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

The present invention relates to the 
pol:Ymerization of ole:fins · in the presence of a bimetallic 

5 complex of nickel formed in. situ. 
The polymers of ethylene and other olef ins are of 

conside~able commercial attraction. The applications of 
these polymers are extremely numerous, from low molecular 
weight products for lubricants and greases, to highe.r 

10 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 ~:m the 

15 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 
20 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 

25 complexes. However, there are also nickel-based catalysts 
used in particula~ fo_r a number of. years for producing cx­
olefins. In addition, some systems have a degree of 
tolerance toward polar media. 

Among tJ:ie numerous catalytic systems mentioned in 
30 the ·literature, ·the association between a nickel complex~ 

such as bis(l,5-cyclooctadiene), ·with benzoic acid 
derivatives such as 2-mercaptobenzoic acid or 
3,5-diaminobenzoic acid (US-A-3 637 636) or with chelating· 
tertiary organophosphorus ligands (US-A-3 635 937, 

35 US-A-3 64 7 914) or even with glycolic, thioglycolic 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-cyclooctad~ene), with 
a phqsphorus 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 ~he polymerization medium. 

5 Other methods, such as ln United ·states patent 
US-A-4 716 205 oi Bulgarian patent_BG .60319 or in J. Mol. 
Catal. ( 1994), 88 (2) , 141-50 or in J. Mol. Catal. (199.5), 
103, 95-103, claim catalytic nickel . systems which can be 
isolated, but it is . necessary to introduce an accepter 

ro ·compound capable of extracting one of the ligands from the 
nickel complex in ord~r to make it active, into the 
polymerization medi~. The in situ technique does not allow 
isolation of the catalytic system so" as. to identify its 
structure accurately, but the approach has the merit of 

·15 being simple and it ~imits the handling of.catalysts, which 
is a source of pollution. 

The pr~sent invention relates to the use of new 
ligands which, used in situ with a nickel complex in the 
zero oxidation state in the presence of at least one olefin, 

20 such as ethylene or a mixture of ethylene.with one or more 
other o1efins, make it possible to obtain a polyolefin such 
as polyethylene. or a high-mass ethylene copolymer, with very 
high activity even in the presence of a polar medium. 

The subject of the present invention is.therefore 
25 firstly a catalytic system characterized in that it consists 

of: 

30 

35 

(A) at least one ligand which can be represented by the 
·general formula (I): 

E E' 

R2 
\\ II 

R'2 c R-C 

R3 
I I \ I 

R'3 x = c C = X' - (I) 
·I 
R4 

\ 
Rl 

I 
R'l 

I 
R' 4· 

where: 
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E andE' each represent independently an oxygen or 

a sulfur atom; 
X · and X_' each represent independently a 

phosphorus, arsenic or.antimony atom; 
the radicals Rl and R' 1, which may be identical or 

different, -are chosen from: 
hydrogen; 
linea~, branched or cyclic aikyl radicals; 

aryl radicals; 
arylalkyl radicals;. 
alkylaryl radicals; 
halogens;_ 
the·hydrO"xyl radical; 
al.koxide radicals; 
- C -OR', where R' represents· .a hydrocarbon 

II . 
0 

radical which may have from 1 to 15 ·carbon 

atoms; 
-S03Y, where Y is chosen from Li, Na, NH4+, 

NR" 4 + (where R" represents a hydrocarbon 

radical which may have from 1 to is carbon 

atoms) ; . 
the R2, R'2, R3,. R'3, R4 and R'4 radicals, which 

may be identical or different, ar~ chosen from 

linear branched or cyclic alkyl radicals, and 

arylalkyl radicals; and 
R is a divalent radical; .and. 

(B) at least one nickel compound_chosen from: 

30 (Bl) nickel complexes of zero ·oxidation state, which 

35 

40 

can be represented by the general formula (II): 

Ra 
\ 

CH 
II 
CH 

~ R 

Ni (II} 

2 

-· 
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whe~e · Ra and Rb each represent . independently a 
hydrogen atom, or a linear, . branched or cyclic 
alkyl radical or aryl, aryialkyl . or. 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 at.oms 
and be able to have up to three olef inic double 
bonds as the only ·carbon~carbon unsaturated 

. groups; 

10 (B2) n-allylnickels, which can be represented by the 

15 

20 

25 

.30 

35 

general formula (III) : 

in which: 

Re Rd 
\/ 

. . c 
// 

C - Ni Z .· 
\, 

c 
L\ 

Rf Rg ·. 

(III) 

the Re, Rd, Re, Rf and Rg radicals, which may 
be identical or. different; are chosen from 
hydrogen, linear, branched or cyclic alkyl 
radicals and aryl, arylalkyl or alkylaryl 

· radicals, having up to 8 carbon atoms; 
the dotted lines represent the electron 
delocalization on the t~ree contiguous carbon 
atoms; 

an Rc or Rd radica-1 may form, with an Re or 
Rf or Rg radical, a divalent· alkene group 
having from 2 to 10 carbon atoms and.able to 
have up to three olefinic double bonds;: and· 
z represents a ha~ogen, preferably a chlorine 
or bromine atom, ·an alkoxy .. -group or an 
alkanoyloxy group, these groups possibly 
having in particular from 1 to 10 carbon 
atoms; 
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(B3) compounds of the bis (allyl)·nickel type which· can 

be represented by the general formula (IV}: 

in 

Re Rd Rd' Re' 

\I \/ 
c c 

i' \~ 
e' Re - c-· Ni - .. C- R (IV) 

~\ ii. 
c c 

!_·\ . I,\ f' Rf Rg Rg R 

which: 
e g e' g' ·the. radicals R to ·R , and R -to· R , which. 

may be identical or different, are chosen 
f rorri . hydrogen, lin~ar, ·branched or cyclic 
alkyl· radicals and aryl, arylalkyl or 
alkylaryl radicals having up to 8 · carbon 
atoms; 

the dotted lines r_eprese.nt the electron 
delocalization on the three contiguous carbon 
atoms; 

a radical · Rc · or Rd able to form, with a 
radical Re or· Rf or Rg, a divalent alkene 

group having. from 2 to · 10 carbon atoms, 
25 preferably from 2 to. 5 carbon ?toms, and able 

-to have up to three olefinic double bonds; 
.a radical Rei or Rd' able to form, with a 
radical Re' or Rf'. or ·Rg'_,· a divalent alkene. 

group having from: . 2 to 10 ·carbon .·atoms, 
30 preferably from 2 to 5·carbon atoms, and able 

to have up to three· olefinic 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 

35 atoms between E and E' in formula (I) is from 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 

_l 
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from atom E to atom E' _along the bonds atom by atom. By·way 
of example, if the ligand comprises the structure: 

0 0 
\\ w II 

c c 
I \ 

Ph3P = c c = PPh3 , 
\ I 

Ph Ph 

where Ph rep.resents a phenyl radical, 
the-minimum number of atoms between the oxygen atoms·is 6, 
since it is n6t possible to encountei ~ewer -than 6 atom~ on 
going from the first oxygen to the second oxygen.· 

15 Moreover, in formula. (I) , R is chosen in 
particular from: 

. divalent· hydrocarbon . radicals comprising, for example, 
. . 

from 2 to 38 carbon atoms, such as alkylene, alkenylene, 
arylene, cycloalkylene, bicycloalkylene and alkylarylene 

20 r·adicals; and 

25 

~he 1,1'-ferroceriylene radical which is possibly 
sub.stituted,. for example, with one or two monovalent 
iadicals such as 

-C-0-R' or ·-so3Y,. R' and where Y has the meani_ngs 
'·· ~ . . 

