the trade name MILLIPORE ION-EX CARTRIDGE. The
electrical conductivities of the perculated
methanol/water and acetone were 57 uS/m and 38 uS/m,
respectively.

The obtained polymer powder was white. The sheet
obtained by compression moulding this powder was whitish,
not having a grizzly shade.

- The improved colour of the compression moulded sheet,
compared with the colour of the sheet obtained in Example
1 is indicative for an improved thermal stability of the
copolymer.

Example 3 _

A carbon monoxide/ethene polymer was prepared
substantially as described in Example 1. A sample of the
copolymer powder obtained was washed four times wiﬁh
methanol which methanol was prior perculated over a mixed
bed anion/cation exchange resin purchased under the trade
name MILLIPORE ION-EX CARTRIDGE. The electrical
conductivity of the perculated methanol was 23 uS/m.



, The electrical conductivities of the w?shing liquids
under the trade na M LLI PORE | ON- EX CARTRLDGE. The el ectr.ical

conduct i vi-t i Rt3iNeHe1BpRGN VRENIRINURER/ RAPHSARd 208t BiéMne O $5/m

\[A}ref”] S/ ?handaﬁ& serpsfam rgepece'iweyy. indiciig_ﬁngbtﬁhﬁedl&gl}iﬁﬁétﬂw\dte_r \Avas
ite. e s ain Y. CONpLESS] Q u t hi s,powder,_was whitish,

not havi ng agﬁfﬁzgﬁéuﬁﬁggﬁﬁ wereTﬁ%m?ﬁﬁaoggamctﬁguFog?l?ﬂgrcéﬁpﬁé§ 1 on

moul ded sheeef thepwashingsh the col our of the sheet obtained in Exanple 1

is indicative f | t he, 'S i L nple 3

A carbon nnnoxigg?g?ﬁ%ﬁﬁég% g%eg 5£§é%f%§§r%%ﬁéﬁ§§?§§§i§§P§h§§?5§8§??bed in

Exanpl e 1. AapRdeCbf thacurnpashedrc ¥reshead nedchasukashddstogitt i nes

with nEthanofrdﬁﬂ@HeWEEQQQOWa§ﬁ§uE5ééEe&e£6Utﬁéedyﬂ&ﬁicarﬂééﬁggPed
ani on/ cati on_exchange_resi n purchased, under tfg trade nane M LLTPORE | ON- EX

CARTRI DGE. THES etR&1t rTR8| CTIPRIRYET i time Wl HSPLRPERSd net hanol was 23
[err] S/Im The improved thermal stability of the washed sample

is evident from a comparison of the cross-over times.
Examples 4 - 13

Samples of a linear alternating copolymer of carbon
monoxide, ethene and propene (melting point 222 °C),
which was contaminated with alkali metal salt, were
powder blended with 0.25 %w or 0.20 %w (calculated on the
weight of the composition) of any one of the phosphates
indicated in Table II. The resultant powder mixtures were
compression moulded and tested in dynamic rheology
testing substantially as described in Experiment 1. For
comparison a sample of the copolymer was tested un-
blended. The cross-over times (COT) found are indicated
in Table II.



- 19 - The, washgd copol yner powder was conpressi on noul ded and
tested in dynam cdrreol )ogy testing substantially as descriB&d in Experiment

1. The cross-over5tic@lafem WydidkySsatite [0e28)etjrical gegnductivities of

t he washing |iquigds ﬁ%tﬂ%ged I N eacqﬁggshi g re 650 J[err].Sm 200

[err]S/m 60 [err]S/HiRRAEE Rhqep ?eé@e% vely, indicafing that alkali

metal salt inpurili Bamiome plerspheatér 0dn 28k copol yner in eadh of the

washi ngs. Forg C j ssion noul d froma sanple
O oA TR RS ETREPTE 3

of the un-washed cop rcular " di'sc

9 'Magnesium orthophosphate (0.20) 37
10 Calcium phosphate (0.20) 31
11 Calcium silicium phosphate (0.20) 39
12 Magnesium silicium phosphate (0.20) 30
13 Aluminium phosphate (0.20) 29

* . . . .
) for comparison, not according to invention



1. A pro%ess fo therPr aration of line?r ?ltern?ﬁing
fromthe sheet was subjected to the %@nan1c rheol ogy testing. The
cross-over tfoRCWARena af ngaekon mongkidenprdvenet AErmarestability of the

washed sanpl gthgl&nident fﬁ@@&@uf&ﬁ@érééﬂ?oﬁﬁdéhSyCEQEétQMSr themes.
Exanples 4 - 13 a linear alternating copolymer of carbon

