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PROCESS FOR THE POLYMERIZATION OF OLEFINS IN. THE PRESENCE OF
NICKEL COMPLEXES AND CORRESPONDING CATALYTIC SYSTEM

: Thé present invention relates to the
polymerization of olefins in the presence of a bimetallic
complex of nickel formed in situ.

The polymers of ethylene and other olefins are of
considerable commercial attraction. The épplications of
these polymers are extremely numerous, from low molecular
weight products for 1lubricants and greases, to higher
molecular weight products for manufacturing fibers, films,
molded articles, elastomers, etc. In the majority of cases,
the polymers are obtained by catalytic polymerization of
olefins by means of a transition-metal-based compound; The
nature of this compound has a very strong effect on the
properties of the polymer, its cost and its purity. Given
the importance of polyolefins, there is a continuous need to
improve the catalytic systems and to provide new ones
thereof. | . '

There is a variety of homogeneous or heterogeneous
catalysts for polymerizing or copolymerizing ethylene. Among
the best-known families; mention may be made, for example,
of the catalysts of the “Ziegler” type. involving -
organometallic complexes of group III ‘and IV metals or

~catalysts of - the “Phillips” type involving chromium

complexes.'However, there are also nickel-based catalysts
used in particula; for a number of. years for producing o-
olefins. 1In additioh, some systems have a . degree of
tolerance toward polar media. ' _ :

Among the numerous Catalytic systems mentioned in-
the 1iterature,7the association between a nickel complex,
such as bis (1, 5-cyclooctadiene), ‘'with benzoic acid
derivatives such as 2fmercaptobenzoic' acid or
3, 5-diaminobenzoic acid (US-A-3 637 636) or with chélating
tertiary  organophosphorus ligands (US-A-3 635 937,
US-A-3 647 914) or even with glycolic, thioglycélic or

- thiolactic acids (US-A-3 661 803) has, for example, been

described. The use of a nickel complex .in its zero
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-oxidation state, such as'again bis(1,5-cyclooctadiene), with
a phosphorus ylid ligand, is described in US-A-3 686 159.

The inventions above have in common the in situ formation of
the active species in the polymerization medium.

"Other methods, such as in United States patent
US-A-4 716 205 or Bulgarian patent:BG_60319 or in J. Mol.
Catal. (1994), 88(2), 141-50 or in J. Mol. Catal. (1995),

103, . 95-103, clalm catalytlc nickel . systems which can ‘be
. isolated, but it is necessary to introduce an accepter
compound capable of extractlng one of the ligands from the

nickel complex in order to make it active, into  the
polymerlzatlon medium. The in situ technlque does not allow

‘isolation of the catalytlc system so as. to identify its

structure accurately, but the approach has the merit of
being simple and it limits the handling of catalysts, which -
is a source of pollution. _
The present 1nvent10n relates to the use of new
ligands'whlch used in situ with a nickel complex in the

zero oxidation state in the presence of at least one olefin,

such as ethylene or a mixture of. ethylene with one or more
other olefins, make it possible to obtain a polyolefin such
as polyethylene or a hlgh—mass ethylene copolymer, with very
high activity even in the presence of a polar medium.

The subject of the present invention is’ therefore

flrstly a catalytic system characterlzed in that it con81sts
of. ' '

'(A)' at least'one ligand which can be represented by the

‘general formula (I):

E E’
RZ \\C—R—C// R’ 2 |
R3 — i - c/ | \t'=|x' _Re3 S
'£4 \R1 | R{1 IR,4
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3
E and E’ each represent 1ndependently an oxygen or
a sulfur atom; L
X -and X' each represent 1ndependently a
phosphorus, arsenic or antimony atom;

the radicals R1 and R 1, Wthh may be 1dent1cal or
dlfferent, are chosen from:

. hydrogen, _
. linear, branched or cyclic alkyl radicals;

. aryl radicals;
.- arylalkyl radicals;.

. alkylaryl radicals;

. halogens;'

. the hydroxyl radical;
e alkoxide radicals;

. . -C -OR{ where R' represents a hydrocarbon .

radlcal whlch may have from 1 to 15 carbon .
atoms; B

. . —S03Y, where Y is chosen from L1, Na, NH4 ’
NR"4+ (where R” represents a  hydrocarbon
radical which may have from 1 to-is carbon
atoms) ; '

- the Rz, R 2, R3-'R 3, rR% and R’4 radlcals, Wthh
- - may be_ldentlcal or dlfferent are chosen from
" ‘linear branched or cyclic alkyl radlcals, and
_arylalkyl radicals; and =
. R is a divaient radical; .and. -

at least one nlckel compound chosen from-

(B1l) nickel complexes of zero ox1datlon state, Which-
can be represented by the general formula (II):

R®
N\
CH :
i Ni (11)
CH :

b
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- where R an_d'Rb each rebresent.indepehdently'a_

hydrogen atom, or a linear,.branched or cyclic

‘alkyl radical or aryl, arylalkyl eor.'alkylaryl.

radical, which may have up to 8 carbon atoms, it
being possible for Ra and Rb to form together a

divalent ‘aliphatic group of 2 to 10 carbon atoms

and be able to have up to three olefinic double
bonds as the only carbonfcarboh unsaturated.

. groups;

n-allylnickels, whlch can be represented by the
general formula (III): '

RC Rd
N/

R®E — C - Ni Z_ (III)

Ré \kg-'
in which: : : :
—“ the Rc rd, R®, Rf and RY radlcals,-whlch may

be. identical or dlfferent, are chosen from

hydrogen, linear, branched or eyclic alkyi

- radicals and aryl, arylalkyl or alkylaryl
~radicals, having up to 8 carbon atoms, '

- the dotted - 11nes' represent the electron'

delocallzatlon on the three contiguous carbon

. atoms; .

— " an RS or RY radlcal may form, w1th an R® or

" Rf or RY radical, a divalent alkene group

- having from 2 to 10 carbon atoms and. able to

_ have up to three olefinic double bonds;. and’

- Z répresents a halogen,. preferably a chlorine

~ or bromine atom, 'ah alkoXy 'group or an

alkanoyloxy group, these groups poss1bly

having in partlcular from 1 to 10 carbon

atoms;
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(B3) compounds of the bls(allyl)nlckel type which- can"

be represented by the general formula (IV):

RC Rd Rd’ RC’

N/ \/
-C (O
: V2 X\ ,
R® - C — Ni — C - R® (IV)
o] .. C
4\ -/ \

rf RI RI RE’

in which:

- 'the. radlcals R® to Rg and R’ to Rg , which

may be identical or dlfferent, are chosen
from . hydrogen, linear, branched or cyclic
‘alkyl  radicals and aryl, arylalkyl or

. alkylaryl radicals hav1ng up. to 8° carbon_

atoms;