0 
already.· g_i ven. 

By way _of examples, the ·ligand of formula ·(I) may 
be one of those· comprising the following structures.: 

30 • 

35 

40.· 

0 0 
\\ II 

Ph·. c R- c Ph 
I I \ I 

Ph - P = c C =·P - Ph (Ia) I .. .\ I I 
Ph C=O O=C Ph 

I \ 
0 0 

/. \ 
CH3 CH3 

~here R represents a 5,6-bic~clo[2~~-.1]-hept-2-ene 
radical; -(CH2 ) 4- or -(CH2)a-; 
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0 
.\\ 

Ph .C - R -I I . 
".Ph - P = C 

I \ 
. Ph Ph 

o· 
//. 

C Ph 
\ ·I 
. C = P - Ph 
I I 

.Ph Ph: 

(Ib) 

10 where. R repre·sents a 5,6--bicyclo[2.2.1]-hept-2-ene 

• 

15 

20 

• 

25 

30 

·.r~dical; br -(CH2 ) 8-; 

0 0 
\\ II· 

Ph c - (l,1'-Fc) - c Ph 
I ;· \ I 

Ph p = c c = P - Ph (-Ic) 
I \ I .... 1 
Ph CH3_ CH3 ·.Ph 

where 1,1'-Fc represents a -1,1 1 ...:.ferroc~nylen~,.radical; 
and 

0 0 

Ph -

\\ .-@-o i1. . c . c 
I I · · \ 
P =C . . C-

ih' \~l R{ 

Ph Ph 
I 

P - Ph 
I 
Ph 

(Id) 

where R1 represents H or P~ or so3Na or -C-O-CH3 . · 
II 
0 

35 · The 5, 6-bicyc.lo [2. 2. l] hept-2-:--ene .·radical can be 
represented by_: 

By way of examples of· nickel compounds (B1 ) , of 
the first family mentioned· of olefinic nickel compounds· 

40 which can be used as catalytic precursors, mention may be 
made of: . 

. bis(l,5-cycl~octadiene)nickel(O); 

bis(cyclooctatetraene)nickel(O); and 
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bis(l,3,7-octatri~ne)nickel(O). · 

The n-allyl nickels (B2) are another family of 
olefinic nickel compounds which can be used as ·catalytic 
precursors. -In_ these. compounds, the ·nickel entity i~ linked 

5 to a II-allyl group characterized by delocalization of the 
electron contribl.it_ion fr.om the n-allyl group over three 
contiguous carbon.atoms. 

In the nickel compounds· 1( B2) : and in the. compounds 
of the nickeJ. bis-:allyl typ~ _(B3) - forming the thi.rd family 

10 of olefinic nickel compounds which can_be used as catalytic 
precursors :- .a· II_-aliyl group has from 3 .to· 12 carbori atoms 
which do not h~ve o·ther aliphatic unsaturated groups;_ except 
if it contains a closed ring. 

By way of examples · of nickel compounds ( B2) , 
lS: mention. may be made. of: 

n-ailylnickel chlo~ide; 

_n-allylnickel.bromide; 

· n-crotylnickel ·chloride; 

n-methylallylnickel chloride; 
. . . 

20 n-ethylallylnickel chloride; 

n-cyclopentylallylnickel bromide; 

n-cyclooctenylnickel chloride; 
II7cyclooctadi~nylnickel·chloride; 

. n-cynnamylnickel bromide_; 
25 ~~phenylallyinickel chloride; 

n-cyclohexenyinickel bromide; 
n-cyclododec,enylnickel. chloride; 

. n-cyclododecatr~enylnickel chloride; · 
n-allylnickel acetate; 

30 n-met4ylallylnickel propionate; 

n-cycl~octenylnickel octoate; 

n-cyclooctenylnickel-methoxylate; and 
n-allylnickel ethoxylate. · 

Al though the_ halides (B2) above probably exist 
35 independently in the form of dimers, for clarity of the 

present · description they are mentioned in the form of 
· monomeric spe:cies. 
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By . way of .. example of nickel compounds .. (B3) ~ .. 
mention may be macie of:: . · 
·• bis(rr-allyl)nickel; 
.. bi.s (rr-methallyl) nickel; 

5 . ·bi_s (rr...:.cynnamyl) nickel;. . . 

·• bis (rr-o·ct_ad:i,.enyl) nicke,l; 
· ... bis_ (rr-.cyclohexenyl) nicke~; 
: ... rr-allyl-rr""'.'methallylnick_el;. and·.· 
... bis· (II:-cycloocta:trienyl°> ni.cke_L 

· 10 ·Preferably, the cqmponents _(A) ·and (B) are present . 
.. in amounts .. sucp that the nickel-to-liganq(s) molar :i;:-atio. is 
· ·be~ween .. 1- and .100, m~re preferably betw~en 2· and 50 ~ · 

The subject of° the present invention is also a 
. · ·proc~~:;°s for the polymerization· of at least one Ole.fin in the. 

15 . pr~serice· ·of a. ·catalytic system as· de:fin~d ab.ove, · i!1- a 
diluting medium . 

.. Acco~ding to .one·particularly preferred embodi~ent. · · 
of the process according ·to· the invention·, . . 

· in ·a firs:t· step, each of the const_itue.nts (A)°_ and .(B) i 

20 which are in solution . in .. ·an inert solvent, . are . . . . 
.introduced -separately. or simultaneously into ·a reactor, 
together with the reaction mixtu_re; and 

:··in. a second step, the olefin or·'olefins are introduced, . .. . .. 

. the . (co) polymer.izati.on taking place at a temperature 
25 .. ·.: be~ween,~ .. and 300"C, prefeiably between 25 and: 25o~·c; 

and at .a tota·l ·absolut~ pressure of ,from 1 to 200 bar,· 
preferably from 1 · to. 100 bar. 

As in:cticated· above-, the. const'ituents ·(A)' and (B) 
_are ·introduced in · ~. nickel-to..,.ligand.(s) molar ·ratio· of 

. 30 between 1 and 100 I and mo.re pref.er ably between 2 and 50". 
The inert solvent in whic~ the constituent~ (A) 

and (B} ·are-found.fo:r the ·first ·Step is. a solvent .compatible 
with the operations _to be carri~d out. By way· of. exampl·es of 

. such sol ven:t;:s, mention may be made of all those· .. compatib1:e 
35 .with .the polymerization o{ -olefins by .organometallic . . 

catalysis, in particular saturated aliphatic, saturated 
.. alicyclic. _and· aromatic hydrocarbons such as isobutane, 
butane, pentane, hexane, heptane, .. isododecane, cyclohexane, 
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cycloheptane1. methylcyclohexan~, ~ethylcycloheptane, 

toluene,· ortho-xylene, para-xylene and _any mixture of the 
above.c"ompounds. 

The· inert sol vents of each of the constituents (A) 
. . . . 