Sa es o r
nonoxi de, etMEHETEHT Bﬁgﬁﬁh%°%¥%ﬁ¥+ﬁﬁtb%?n?°§£2tf% $]1 €9, thei BRefgBCce
cont am nat ecofivia hswai kabble neatdl got t syseem, poneeor bhendedompbheftg> %w or

0 ' Lt . . t he
phosphat ss LT eo 28 HE HEldtlon nlxBu bR BEPy Sonraly BRKeA N1 ED
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CESEL s, RSNy TS SOMELLS Uhay SN R LUEL UCLUERE, 10
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alkali(ne earth) metals present in the copolymerization
product is less than 1 part per million by weight.

2. A process as claimed in claim 1, characterized in
that the total amount of alkali(ne earth) metals is less
than 0.1 part per million by weight.

3. A process as claimed in claim 1 or 2, characterized
in that said treatment is carried out during or prior to
the copolymerization reaction and comprises treating one
or more alkali(ne earth) metal (s) containing components
of the reaction mixture béfbre being introduced into the
copolymerization reactor.

4. A process as claimed in claim 3, characterized in
that the said treatment consists in contacting one or
more of the components of the reaction mixture with a
solid adsorbent, capable of adsorbing ions of alkali (ne
earth) metal salts, followed by at least partly removal
of alkali(ne earth) metal-enriched adsorbent.

5. A process as claimed in claim 4, characterized in
that the solid adsorbent comprises one or more ion
exchange resins containing anion exchanging and cation
exchanging groups on a matrix, optionally combined on a

This Sheet Has Been Replaced
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7. A process as claimed in claim 1 or 2, characterized

- 20 - Table |1 Exanpl e Phosphat e
(concentratliﬂltgﬁﬁ the copolngﬁ-powder as prepared in the reactor .
m nut es is 4washed)with a washing llquld whlch is able?8o remo¥%e Cal cium

ggdroxyapat lﬁ?al(}?ﬁ éﬁ%s%%%&%) (I%th salts fronatmit: an| um Ehosghatsggﬁo 25)
fluorapatnna(dlh&bnt in whlch tn&;copolymamgm@31msmbubhepbnsphabe (Q.20)
37 ﬂ%%} r% %gych has an electrfdal con&&ctgekﬁbum
silicium phosgo aetses than 200 us/m.
8. A process as claimed in any of claims 1 - 7,
characterized in that the catalyst system contains at
least one metal of Group VIII of the Periodic Table and
is used in an amount such that per mol of ethylenically
unsaturated compound to be copolymerized it contains
10-6 - 104 gram atom of Group VIII metal.
9. A process as claimed in claim 8, characterized in
that a catalyst system is used which is based on
palladium as Group VIII metal, an anion of an acid with a
pKa of less than 4 and a bidentate ligand of the general
formula RIR2M1-R-M2R3R4 wherein each of Ml and M2
independently represents a phosphorus, arsenic, antimony
or nitrogen atom, each of Rl, R2, R3 and R4 independently
represents a substituted or non-substituted hydrocarbyl
group and R represents a divalent organic bridging group
containing at least two carbon atoms in the bridge.
10. A process as claimed in claim 9, characterized in
that a catalyst system is used comprising a bidentate
ligand of the general formula R1R2pP-R-PR3R4 wherein at
least one of Rl, R2, R3 and R? represents an aromatic
group substituted by a polar group, in particular an
alkoxy group, at one or both ortho positions with respect
to the phosphorus atom to which the aromatic group is

' l"l"l "ll" III" "Ill " IIII This Shect Has Been Replaced
T H|I|I |III|| I|I I“




. used, in that the molar r tio between carbcn monoxlde]
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-21- compound(s) on the other, is in the range from 5:1 to

1:5, in particular in the range from 1.5:1 to 1:1.5, and

" in that the reaction is carried out in the presence of a
protic diluent, for example methanol, at a temperature in
the range of 30 - 150 °C and at a pressure in the range
of 5 to 100 bar.

12. A method for improving the melt stability of a linear
alternating copolymer of carbon monoxide and one or more
ethylenically unsaturated compounds comprising washing a
preformed reactor powder of the copolymer which contains
a contaminant comprising an alkali(ne earth) metal salt
with a washing liquid which is able to remove at least
part of the alkali(ne earth) metal salt(s) from the
copolymer.

13. A copolymer composition comprising a linear al-
ternating copolymer of carbon monoxide and one or more
ethylenically unsaturated compounds, a contaminant
comprising an alkali(ne earth) metal salt and a
stabilizing quantity of a substance which is able to bind
at least part of the alkali(ne eafth) metal salt, the
substance being other than a hydroxyapatite or a zeolite-
type trivalent metal silicate.