- _-the dotted 'lines represent .the electron
' delocalization on the three contlguous carbon

atoms; . : _
= a radical R€ or RY able to form, with a
radical RS or Rf or ‘RY9, a divalent alkene

group hav1ng from. 2 to 10 carbon atoms,

preferably from 2 to. 5 carbon atoms, and able
.to have up to three olefinic double bonds;
- .a radical RC or RY able to form, with a

* radical R® or RE" or RI', a divalent alkene

group having from .2 to 10 " carbon -atoms,

preferably from 2 to 5 carbon atoms, and able

to have up to three olef1n1c double bonds

In formula (I), E and E’ are preferably separated

by intermediate atoms linked together by  covalent or
coordinate bonds; again preferably, the minimum number of
atoms between E and E’ in formula (I)lis'froﬁ 3 to. 40§'The-

term minimum number of atoms;between E'and E’ refers to the

‘minimum number of atoms encountered in the'molecule on going .
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- from atom E to atom E’ along the bonds atom by atom. By way
.' of example, if the ligand- comprlses the structure'

10

.15

0 S 0
C - - C .
- / . N
A prEe
Ph - Ph

where Ph represents a phenyl radical, _

the- m1n1mum number of atoms between the oxygen atoms is 6,
31nce it is not possible to encounter fewer than 6 atoms on ’
N going from the first oxygen to the second oxygen.

Moreover, in formula. (I), R is <chosen in

partlcular from:

20

25

30

.divalent- hydrocarbon radlcals comprising, for eXample,

from 2 to 38 carbon atoms, such as alkylene, alkenjlene,

~arylene, cycloalleene, bicycloalkylene ‘and alkylarylene

radicals; and

35

-already given.

the. 1, 1' ferrocenylene radical _Which is possibly

substituted, for example, with one or two monovalent

radicals such as i )
-C-0-R’ orf-SO3Y,-R’ and where Y has the meanings

" By way of examples, the llgand of formula (I) may -

be one of those: comprlslng the following structures.

o 0

N\ ./ j
Ph- C-R-C Ph - |
Ph — T =_c\ . c=P-Phn (1a)
Ph C=0 0=C  Ph
/
o 0
/. \ -
CHy CH3

-Where R 'represents a 5,6- blcyclo[2 2. l] hept -2-ene
. radical; —(CH2)4- or —(CH2)8—'-
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N\ /4
Ph =~ C-R-C Ph
S S A N LT
Ph - P =¢C -+ C=P —Ph : (Ib)
UL,y S
Ph Ph . .Ph Ph

'where R: represents a 5 6— b1cyclo[2 2 1] hept 2 -ene
Lradlcal, or —(CH2)8 ; -

AN - ' V/a
Ph - C - (1,1'-F;) - C “__Ph _
'Ph — P = c . . - " C=P-Ph ,(IC)'
_ ;| \ /S L
Ph CHy ~CH3 . ' Ph
where 1,1?—Fc'represents a —1(lfeferrocenylenefredical;e'
o - s 0
AN Ve
Ph C — C Ph S
Ph - P = c\ - .  C=P-Ph (1d)
Ph Rl A -

| where Rl represents H or Ph or SO3Na or -C-0- CH3

o The 5,6- blcyclo[2 2. 1]hept -2-ene radlcal can be

By way of examples of nickel compounds (B1), of
the first family mentioned- of olefinic nickel compounds’
Wthh can be used as catalytlc precursors, mentlon may be

'made of:.

. bls(1,5fcyclooctadiene)nickel(Q);

. bis(cyclooctatetraene)nickel (0); and
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. bis (1, 3, 7- octatrlene)nlckel(O)

The mn- allyl nlckels (B2) are'another family'of

‘olefinic nlckel compounds which can be used as- catalytlc'

precursors. -In these. compounds, the nickel entity-is linked
to a'n—allyl group characterlzed by delocallzatlon of the

_electron contrlbutlon from the - allyl group over three_
'contlguous carbon atoms.

In the nickel compounds (BZ) and in the compounds'

- of. the nlckel bis-allyl type (B3) - formlng the. third family

of oleflnlc nickel compounds which. can be used as catalytic

' precursors - a m-allyl group has from 3 to 12 carbon atoms
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which do not have other allphatlc unsaturated groups, except'
if it contalns a closed rlng..

By way of examples of nlckel compounds (B2),
mentlon may be made of: ' ' |

.om- allylnlckel ohlorlde;.
". m-allylnickel.bromide;

. I-crotylnickel chloride;
n-methylallylnickel chloride;
. m-ethylallylnickel chloride;

.. O-cyclopentylallylnickel bromide; -

. HFCYClooctenylnickel chloride; -
."nfoyclooctadienylnickel-chloride; :
. .m-cynnamylnickel bromide; o
 n-phenylallylnickel chloride;
. ‘m-cyclohexenylnickel bromide; --

- cyclododecenylnickel'chloride, .
R cyclododecatrlenylnlckel chlorlde,l

R = allylnlckel acetate; .
. —methylallylnlckel proplonate,.'

. II- cyclooctenylnlckel octoate,

B & cyclooctenylnlckel ‘methoxylate; and

. o- allylnlckel ethoxylate.~ _ A

Although the halides (B2) above probably exist
1ndependently in the form of dlmers, for clarlty of the
present - descrlptlon _they are mentioned in the’ form of

' monomerlc spe01es
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‘By way of _example of nlckel compounds._(B3)L

mentlon may be made of: | |

. blS(H allyl)nlckel

;,brs(n—methallyl)nlckel:

.gbis(n'cynnamyl)nickel?

e bls(n octadlenyl)nlckel,
:,.blS(H cyclohexenyl)nlckel,_

R o allyl n—methallylnlckel and

10 .

,_bls(n—cyclooctatrlenyl)nlckel :
B ‘Preferably, the components (A) and (B) are present.‘

';in-amounts such that the nickel- -to- llgand(s) molar ratio. is -

7between 1 and 100, more preferably between 2 and 50

The sub]ect of the present invention is also a

l'process for the polymerlzatlon of at least one olefln in the'>
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.presence of -a catalytlc system. as. deflned above, 1n a
dllutlng medlum.J_' ' R -
Accordlng to one partlcularly'preferred embodlment_"'

of the process accordlng to the invention, -
- in a first. step, each of the constltuents (A) and (B),

Wthh are in 'solutlon. in - an 1nert solvent, . are

.1ntroduced separately or 31multaneously into a reactor,_..

_ 'ytogether with the reactlon mixture; and :

= . .+in a second step, the. olefln or olefins are 1ntroduced

| - the . (co)polymerlzatlon taklng place at a temperature
'}between 0. and 300°C, preferably between 25 and. 250° c,

‘and at .a total absolute pressure of from 1 to 200 bar,

preferably from 1 to. 100 bar. _ '

" As 1nd1cated above, the constltuents (A) and (B)
are 1ntroduced in "a. nlckel ~to-ligand(s) molar ratlo of
between 1 and 100, and more preferably between 2 and 50.