5 ·and (B) may "be. identical or di·ffe·rent . 
. :The reaction mixt.ure . qf. the process_ .according ·to 

the invention may. ·consist of. an organic medium, . or else. it· 
1nay · comprise a continuous liquid aqueous phase, . which 
comprises·more than 30%.water by weight. In the .. latter case, 

10 the aqueou.s phase ·may be the. ·only liquid phase of the 
reaction · mixture (except for the · solutions of · the 
con~titueriis (A) and (B)). Also in this case,-the· mixture 
may comprise a liquid organic phase. 

The· concentration of the ~onst~tuent (A) in the 
:15 inert s"oivent fs preferably between . 0 .1 . m.icromol ·and 

100 millimol. per liter of"solution;.. and the concentration of 
the . con·stituent (B) .tn . the_ inert solvent is . prefe·rably 
between 0.1 mic.iombl and.200 rnillimol·per liter.of solution. 

The process according to the invention is. 
20 generally ·carried out in an inert atmosphere . 

. In a p_relimin~ry s:tep, the .. const~tuents · (~) . .and 
(B) can.be brought into contact with each other in solution· 
in their inert _solvent, ·. fo.r: a d_uration of. -30 s~conds ~o 

· .15· ·minutes, prefe_rably of 3-0 seconds_· tq .10 minutes, before 
· · 25 .their introduction ·into· the 'reaction ·mixture·, this 

precont_acting step . also being .carr1ed out in an inert 
~tmosphere, at· ·a· temperature of. be.tween· O and 100 •_c, in . . . - . . . . 

particuiar. betwee~. 10 an~· 70. c·. 
· T.he constituents (A) ·and . (B), which :are found in 

30 ·.solution .. in. their i:r:iert s_olvent, .·iil.ay also be introduced 
s_epa.rately in no preferr·ed order into: the reaction mixture, 
the .. latt~r :bei-n_g· held at a _temperature of. fro~ O. to. 100 · c, 
"in particular from 10 to 1o·c. 

It i~ possible :to· choose ·the polymerization medium 
35. (organic ·medium)· or the organic phase of a polymerization 

. . 
medium comprising· a liquid aqueous phase from: 

saturated.aliphatic hydrocarbons, ·saturated-alicyclic 
hydrocarbons, aromatic hydrocarbons ·and mixtures 
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thereof, in particular· from isobutane-, butane, l?entane, 

hexane, heptane, . 'isododecane, ~yclohexane, 

cycloheptane, . methylcyclohexane, methylcycloheptane, 

toluene, ortho-xylene, para-xyl·ene and any mixture of 

5 these compounds; and 

to the extent that. the polymerization conditions keep 

them· in liquid form, a-olef ins, such as propylene, 

butene, hexene or 4-methyl-1-pentene, . unconjugated 

dienes, stich as 1,9-decadiene, 1,5-hexactiene, 

10 1, 13-:-tetradecadiene, biscyclo [2. 2. l] -hepta-2 ,· 5-diene, 

and ~ixtur~s thereof. 

This organic medium could also be chosen from 

alcohols, . bE'.ing, ··for example, . a. monoalcohol ·or a diol, 

comprising, for ~xample1 · 5 to 20 carbori atoms; ethers 

15 · comprising, for· example, 3 to 15 carbon atoms, such as, for 

example, tetrahydrofuran or dioxane;.and esters.comprising, 

for ·example, from 2 to 15 carbon atoms, such as, for 

example, ethyl, butyl or vinyl acetate, or methyl acrylate. 

Where the polymerization medium comprises an 
. . . 

20 aqueous phase, ·during the polymerization, the polymerization 

medium comprises. said liquid ·aqueous phase, a solid phase 

consisting of the ·solid polymer arising . from the 

polymerization, . and it .also comprises,. depending· . on the 

physical state of the olefin to be polymerized, at least one 

· 25 other gaseous···phase arid/or one other liquid phase. If an 

o-Iefin to be polymeri~ed "is.liquid. under_ the conditions o~ 

temper.ature .. and. pressure· of the polymerization,· this olefin 

· will. be able. to be ·part .of a liquid organic phase distinct 

from the liquid aqueous phase· .. Such a liquid organic phase 

30 may also comprise an organic solvent,. such . as those 

ind.icated· above, of said olefin. 

The constituents of any liquid organic~phase are 

sufficiently insoluble· in water such ·that, given the 

quantity thereof involved, the aqueous phase always contains 

·3S more than. 30% water . 
. . 

Where the polymerization .· m~dium comprises two 

distinct liquid phases, the latter may, for example, .be 

I 
' 
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present such that the phase other than the aqueous phase 

.represents 1 to 50% by volume of the" aqueous phase. 

The aqueous ·phase may comprise at least 40%, ·or· 

even at least 50%, or everi at least 60t; or even at least 

5 7.0%, or even at· least 80% by weight of water .. · 

. The aqueous phase may comprise,· in dissolved form; 

an·organic compound which could be an alcohol or a ketone or 

a. diol such as a glycol, for example ethylene glycol, or 
. . 

·propanediol or butanediol. This organic compound_ may have 

10 the function of increasing the solubility in the aqueous 

phase of the olefin to be polymerized. 

The polyme~ization medium is preferably stirred~ 

The stirring is preferably enough to distribute the.various 

phases uniformly in th~ reactor. 

15 · . At least. one dispersing agent can be added to the 

polymerization · medium. . Such a dispersing · agent may · in 

particular-be used when the polymerization· medium comprises. 

a· liquid : organic phase, -in which case ·it helps to -disper_se 

said liquid organic phase in the f orrn of droplets surrounded 

20 by the continuous aqueous phase. In this ·case, since the 

constituer:its (A} and· (B) have been mairily dissolved in the 

.liquid organic phase, ·the pol:Yrnerization takes place mainly 

in th~ droplets, the latter generally having a mean diameter 

of between. 100 ·µrn and 3 millimeters. 

25 The dispersing age?t may be one of those known to 

have this . function_, such as, . for· example,. a polyvinyl 

alcohol, methylcellulose, a·. gelatine, · k~olin, barium 

sulfate,· hydroxyapatite, magne1?iurn silicate, tricalcium 

phosphate, or. a combination of· several .of these dispersing 

30 agents. 

The dispersing agent may be introduced into the 

polymerization mediu~ at .up to 10%" by weight: with respect to 

the water used and. preferably from 0 .. 01% to 5% by weight 

with respect to the weight of .. water used. 

35 At least ~::me emulsifying agent can be added to the 

polymerization-medium. The use of .such an emulsifying age~t 
is in particular recommended when it is desired that the 

polymerization leads to a latex, that is to say to an 
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ensemble .of ·polymer particles having a. number-average 

diameter of less ... than 1 micrometer, said particles being 

. ·.dispersed in the aqueous phase. ·when an emulsifying agent is 

used, it is not-generally necessary for the polymerization 

5 medium to contain. a dispersing agent. 

By way of example of an emulsifying agent, it is 

·possible to use · any one of the known surf act ants, whether · 

~hey be anionic, noni_onic or. even ca.tionic~ In particular, 

it is possible to choose the.emulsifying agent from anionic 

10 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 sodium·. or potassium salts· of 

15 sulfosuccinic- esters, the sodium 01; potassium salts ·of 

alkylarylsulfo~ic acids, in·. ·particular sodium 

dodecylbenzenesulfonate, and the sodium or pota~sium salts 

of monosulfonates of fatty rnonoglycerides, or even from 

nonionic. surfactants such as the products ·of the reaction 

~O between ethylene oxide and alkylphenols. It is of c6urse 

possible -to use· mixtures of such sur~actants. · 

The emulsifying agent can be introduced into the 

polymerization medium at· up to 10% by weight with respect to 

the weight of water, .and preferably from o_. 01% to -5% by 

25· .weight with respect to "the weight of water. 