1l4. A copolymer composition as claimed in claim 13,
characterized in that the substance which is able to bind
at least part of the alkali(ne earth) metal salt is
selected from the group consisting of barium phosphate,
lanthanium phosphate, magnesium orthophosphate, calcium
silicium phosphate, magnesium silicium phosphate,

\\\\\\\\\\\ I
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copol ymer s BROSRNEHE/nHeomesd uih $idicigm Resrhate andfalcimat ur at ed

conpounds bindadium @hidsphapeqners under pol yrrerl zation condl t ions in t_he

presence of syi t abl catal st s t.em one or, e conpone resent in
t he reactioﬂ‘% '%&P@ ﬁ' %&Pé’daxﬂt iithémhrR )c

salt(s), whildh -pﬂ@oeshamﬁlemed mmaihwntltq s/ttbsi‘;]ar&te |wpisdh pfst of t he
al kali (ne Rt | | t r e t t, tot mount

al kal i (ne egg;%)ko”p&gd gﬁeégn%t ﬁg3¥éqggp l%§g3: (nmgga

decr eased, §ﬁlﬁ=hé5uﬁ§6ﬂstlané| ayantdtyt lof thmalheemarmﬁes:ﬁwcﬁrmmnm st of

adding to theoooral ¥Een 0akeon ralakye ddNidid ©f &id nc al uninate,
an alumna h ? deconposi tion product ereo or a zeolite-type
trival ent rrEg gPPFcate 2. A process as clainmed in cI aim1, characterized

in that in Lhe Ropopplignezatompopieduat ashelladimald AM0Wllaiaf 135 kali(ne
earth) nEtaEﬁaLﬁcE8§izgga9nlthEtt %rsgbg@ance which is able to bind
| at least part of the alkali(ne earth) metal salt is used
in a quantity of in the range of from 0.05 %w to 0.5 w$%,
relative to the quantity of the copolymer.
18. A method for melt processing a linear alternating
copolymer of carbon monoxide and one or more
- ethylenically unsaturated compounds, wherein a linear
alternating copolymer of carbon monoxide and one or more
ethylenically unsaturated compounds which contains a
contaminant comprising an alkali(ne earth) metal salt is
mixed with a stabilizing quantity of a substance which is
able to bind at least part of the alkali(ne earth) metal
salt, the substance being other than a hydroxyapatite or
a zeolite-type trivalent metal silicate, and wherein the
resulting mixture is melt processed, such as by extruzion
or injection moulding. '
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PREPARATION OF COPOLYMERS OF CARBON MONOXIDE
by wei ght. 3. Wzmoﬁ@ﬁﬂ.ﬁﬁxéﬁ\ﬁ Siilfﬁhﬂt gcoﬁbébﬁﬁ§erb6ﬁ%o'srirtr%t the

total amount of al kali (ne eart netals 1 s million

by weight. 4. A process oBNR|ME i FORMELT PRACESSING, characterlzed in
that said treatnment is carried out durlng or prlor to the copolynE{ization
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presence of a suitable catalyst system, one or more

components present in the reaction mixture being

contaminated with alkali(ne earth) metal salt(s), which

process involves a treatment by which at least part of

the alkali(ne earth) metal salt is removed such that the

total amount of alkali(ne earth) metals present in the

copolymerization product is less than 1 part per million

by weight; a copolymer composition comprising said

copolymer, an alkali(ne earth) metal salt contaminant and

a stabilizing quantity of a substance which is able to

bind at least part of the alkali(ne earth) metal salt,

the substance being other than a hydroxyapatite or a

zéolite-type trivalent metal silicate; and a method for

melt processing said copolymer, wherein the copolymer

which contains an alkali(ne earth) metal salt contaminant

is mixed with a stabilizing quantity of a substance which

is able to bind at least part of the alkali(ne earth)

metal salt, the substance being other than a

hydroxyapatite or a zeolite-type trivalent metal

silicate, and wherein the resulting mixture is melt

processed.
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product of a hydroxy apatite, a zinc aluminate, an alumina -
15 hydrogel or a decomposition product thereof, or a zeolite-type
trivalent metal silicate.

The invention also provides a method for improving the melt
stability of a linear alternating copolymer of carbon monoxide
and one or more ethylenically unsaturated compounds comprising

20 washing a preformed reactor powder of the copolymer which
contains a contaminant comprising an alkali(ne earth) metal salt
with a washing liquid which is able to remove at least part of
the alkali(ne earth) metal salt(s) from the copolymer.