The inert solvent in which the constltuentS'(A)

"and (B) ‘are - found for the flrst step is. a solvent compatlble-

with the operatlons to be carrled out. By way of examples of

" such solvents, mentlon may be made of all those .compatible
-with .the polymerlzatlon of -olefins by organometalllc

eatalysis, in particular saturated allphatlc, saturated °

-.alicyclic. and aromatlc hydrocarbons such as 1sobutane,-

butane, pentane, hexane, heptane, 1sododecane, cyclohexane,
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cycloheptane,. .methylcyclohekane, ' methylcycloheptane, E
toluene, ortho—xylene, para-xylene and_any mixture”of the -
above compounds . ' L _
The inert solvents of each of the’ constltuents (A)

'and (B) may be identical or dlfferent.'

The reaction mlxture ‘of the process accordlng to

_the 1nventlon may. con31st of an organlc medlum,,or else it
may comprlse a contlnuous 11qu1d aqueous phase, -which .

"-comprlses more than 30% water by weight. In the: latter case,

.10

15

- 20

the: aqueous phase may "be the only llqu:Ld phase of the

reaction mixture (except for the solutlons of - the

constltuents (a) and (B)) Also in this case,_the mixture
may comprlse a 11qu1d organlc phase. . "l' ' _

. The concentration of the constltuent (A) in the
inert solvent is preferably between 0. 1 micromol ‘and -

- 100 mllllmol per liter of. solutlon, and the concentratlon of -

the constltuent (B) in  the inert solvent is preferably
between 0 1 micromol and 200 millimol per llter of solution.
'.The _process according to the 1nventlon is.

-generally carrled out in an 1nert atmosphere.

In a prellmlnary step, the constltuents (A). and
(B) can be brought into contact with each other in solutlon-

.-_1n their inert solvent, for a duration of..30 seconds to

25

V15 mlnutes, preferably of 30 seconds to 10 minutes, before
_thelr :1ntroductlon 1nto the ’‘reaction mlxture, thlS
. precontacting step also belng carrled out in an 1nert

'patmosphere, at a temperature of between 0 and 100 C, 1n

30

35

partlcular between 10 and 70° c. o c :
- The constltuents (a) - and (B), Wthh ‘are found in

_solution 1n their inert solvent, may also be 1ntroduced

separately in no preferred order 1nto the reactlon mixture,
the latter being held at a temperature of from 0.to 100°C,

in partlcular from 10 to 70°cC.

It is p0351ble to choose the polymerlzatlon medium
(organic medium)’ or the organic phase of a polymerization
med1um comprlslng a liquid aqueous phase from- _ '
- —.  saturated" allphatlc hydrocarbons, saturated allcycllc
. hydrocarbons, aromatic hydrocarbons ‘and mixtures
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thereof, in particular:from isobutane, butane, pentane,
"hexane, heptane, _‘isododecane, . cyclohexane,
'cycloheptane,_.methylcyclohexane, methylcyoloheptane,'
toluene, ortho-xylene, para—Xylene aud'any mixture of
these compounds; and ' - - .
- to the extent that the polymerlzatlon conditions kéep
them in liquid form, o- oleflns, such as propylene,
butene, hexene ' or 4-methyl-1l-pentene, lunconjugated.
dienes, such as - 1,89- decadiene, 1,5- hexadlene,'
1,13~ tetradecadiene, blscyclo[2 2. 1] hepta-2 5= dlene,.f

and mixtures thereof.
ThlS organlc medium could also be chosen from

'aloohols, _belng, ‘for example,  a. monoalcohol or a lel
- comprising, -for example,j 5 to 20 carbon atoms, ethers
_comprising,'for'example, 3 to 15 carbon atoms, - such as, for

' example, tetrahydrofuran or dioxane;: and esters comprising,

- 20

for. example, from 2 to 15. carbon atoms, such as, for
example, ethyl, butyl or vinyl acetate, or methyl acrylate.

Where the - polymerization medlum comprises an
aqueous phase, durlng the polymerlzatlon, the polymerlzatlon

" medium comprlses sald liquid’ aqueous phase, a solid phase

" 25

30

35

consisting of . the solid polymer arising from the
polymerization, and it also comprises, depending-.on the

-phy81cal state of the olefin to be polymerized, at least one

other gaseous - phase and/or one other liquid phase. If an
olefin to be polymerlzed is llquld under the conditions of -

' temperature and pressure of the polymerlzatlon, thls olef1n7
.will. be able to be part of a liquid organic phase distinct
from the llquld aqueous phase._Such a llquld organlc phase .

may also comprise -an organic solvent, such .as those
1ndlcated above,. of said olefin. L o

- The constituents of any Tiquid organlc ‘'phase are
suffieiently 1nsoluble in water such that, glven the
quantity thereof 1nvolved the aqueous phase always contalns

.more than: 30% water.

. Where the polymerlzatlon medlum comprlses two
distinct liquid phases, the latter may, - for example,:be
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present such that the phase other than the aqueous phase

,qrepresents 1 to 50% by volume of the aqueous phase.

10

15

' polymerlzat1on "medium. .Such a dlsper51ng agent _may ln

20

30

35

‘agents.

The - aqueous phase may comprlse at least 40% or’
even at least 50% or even at least 60%, or even at least

- 70%, or even at- least 80% by we1ght of water._

The aqueous phase may comprlse, in dlssolved fornn
an’ organlc compound which could be an alcohol or a ketone or

ra.diol such as a glycol for example ethylene glycol or
propanedlol or butanediol. This organlc compound may have

the function of increasing the solubility in the aqueous
phase of the olefln to be polymerized. _
' The polymerlzatlon medium is preferably stirred'

" The stlrrlng is preferably enough to dlstrlbute the varlous

phases unlformly in the reactor.
' .'At least. one dlsper31ng agent can be -added to the

particular be used when the polymerization medium comprises.
a liquid.organic phase, in which case it helps to disperse
said liquld organic phase in the form of droplets surrounded

by the continuous aqueous phaSe In this case, since the’

constituents (A) and (B) have been malnly dissolved 1n the

,llquld organic phase, the polymerlzatlon takes place malnly-_

in the droplets, the latter generally hav1ng a mean dlameter-

' of between 100 uym and 3. mllllmeters
25
" have - thls_ function, 'such as, for example,, a polyv1nyl
alcohol, . methylcellulose, a’ gelatine, = kaolin, barium

' The dispersing agent may be one of those known to

sulfate, - hydroxyapatite,_.magnesium silicate, tricalcium
phosphate,'or.a combination of-several_of these dispersing -

The dlsper31ng agent may be 1ntroduced 1nto the'

_ polymerlzatlon medium at up to 10% by welght with respect to
 the water used and preferably from O. 01% to 5% by welght
“with respect to the- welght of .water used. '

At least one emu131fy1ng agent can be added to the-

_polymerlzatlon medlum. The use of such an emulsifying agent

is in particular recommended when it is de31red that - the

polymerlzatlon leads to a latex, that is to say to an .