· In such a process comprising an emulsifying agent 

and a. liquid organic phase, .since the constituents (A) and 

. ·(B} have mainly been ·dissolved in said liquid. organic phase, 

and .since the. amount of emulsifying agent ·.is· greater than 

30 . the critical micelle concentration, the polymerizatio_n takes 

place in the liquid organic phase droplets, which generally 

have· a mean diameter of between 1µrn·and1 000 µrn, _and in 

the micelles which generally have a mean diameter of between 

1 nanometer and 100 nanometers. Such a p:rocess 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 emulsifying agent is ·increased, ... 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 liquid 

. organic phase is present and when the amount of_· emuls~fying 
agent is .such that all the liquid organic phase is present· 

."5 in the mH:::elles, the process is ·similar to .the process 
called "radical·microemulsion polymerization", except that 
the polymerization does not involve radicals. 

Where the polymerization medium comprises a liquid .. · 
o~ganic. base and an emulsifying agent, it is possible to add 

10 a· cosurfactant to the medium, as happens for the 
polymerization processes in a mini emulsion. Sµch a 
cosurfactant generally has a solubility· in water . of less 
t_han 1 x· 10-:-3 m~l per· liter _at 2o·c. S~ch a cosurfactant 
may I for" example, be hexadecane or" cetyl alcohol.· It may be 

15 present at ·up to 10%.by weig~t with respect to the weight of 
water and" preferably the ratio of the 1t1.ass of emulsifying 

. . 
agent to that of the cosurfactant ranges from 0.5 to 2. The 
presence of this cosurfactant makes ·it possible, also.· by 
means of enough shearing of the medium, to obtain droplets 

20 of the liquid organic phase of less than 1 µm and promotes· 
the for.mat ion ·of·· ·a lat~x ·at the . end of polymerization. 
Enough shearing ~ay,. for example, be obtained by ultrasound 
or by.a homogenizer (such a.s an apparatus of.the Ultraturax 
or Diax 600 ·type from Heidolph) . ·once the characteristic 

25· size (<1 µm) of .the droplets is obtained,. stirring can _be 
continued with less vigorous shearing, of the type of 
shearing used ·~or suspern:doi:i polymerization process.es. 

Where an organic solvent has been· used,. the l'atter. 
can, ·if desired,, b~ removed by. evaporation. 

30 The process according to the invention leads to 
polymer particles whose · diameter may range· from 
10 na.nometers to 5 millimeters. 

Where the polymerization comprises an emulsifying 
agent, a lat'ex is obtained. At the end of· the polymerization 

35 carried out in the presence of an emulsifying agent,· the 
latex possibly contains particles having a tendency to 
sepqrate by settling and it 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 ingred~ents in the polymerizati9n medium and ~he tjegr~e . 

. 5 of conversion of monomer into a polymer, may be adapted so· . . . . . 
that the latex has a sol~ds content ranging from 0.1.to 50% 

-by· weight. 
. . 

The · olefin · intended ·to be polymerized is 
introduced -with enough stirring of the polymerization 

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

.·in liquid or gas_eous form, depending on its ·physical -~tate. 

15 

The_ polyme:r:ization temperatures and pressures have 
. . . . . 

been indicated above. 
·Where _only ethylene is polymerized,. a high_-densi ty 

polyethylene honiopolymer is obtained. The polymerization.of 
ethyl~ne.with at least one olefin other· than ~thylene leads 
to the production of a lower-density ethylene polym~r than 

· the abovementioned· high-density polyethylene homopolyrner. 
20 Dep~nding· on the amount.and the type of the comonomer(s) of 

ethylene, it. is therefore possible to obtain a high-densi.ty 
•ethylene polymer. (high-density polyethylene), or a medium...: 
density· ethylene pol,ymer (medium-density polyethylene) or 

. even, with a high proportion of comonomer, a low-density· 
25 ethylene polymer. (low-density polyethylene). 

As is cominon practice for ethylene polymers, the 
term "high dens.i.ty" means a. density greater tha.n o. 940, . . . 
medium .density means that tpe density ra·nges from 0. 925 to 
0.940 and low density ~earis that the dens~t~. is less· than 

30 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 

35 particular, if at least one 6lefin is ethylene, a latex of 
an. ethylene· .. polymer can be obtained. 

The process. according to the invention may. 
therefore lead to a latex of a high-density ethylene polymer 
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or to a latex of a medium-density ethylene polymer, or even 
of a low-density ethylene .polymer. 

· Within . the scope .of the present patent 
application, the term.polymer must be taken· in its general 

5 sense, such · that . it covers homopolymers, copo·lymers, 
interpolymers and polymer blends. The term polymerization 
must also be taken in ·an equivalent general sense. 

The set of olefins includes that of the cx-olefins. 
As olefins, mention may_ be made of· ethylen·e, propylene, 

10 cyclop~ntene, 1-hexene, ·. 3.,-methyl-l-pentene, 4-methyl-1-
pentehe, 1,4-hexadiene, 1,9-decadiene, 1-octene, 1-decene, 
and· the cycli·c olef ins_· such a·s cyclohexene. The · set of 
olefins also. includes · the compounds of formula · CH2=CH­
. (CH2) n-~ where n is an· int_eger ranging from 2 to 20, and G 

15 represents a radical which· ·c?-n be chosen from· the following 
. . 

.list: 
-OH, -CHOHCH20H, -OT, -:-CF3, -COOT, -COOH, . _-Si {OH) 3.1 

Si(O°T) 3 ,_ whe.:r;e_ Tis a hydr?carbon.radicai having from 1 to 
20 carbon atoms.·Mention is made ·in particular of the cases 

20 where a.t least one ole.fin ·is ethylene. · 
The process. according to ·the invention may . b~ 

carried out in batches, semicont1nuously or continuously.· 
The following examples illustrate the present 

inventio~ without howev~r limiting_ the scope. thereo~. In 
. . 

25 these examples, the following abbreviations have been used: 
• 
• 

weight-average molecular mass: Mw 
polydispersity {weight-average molecular mass/number.­

average mass): MwiMn. 

EXAMPLE 1: Polvmerization of ethylene 

30 · 42 ml of toluene and· 67 mg of exo,endo-2,3-bis[2-
m e t h o x· y c a r b o n y 1 - 2 - -( · t r i p h e n y 1 p h o s p· h o r -

anylidene)acetyl]bicyclo[2.2.l]hept-5-en~ ligand, that is a 
·concentration of 1. 9 µmol/ml ·were placed in a 200 ml 
·schlenck tube in a riitrogen.atmos~he~e (Solution 1). 

35 41. 2 ml o·f toluene and 56 mg ·of 
bis(l,5-cyclooctadienyl)nickel, that is a concentration.of 
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4.9 µmol/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 
s6lution 1, that is a nickel/ligand molar·ratio of 5, were 

5 introduced at .ambient temperature successively into a 
. 1 liter metal reactor, fitted with a stirrer, in a nitrogen 
atmosphere- and with stirring at 250 rpm. The reaction 
~ixt~re was.· then kep·t at 1 bar nitrogen and at 65 · C for 
10 minutes. 