The invention also relates to a copolymer composition

25 comprising a linear alternating copolymer of carbon monoxide and
one or more ethylenically unsaturated compounds, a contaminant
comprising an alkali(ne earth) metal salt and a stabilizing
quantity of a substance which is able to bind at least part of
the alkali(ne earth) metal salt, the substance being other than

30 a hydroxyapatite, a zinc aluminate, an alumina hydrogel or a
decomposition product thereof, or a zeolite-type trivalent metal
silicate.

Finally, the invention also relates to a method for melt
processing a linear alternating copolymer of carbon monoxide and

35 one or more ethylenically unsaturated compounds, wherein a
linear alternating copolymer of carbon monoxide and one or more



5 being other than a hydroxyapatite, a zinc aluminate, an
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4 and a bi dpaketueel igam@lefl prbeegsads asudlorasilby extrusion or injection
Rlerr]Rlerr] MegilosRMerr]Rlerr]Rlerr] wherein each of Merr] and Merr]

i ndependent 'y represents a phosphorus, arsenic, antinony or nitrogen atom
each of Rerr], Rerr], Rerr] ahd R err] independently represents a
substituted or non-substituted hydr ocar byl group and R represents a

di val ent organic bridging group containing at |east two carbon atons in the
bridge. 10. A process as clainmed in claim9, characterized in. that a
catal yst systemis used conprising a bidentate |igand of the general
formula Rlerr]Rerr] P-R-PR3R4 wherein at | east one of Rerr], " Rerr],

Rlerr] and Rlerr] represents an aromatic group substituted by a polar
group, in particular an al koxy group, at one or both ortho positions with
respect




chloride, sodium acetate or sodium silicate, the
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a pressureaigaigqn agggtﬁ; metal content of the copolymers
produced, may be carried out after, during or pr@or.to
the copolymerization reaction. For example, in the event
that the impurities are introduced into the reactor, as
contaminants in more than one of the reactor components,
the treatment will preferably be carried out during the
polymerization reaction.

In the event that the source of alkali(ne earth)
metal salt impurities can be attributed to a specific
component in the reaction mixture, it is advantageous to
subject only that component to the said treatment, prior
to its use in the'polymerization reaction. For example,
if the copolymerization is carried out in the presence of
a diluent which is contaminated with alkali(ne earth)
metal salts, it is preferred to reduce the alkali(ne
earth) metal salt content of the diluent before
introducing the diluent into the reactor. Thus, when said
treatment is carried out during or prior to the
copolymerization reaction and comprises treating one or
more alkali(ne earth) metal(s) containing components of
the reaction mixture before being introduced into the
copolymerization reactor, the alkali(ne earth) metal
content of the reaction mixture is reduced.

It has been observaed that the alkali(ne earth) metal
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alkali (ne earth) metals present in the copolymerlzation
product is decreased, on the understanding that the
treatment does not consist of addihg to the
copolymerization product a hydroxy apatite, a zinc
aluminate, an alumina hydrogel or a decomposition product
thereof, or a zeolite-type trivalent metal silicate.
2. A process as claimed in claim 1, characterized in
that in the copolymerization product the total amount of
alkali (ne earth) metals is less than 1 part per million
by weight.
3. A process as claimed in claim 2, characterized in
that the total amount of alkali(ne earth) metals is less
than 0.1 part per million by weight.
4. A process as claimed in any of claims 1-3,
characterized in that said treatment is carried out
during or prior to the copolymerization reaction .and .
comprises treating one or more alkali{ne earth) metal(s)
containing components of the reaction mixture before
being introduced into the copolymerization reactor.
5. A process as claimed in claim 4, characterized in

that the said treatment consists in contacting one or



of alkali(ne earth) metal-enriched adsorbent.
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7. A process as claimed in claim 5 or 6, characterized

in that the amount of solid adsorbent is in the range of
0.000001 to 0.5% by weight of the component(s) treated.
8. A process as claimed in any of claims 1-7,
characterized in that the catalyst system contains at
least one metal of Group VIII of the Periodic Table and
is used in an amount such that per mol of ethylenically
unsaturated compound to be copolymerized it contains
106 - 10~4 gram atom of Group VIII metal.

9. A process as claimed in claim 8, characterized in
that a catalyst system is used which is based on _
palladium as Group VIII metal, an anion of an acid with a
pKa of less than 4 and a bidentate ligand of the general
formula RIR2M1-R-M2R3R4 wherein each of Ml and M2
independently represents a phosphorus, arsenic, antimony
or nitrogen atom, each of Rl, R2, R3 and R? independently
represents a substituted or non-substituted hydrocarbyl
group and R represents a divalent organic bridging gioup
containing at least two carbon atoms in the bridge.