*;dlspersed in the aqueous phase. ‘When an emulsifying agent is

_'pOSSlble to use - any one of the known surfactants, whether'
- they be anionic, nonionic or. even catlonlc. In partlcular,
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ensemble .of polymer partlcles haying a - number-average.
diameter of less_ than 1 micrometer, said particles being

used, it is not: generally necessary for the polymerization

"medium to contaln a d1spers1ng agent.

By way of example of an emu131fy1ng agent it is

it is possible to choose the emulsifying agent from anionic

agents such as the sodium or potassium salts of fatty acids,
in particular sodium laurate, .sodium stearate,  sodium
palmitate, sodium oleate, the mixed sulfates of sodium or
potassium and of a fatty alcohol, _especially . sodium
laurylsulfate, the 'sodiumf,for'_-potassium salts of
sulfosuccinic esters, the sodium or potassium salts -of
alkylarylsulfonic ‘acids; in '.'particnlar sodium .

dodecylbenzenesulfonate, and the:sodium or potassium salts

‘of monosulfonates of fatty monoglycerides, or even from

nonionic. surfactants such as the products'of the reaction

between ethylene oxide and alkylphenols. It is of course
'possible -to use mixtures of such surfactants

The emulsifying agent can be 1ntroduced into the

- polymerlzatlon medium at up to 10% by we1ght with respect to

25

30

_the welght of water, .and preferably from Q.Ol% to -5% by

weight with respect to the weight of water..
In such a process comprlslng an emu151fy1ng agent

and_a'liquld organic phase, 31nce the constituents (A) and
{B) have mainly beenﬂdissolved in said lquld organic phase,
and 51nce ‘the amount of emu131fy1ng agent is greater than
.the. crltlcal micelle concentratlon, the polymerlzatlon takes
- place in the liquid organic phase droplets, Wthh generally

have a mean dlameter of between 1l ym:and- 1 000 pm, and in

. the micelles which generally have a mean diameter of bétween

_ 1 nanometer_and 100 nanometers. Such a prOCess'is similar to
35

the process called “radical emulsion polymerization”, except
that it does not involve radicals; When, in such a process;,

- the concentration of emﬁlsifying'agent_is-increasedh\the'
- relative extent of the polymerization taking place -in the
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micelles is increased, promoting the formation of a latex at’

the end of 'polymerization. When .in this case a 11qu1d K :
_organlc phase is present and when the amount of- emu151fy1ng
. agent is such that all the llquld organlc phase is present’

in the nucelles, the process is ‘similar to the process
called “radical microemulsion polymerlzatlon”, except that.

the polymerlzatlon does not 1nvolve radicals.

_ Where the polymerlzatlon.medlum comprlses a llquld,'
organic. base and an emu151fy1ng agent, it is possible to add
a- cosurfactant ~to the medlum, as happens .for . the
polymerlzatlon_ processes “in a mlnlemu131on ' Such a
cosurfactant generally has a solubility in water of less

than 1 x 1073 mol per - liter at 20°C. Such a cosurfactant;

may, for.example, be hexadecane-or cetyl'alcohol.'It may be

present at up to 10% by weight with respect to the weight of

water and preferably the ratio of the mass .of emulsifying

~agent to that of the cosurfactant ranges from 0.5 to 2. The

presence of this cosurfactant makes it p0551ble, also. by
means of enough shearlng of the medium, to obtaln droplets'
of the llquld organic phase of less than .1 um and promotes:
the formatlon of "a latex at the end of" polymerlzatlon.'--'
Enough shearlng ‘may,. for. example, be obtained by ultrasound -
or by a homogenlzer_(such as an apparatus of. the Ultraturax -

'or'DiaX 600 type from Heidolph) ‘Once the characterlstlc

size (<1 um) of ‘the droplets is obtalned stlrrlng can be

. continued with less vigorous shearlng, of the type of -

shearing used'for suspenSion polymerization processes.h _
Where an organlc solvent has been used, “the latter'

-.can, A de81red be removed by evaporatlon

30

35

_ The process accordlng to the 1nvent10n leads to_
polymer particles whose - diameter may range’  from -
10 nanOmetets to' 5 millimeters , ' )

Where the polymerlzatlon comprlses an emu131fy1ng
agent,-a latex is obtained. At ‘the end of the" polymerlzatlon
carried out in the presence of an emulsifying agent, the-
latex p0551bly ‘contains partlcles having a tendency to

'_separate by settling and_lt may be desirable to_carry_out a
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Separation,-for'example by filtration, so as to remove those

‘particles not forming part of the latex.

The polymerization conditions, namely the amount

-~ of ingredients in the polymerization medium and the degree_

of conversion of monomer into a polymer, may be adapted so
that the latex has a solids content ranging from 0. 1 to 50%

The:'olefin: intended :toj“be polymerized ‘is

introduced -with' enough stirring of the polymerization

medium,  for example ‘stirring : ranging from 10 to
10_000 revolutions per minute, The olefin may be introduced

~in liquid or gaseous form, depending on its physical state.

The polymerization temperatures and.pressures have
been indicated ‘above. -
Where only ethylene is polymerized a high denSity-

'polyethylene honiopolymer is obtained. The polymerization of

ethylene . with at least one olefin other. than ethylene.leads_

to the production'of a.lower-density ethylene polymer'than o
- the abovementioned high denSity polyethylene homopolymer.

Depending on -the amount ‘and the type of the comonomer (s) of
ethylene, it is therefore pOSSlble to obtain a high denSity

‘ethylene polymer: (high density polyethylene),.or a medium-
“denSity ethylene polymer (medium-density polyethylene)_or
.even, with a high proportion of comonomer, a_low-density-'
ethylene polymer (low density polyethylene) ' .

- As is common practice for ethylene polymers, the -
term “high denSity” means a- denSity greater than 0.940,

"medium denSity means that the density ranges from 0.925 to

30

35

. 0.940 and low denSity means that the denSity is less: than
0.925. '

The polymerization may therefore lead to a latex
of .at 'least one olefin, that is to say to a polymer

'compriSing polymerized units of at least one olefin, with

other units _of polymerized monomer if necessary. . In
particular, if at_least one olefin is ethylene, a latex of

ian.ethyleneupolymer can be obtained.

The process ‘according to the invention 'mayu
therefore lead to a latex of a high density ethylene polymer
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or to a latex of a medlum—den51ty ethylene polymer, or evenf

.0of a low- den51ty ethylene polymer.

"Within :the scope of the present patentl
appllcatlon, the term. polymer must be taken- 1n its general
sense, such - that it covers homopolymers, copolymers,-
1nterpolymers and polymer blends. The term polymerlzatlon
must alsc be taken in ‘an equlvalent general sense.