Ethylene was then introduced so that there was an 
absol"Ute pressure in the reactor of 5 bar .. The pressure .was· 
kept constant throughout the polymerization by means of a . ' . 

continuous feed of ethylene into .the· reactor. 
After one hour of polymerization, 86 g of 

15 ·polyethylene, that is a productivity of 8. 8 x 106 g of. 

20 

. . 

polymer/mole-of ligand, were recovered. 
The · polyethylene · .had 

'characteristics:· 

•- Mw = 35.600 g/~ol; 
• . M\./ Mn = 10 . 2 ; . 

the. following 

• Mel t~ng · point (measured. by DSC Differential 
Scanning Calorimetry) = 12 9. 4 · c ·· 

EXAMPLE 2: Polymerization of propylene 

51 ml of. toluene and 86 mg of exo, endo-2·, 3-bis-
. . . . 

25 [2~methoxycarbonyl-2-(tripheriylphosphor-
ariy~idene}acetyl~bicycl;[2.2.l]hept-~-ene iigand, _that {s a 

. : concentration of· . 2. 6 µmol/ml~ were placed in a 200 ml 
Sc~lenck tube, in a nit,:togen atmosphere (Solution 3) .. 

37.1 ml· of toluerie and 101 mg of bis(1~5-

30 cyclooctadienyl) nickel, that is a . concentration of· 
2. 6 µmol/ml, were placed in a second 200 ml Schlenck tube · 
(S9lution 4). 

500 ml of toluene, 10 ml of Solution 4 and 5.ml of 
Solution 3, that is a nickel/ligand molar ratio of 9.6, were 

35 introduced ·at ambient · temperature ·.successively ~nto a 
1 lit.er me.tal reactor, fitted with a. stirrer in a nitrogen 
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·atmosphere and· with stirring at 250 rpm. The ·.reaction 

mixture was then kept at 1 bar nitrogen and at 65 ·.c for 

10.minutes. 

Polypropylene was then introduced so that there 

5 was an absolute· pressure· ·in the.· reactor of ·5 bar. The 

pressure was kept constant· throughout the ·p.olymerization by 

means of a .. continuous feed · of polypropylene into the 

reactor. 

After: ~me hour of polymerization, a yellowish 

· 10 solution was recovered which, after evaporation, provide 1 g 
. . 

of ·a polymer ·having the appearance of a · grease. The . 

. P.roductivity was 0.1 x 106 g.o·f polyme,r/moi of ligand. 

• Mw = 6 941 g/mol; 

• -Mw/Mn = 4.5; 
15 • The mel.ting point ·(measured by . DSC) was 119. C. 

EXAMPLE 3: CopolyIDerization of ethylene and propylene 

56.8 ml of toluene and 91 mg of exo,endo-2,~-bis-. 

·[2~me.thoxyc~·rbonyl-2~(triph.enylphosphbr­

.ariylidene)acetyl]bicyclo[2.2~1]hept-5-ene .ligand, that is a 

20 concentration of . 2. 0 µmol/ml, were placed in · a 200 ml 

Schlenck· tube, in a nitrogen atmosphere· (Solution .5). 

25 

·91.4 ml of toluene and 132 mg of· bis(l,5-

cyclooctadienyl)nickel, that . is a concentration of 

5.3. µmol/ml, were placed in a second 200 ml Schlenck tube 

·(Solution· 6). · 

500 ml of toluene, 20 ml.of Solution 6,. and 5 ml 

of ·Solution 5, that is a nickel/ligand molar r·atio of 10-. 8,. 

we~e· ·introduced at ambient temperature successively into a 

·1· liter I1letal ~eactor, fitted with a sti~rer in a nitrogen 

30 ·atmosphere and with stirring at 2-50 rpm. The · reaction 

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

10 minutes". 

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

was ~hen intr6duced so that the absolute pressure in the 

35 ·.react.or· was 5 bar. The pressure was kept constant throughout 
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the polymerization by means of a continuous feed of the 
80/20 by mass ethylene/propylene mixture into the reactor. 

· After one. hour of · polymerizatio.n~ 92 g o~. a. 
polymer -having the· appearance of a grease was -recovered .. The 

.5 productivity wa~ 9. 4· x 106 g of polymer/niol of ligand.· 
• M ·= 4 166 g/mol w . 
• ·Mw/Mn = ·2.9. 

Infrared analys~s of· the product · indicates ~n 

incorporation of propylene not exceeding 5%. 

10. EXAMPLE 4: Emulsion copolymerization ·of ethylene and 
.propylene 

1.5.1 of deionized water, thro"ugh which _nitrogen 
had bubbled fo~ 2~ h, was.introduced into a.2.~ 1 Schlenck 

.tube. 200 ml of this water were.taken and introduced into a 
15 · ·300 ~l · Schlenck. tube with 6 g of sodium laurylsulfate (SLS) 

and sparged with nitrogen for 2 hours .. 3 ml of h~xadecane 
were then added .. The.contents of the· second Schlenck tube 
were re1ntroduced into the first tube. 

35mg of the exo, endo-2,3'.'""bis[2-methoxycarboriyl..:.... . . 

20 · 2 (triphenylphosphoranyli_dene) acetyl] bicyclo (-2. 2 .1] hept-5-ene 
ligand and . 2 63. mg of bi~ (_cis, cis-1, 5-cyclooctadiene) nickel 
in powder form (that is a.nickel/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· mim;i.te 
25 at ·ambi-ent temperature. This ·solution was added to the 

aqueous. phas·e .. The· whole . was then·. homogenized, still in a. 
nitrogen :atmosphere, by mea~s of an Ultraturax homogenizer 
for· 1 minute at 1 500 ~evolutions per minute. The 

· miniemulsion . obtained was introduced into a 6 1 metal 
30 reactor fitted with a mechanical·stirrer and kept at 45·c. 

The reactor was placed at 2 ba~ of a 76/24 by mass 
ethyiene/propylene mixture:, and its temperature was rai_sed 
to· 65 ·c with stirring at ·400 revolutions per minute. When 
the temperatm:·e had reached 65 · C, the ethylen_e pr~ssure was 

35 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 minutes.: 2 9". 3 g· 

·. of polymer, in the form of a dispersion . whic~ sediments 

slowly, was recovered. The melting point· of the recovered 

5 product was 11o·c. 



CLAIMS 

. 1 - A c·atalytic system characte+ized in that it 
consists of: 

(A) at· · 1east. one ligand · \1rhich ·can be represented by the 
5. general· formula ·(I) : 

·10 

15 

20 

25 

35 

E· E' . 

R2· 
\\ II 

:B.'2 c ~ R c 
· 1 /. \ I 

R'3 R3 ·-·X· = c .c = X' - (I) .r· \ .. ·' ·1 ·· 1. 
. R4· ._Rl . R'·l R'4 

where: 

E and E' ·each r_epresent independently an oxygen· or ·: 
a sulfur atom;· 

X and X' ·. each represent. . independently a 
phosphorus,.· arsenic or antimony atom; 

. the. :radica_ls R.i and. R'.1, which· m~y· be identical or 
different,. are· Ch.Osen .from: 

. . . 

