T 1220 SIN -PROCESS FOR THE PREPARATI ON OF LI NEAR POLYMERS OF 960 5397/ -3
CARBON MONOXi DE W TH ONE OR MORE OLEFI NI CALLY UNSATAHATED
COMPOUNDS The invention relates to a process for the preparation of

- potyners of carbon nonoxide with one or nore ol efinically unsaturated
conmpounds. - The rel evant polyners are+ilnear alternating polyners, i.e.

| i near. polynmers in which the units originating in carbon ”P”?étéesfﬁd t he
units originating in the olefinically unsaturated conpounds—ocett——
substanti-ally-in alternating order. These polyners can be prepared by
contacting the non@ROCESR FOR JHE RREPARAIIOMNIOR & IAFRRR rRISMERSI @ a

ccatalyst in the preseac@dl MONSAISEN I WHEC o) Mosiol o gzl nsol ubl e
or virtually insoluble, and 1n which the ?o yners thus forma suspension,

For some years, the Applicant ha¥ GRMBRINDS t ensi ve research into
thi s -pol ynmer preparation. Inltlally, t he research was substantially

directed towards caf.al yst rove t. The experinents_.required for this
research were substdtftidty rEiﬂQiégiaﬁﬁs|§Pfﬁﬁﬁ?°?%§ﬁﬂfﬁ%qﬁﬂﬁtalnlng | ess.
than 1 kg di | uperepalratdoadenft podiymeres oo cawtponnmonogiafe tWidh emet icon
conponent s, thﬁggerggg g Qgﬁgrﬁkgﬁkgﬁgtghtgo p?gbﬁ%kng devi ce. The

stirring speed Was, set at a gh level. In view
of the relatively I'JBW mgkevers%mbmww are slineamgaltemtingeact ors, no

attention was B@E?mb?sthg Qasﬁlbgakh§OQ?ﬁ§E%oQn@%hﬁ%hWﬂ@khQﬁu&ﬂﬁ same or

virtually the sang po ynerlzatlon resul
originating in carbon monox1de and the units originating
in the olefinically unsaturated compounds occur
substantially in alternating order. These polymers can be
prepared by contacting the monomers at an elevated
temperature and pressure with a catalyst in the presence
of a diluent in which the polymers are insoluble or
virtually insoluble, and in which the polymers thus form
a suspension.

For some years, the Applicant has been carrying out
extensive research into this polymer preparation.
Initially, the research was substantially directed
towards catalyst improvement. The experiments required
for this research were substantially carried out in small
reactors containing less than 1 kg diluentt In order to
ensure thorough mixihg of the reaction components, these
reactors were prdvided with a stirriﬁg device. The
stirring speed was, quite arbitrarily, set et a rather
high level. 1In view of the relatively low costs
associated with stirring in small reactors, no attention
was paid'in the past to the question as to whether the .
same or virtually the same polymerization result might be
achieved with slower stirring.

With a view towards commercial scale polymer
preparation, some of the polymerization experiments have,



achieved with slower stirring. Wth a view towards comrercial scale

pol yner preparation, some of the polynerization experinents have,

-2- for sone tinme, been conducted in larger reactors containing nore than
10 kg diluent. Wth the use of these reactors, and to a nuch greater extent
Wi th the use of comercial-scale reactors 20ﬁtaining nore than 1,000 kg

di luent, the c sts associated wth_ st | e | ay an
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expressed in k¥V6§ kﬁ'aﬁiﬂénEO EH@ &Qéegeaeéo&hstéasweaﬁlgalpraagnﬁnun t he
particul ar reacior e one hand nggrlzatlon results on the
f

ot her hand. Th§u¢hvé§§F59¥§oﬂl?¥v§%Iéﬁp?ﬁﬁ?n stirred reactor with a
geonetry suitabl e fBifdiRMeRMENRY ﬁ@p@nﬁildns:eddt@rrmvm ldargt y at which

t he polynerlzatlon rate anpunts to_a he al ue
i s bel ow 0.5 k¥PRABLOrs ¢ nEﬂb“Fﬂﬁi?S?Eoﬁgaﬁaéﬁbeg %Pﬁédagﬁihgg%kéould
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fromsnall reattors containing nore than 10 | uent,
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found that thechul koGR8t ¥u8behB%on (hereinafter termed "power
density" for short and expressed in kW/m3, relative to
the volume of the suspension present in the particular
reactor) on the one hand and the polymerization results
on the other hand. The investigation revealed that, for
a stirred reactor with a geometry suitable for
homogenizing suspensions, the power density at which the
polymerization rate amounts to approximately 90% of the
maximum value is below 0.5 kW/m3.