The set of olefins 1ncludes that of the o- oleflns.f
As oleflns, mention may be made of’ ethylene, propylene, :
cyclopentene, 1-hexene, . 3-methyl-l-pentene, 4-methyl-1-
pentene, ‘1, 4-hexadiene, 1, 9~ deoadiene, 1- octene, l-decene, "

- and the - cycllc olefins' such as cyclohexene. The‘set of

15

oleflns ‘also. includes the - compounds of - formula CH2=CH—

'(CHz)n-G where n is an 1nteger ranging from 2 to 20, and G

represents a radical which“oan_be chosen from the following

- list:

20 .

25

30

Tle welght-average molecular mass: M

' -OH, -CHOHCH,OH, -OT, =CF3, -COOT, -COOH, -Si(OH)3, -
' Si(OT)3,;where'T is a hydrocarbon'radical-having from 1 to:

20 carbon atoms. Mention is made in particular of the cases
where at least one olefin is ethylene. '
' - The process. according to -the 1nvent10n may -be
carrled out in batches, semlcontlnuously or contlnuously
The following examples 1llustrate -the present
1nvent10n without however llmltlng the scope. thereof. In
these examples, the follow1ng abbrev1atlons have been used

W : - .
. polydispersity (welght average molecular mass/number—-

average mass) M /M
EXAMPLE 1: Polymerization of ethylene

- 42 ml of toluene and 67 mg of exo, endo 2,3-bis[2-

.meatllo:xyrcaarlnoxly'l-2 -(t rJ.p11e11y'l;)h<as;pllo r-

anylldene)acetyl]b1cyclo[2 2. 1llhept-5-ene ligand, that is a

- concentratlon of 1.9 umol/ml ‘were placed in a 200 ml

35

'Schlenck tube in a nltrogen atmosphere (Solutlon 1l).

41.2 ml of toluene °= and 56 ‘mg - of

bis(1,5-cyclooctadienyl)nickel, that is a concentration of
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4. 9 umol/ml were placed in a second'200 ml'Schlenck-tube

(Solution 2). - :
500 ml of toluene, 10 ml of Solution 2 and 5 ml of

-Solutlon 1 that is a nickel/ligand molar ratio of 5, were
introduced -at -ambient temperature succes31vely into a .

. 1 liter metal reactor, fitted with a stlrrer,-ln a nltrogen

'IQ'

20

25

atmosphere. .and with stlrrlng at - 250 rpm. The reactlon- :
m1xture was . -then kept at 1 bar n1trogen and at - 65 c for

10 mlnutes. .

" Ethylene was then 1ntroduced so that there was.-an
absolute pressure in the reactor of 5 bar. The pressure was
kept constant throughout the- polymerlzatlon by means- of a -
contlnuous feed of ethylene 1nto the reactor.

- After one hour of polymerlzatlon, 86 g of
polyethylene,. that is a product1v1ty of 8.8 X 106 g of. -
polymer/mole of 11gand were recovered. S '

The - polyethylene . had . the . following
'“characterlstlcs.~ - -
s M, = 35600 g/mol
R /E = 10.2; . o
f;- - Melting- point (measured by DSC - Differential

Scanning Calorimetry) = 129.4°C

EXAMPLE_Z: PolymeriZation'of propylenet-.

. _ 51 ml of. toluene and 86 mg of exo endo 2 3-bis-
[2 methoxycarbonyl 2-(tr1phenylphosphor—

_._anylldene)acetyl]blcyclo[2 2. l]hept 5 ~-ene llgand that 1s a

.:concentrat1on of 2.6 umol/ml ‘were placed in a 200 ml

__Schlenck tube, in a nltrogen atmosphere (Solutlon 3).

~.30

35

1 liter metal reactor, fltted with a stirrer in- a nltrogen'

37.1 ml of toluene and'_101 mg of bis(1,5-
cyclooctadlenyl)nlckel that is a concentration. :of-
2.6 umol/ml, were placed in a second 200 ml Schlenck tube
(Solutlon 4). ' -
- 500 ml of toluene, 10 ml of Solutlon 4 and 5 ml of.

- Solution .3, that is a nlckel/llgand molar ratlo.of_9.6, were

introduced ‘at amblent temperature successively into a
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'atmosphere and with stirring at 250 rpm. The 'reaction

mixture was then kept at 1 bar nltrogen and at 65° C for

~ 10 ‘minutes.

. _ Polypropylene was then. 1ntroduced SO that there o
was an absolute ‘pressure "in the’ reactor of 5 bar. The .

- pressure was kept constant throughout the.polymerlzatlon by
" means of a Tcontinuous feed ' of polypropylene . into the
‘reactor. ' ' ' '

_ After one hour of polymerlzatlon, a yellow1sh
solutlon was recovered which, after evaporatlon, provide 1 g

. of a polymer ‘having the appearance of a grease. The.
',product1v1ty was 0.1 x 10° g of- polymer/mol of llgand

15.

20

25

. gw = 6 941 g/mol;

. My/M = 4.5;
. The meltlng p01nt (measured by DSC) was 119° C

" EXAMPLE 3: Copolymerization-of ethylene'and propylene

B 56.8 ml of toluene and 91 mg of exo,endo-2, 3- bls-;

I2 methoxycarbonyl 2—(tr1phenylphosphor—
..anylldene)acetyl}b1cyclo[2.2.l]hept 5-ene ligand, that is a
concentration of . 2.0 pmol/ml, were placed in ‘a 200 ml -

Schlenck tube, in a nitrogen atmosphere:(Solution_S). o

' 91.4 ml of toluene and 132 mg of -bis(1,5-
cyclooctadienyl)nickel, - that . is a concentration of
5.3. pmol/ml, -were placed in a second 200 ml Schlenck tube

_(Solutlon 6)

500 ml of toluene, 20 ml. of Solutlon 6,_and 5 ml

of Solutlon 5, that is a nlckel/llgand molar. ratlo of 10. 8 o

- were 1ntroduced at ambient temperature succe551ve1y 1nto a
"fl llter metal reactor, fitted with a stirrer in a nltrogen

30

latmosphere and with stlrrlng at 250 rpm. - The reaction

" mixture was then kept at 1 bar nltrogen and at 65°C for

35

10 mlnutes

A gas mixture of 80/20 ethylene/propylene by mass

_ was then introduced so that the absolute pressure in- the'
-reactor was 5 bar. The pressure was kept constant throughout:




10 EXAMPLE 4: Emulsion _copolymerizatiocn of eth?lehe_and

19

;the-polYmerization by means. of a continuous feed of the

80/20 by mass ethylene/propylene mixture into the reactor.
' After one hour of - polymerlzatlon, 92 g of a

-polymer hav1ng the appearance of a grease was recovered ‘The

product1v1ty was 9.4 x 106 g of polymer/mol of llgand.-
e Mw = 4 166 g/mol
.- '—/ﬁ'zg . .
" Infrared analysis of" the product 1nd1cates an

;1ncorporatlon of propylene not exceedlng 5%.

