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This application is & continuation-in-part of our appli-
cation Serial No. 261,523, filed February 27, 1963.

This invention relates 1o a new class of substantially
linear, amorphcous, vulcanizable, high molecular weight
olefin copolymers and to a process for preparing them.

In our pending application Serial No. 261,523, filed
February 27, 1963, we disclosed new vulcanizable amoi-
phous copolymers of monoslkenyl cycloalkenes, such as
more particularly 4-vinyicyclohexene-1, with monoole-
finic monomers, These copolymers were obtained with
the aid of catalysts acting with a coordinated anionic
mechanism, more particularly with catalysts obtained
from vonadium compounds and wetallorganic alominam
or beryllium compounds. TIn said application, we also
disclosed the preparation of new vulcanizable amorphous
copolymers of polyalkenyl cycloalkencs with monoole-
finic monomers,

The preseat application is directed, more particularly,
to our new, linear, amorphous, vulcanizable unsaturated
copolymers of one or more monoolefinic monamers, more
particularly selected from ethylene and higher alpha-ole~
fins, with polv-alkenyleyclonikenes, pamely with hydro-
carbon monomers containing at the same time wnsatura-
tions in a naphthenic cyele and uwasaturations in more
than one side aliphatic chain,

Non-restrictive examples of polyalkenyleycloalkenes
that can be wacd are: divinylkyclobulenes, dislykeyelo-
hexenes, vinvimethallyleyclopentenes, di-methallyleyelo-
octenes, divinyleyelooctencs.

Particularly advantageous results are obtained by using
divinyl eyclooctenes, such as more particolacly 1,2-divinyl-
cyclooctene-S. This monomer can be obtained by ther-
mal isomerisation of cyclododecatriene which can be ob-
tained from butadiene.

The monoolefitic monomer or monomers copolymer-
ized with the polyenas tn abtain the amorphous, vulcaaiz-
able copolymers are sclected from ethylene and aliphatic
alpha-olefins having the general formula CHy==CHR, in
which R iz an alky! group containing from 1 1o 6 carbon
atoms. Ons or more of the monoolkfing may be co-
polymerized with the polyenes. Piclerably, the mono-
olefinic monomers are selected from ethylene, propylene
and butene-1.

The copelymars consist of unsaturated macromolecules
consisting of monomeric units deriving frem each of the
monomers used,

For instance, by copolymerizing a mixture of ethylene,
propylena and/or butenc-l and 1,2-divinyleyelooetens-S,
2 crude polymerization product is obtained which consists
of macromolecules enach containing monemeric units de
riving from ethylene, propylene and/or butene-1 and 1,2-
divinylcyclooctene-5.

Each of the monomeric units derived from the polym-
erization of the aforementioned polyalkenylcycloalkencs
still contains two or mere free unsaturations,

These unsaturations are reactive points for successive
reactions carried oot on the polymer. For example, the
sites of wnsaturation In the copolymers permit the vul-
canization of the copolymers with mixes containing sul-
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fur, of the type commeonly used for unsaturated rubbers,
preferably for those baving a fow unsaturation content.
The double bonds present in the macromolecules can also
form, by oxidation by means of ozone, polar groups,
such as, c.g., cerbonyl groups, which in turn can be re-
active points for successive resctions (c.g., vnicanization
with polyvakat basic substances) and can be utilized in
order to improve the adhesivity of the polymer. The
double bonds can also be utilized for addition reactions
with metal hydrides, such as LiH, NaBH,, AIH(CHg)a.
cte. The mctal-to~carbon bonds thus fonned can then be
utilized for further reactions.

The present copolymers hawe a substantially Jinear
structure, demonstrated by the fact thal they have proper-
ties, such as, more particularly, a viscous behavior, practi-
cally identical with those of known lincar copolymers,
such as e.z., liacar copolymers of ethylene and higher
alpha-olefins.

The molecular weight of these copolymers, delermined
viscosimetrically, is higher than 20,000 corresponding to
an intrinsic viscosity {determined in tetrahydronaphtha-
lene at 135° C. or in toluene at 30° C.) higher than 0.5.
The intrinsic viscosity of the copolymers may vary be-
tween 0.5 and 10 but it can also reach higher valves. For
moat practical purposes, however, copolymers having an
intrinsic viscosity between 1 and 5 are preferably used.

The composition of the copolymers can be defined as
practically bhomogencous and the varicus monomeric
units are distributed at random.

The homogeneity of these copolymers is confirmed by
the possibility of obtaining well wvulcanized products,
using the techniques normally wsed in the vulcanization
of unsaturated rubbers, preferably having 4 low unsatura-
tion content such as buty! rubber.

That the unsaturations sre well distributed along the
macromolecular main chains of the copolymers is con-
firmed by the fact that the vulcanized products obtained
therefrom are completely insoluble in organic solvents,
such as aliphatic hydrocarbons, and arc oaly swollen to
a Hmited extent by some aromatic solvents, whereas prior
to vulcanization the copolymers are completely soluble in
boiling n-heptane.

Moreover the vulcanized rubbers obtained from these
copolymers have a very good mechenical strength and a
low permanent set at break. More particularly they have
high reversible elastic elongations and, when reinforcing
fillers such as carbon black have been used in the mixes,
they also have a high tensile strength. The elastomers
obtained by vulcanization can be advantageously used,
due to their high mechanical characteristics, in the prep-
aration of varicus manufactured articles, such as pipes,
air tubes, tapes, foils, elastic yarns, etc,

The copolymers can be extended or plasticized with
hydrocarbon oils. Paraflinic and naphthenic cils are pref-
erably used but aromatic oils ¢can also be used.