As no indications had been obtained that it could be
of any use to carry out polymerizations in reactors
containing more than 10 kg diluent at power densities of
more than 0.5 kW/m3, after the change from small reactors'
to larger reactors containing more than 10 kg diluent,
power densities of not more than 0.5 kW/m3 were used.

It has now been found that the bulk density of the
alternating polymers, when'prepared in reactors
containing more than 10 kg diluent, is greatly dependent
on the power density used in the preparation. It has
been found that when high power densities are used,
polymers with a high bulk density can be prepared.

It has further been found that such high power
densities can be transmitted to the reaction mixture by
forcing the suspension, containing the polymer particles,



alternating polyners, when prepared in reactors containing nore than 10 kg
diluent, is greatly dependent on the power density used in the preparation.
't has been found that when hi gh power densities are used, polyners with a
hi gh bul k density can be prepared. It has further been found that such
ki gh power densities can be transmtted t+o3the reaction m xture by forC|ng
t he suspension, contalnlgg t he arti
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The bulk densiiy phaYReBHahTRit 8BhthCkEzbRBS BECRALALEARiaNNG less
than the volume of the suspension present in the
reactor(s), the suspension is passed through the
mechanical contact 2one(s) and high shearing forces are
exerted on the polymer particles dispersed in the
suspension present in the mechanical contact zone(s).

A skilled reader will be aware that the bulk density
is one of the most important properties of the polymer
powder obtained from the polymerisation reactor. The bulk
density plays an important role in the preparation, the
purification, the storage, the transport and the
processing of the alternating polymers. In the polymer
preparation the bulk density determines the quantity of
polymer that can be prepared in a certain reactor volume.
In the polymer purification, such as in filtering,
washing and drying, the quantity of adhering liquid is
largely determined by the pdlymer bulk density. As far
as transport and storage are concerned, the rule is that
the higher the polymers' bulk density, the more
attractive the flow behaviour they will have and the less
space they will occupy. As far as the processing of the
polymers into shaped objects is concerned, polymer
powders with a high bulk density may not need to be
compacted in order to make them suitable for further



purification, the storage, the transport and the processing of the
atternating polyners. In the polymer preparation the bulk density
deternmines the quantity of polymer that can be prepared in a certain
reactor volunme. In the polynmer purification, such as in filtering, washing
and drying, the quantity of - adhering liquw d i-=s |largely determ ned by the
pol ynmer bul k d ' r p torage are concerned, the
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more regular (spherical). In other words the specific
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surface area (the surface area per unit of mass) of a
substantial part of the solid polymer particles is
reduced. The expression "a substantial part of the solid
polymer particlés” used herein is defined as meaning at
least 50%, preferably at least 90%.

The -mechanical contact zonef(s) may be supplemental to
any conventional stirrers present in the reactor(s), or
may replace them. It should be understood that before
the present invention, in larger reactors there was no
incentive to set the power dénsity of any stirrer at a
higher level than needed to obtain a good mix of the
reactants (as measured by the reaction rate). Therefore
the power densities applied by stirrers up to now were
insufficient to achieve a substantial decrease of the
surface area of the polymer particles.

A mechanical contact zone is a part of the system
inside or outside the reactor vessel(s) which part has a
substantially smaller volume than the suspension present
in the reactor(s) and through which part the suspension
containing polymer particles is passed. In the
mechanical contact zone high shearing forces are exerted



reduced. The expression "a substantial part of the solid polyner particles”
used herein is defined as nmeaning at |east 50% preferably at |east 90%
The-nmechani cal contact zone(s) may be suppl emental to any conventional
stirrers present in the reactor(s), or may replace them It should be
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The suspension on which high shearing forces are
exerted in the mechanical contact zone may have been
withdrawn from one of the reactors and may be discharged
into the same reactor after having passed a mechanical
contact zone. If the system comprises two or more
reactors it may be advantageous to withdraw the
suspension from a first reactor and to discharge the
suspenSion into a second reactor after having been
subjected to high shearing forces in the mechanical
contact zone. The latter may in particular be
advantageous in a continuous process.

As mentioned hereinbefore the'shéaring forces
imparted to. the polymer suspension should be high in the
polymerization process according to the invention. From
experiments in a pilot plant unit it has been found that

very good polymerization results can be obtained if the

mechanical power transmitted in the mechanical contact

zone (s) to the polymer suspension is in the range of from

0.25 to 50 kW/m3, relative to the total volume of the

polymer suspension present in the reactor(s), preferably

from 2 to 40 kW/m3 and in particular from 4 to 25 kW/m3.
The mechanical contact zone suitably comprises a



optionally also with nononeric starting materials. The suspensi on on
whi ch high shearing forces are exerted in the nechanical contact zone may
have been wi thdrawn from one of the reactors and may be discharged into the
same reactor after having passed a nechanical contact zone. If the system
conprises two or nore reactors it may be-aflvantageous to w thdraw t he