* .propylene

1. 5 l of delonlzed water, through Wthh nltrogen"
had bubbled for 24 h, was introduced into a 2. 5 1 Schlenck

':tube 200 ml of this water were taken and introduced into a-

15 -

25

300 ml- Schlenck tube with 6 g of sodium laurylsulfate (SLS)
and sparged with n1trogen for 2 hours. 3 ml of hexadecane.

'were then added . The contents of the second Schlenck tube
-were relntroduced into . the first tube.

35 mg of the exo, endo-2, 3- bls[2—methoxycarbonyl—_
2(trlphenylphosphoranyl1dene)acetyl]b1cyclo[2 2.1]1hept-5-ene .
ligand and 263 mg of blS(ClS,ClS 1,5 cyclooctadiene)nickel
in powder: form (that is arhickel/ligand molar ratio of .22.2)

‘were introduced into .a 200 ml Schlenck tube followed by.“'.
"50 ml of toluene; the mixture was then stirred for 1 minute

at 'ambient temperature. This solutlon, was added to the

aqueous phase. The whole .was then homogenlzed still in a
.nltrogen atmosphere, by means of an Ultraturax homogenlzer.
for 1 minute at 1 500 . revolutions per mlnute. The

’ lenlemu151on _obtained was 1ntroduced 1nto a 6 1 metala

.30

35

reactor fitted with a mechanlcal stirrer and kept at 45°C.

The reactor was placed at 2 bar of a 76/24 by mass
ethylene/propylene mixture, and its temperature was’ ralsed
to: 65°C with stirring at 400 revolutions per minute. When
the temperature had reached 65°C, the ethyleue pressure was

‘raised to 20 bar .and kept constant for 1 hour.
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The temperature was. then reduced to 20°C and the.
‘reactor was progressively degassed over 20 m1nutes.;29 3 g
;of polymer, 'in the form of a dlsper51on wh1ch sediments

slowly, was recovered The meltlng p01nt of the recovered:"
5 product was 110 C. '
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1 - A catalytlc system characterlzed in that 1t‘
consists of: ' ‘ ' '

(A)'_atfleast one ligand*Whioh'can he represented'by.the’g
‘general formula {(I): ' e . o

E . B
R2 .-\\C—'—R--—-.C//. R'2
. £4 | }Ei- Hp{IIJIR'4 - -

where. , e
- E and E’ each represent 1ndependently an oxygen or?;'
s a sulfur atom, _ - .'h
- X and X' " each represent 1ndependent1y a
_ 'phosphorus, arsenlc or antlmony atom; _
"_.—' 'the radicals R1 and R. 1, Wthh may be 1dentlcal or.
: ,dlfferent are’ chosen from°

- .hydrogen,_ : -
. _llnear,_branched or cycllc alkyl radlcals,
e aryl radicals;. : '

. arylalkyl radlcals,j
' ‘alkylaryl radlcalsh

. halogens; :

.. the hydroxyl radical;

D ‘alkoxide radicals; e o
"~3“' --C -OR’, where.R' represents a hydrécarbon

_ radlcal whlch may have from 1 to 15 carbon
. atoms; : ' .
.__'—SO3Y where Y is chosen from L1, Na, NH4 ; -
' NR”4+ (where R” represents a. hydrocarbon “

»* [4 L M S *
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radlcal Wthh may have from 1 to 15 carbon
atoms), ' ' -

the R2, R'2, R3 R'3, R4 and R’4 radlcals, Wthh
'5may_be 1dent1cal or d1fferent are ‘chosen from

linear,_branched or cycllc alkyl radlcals,mand'

"farylalkyl radlcals,
: R is a dlvalent radlcal,.and

at"leaSt_one nickei:compound_chosen from;

(Bl)

nlckel complexes w1th a _zero ox1datlon state,
whlch can ..be represented by the general formula
(II) ' ' . o

1 |m ?,(II)Q

'hnwhere Ra ‘and Rb each represent 1ndependent1y a. .’

'hydrogen atom,.or a’ llnear, branched or - cycllc.
-alkyl  radical. or aryl arylalkyl or alkylaryl
_'radlcal " which may- have up to 8 carbon atoms, it”
_belng p0351ble for Ra and RP to form together apf
’dlvalent allphatlc ~group of 2 to 10 carbon atoms
and be able to have up to three oleflnlc double
'bonds o s the'_only carbon.carbon” unsaturatedl
'.g.roupsl . ’ L - : . ’

nfallylnickels, wh1ch can be represented by the

* [ L M H *



.20

25

35

- This Sheet Has Been Rep laced

l IIIIIIII

. R®.-C-NiZ . (III)

"Ré'\kéfn';

'1n whlch

15

‘the’ Rc 'Rd Re Rf and Rg radlcals, whlch may.'
- be: 1dent1cal or dlfferent, ‘are chosen from__
i‘_hydrogen,‘llnear, branched ‘or cycllc alkyl
- radicals .and. aryl, arylalkyl or alkylaryl
;-radlcals,.hav1ng up: to. 8 carbon atoms,--u

the dotted lines represent the electron}

-delocallzatlon on'the three contlguous carbon
v atoms; SR - _ B :
" an Rc or Rd radlcal may form, with. an Re or-

R or Rg ‘radical, "a dlvalent alkene group'
hav1ng from 2 to 10 carbon atoms and able to

".have up- to three oleflnlc .double bonds, ‘and

.z represents a halogen,'an alkoxy group or. an:jjﬁ
1.a1kanoyloxy group,_:

(B3) compounds of the bls(allyl)nlckel type wh1ch can

be represented by the general formula (IV)

- ge gd’ Rd'.iRc’

\ / \ / :
R® —.c — Ni c - Re - (IV)- -
) . \\\ ' - .'//_ . :. o
c - . C
4N/ N\

RE RY RO’ RE

ok C- L M s =*




This Shee

R (R

15 .

20

"~ 25

- v

_ ‘in Wthh R S R _
- —  the radlcals Re to Rg and R® to RI', which may-'
ﬂ;be_ identical or dlfferent, are . chosen from
".ahydrogen, “linear, branChed orf'cyclic alkyl
-radlcals and aryl arylalkyl or alkylaryl radlcals;
f,hav1ng up o 8 carbon atoms; - . L
:',-—...the dotted llnes N represent the electron ;'
:gdelocallzatlon on ‘the three contlguous carbon
']_atoms, _ ' e f

'>¥3h:a radlcal RC or Rd able to form, w1th a radlcal R®
E ::or Rf or RY, ‘a dlvalent alkene group hav1ng from -
_.2 to 10 carbon atoms and able to have up to threel

_ o oleflnlc double bonds, . . ) :
‘f‘¥'5fa radlcal Rc or Rd able to form, w1th a radlcal'h

from 2. to 10 carbon atoms and. able to ‘have up t0"
' three oleflnlc double bonds...”-' =

' 2'— The . catalytlc system as clalmed in clalm 1,. .
characterlzed 1n that in formula (I),_ E and E '-are5
separated by 1ntermed1ate atoms llnked together by covalent;