. . . 
. hyd:r:ogen; 

.linea:r,. i.:>ranched or cyclic alkyl radicals;" 
aryl radicals;. 
aryl~lkyl radicals; · 

·alkylaryl radicals; . 
. haloge~s; . 

· .· the .·hydroxy~ radical; 
alkoxide· radicals; 

- .. c -OR', where .. R' repr,esents . a hydrocarbon· 
II 
0. 

radical.which may have from· 1 to 15 carbon 
atoms; 

·• 
+ -S03Y, where y is chosen from Li, Na, NH4 , 

NR" +. .(where R" represents a . l)ydrc»ca rbon . 4 

111111111111111111111111111111 
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... 

. radical.which may have from 1 to 15 carbon 

. atoms)-; . . 
the R2 .. R'2 .· R3 · R' 3 R4. and. R' 4 radic·als which f f f f. . . I 

may be identicai or df·ff er·ent, _are:· chosen _from 
linea:i;:·, .·branched· :~r cyclic al"kyl · ·radicals, and 

·--~rylalkyl radicals;:· 

·. R is a d_ivalent ·rad;Lca1·; and 
.. .. . . 

· -(B) . -at· 1east ~ne ni_ckel. compound chosen from:. 

· (Bl) riic)cel· ·complexes _.witl1 . a .·z.ero .-oxidation state-_, 
10: . which. can .. be representeci by . t.he _general . formuia 

· (II)·: . · · 

·15 

20 

·25 

Ni ' .. (II). .. : 

·where.· Ra ·and.· Rb . ea·c~ . r~p~ese·nt: · iridepe~d~:ritly a. 
hydrogen· .. atom, . or . a· line.ar; branch~d or .cyclic 
~lkyl .. radical. or aryl,.:· -~~ylalky:t_. ·o~ ·a~kylaryl 

. radical f. Whi"ch may h~Ve. Up to a. Carbon at:OmS I. ·it . 
_ )oei.ng .po~sible _ fo"r Ra -~~d· Rb to form together ·a_ 
divalent aliphatic group O.f 2· ·to .10 carbon atoms 

-·an:ci-_ be. able to . :h~ve .. up· to. thr~e: ~lef-~ni_c:. _·doub_le 
bonds· : as _th,e .. only . carbon-:--carbon .. unsaturated". 
groups; 

. . 
(B2) n~allylriick~ls~ .which: can be re~resented· by the 

general formula (III): · 

11111111111111 11111 1111111 1111 
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Re. Rd 
\/ 

c 

·in which: . . 

. <In;r 

. 'the ··R:.c ,: . Rd,.· Re., . Rf and Rg ·ra.dicals, which ·may . 
. be. :lctentical or . different-, . q.re cho-:sen. from 

·.hydrogen; .. linea.r, br~nched :or cyclic. _alkyl 
.radicals . and. a·ryl,. "arylalkyl . or :alkylaryl 

. ·radicals; havin.g. up to.··a. · c·arbon atoms·;· · · ... . . ·. : . . . . . . . . . 

the. d6tted lines ~re~iesent the.electron· . . . . · deloc;:alization on the three contiguous carbon .· . . . . . . . 

. atoms; . 
. an .Re 9r Rd radical. may form, with, a~ Re or· 
Rf -_:or Rg . radic~i., _.:.a di ~a lent. ·al ken~·· ·.gi:oup . 
ha_v.ing ·from 2 to· 10· ~ar~)on atoms and abie ·to 

·. ha~e ·u:p.· to three olefinic .doubie bonds·~ and 
z represents" .a h.alo·gen,· an alkoxy g"roup or. an 

: . alkanoyloxy group;· : . · 

(B3) ·c;:ompounds of the bis·(allyl) nickel type_· wh~ch. can· 
b~ repre.sented -by the .ge.neraJ. · fo.r;mul·a (IV)·:. · 

Re Rd. ·Rd~ Re' 
\"/ ·.·· ·\ / 

C .·· · . C· .. _, 
. /l . . \\. · .. 
// "'.\ . 

Re -.· C -· Ni ·_ .. - C Re' . (IV)·.·. 
'\\ ·// 
c c .. 

L \ ·. . I,\ f' 
··Rf . Rg. Rg R 

; I 1111111111111 Hiil lllll ll 1111 
'*CL MS* 
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-in .which: 
the radical.s Re to Rg, and Re' ·to Rg' I which may· 

. ·be identical or diffe.rent, a·re . ·chosen from 
hydrogen, · · 1ine_ar, branched or· cyclic. alkyl. 
rad.1.cals and· a~yl, arylalkyl "or_.alkylaryl .. radicals ... 
_havi~g·Up.t6 8 carbon ato~s; 

... tl)·e ·.:dotted . lines . · represent the electron 
:de,locali·zation on ·the three contfguous . carbon 
atoms; 

. 10 ·. :--· .a radical·Rc or_Rd able to form,:with·a radical Re 
o.r 'Rf· o~ Rg, ·a div~lent alkerie g~oµp. havi~g·. ·from 

15 . 
. ,.· .. 

2 to 10 carbon ~-t~ms and able to. have up. to· three: .. . . 
oief inic double" b~nds; ·. 
:·~ ra::dical' -Re;. .or Rd'· able to foriti~. with a· radical . 
Re·' c;r · R~' ··or. Rg'·;. a di vaiemt · a_lkene: group: ha~i:ng · ·. 
'f.r~m .2 to' 10 ... c~rbon atoms and. -~ble· .to have up to 
three.olefiriiri doµble·b6nds~· 

··. · 2 - ·The. catalytic· system as ·claimed in c;I.aim · 1, .. 
. I . characterized in:·' t.hat, · in . formula· .(Ih · E . al)d . E · .. are.-

20 se_parated· by· intermediate atoms -linked .together by .covalei:it : 
·o·r.: coordinate bonds.· : 
. . 3 - . The _catalytic system as cl~imed. in either o~ . 

· · claims 1. a1?-ct"_2·, characteri~ed.in. that, i~·.formul~. (I), ·the· . . . . . . . . , . . . . minimum numb~·r.c)f-..atoms between E ano:E is from 3 ~o 40. 
2s 4 · .. -:-·The· catalytic. s~ste~ a~. ci~imect- in ei.ther o:f· 

.. claims 1 to 2, chara:·cterized in that'· in· f orrciula (I)_, R is .. 
. ·.cho.seri from: : 

.. . :di Va.lent. hyd_rocarbon ·radical::; comprising from 2 to .38 
carbon.atoms; and 

30 · ·the_·. ~ 1, 1' -ferrocenylene radical ·which may- .be.· 
substitutep. 

· · · ·. 5 The catalytic system as claimed in one of 
cla) .. ms :t. to . 4, characteri.Zed fn that the· li.gand ··of formula 
(I)° .. compris_es one of the following structures: · 

; Ullllll llllll llllf.11111111111 
* C L M S * 
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.. 
. . . 

' 15 

20 

25 . 

. . . 30. 

. 35 .· 

. ·: 

40 

45· 

--- -----'--___:.__ 

25 

•. 
0 0 

\\ . . II 
Ph :· . C ·- R - C Ph 

· · Ph - ~ ·· ~ c1 . . \ = J ~ Ph · (Ia) 

• 

• 

• 

I \ 1·. ·.I .. · 
. Ph C=O ·O=C ·Ph 

:/ . \ 
0 0 

I \ . 
' CH3. . CH3 .. :, 

wh~re R ·xepresents a 5,6-bic~clo[2~2.i]hept-2~ene 
rad~·cal_;·_ -(CH2) 4-· or -(.CH2) 9-;·. 