suspension froma first and h ' :
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The nechani cal con
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as a (toothed, cof uhdum df Sk) rofor-stat or eV| " bal. I-
arod- mll an@reﬁlbunpreﬁerah1Yn?§c@6rlﬁﬂﬁ?ﬁgrn@%§PE EQ?EFF? have

been obt ai ned Phin88rsn 88hQbo8k*i B BORZ! Berry, 3rd edltlon (1953),
p. 1203, Fig. 2 and "Chemical Engineers' Handbook" by
R.H. Perry and C.H. Chilton, 5th edition (1973) p. 6-15,
Fig. 6-31) or most preferably as a water-jet ejector (cf.
"Unit Operations" by G.G. Brown et al., 4th edition
(1953), p. 194, Fig. 210).

In a preferred embodiment the process is carried out
using an injector-mixing nozzle, while a suspension of
the polymers in the diluent is withdrawn from a reactor
and at least in part recycled to the reactor via the
injector-mixing nozzle while the injector-mixing nozzle
.draws in one or more of the monomers through at least one
opening in its (side)wall, at most part of the suspension
‘being removed from the system. It is found that by
.recirculating the suspénsion and repassing the suspension
through the mechanical contact zone, the solid polymer
particles are forced to grow in a relatively regular
shape. '

Although the injector-mixing nozzle can be placed at
any place on the reactor wall very good polymerization
results can be obtained when the injector-mixing nozzle
is situated at the top of the reactor and the suspension
of the polymer particles in the diluent is removed from
the reactor at its bottom. Therefore the reactor is



The injector-m xing nozzle(s) can advantageously be executed as venturi
trubes (cf. "Chem cal Engineers' Handbook"” by J.H Perry, 3rd edition
(1953), p. 1285, Fig. 61), preferably as an injector mxer (cf. "Chenical
Engi neer s’ andbook" by J.H Perry, 3rd edition (1953), p. 1203, Fig. 2 and
*Chem cal Engi neers' Handbogk™ by R H Pervy-and C.H Chilton, 5th edition

(1973) p. 6-15, bl f.
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SuspenS|0n of SOesPO1YMEES] tRHet 6! HEAE the amount of polymer per
cubic metre of suspension is limited by practical
restrlctlons at too.high a polymer concentration the
suspension cannot be recycled by a slurry pump and it
cannot pass through the injector-mixing nozzle any more.
The concentration of the polymers in the suspension is
preferably kept ‘at a level of at least 5 %wt and at most
60 %wt. ' )

To achieve a sufficiently high productivity, the
reaction mixture should be present in the reactor for a
certain period of time. It has been found that an average
residence time of the suspension in the reactor is
advantageously in the range from 1 to 30 hours.

The preferred residence time'of the suspension in the
reactor and the preferred linear velocity of the.
suspension through the injector-mixing nozzle together
determine the ratio between the volume of the suspension,
being recycled per hour, and the volume of the reactor.
This ratio is advanfageously in the range from 2 td 100.

The polymerization reaction is slightly exotherm. If
it is carried out on a relatively small scale the ratio
of the outer surface of the reactor and its volume is
such that more heat is lost through the reactor wall than
is produced by the reaction. Therefore, the suspension of



Is preferably withdrawmn fromthe bottomof the reactor. It is at least in
part- recycled via the top of the injector-mixing nozzle through which it is
injected into the top of the reactor, the nononers being sucked up through
one or nore openings in the side wall of the injector-mxing nozzle. In -
order to-obtain a high production efficiengy-of the polynmers in the present

process the concentration af .t he polyners in.the suspension shaquld be as
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heat is |ost thArough the reactor wall than is produced by the reaction.
Therefore, thePetyperdzsa éf present in the top of the reactor.

Suitably the volume of the gas cap is not more than 40%
of the reactor volume.

The injector-mixing nozzle can discharge into the
reactor above or below the level of the suspension. In
order to minimize fouling preference is given to a
discharge below the suspension level.

Advantageously a gas mixture comprising monomer(s) -to
be polymerized is withdrawn through the reactor wall from
the gas cap and recycled to the opening(s) in the side
wall of the injector-mixing nozzle(s) and fresh feed
comprising monomer (s) is added to the recycle gas
mixture. In this way the mass of gas sucked in by the
injector-mixing nozzle(s) is increased as compared with a
case in which no recycle of monomers from the gas cap
takes place. By the increase of the dispersed gas mass in
the injector-mixing nozzle(s) and in the reactor the
reaction conditions are improved, leading to a higher
polymer bulk density.