‘or.. coordlnate bonds

3 - The catalytlc system as clalmed 1n elther of.“

'clalms 1 and 2 _characterlzed in that .1n formula (I), thef'

mlnlmum number of: atoms between E and E is from 3 to 40
' ' 4 -~ The catalytlc system as clalmed in either off

:clalms 1 to 2 characterlzed in that, 1n formula (I), R is
¢Ichosen from: = = ' '

:"; ﬁdlvalent hydrocarbon radlcals comprlslng from 2 to 38

- carbon atoms, and _ ' . _
the ~ '1,1'- ferrocenylene radical 'whioh 'mayﬁbe":'
- substltuted o - | -
' -3 = The catalytlc system as clalmed in one of__
clalms 1 to 4, characterlzed in that the llgand of formula_
(I) comprlses one of the follow1ng structureS'“

L

' '._.Ref or- Rf or Rg - a dlvalent alkene group . hav1ng-3-*'
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= ' | N
"Ph-P =C ... C =P - Ph - H{Ta) -

"Ph . c=0  -0=C . -Ph

‘CHy '_CH3__;.

radlcal - (CHZ) 4- or —(CH2) 8- ;o . R

N e
ho. C-R-C BB

ho Bho' Bh PR

i N
';ﬁ:ﬁ';c7z“u'c;P<% L.§(mr§
| | .

- fwhere'*R 'represents a 5 6 blcyclo[z 2 l] hept -2= ene.=
' radlcal or —(CH2)8 ; :

. Ph°  C+.(1,1'"-F;) ~C_ . Ph

Ph-P =C - .. . C=P-Ph (L)

Ph . " CH3 - - CHy’ Ph- -

where 1 1' F represents a- -1, 1' ferrocenYLeneuradical;

Ph-P =Cc . S C=P - Ph - . (Id)

.e _where R1 represents H or Ph or SO3Na or —C O CH3

* °C L N S *
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6 The catalytlc system as clalmed in one of

25?

claims 1 'to 5 characterlzed in that the nlckel compound':"

';l(Bl) ‘is chosen from.t

R blS(l 5~ cyclooctadlene)nlckel(O),

; b1s(cyclooctatetraene)nlckel(0), and
. blS(l 3 7= octatrlene)nlckel(O)

) 7 - The catalytlc system as clalmed in one of ﬂ“;
clalms 1 to -5, characterlzed An that 1n a nlckel compound.}.

.1ﬂ(82) .or (B3), a Ir- allyl group has from .3’ to 12 carbon atoms

16

‘whlch do not have other-aliphatic: unsaturated groups, except'
1where 1t contalns a.closed cycle.__j' ' '

.'8_— The- catalytlc system as clalmed in .one of

fclalms 1 to 5, characterlzed in that the nlckel compound{'-
. f'.(B2) 'is’chosen " from.' : B L ) '
15 '

Rt o allylnlckel bromlde,:--

;;n allylnlckel chlorlde,'

-f; - crotylnlckel chlorlde; _
C.oem —methylallylnlckel chloride;.
S . T- ethylallylnlckel chloride;

‘:_20h, mn- cyclopentylallyln;ckel.bromide;'

' n.ﬂn—CyClooetenylnickel chloride;

'f_;.nfeyclopctadienylnickel.chlorider -
. .. m-cynnamylnickel bromide; '

.25

. .m-phenylallylnickel chloride; .
.”n cyclohexenylnlckel bromlde,

_Q n—cyclododecenylnlckel chlorlde,

e . T- cyclododecatrlenylnlckel chlorlde,

30

- . bis(m-cynnamyl)nickel;

}fn allylnlckel acetate; - -
I —methylallylnlckel proplonate,

. TI- cyclooctenylnlckel octoate;.

- cyclooctenylnlckel methoxylate, and

'Q; n—allylnlckel ethoxylate.

9f—'The catalytlc system as clalmed in one of

. d'elaims 1 to 8, characterlzed in that the nlckel compound_
35 | '
. bls(n allyl)nlckel,u_-.

(B3) is chosen’ from..

.Lbis(nfmethallyl)nickel;

- % o € - L M- 5 *
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. blS(H octadlenyl)nlckel

. bis (- cyclohexenyl)nlckel,

B« allyl n-methallylnickel; and

B bls(n—cyclooctatrlenyl)nlckel

'10“— The, catalytlc system as- clalmed in one of:f

-clalms 1 to. 9, characterlzed in- that the components (A) and .

(B) are present Ain amounts such ‘that the nlckel -to- llgand(s)"

”._molar ratlo is’ between 1 and 100.

10
© in amounts such that. the nlckel to- llgand(s) molar ratlo 1s'

between 2 and 50. ° ' ' _ ' .
' 12 - A process for the polymerlzatlon of at least:"

”.hﬁqu

11 - The catalytlc system as. clalmed in clalm 10 ;’

.characterlzed in that. the components (A) and; (B) are present

':one olefin in the presence of ‘a catalytlc system as deflnedﬁ_ﬁb
.1n one of claims. 1 to 11. L : ' '

13- " The .’ process-;as”_claimed_'in 'claim'"12,f”:"

-”characterlzed in that._ _ _ o
- ~in a flrst step, each of the constltuents () and (B),:."

'_whlch “are in solutlon in an 1nert solvent, care

:1ntroduced separately or 31multaneously 1nto a: reactor,7f---

together w1th the reactlon mixture; and _
- in a second step, .the olefln or olefins are 1ntroduced

_-the (co)polymerlzatlon taklng place at a temperature,_

'-'between 0 and 300°C and at a total absolute. pressure of d
,'from 1 to 200 bar g

.14 - The - process as clalmed _in.'claim' l3,

. characterlzed in that the constltuents ;(A) and"( )-gare
o 1ntroduced 1n a nlckel to llgand(s) molar ratlo of between
-1 ‘and 100. , DT . S

| '15 i ‘The - process as clalmed in .claim'”l4,

.30

o characterlzed in’ that the constltuents (A) and (Bf are.
' :1ntroduced in a nickel-to- llgand(s) molar ratio of between_

. 35 :

2 and 50 _ _ : _
. ' 16'—'ThehproceSS”as claimedpin one of claims 13 to
15 characterlzed in that the 1nert solvent of constituents
(R) and (B) is chosen from saturated allphatlc hydrocarbons,;_
.saturated alicyclic hydrocarbons, aromatlc hydrocarbons and .
mlxtures thereof. ' o ' |

ok c - L [ . *
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| 17 - The process as’ clalmed in one of clalms 13 to

'._28-'

'f16 characterlzed in that the reactlon mlxture con31sts ofb.

an organlc medium.