0. . 0 
\\ ·. . . ·/I 

. · Ph C - R -·C . Ph · . 
. I < /. ·. · . ·.··. \ · I · . 

:i;>h. ·- P = C C = P - Ph I \. I . I· - . "(Ib)" : 

Ph Ph · Ph . P~ 

. where ··· R · repre.sents a 5;. 6-bicyclo (2 .2 .·1.] ..:.h_ept-:-2:--ene .· 

~adical_; or -~: (CJ:lz) g- ;: ... 

.Ph -

0 
II 

- C Ph 
\ . 1 · 

C = P' - Ph 
.- I . · · I 

. CH3·· Ph· 

. (.Ic) 

. . . 

·· ~~ere. 1, 1.' -F ~.,represents· a_-1, 1' -ferrocenylen~. ·ratj.ical;_ 
and . 

0 . . 0 
. "\\ .. {§)·. · · . II 

Ph · . C . Q · - .C . Ph · . 
I ... : . /. · · \. ·I 
P = C . . .··C = P - Ph 

i~. . \Rl R{ Jh 
Ph - (Id) 

where .. Rl. represents H or Ph or S03Na or .-C-O-CH3. 
, II · . . 

0 

111111111111111111111111111111 
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6 ...:. ·.The catalytic ,system as claimed "in one. of 
claims· 1 ·to 5, .. characterized in .. that the ·nickel compound 
. {B1 )_·. is chosen. from: . · 

. ·. bis(l,5~cyclooctadietie)hickel(O);. 
·. · 5 -~ bfs .. (cycl"ooctatetraene) nickel:(o); ·and 

. bis (1, 3, 7-.octatriene")ni<;::kel (0). · 
. · 7 - . The cat_a·ly_tic syst.e!O- as claimed in one ·of 

"C:laims · 1 ·to -5 1 . characterized· in tpat, in: ·a ·nickel compound 
.·:_(B2)_ .. or (B3{,:_.a·;n~al~~l group.ha~ from.:3.,t.o·l2 ~.arbon.~toms. 

10 ·which _do ·riot :·have other· alipJ:'.latic .un."saturated gr_oups, e~cept · 
·: . ·where it contains. a closed cycle~ . 

. ··a .- The catalytic· .system. as· cl~imed .in .one. of 
· .. claims· 1 .to :5, ·d1a-racterized. in that .the. ni.ckel compound:_ 

(B2.f ·is··· chosen .·from: · , 

15 ~:. -ri~a:I)ylnickel chloride; 
.. 

. · 11-al-lylnickel. bromide; 
· .·.- rr~crotylnickel. c.h.loride; 

. ·· rr_-me'thylallylnickel chloride; . 

. rr-ethylailylriickel chloride; 
20 -~ ri-cyclopent~l~ll~1ni6~el b~omide;· 

· .. ·. rr-cyclo.octenylnickel chloride; 
. . . . 

.. n-:-cyclo_octadienylnickel .chloride;- · · 

. n-cynnamyln_ickel. bromide; 
. . 

.. n-phenylallylnickel chloride; 
. 25 . · ·n>·:cyclohexenylnickel b~omide; . 

. . rr~cyclodo.dec"enylnick·e·i · chlorid~; 
~- ~-cyclodcid~catrienylhickel chloride~ 

:.·· :rr..:.allylnic~ei ace"t:ate; . · .. 
·.rr-me~hylallyl_ni.ck~l ·propionate; 

30 . ·.n..:..c.yclo_octenylnickel · octoate;. 
n-cycl"Ooctenylnickei methoxylate; arid. 
n-al.lyln~ckei ~tho~yl~te ~ . 

. . 9 - The .catalytic system as claimed ·in one. of 
claims ·1 "to 8, characterized·· in· that the n.ick~l compound . 

35 (B3) ·is chosen from:. 

. bis {II-allyl·) nickel;· . 

. ·bis (n-.methallyl) nickel; 
bis(n-cynnamyl)nickel; 

l 111111111111111111· 11111111111 
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bis(rt-octadienyl)riickel; 

b~s(n-cy~loh~xeriyl)riickel; 

:O:'.""allyl-n-:-methallylni.ckel;. and 

bis (n-cyclooc:tatrie!lyl )_nickel. 

· 10 "-:- The. catalytic system. as- clai~ed in one of 

cl.aims. 1 to. 9 ,.: characterized· in. that the compon~nts (A) and· 

(B) a~e .p.rese~t .in a~ou~ts such :tha.t the n.ic.kel-to~li_gan~i(s). 
. . inolar ratio is between 1 and 100. 

. · . 11 -" T.he catalytic ~ystem as ciaimed in claim iO; . : 

10 i.::haracterized in that the components_. (A) (ind. (B) are present 

.in amoun.t.s sµ<:;h that the _rlickel-to-ligand (s) ·n.iola"r· .ratio .is 

between ·2·and 50. .. 
12 - .. A. pr.ocess· -~.or the polyinerfzation o"f at·· least . 

. one. olefin :iii the presence ·of ·a catalytic system· as def;t~ed: 
1.5 in· ·one of .claims .1 to· l;t. 

13 · - · ~he.· proces·s . as cta·imed in claim ·· 12; ·. ··. 

· charact.erized. in that: 

. ·in· a f_irst step~. each ·a·f the constituents. (A) and (B), 

. whicn, ·are ·in solution. in an inert ·s.olvent, : are· 

:introduced·separ~tely or si~ultaneously into ·a.. reactor;· ... 
. . . ~ . . . . . . 

together with .the . reaction ·mixture; and : 

in a second step, . the ole°t:i.n or· olefins are introduced, 

.. the (co>°polymeriza:J:ion" taking pla~e at a ·temperature .. 
. . . . . 

. :. b.etween 0 and 30o·· c. and at·.a .total ab.solute. pressure of 

25 . froin · 1 to 200. bar .. 
. . . . 

... 14 The · process as claimed in claim ·13, 
. . 

characterized in t)'~at the . constituents ; (A) anq (B) -_are 

.l.ritroducecf'.in a riickel-:-to-i·igand (s) Illolar r:~ti9 of. between 

·l ·and 100. ·. 

· 30 1.5 ·The ·process as claimed in . claim 14, 

ch.atact:erized in· ·that. the .. constituents (A) and (B) .are. 

i.ntr~duced in ··.a nj,ckel..:.to..:.ligaii.d (sJ :~~lar. ratio of between 

2 and 50. 

16 ··- T.he process .. as claimed in one of claims 13 to 

35 15; cha!acterized in that.the •iner~· solvent of constituents 

(A) and (B) is ·chos"en from saturated aliphatic hydrocarb~ns, 

saturated alicyclic hydrocarbons, aromatic hydrocarbons and 

mixtures thereof. 
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. . . 
15 and .20", characte·rize·d in>.that the medium·"C>r the .. organic· · · 

. phas~· is: chosen . from: 

saturated alip~a~ic hydrocar~ons, s~trirated alicyclic· .· · 
. . . 

hydro~arbons, aromatic hydrocarbons· · ·a:nd mixtures · · · 
thereof; and 

20 · to· the extent that· .·the polym~rization conditions keep .· · 
. them in .. liquid"forin, ~:....olefins; unc~:mjugat~d· dienes ·.and. 
mixtures thereof. ·· 

22 :.... The pJ;oc:ess. as claimed in one of claims 18. to 
21, . cl:l.aracterizeq in that the polymeri.zation . medium 

25' com.pr.is.es a dispersipg. agent. 
. . 