A further advantage of the recycle of the monomers
from the gas cap to the injector-mixing nozzle is that in
this manner the teémperature of the reactor can
advantageously be controlled by cooling or heating the



-8- polyners in diluent is preferably heated when being recycled to
i'hjector-m xing nozzle, if the process is operated in a relatively small
system On the other hand in relatively large scale operations nore heat is
produced by the polynerization reaction than is |ost through the walls of
tthe apparatus. Therefore, in that case the % ecycl ed suspension of polyners
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recycle of nonomers fromthe gas cap takes place. By the increase of the
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diluent is separated from the polymers. The diluent is
preferably recycled to the system, advantageously after
separation of spent catalyst therefrom and addition of
fresh catalyst thereto. The polymers are obtained as a
final product of the process.

The volume of the suspension being removed from the
system is suitably in the range from 0.03 to 1.0 m3 per
hour and per m3 reactor suspension volume.

It is known that in the batchwise preparation of the
polymers in question, reactor fouling can be combated by,
before contacting the monomers with the catalyst,
.suspending a polymer having substantially the same
composition as the'polymer to be prepared in the diluent
in a quantity given by the formula a>100x¥bxc, in which a
denotes the number of grams of the polymer per litre
diluent, b the number of metres of the polymer's mean
particle size and ¢ the number of kg/m3 of the polymer's
bulk density. If the pdiymer preparation according to
the invention is accomplished batchwise, it is -likewise
preferred to make use of this finding.

In the process of the invention, a catalyst is used



-9- gas mxture in a heat exchanger outside the reactor. This contro

can be further inproved if the fresh feed conprising the nononmers is added
to the recycle gas mixture before it is cooled or heated. As menti oned
herei nbefore the reaction tenperature can also be controlled by cooling or
heating of the recycl e suspension stream POeference is, however, given to

rat i i n. which_onl I t ' d f. ti
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are used in the process of the invention comprise a Group
VIII metal, they are incorporated in the catalyst
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 include a bidentate ligand which can form a
-complex with the Group VIII metal via two phosphorus-
containing, nitrogen-containing or sulphur-containing
dentate groups. When a nitrogen bidentate ligand is
used, preference is given to compounds of the general
formula

wherein X represents an organic bridging group containing
three or four atoms in the bridge at least two of which
are carbon atoms, such as 2,2'-bipyridine and 1,10-
phenanthroline. When use is made of a sulphur bidentate
ligand, it is preferred to use compounds of the general
formula R1s-R-SR1, wherein each Rl-independently is an
optionally polarly-substituted hydrocarbyl group and R is



preferred to make use of this finding. In the process of the invention,
a catalyst is used . - 10 - which is
capabl e of catalysing the formation of the |linear alternating polyners
mentioned hereinbefore, starting froma m xture of carbon nonoxi de and one
or nore ol efinically unsaturated conpoundsll Gatal ysts that are suitable for

the present purpose Aare. iIn . aly e.l ' a o] | .
t he present paac ] Vaaﬁ%?‘? c%?%%%%éé%%%{}%lg@%ﬁhg% rﬁ%e#gt ggggttgegg then
nobl e netal s reatieon umtom$obih ubhe paridde unsuekndsind » 2TP4Fum and pl ati num

as well as the;Ji S,4 5 0R; < CPD ; ' i [
given to cataly%%%&%ﬁﬁgﬁp%ﬁgéﬁéea%%l?%%igh?L%%%Eg?ﬁggtggtgrﬁ?hghéﬁceC;zup
VIl nmetal. Speefereneeciengtver gpvEhetwSpaPf aBRaFPESTPhe Eﬁﬁﬂ%a I

metal . I the calahystertRe ?éﬁeﬂé?dfbﬁmhhé prOFSBSROP (Rhp, | nwhBtedn R
conprise a Goup VI{I netal, heg are |ncor£o ate 'nfthe ca & ) it
preferably in ¥ RorRBe Bhepeantngs 4 BoRyIPECAR a,ofﬁ‘pa%ﬁlﬁu%grlin t he
formof an aceigtgreferréd Bddiséosuth ph&sphpris| bidenthtet hégeads! {5t s

preferably incl.ud pidenta I.gand | ch.ca \ ;
& oup Vi11 mocdiieh R FERHEL P LB R EGhaP 1 Er v RoRRRnGR Bl b 1P
sul phur - cont ai at nheadsht ahe gikopy. swhehiguantr dged BPEdHLaReOFtHRNGY s

used, preferenggsis gl ¥§Nthe FRBBAHALEsChtbRE 9RNEbAbohABTWhachers| very
suitable for the preseﬁﬁ purpose is 1,3-bis[bis(2-
methoxyphenyl)phosphino]propane.