.18 - The process -as clalmed in clalms 13 to 16 _1

~characterlzed in that the reactlon mlxture 'comprlses a.;'
_contlnuous lquld aqueous phase, Wthh comprlses more than

."30% water by welght.;'

10

19.. - The’ process-tasi claimed ° in cla1m -18,'

'_characterlzed ‘in that the aqueous phase is the only llquld"
-phase.- '

20° —i The process 'as _clalmed in clalm 18

._characterlzed ~in’ that the mlxture comprlses an - organlc‘-

15.

'-llquld phase.

_ ' 21 = The process as clalmed in -one of clalms 17ﬁfn
and- 20, characterlzed in- that the medium or the. organlc;'”

f.-phase is’ chosen. ‘from:

B - 'saturated allphatlc hydrocarbons, saturated allcycllc-

20

30

- hydrocarbons, aromatlc' hydrocarbons - and ~mixtures ~

thereof; and : _ . , _
- to: the extent that the polymerlzatlon condltlons keep
~ them in llqu1d form, a—oleflns, unconjugated dienes and,
' mixtures thereof. o .
_ _'. - 22 - The process as clalmed in one of clalms 18 to :
21, - characterlzed in that the polymerlzatlon - medium .
comprlses a dlsper51ng agent S T S
o 23 - The process as claimed:  in clalm' 22
characterlzed ln that the dlsper31ng agent is present at upz
to 10% by welght w1th respect to the welght of water,! 1n'.
partlcular,'at 0 01 to 5% by welght with respect to_the :
weight of water. ' o ' '
' . 24 - The process as clalmed in one of clalms 18 to _
23,'ycharacterlzed_ _n'_that _hei_polymer;zatlon 'medlum B

'--comprises an emulsifyinghagent.

35

25 - The. process. .as:.clalmed in clalm 24,
characterlzed in that the emu131fy1ng agent is present at up
to 10% by welght in partlcular at 0.01 to 5% by welght,

_w1th respect to ‘the welght of water.

* € L M 5 9x
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29
26+ The process as: clalmed in either of clalms 24

sand; 25, characterlzed 1n that the emulsifying ‘agent. is
present in an amount greater than the crltlcal 'mlcelle
-concentratlon.' ’ ' '

27 - The’ process- as clalmed in 'clalm 26

-;characterlzed in that the amount’ of emu151fy1ng agent 1slg
'enough so that the polymerlzatlon takes place malnly in- the_f
-mlcelles." ' ' ' ' ' '

28 - The process as clalmed in one of clalms 24 to

27if characterlzed ‘in that _the . polymerlzatlon‘ medlumff

L _comprlses a llquld organlc phase and a cosurfactant. .

29 - The . process as clalmed 'in claim 28,

:characterlzed in- that the polymerlzatlon mlxture comprlsesj
?'pa llquld organlc phase and a cosurfactant.-__
415 " 30. - ..The process ~as ‘claimed " in claim 29,
"'icharacterlzed in "that- the - cosurfactant has a. solublllty in

u-ﬁwater of less than 1 x 10” 3 ol per’ llter at 20°C.

31 - The’ process-as clalmed in either of clalms 29

{and 30, characterlzed in that the cosurfactant is present at o
.up 'to 10% by weight w1th respect to. the weight of water. ' .

32 - The process as claimed in one of clalms 29 to_
31, characterlzed in’ that " the- emu131fy1ng agent to .-

'~Lcosurfactant mass ratio. goes ‘from 0.5 to 2.

.25

‘33 - - The - process as claimed 1n one of clalms 13" to

'32,_'characterlzed in- ‘that the ™ concentratlon of ‘the
f'constltuent (A) -in. the .inert solvent 1s between 0 1 mlcromol.

" and 100 mllllmol per llter of solutlon

30

35

34 - The process as clalmed in one of clalms 13 to

33; characterlzed in- that. the concentratlon of thegi
fconst1tuent (B) in- the 1nert solvent is between 0.1 mlcromol_
Uand 200 mllllmol per liter of solutlon._' '

'35 - The process as claimed in .one of clalms 13 to‘

"34, characterlzed in that 1t 1s carrled out in an 1nert
'atmosphere

36 - The process -as clalmed in one of clalms 13 to

_35,. characterlzed in that, in a prellmlnary step,. the :
-constluents (A) and (B) in solutlon are brought 1nto contact--
__w1th each other in thelr inert solvent for a duratlon of - 30_
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secorids to;10 minutes;-before'their'introduction into the

© 30

reaction mixture. _ S ) .
37 - The process ‘as c1aimed fin claim ' 36,
characterlzed in that thlS precontactlng step is carrled out

‘in ‘an 1nert atmosphere, at a temperature of between: 0 and::

-~ 100°C, in partlcular between 10 .and 70° C._

.38 - The process as clalmed in one of clalms 13 tof

-35; characterlzed 1n that the constltuents (AY and’ (B),
i whlch are in solutlon in their 1nert solvent, are 1ntroduced'j-

“'103separately 1nto the reactlon mlxture, the 1atter belng held_f

. at a temperature of from 0 to 100’ C, in partlcular from 10

*bto_7Q c.

39 - The- process as clalmed in one’ of clalms 13 to

) j-_.-'38 -characterlzed in that the (co)polymerlzatlon 1s carrled:-

out at a temperature of between 25° and 200 C. _ _
- . 40~ The” process as clalmed 1n one of claims 13-to -

.39, 'characterlzed in that the (co)polymerlzatlon is carrled_'
~Tﬁout at a total absolute pressure of from 1 to 100 bar.

20

; _ 41 - The process as clalmed 1n one’ of claims 13. to
40, characterlzed in - that the olefln or oleflns 1ntended to
be polymerlzed are 1ntroduced 1n gas. or llquld form, with-

f'enough stlrrlng of the polymerlzatlon medlum,_ln partlcular;

25

- with - stlrrlng ranglng from 10 .to 10.. 000 revolutlons per
nimlnute. ' ' -

42 -~ The process accordlng to one of clalms 13. to_

41, characterlzed in. that the oleflns are _chosen from';'

. ethylene,}_a—olef;ns,_ cyclic :oleflns and ompounds_'of
- formula:’ L ' o - |

" CHy=CH-(CHy) -G

'iiln which:

o= n is an. 1nteger between 2 and 20 “and

.35

- 7. G.is a radical chosen from: ;
-OH; CHOHCHZOH, OT:; —CF3, -COOT, —COOH,_
'-Si(OH) 37 -S1(OT)3;. - |
~T is''a hydrocarbon radlcal hav1ng from 1 to 20 carbon
atoms. -
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3 —-The process as’ clalmed in one of clalms 13 to
41, characterlzed 1n that at least one olefln 1s ethylene. -
- 44 - The process as clalmed in one of claims 24 to
43, characterlzed 1n that 1t leads to a latex, if nece's.sary-

.after a flltratlon step. e .
4_5_';— The process as ".jc'laimed. in. claim. 44,

= __charac'terized : in' ‘that the 1latex. is ‘a high-density
polyethylene or  a medlum—dens:Lty polyethylene or a. low—f"

dens:.ty polyethylene .
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