23. The process . as . ·claimed in . claim . 22, 
characterized in t_hat :the dispe·r·s_:i,ng ·agent ·is present at U:P: 
to. ·10%· by . ~eight ·with respect to .. the weight or water': in: 

. -particular,·. at 0. 01 to · 5%. :by ·weight,. with respect to the . . . . . . . 

· 30 weight of _wat~r. · 

··24_ - The _E?rocess as claimed in· one of ·claims .18 to 
23, · cha:i;acterized. ·in· that - · the· polymerization · med1urri 
comp_rises ari emulsifying· agent. 

25 The. process . as . cl~imed in claim 24, 
35· characterized in that "th~ emulsifying agent is present at up 

to 10• by weight, in ~a~iicuiar at 0.01 to 5% ~y weight, 
with respect to the ·weight o·f water. 
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26 ·..:. 'The· process as· claimed in either o·f claims 24 
:and· 25, ·cha.racter_i.zed in· that the eml!-lsifying ·agent .. is· 
. present in · an amount · gr~ater · than · the critical micelle 
concentration. 

5 ~7 · The··· proces~ as ·claimed in claim .26~ 
.characterized· in that·. the amoµnt· qf emul_si~ying agez:it. is· 
enough so that the p~lymerizat~on takes.place.m~inly~in>the ·: .. 

~icell~s. 

· 28 - The process as claimed in one of. claims. 24 to 
1_0. 27; .· characterized in that ·. the . p9lyin~rization .·medium: 

. compris"e.s a "liquid organic .phase. and "a cosurfactantr . 

··1s· 

29 The·.· p·rocess as·. ·claimed ·in claim 28, 
·.characterized·. in· that :the polymerizati_on. m_ixture comprts_es · 
a ·,liquid organic. ?has.~ a.nd a c~su~f ~ctant. . . . . .. 

. 30 ... - ... The process· . as_.·:··cl~imed. _in c.laim · ·29, · . 
. characterized .. in .. that-· the. ·cosurfactant has a. solub_ilitY" in 
_"water of. less: than.~ x.10-_3 ~01: per ·:liter at 20.·c .. : 

· 31. :..... The.· process ·-as cla.imed ·in either. ot" claim·s "29 
. and 30 I Characterized in. that the CQSUrfactant. is pr~Sent. at . . •.. . . . . . . . 

20 tip.-~o· 10% by weig.ht with" respect to"."tt~:e.weight of water~·· 
32 -: The process as cla_imed _in one. of claims 29 to 

3"l, characterized :in··. t_hat .. the·· .. emulsifyin.g ag~nt .. to 
. ·.· .. ·. cosurt"acta:n,t inass ratio goes "from 0. 5. to ·2·· .. 

33 ....: The _~process as qlaimed in on~ of claims· "1"3 to 
... 25 · 32, ·characteri·zed · in· ·that the.·.· concentration· · .. of the 

· con~ti.tµent ·(A)· i~-.·the .inert sqlvent is between.· o .. i micromol 
and lOQ_ mi1lirriol per liter .of· solP.t;ion. 

3.4 - . The process· as clai.me.d in one of. claims.-·1°3 to 
33·, characterized in· that the concentration· ·of. the· 

30 ·constituent. (B) in the ine.tt ·solvent is between· 0.1. micromol 
·.and :~foo_· miliimol per .liter ~f. ~elution. · 

· · ·35 :... The pr_ocess as claimed in one of ·claims 13· to· 
34, characterized .in that. it is. carried out .in· an inert 
atmosphere. 

'35 36.- The process-as claimed in one of claims 13 to 
35, characterized in that, in a preliminary step,·. the 
constiuents (A) ahd (B). in solution are brought into contact 
.with each other iri" their inert soivent, for a duration of 30 
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seconds to. 10 minutes, . before their introduction into. the 

reaction mixture. 

3.7 .· - The process : as claimed in claim . 36·, 

charaC:terized in that this. _precontacting step is carried out 

5 .·in. · a·n inert · atmosphere,·. at a temp.er~tu_re of between- 0 and 

100 ~ C, in particu~ar ·b·e.tw~en 10 ,and 70 ·c .. 
. 38 - ·The process as .claimed i.n one of .claims ·1_3 to 

· 35~ cha.rac:terized. in that the .C:ori.stit.uents (A)· ~nd · _(B), 

. _which are :in solution -;in their ine.~t· so], ven,t, are :Lntroc:iuc~d · 

10 . sep.arately into the- reacti.on mixture,. the iatte"r being he).d .· 
. . . 

· . at a: temper~_ture of fron:i · O ~q 100 ·_c., .iri ·particular. frqrn 10· 

to. 70 ·c. 
39·. - -The .process as claimed· in on:e· of claims _,13. to 

38 ,-._ characterized in that. the· (co) polymerization is ·carri~d ·. 

·is out at a temperature _of between 25· _and· 20_0 ·c~ · 

. . . ~-0 · ~ The'.process.· as clai.med in .. one of claims 13 to 

·39, charact.erized in ·~hat the·· (co.)"E><;>lymerization is _carried. 

··.·· .. out .at a· total .abso_lli"t:e _pressure of. "fr_om 1 to 100 .·bar. 

: . ·. ·. 41 - ·The p~ocess as cl~im~d :in one· of. cl~ims·-.13. ~~-

.20 · 40, characterized in·that the·cilefiri ·~r-.olefins intended ·to 

be. polymerized· ar.e introduced -in ·g.as 9r liquid· form,_ w~th · .. 

e·nough sti~ring of. the pol~~rization. medillin,. in· ·particular. 

wit-h ·stirring ranging from 10 .. to · 10 .. 000 .. ~evo·lutions per 

.. minute.·· 

25. 4-2 ..: The proces_s .accord:i,.ng to .one of claims· 13 to 

41, ·characterized· .. in . that the · olefins are chosen·. fr.om ·. 

ethylene,. cx-olefins, cyclic ol~fins · and com.pounds·. · of 

··.·formula:· 

"30 .... · 

in which:·· 

n is an integer between 2 and 20; ahd 
.. . . 

G is a radical.chosen from: 
. . 

-OH; CHOHCH20H; OT; -c·F3; :"'"COOT; -COOH;. 

35 -Si(OH)3; -Si(OT)3;. 

·· T ·is ·a hydrocarbon: radical having from 1 to 20 carbon 

atoms. 
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43 .- ·The process as claime.d in one of claims 13 .to 

41~ characterized in_. that "at least one ?lefin is. ethylen_e .. 

44 - The p~oc~s~ as claime~·in one ·of claims 24 to 
. . 

43, characterized iri that it leads to a latex·, ."if necessary. 

5 .afier ~ filtr~tion ste~. 
45 The process as · c"iaimed. 

char~dterized in thai the latex.· is :a 

in . claim · 4 4, 

high-deh.sity 

polyethylene. or ·.·a medium....:density polyethylen·e·· or a. low-' 
. . . 

density polyethylene". 
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