When a nitrogen or sulphur bidentate ligand is used
in the cétalysts, the applied quantity is preferably 0.5-
100 and in particular 1-50 mol per mol of Group VIII
metal. When a phosphorus bidentate ligand is used, the
applied quantity is preferably 0.5-2 and in particular
0.75-1.5 mol per mol of Group VIII metal.

In addition to a Group VIII metal and a phosphorus,
nitrogen or sulphur bidentate ligand, the catalysts
preferably include an anion of an acid with a pKa of less
than 6, more preferably an anion of an acid with a pKa
less than 4 and in particular an anion of an acid with a
pKa of less than 2. Examples of suitable acids with a
pKa of less than 2 are sulphonic acids, such as para-
toluenesulphonic acid, and halocarboxylic acids, such as
trifluoroacetic acid. The anion of an acid with a pKa of
less than 6 can be incorporated in the catalysts in the
form of an acid and/or in the form of a salt of a non-
noble transition metal such as a chromium or iron salt.
The anion is preferably present in the catalysts in a
quantity of 1-100 and in particular 2-50 mol per mol of
Group VIII metal.

Apart from catalysts on the basis of the three
components named hereinbefore, viz. a) a Group VIII metal



mherein X represents an organi c bridging group containing three or four
atonms in the bridge at |east two of which are carbon atons, such as
2,2'-bipyridine and 1,10- phenanthroline. When use is made of a sul phur
bidentate ligand, it is preferred to use conpounds of the general formula
R[Frr}S—R—gRgegr%,dmﬂeéein egch R err]-indgpendently is an optionally

pol arly-substitute r.ocar.by | S i ¥al gnpaRLgani c
bri dgi ng grour)‘:%fﬁ%lfp a 0)atarf‘ e%%fé%%ggb@ﬁéa?%n%e?sn %khaeﬁb?iadfe? éﬁighgas
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bi dentate |igalfls, ipe Wisd &F ctbtr&SPSLEERY ScatabyotBtbassidoncawbyl group
having at | east one al koxy substituent in a position_ort i n.respeci.to
t he phosphor usCRPREREE oA oEPRP WA RY FURRP nEﬁi?gb?ﬁdf%f’tﬁgcgrgge%Y
ﬁg{ggsgnigr1éﬁt$%3ﬁ§é?ﬁga?afta?xumhgﬂyfluhne@bébatpropapelladiumhpara—
quant?ty i s pr€$§¥L%€§ @;5€y153h§§ﬁ19§35§§f?gﬁ?gﬁQ§F§852L¥ﬁ§Z$)%QF“%?pL§ﬁﬂp
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a1 B 570 i loBgh b6 Hhetpdndoslapromcratiel of
ni trogen or sul phuldnbiogsieratte lingaedse fide AhiyEty &rfef%*’aﬁ’iﬁp“mm an
ani on of an achde¥it BoAtRKAiRG L8BA1ysts, an organic oxidant may be
additionally incorporated therein, for exampie a quinone,
such as a 1,4-quinone, or a nitro compound. For that
purpose, 1,4-benzoquinone and 1, 4-naphthoquinone are very
suitable. The quantity of organic oxidant used
preferably amounts to 5-5,000 and in particular 10-1,000
mol per mol Group VIII_metal;

Olefinically unsaturated compounds that can be
polymerized with carbon monoxide by using the process of
the invention are compounds consisting exclusively of
carbon and hydrogen as well as compounds which contain,
in addition to carbon and hydrogen, one or more hetero-
atoms. The process of the invention is preferably
applied for the preparation of polymers of carbon
monoxide with one or more olefinically unsaturated
hydrocarbons. Examples of such suitable hydrocarbon
monomers are ethene, propene, butene-1, hexene-1l, octene-
1, styrene, cyclopentene, norbornene and
dicyclopentadiene. The process of the invention is in
particular very suitable for application in the
preparation of copolymers of carbon monoxide with ethene
and for the preparation of terpolymers of carbon monoxide
with ethene and an oa-olefin, in particular propene.

The preparation of the polymers is carried out in a



than 6, nore preferably an anion of an acid with a pKa less than 4 and in
particular an anion of an acid with a pKa of |ess-than 2. Exanpl es of
suitable acids with a pKa of | ess than 2 are sul phonic acids, such as para-
t.ol uenesul phoni ¢ acid, and-hal ocarboxylic acids, such as trifluoroacetic
acid. The anion of an acid with a pKa of-1E3s-than 6 can be I ncorporated in
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an such a ri t adi um par a-
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activity of the G oup talning catalysts, an organic oxid nt
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bar and in particular at a temperature of 30-130 °C and a
pressure of 5-100 bar. The molar ratio of olefinically
unsaturated compounds relative to carbon monoxide is
preferably 10:1-1:10 and in particular 5:1-1:5. The
process of the invention is preferably carried out in a
reactor containing more than 1,000 kg diluent.