10. A process as claimed in claim 9, characterized in
that a catalyst system is used comprising a bidentate
ligand of the general formula R1RZ2p-R-PR3R% wherein at
least one of Rl, R2, R3 and R4 represents an aromatic
group substituted by a polar group, in particular an

alkoxy gréﬁp, at one or both ortho positions with respect



characterized in that as ethylenically unsaturated

phosphat e, | L L1 Ci Smﬂ; | idL Gl sphate. 16..
A copol yner ¢ npos?lp%%ﬂrl]é%és: C aa?% I n ﬁr?%a%% %ﬁéé@%%ct_eri zed in
that the sMssdncEn khat the amlan rafiin hatweentcarbon glongwide kahi (ne

earth) net ghesadde iBamtsothd idt 11y i d @it f from 0.02 % to
1.0 W% relative eto ?he quanq:ttl?ety 0 lte@ei copa}l]yrrer. 17. A copol yner

conposi t i ofMPXURG (el oh Wheniokhex, dfarddctths Zangs f5em Ihe Bbst ance

whi ch is ahls ! oRigreicd BASt PaHe Haddte Mdepli (98 a3y th) Bt adpgal t is
used in a quantity of in the range of fromO0.05 %vto 0.5 w4 relative to

the quanti typ dthaheERYpRRasion 15 canrigtbPWorimdihe RrRsENGh PR 2i near

al ternati Nngreriat YdEIudit C O AaNPYE FRHHhAAE B I énpdrithird Conl Yy
unsat ur at ed , conpounds, \é\§1ere| na linear alternating copqlyner of carbon

monoxi de afdtorfREe ndf SLTIRA e @9 P tuds ATFSTURE Jd2RE AL cont ai ns
a contam n&nttcca@o itsang an al kali(ne earth) netal salt is mxed with a

stabilizing quantidn o A S48 8 e mele stability of a linear

alternating copolymer of carbon monoxide and one or more
- ethylenically unsaturated compounds comprising washing a

preformed reactor powder of the copolymer which contains
a contaminant comprising an alkali(ne earth) metal salt
with a washing liquid which is able to remove at least
part of the alkali(ne earth) metal salt{s) from the
copolymer. h
13. A copolymer composition comprising a linear
alternating copolymer of carbon monoxide and one or more
ethylenically unsaturated compounds, a contaminant
comprising an alkali(ne earth) metal salt and a
stabilizing quantity of a substance which is able to bind
at least part of the alkali(ne eartﬂ) metal salt, the
substance being other than a hydroxyapatite, a zinc
aluminate, an alumina hydrogel or a decomposition product
thereof, or a zeolite-type trivalent metal silicate.
14. A copolymer composition as claimed in claim 13,
characterized in that the substance which is able to bind
at least part of the alkali(ne earth) metal salt is

selected from the group consisting of barium phosphate,



15. A copolymer composicion as claimed in claim 14,

ablbe to bi Bdgafarla%b‘éh ri{_ikhﬂd i9f ﬁ‘*‘%* %h@'sj{uﬁ:{&%a%et b:hi@alt als %%ltlb, tBhﬁg.l%im S um
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silicium phosphate.

n
magnesium silgcium phosphate and calcium

16. A copolymer cumposition as claimed in any of

claims 13-15, characterized in that the substance which
is able to bind at least part of the alkali(ne .earth)
metal salt is used in a quantity of in the range of from
0.02 %w to 1.0 w%, relative to the quantity of the
copolymer.

17. A copolymer composition as claimed in claim 16,
characterized in that the substance which is able to bind
at least part of the alkali(ne earth) metal salt is used
in a guantity of in the range of from 0.05 %w to 0.5 w%,
relative to the quantity of the copolymer.

18. A method for melt processing a linear alternating
copolymer of carbon monoxide and one or more
ethylenically unsaturated compounds, wherein a linear
alternating copolymer of carbon monoxide and one or more
ethylenically unsaturated compounds which contains a
contaminant comprising an alkali(ne earth) metal salt is
mixed with a stabilizing quantity of a substance which is
able to bind at least part of the alkali(ne earth) metal
salt, the substance being other than a hydroxyapatite, a
zinc aluminate, an aluminium hydrogel or a decomposition
product thereof, or a zeolite-type trivalent metal
silicate, and wherein the resulting mixture is melt

processed, such as by extrusion or injection moulding.