The invention will now be illustrated with the aid of
a Figure, to which it is by no means restricted.

A solution of a catalyst in a diluent is introduced
via a line (1) into a line (2) through which a suspension
of polymers in the diluent is recycled to an injector-
mixing nozzle (3). Through one or'more'openings in the
side wall of the injector-mixing nozzle (3) the
suspension sucks in a gas consisting of monomers to be
polymerized, e.g. CO and CyH4, which are introduced into
the injector-mixing nozzle (3) via a line (4). Fresh
monomers are introduced via a line (5) into the line (4)
through which non-polymerized monomers are recycled from
a gas cap (6) being present in the upper part of a
reactor (7) the lower part of which contains the
suspension (8) of the polymers in the diluent. A dotted
line (9) in the Figure denotes the upper level of the



preferably amobunts to 5-5,000 and in partlcular 10-1, 000 nol per nmol G oup
VIl netal. A efinically unsaturated conpounds that can be pol yneri zed
wi t h carbon nonoxi de by using the process of the invention are conpounds
consi sting exclusively of carbon and hydrogen as well as conpounds which
contain, in addition to carbon and hydrogeh4 9ne or nore hetero- atons. The
process of the_jnvention i pref abl for t he preparation of
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preparation oft PﬁembEFyﬁﬁrgflgrE%PrPEQ 56EYFAegd monomers” and recycled
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in the line (13) is maintained at the correct operating
temperature.
Via a line (15) a suspension of product polymers in
diluent is withdrawn from the system. By suitable
separation means (not shown), such as a centrifuge or a
filter, the product polymers are separated from the
diluent, containing spent catalyst. The spent catalyst is
removed from the diluent, suitably by distillation. Fresh
catalyst is added to the diluent whereupon the solution
of the fresh catalyst in the diluent is introduced into
the system via the line (1). ' )
The invention will now be further elucidated by means
of the following Example.
EXAMPLE 1
In a continuous process as illustrated by the Figure
0.004 t/d of a monomer mixture containing equal molar
amounts of ethene and carbon monoxide was introduced via
the line (5) into 5 t/d monomer mixture being recycled -
via the line (4) to the injector-mixing nozzle (3). By
means of the heat exchanger (10) the monomers were kept
at a temperature of 83 °C. In the injector-mixing nozzle
(3) the monomers were sucked up by 70 t/d suspension of



out at a tenperature of 25-150 [err]C and a pressure of 2-150 bar and in
particular at a tenperature of 30-130 [err]C and a pressure of 5-100 bar.
The molar ratio of olefinically unsaturated conmpounds relative to carbon
nonoxi de is preferably 10:1-1:10 and in particular 5:1-1:5. The process of
the invention is preferably carried out 4% reactor containing nore than
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polymers in th |ne |gure enotes t he upper
| evel of the catalyst consisted of Pd-acetate +.133-bigiba&ddron (8) in
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occupied by the gas cap.

Via the line (15) 0.027 t/d suspension of 0.004 t/d
polymers in 0.023 t/d methanol plus spent catalyst was
removed from the system. The polymer product was '
separated from the diluent by means of a filter/dryer.

After washing and drying its bulk density appeared to
be 540 kg/m3 and its average particle size was
80 microns. :

During its recycle through the injector-mixing nozzle
the power transmitted to the polymer suspension was
9 kwW/m3 polymer suspen51on. :

The production rate was 6.3 kg polymers per m3
methanol per hour.

EXAMPLE 2 _

In a batch process as illustrated by the Figure the
reactor (7) was charged with 31 kg of methanol and with
an alternating polymer of carbon monoxide and ethene in a
quantity of 4 %w, relative to the weight of the methanol.
The system was pressurised with 15.6 bar of carbon
monoxide and 7.0 bar of ethylene. The suspension present
in the reactor was pumped and recycled through line (11)
and injection-mixing nozzle (3) at a rate of about



reactor (7) below the level (9) of the suspension (8). Via a line (11)
the suspension is withdrawmn fromthe bottomof the reactor (7) and by neans
of punp (12) it is.recycled via aline (13) and the line (2) to the top of
t he |njector-WIX|ng nozzle (3). By nmeans of heating or cooling in a heat
exchanger (14) the recycled suspension.if tée-line (13) i S maintained at

the correct opgr rature. ( suspensi on _of
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The invention wlT_now be further el uci dat ed means of | owi ng
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bottom of the acatene veyevfadthbrpugh ting, (BY tnetpanpe@§2praﬁ@ the

effect that an initial palladium concentration in the
suspension of 1.4 ppmw, relative to the weight of
methanol, was accomplished and that after 7, 11, 13 and
15 hours the palladium concentration amounted to 2.75,
4.1, 5.5 and 6.9 ppmw, respectively, relative to the
weight of methanol.

- After 19 hours the polymer product was removed from
the reactor through line (15) and collected by
filtration, washed with methanol and dried. 14.4 kg of
polymer was thus prepared, having a bulk density of
600 kg/m3.



via the lines (13) and (2) to the tﬂnﬂl“m Iﬂm ML m xi ng nozzle (3).
By neans of the heat exchanger (14) ensi on was kept at a

tenperature of 83 [err]C. The suspen5|on contalned 15 %t pol yners. 0.023
t/d fresh nethanol containing 3.5 ppnw catalyst as Pd was supplied to the
systemvia the line (1). The catal yst coasi%ted of Pd-acetate +
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. : &d_gléhéitﬁlre
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about one mechanical contact zone wherein the volume of the
‘suspension present in the mechanical contact zone(s) is
substantially less than the volume of the suspension
present in the reactor(s), the suspension is passed
through the mechanical contact zone(s) and high shearing
forces are exerted on the polymer particles dispersed in
the suspension present in the mechanical contact zone(s).
2. Process as claimed in claim 1, characterized in that -
the ratio of the total volume of the suspension present
in the contact zone(s) to the total volume of the
suspension present in the reactor(s) amounts to from
1:500000 to 1:20.
3. Process as claimed in claim 2, characterized in that
the ratio of the total volume of the suspension present
in the contact zone(s) to the total wvolume of the
suspension present in-the reactor(s) amounts to from
1:50000 to 1:50.
4, Process as claimed in any of claims 1 to 3,
characterized in that the mechanical power transmitted in
the mechanical contact zone(s) to the polymer suspension
is in the range of from 2 to 40 kW/m3, relative to the
total volume of the polymer suspension present in the
reactor (s). o N
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dispersing, homogenising, emulsifying and/or size
reduction of solid particles in liquid media.
7. Process as claimed in claim 6, characterized in that
the mechanical contact zone comprises an injector-mixing
nozzle.
8. Process as claimed.in any of claims 1 to 7,
characterized in that the system comprises two or more
reactors, the suspension is withdrawn from a first
reactor and the suspension is discharged into a second
reactor after having been subjected to high shearing
forces in the mechanical contact zone. )
9. Process as claimed in claim ‘7, characterized in that
a suspension of the polymers in the diluent is withdrawn
from a reactor and at least in part recycled to the
reactor via the injector-mixing nozzle while the
injector-mixing nozzle draws in one or more of the
monomers through at least one opéning in its wall, at
most part of the suspension being removed from tﬁe
system, in that the reactor is provided at its top with
the injector-mixing nozzle, the suspension of the polymer
particles in the diluent is withdrawn from the bottom of
the reactor and is at least in part recycled via the top
of the injector-mixing nozzle through which it is
injected into the top of the reactor.
10. Process as claimed in claim 9, characterized in that
the suspension of the polymers in the diluent is cooled
or heated while being recycled to the injector-mixing



b oo o e, D eperation of oo yrers et beectIRMAMRALIM NN
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the average residence time of the suspension in the
system is in the range from 1 to 30 hours.
12. Process as claimed in any of claims 1-11,
characterized in that the catalyst contains a Group VIII
metal. | :
13. Process as Claimed in claim 12, characterized in that
the catalyst contains palladium as Group VIII metal and,
in addition to a Group VIII metal, a phosphorus bidentate
ligand of the general formula'(Rl)zP-R—P(Rl)z, wherein
each Rl independently represents a hydrocarbyl group
which is optionally polarly substituted and R is a
bivalent organic bridging group which has at least two
carbon atoms in the bridge, and an anion of an acid with
a pKa of less than 6.
14. Process as claimed in claim 13, characterized in that
each Rl represents an aromatic hydrocarbyl group having
at least one alkoxy substituent in a position ortho in
respect to the phosphorus atom. '
15. Process as claimed in claim 13 or 14, characterized
in that the catalyst contains the phosphorus bidentate
ligand in a quantity of 0.75-1.5 mol per mol Group VIII
metal and an anion of an acid with a pKa'of less than 6



18 5. Process as claimed in claims 4, characterized in th
power transmtted in the nechani cal contact zone(s) to theruﬂl Fmﬂ ﬁ"l ﬂ|
Suspension is in the range of from4 to 25 KWn8, relative

vol ume of the pol yner suspension present in the reactor(s). 6. Process as
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-19- nozzle, in that the reactor confains a gas cap, conprising one or nore
of the nmononers, above the |evel of the suspension of the polyners in the
diluen t and the injector-mxing nozzle discharges below the | evel of the
suspension, and in that a gas m xture conprising nmononer(s) is wthdrawn
fromthe gas cap and recycled to the opening(s) in the side wall of the
injector-mxing nozzle. 11. Process as aimed in claim10, characterized
in that the concentration of the polynmefs in the suspension is from5 to 60
%v, in that the ratio between the volune of the suspension, being recycled
per hour, and the volunme of the reactor is in the range from2 to 100 and
in that the average residence tinme of the suspension in the systemis in
the range from1l to 30 hours. 12. Process as clainmed in any of clains 1-11,

characterized in that the catal yst contains a Goup VIII netal. 13. Process
as claimed in claim12, characterized in that the catal yst contains
palladiumas Goup VIII nmetal and, in addition to a Goup VIII netal, a

phosphorus bidentate |ligand of the general formula
(Rlerr])[err]P-R-P(Rerr])[err], wherein each Rl independently represents a
hydrocar byl group which is optionally polarly substitut 1and Ris a

bi val ent organic bridging group which has at least two rbon atons in the
bri dge, and an anion of an acid with a pKa of |ess than 14. Process as
clainmed in claim13, characterized in thatzkach R err] presents an
aromati c -hydrocafbyl group having. at _least ane stituent in a
position ortho i Esespect to the phosphorus atom
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15. Process as clai-ned in claim13 of 14, characterized in that the
tatal yst contains the phosphorus bi‘dentate ligand in a quantity of 0.75-1.5

nmol per nol -Goup VIII netal and an anion of an acid with a pKa of |ess
than 6_ _ -20- in a quantity of 2-50 nol
per mol Group VIII netal. 16. Process as claimed in any-of clainms 1-15,

characterized in that hydrocarbons such as ethene or a m xt yrbegolg1t hene
wi th anot her ol efinically unsaturated hydrocarbon such as—propemne are used
as olefinically unsaturated conpounds. 17. Process as clained in any of
clains 12-16, charaeterized in thatapgrgmpl gof el efinically unsaturated
conpound to be polynerized, a quantTtyof—Goup VIl netal-containing
catalyst is used which contains 10[err]- 10[err] mol of Goup VIII netal,

and in tha}g i5t 11)3 gﬁ@@ﬂﬁéiﬂlaﬁdmtt gatpgmlra?yr _erolmmwommhs, oF ;
pressure of 5- ar, a nolar ratio of olefinic onpounds
to carbon nonoxi de oFARBEN, YONOXLDE. WITHO 8h|§&§% §£§%ﬁ§#?®igﬁgohol as
di | uent. UNSATURATED COMPOUNDS

Process for the preparation of polymers in which _
process linear alternating polymers of carbon monoxide
with one or more olefinically unsaturated compounds are
prepared by contacting the monomers at an elevated
temperature and pressure with a catalyst in a diluent in
which diluent the catalyst is dissolved and the formed
polymers form a suspension, which contacting takes place
in a system comprising at least one reactor and at least
one mechanical contact zone wherein the volume of the
suspension preseht in the mechanical contact zone(s) is
substantially less than the volume of the suspension
present in the reactor(s), the suspension is passed
through the mechanical contact zone(s) and high shearing
forces are exerted on the polymer particles dispersed in
the suspension present in the mechanical contact zone.
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CLAIMS

1. Process for the preparation of polymers in which
process linear alternating polymers of carbon monoxide
with one or more olefinically unsaturated compounds are
prepared by contacting the monomers at an elevated
temperature and pressure with a catalyst in a diluent in

which diluent the catalyst is dissolved and in which the formed
polymers are insoluble or virtually insoluble so that the formed
polymers form a suspension, which contacting.takes place

in a system comprising at least one reactor and at least
one mechanical contact zone wherein the volume of the
suspension present in the mechanical contact zone(s) is
substantially less than the volume of the suspension’
present in the reactor(s), the suspension is passed
through the mechanical. contact zone(s) and high shearing
forces are exerted on the polymer particles dispersed in.
the suspension present in the mechanical contact zone(s).
2. Process as claimed in claim 1, characterized in that
the ratio of the total volume of the suspension present
in the contact zone(s) to the total volume of the
suspension present in the reactor(s) amounts to from
1:500000 to 1:20. : |

3. Process as claimed in clalm 2, characterized in that
the ratié of the total volume of the suspension present
in the contact zone(s) to the. total volume of the
suspension present in the reactor(s) amounts to from
1:50000 to 1:50.

4. Process as claimed in any of clalms 1 to 3,
characterlzed in that the mechanical power transmitted in
the mechanical contact zone (s) to the polymer suspension

30is in the range of from 2 to 40 kW/m3, relative to the

total volume of the polymer suspension present in the
reactor(s).