The catalytic systems which can be used for producing
the present copolymers are as described in our pending
application referred to bereinabove. Such systems are
highly dispersed, amorphous colloidally dispersed, or
completely disselved in the hydrocarbons used as co-
polymerization medium, (e.g. akiphatic, cycloaliphatic or
aromatic hydrocarbons or mixtures thereof) and are pre-
pared from erganometallic aluminum or beryllium com-
pounds and vanadium compounds.

More particularly, in the preparation of the catalyst
there are used organometallic compounds such as: bery!-
Lium dialkyls, beryllium alkyl halides, berylium dairyls,
aluminum trislkyls, aluminum dialkyl monohalides, alu-
minum monoalkyl dihalides, aRluminum alkenyls, alumi-
num alkylenes, aluminum cycloalkyls, aluminum cyeclo-
zlkyl atkyls, aluminum sryls, aluminum alkylaryls, alumi-
num daikylatkoxides, aluminum alky] alkoxyhalides, snd
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complexes of the atorementioned organic aluminum com-
pounds with preferably weak Lewis bases.
Non-limitative examples of organometallic compounds
belonging to the aforementioned groups are:

beryllium diethyl,

beryllium methylchloride,

beryllinm dimethyl,

beryllium di-n-propyl,

teryllium diisopropyl,

beryllinm di-n-butyl,

berylliom di-tert. butyl,

berylliom diphenyl,

aluminum triethyl,

alumisum triisohutyl,

aluminum tribexyl,

aluminum dicthy! monochloride,

aluminum dietkyl monofluoride,

aluminum diisobutyl monochloride,

aluminum monoethyl dichloride,

aluminum othyl sesquichloride,

aluminum butenyldiethyl,

aluminum isohexenyl dicthyl,

2-methyl-1,4-difdisobutylalumioum ) bulane,

aluminum tri{eyelopentyimethyl),

aluminum tri(dimethyl cyclopentylmethyi),

aluminum triphenyl,

alnminum tritolyl,

aluminem di{eyclopantyl methyl) monochloride,

aluminum diisobutyl monochleride complexed with
anisole,

aluminum monochloro-monocthyl monogthoxide,

aluminum diethylpropoxide,

aluminum dicthylamyloxide,

aluminum monochloromonopropylmonopropoxide,

aluminum monochioromonopropylmonoethoxide.

Vanadium compounds soluble in the hydrocarbons used
as the palymerization medinm are preferably vsed in com-
bination with the organometallic aluminum or beryllium
compound, in preparing the cataylst. Such vanadium
compounds includes vanadium halides aad oxyhalides
{e.g.. VCLYOC)K VBr,) and vanadium compounds in
which at least one of valences of the metal is saturated
with a heteroatom (more particularly axygen or aitrogen)
bound to an organic group, such as ¢.g., vanadium ftri-
acetylacetonate, vanadium tribenzoylacetonate, vanadyl
dincetylacetonates and halogen, acetylacetonates, vanadyl
trialkoxides and halogen alkoxides, the complexes of tet-
rahydrofurane, ethers and amines with vanadium trichlo-
ride and tetrachloride and with vanady! trichloride, and the
complexes of pyridine and quinoline with vanadium iri-
and tetrachloride and with wanadyl trichloride.

Hydrocarbon-insoluble vanadium compounds such as
vanadium triscetate, tribenzonte or tristearate can also be
used. In practice, in order to obtain the best results,
it is necessary to aperate in the presence of catalytic sys-
tems containing halogens, obtained from metallorganic
aluminum or beryllium compounds and vanadium com-
pounds, in which at least one of the valences of aluminum
or beryllium and/or of vanadium is saturated with a halo-
gen atom.,

The copolymerization can be carried oul at tempera-
tures between —80 and 125° C,

When catalysts preparcd from vanadinm triacetylaceto-
nate, vanadyl diacetylacetonate, vanadyl halogen acetylace-
{onate, or in general, from a vanadium compound such as,
besides those mentioned above, V) or VOC; in the pres-
ence of aluminum alkylbalides, in order 1o obtain a high
yield of copolymer per weight unit of catalyst wsed, it
is convenient 1o carry oul both the preparation of the cata-
Tyst and the copolymerization at temperatures comprised
between 0° and —80° C,, preferably between —10° C,
and —50° C. By operating under these conditions the
catalysts exhibit a much higher activity than that of the
same catalytic systems prepared at higher temperatures.
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Mareover, by operaling in the afnewenlivued 12uge of
low temperatures, the activity of the catalysts remains
practically unaltered with time.

When catalysts prepared from an aluminum alkyl halide
and vanadium triacetylacctonate, vanadyl trialkoxides or
vanady! halogen-alkoxides are used, at temperatures com-
prised between 0° C. and 125° C., in order ta obtain high
yields of copolymer it is convenient 1o operate in the pres-
ence of particular complexing agents selected from ethers,
thinethers, tertiaryamises or trisubstituted phosphines con-
talning al least oo branched alkyl group or an aromatic
nucleus.

The complexing agent can be an ether having the far-
mula RYR' in which Y is oxygen or selfur and R and R’
are linear or branched alkyl groups comtaining 1 tw 14
carbon atomos or an aromatic nuclews containing 6 to 14
carbon atoms, at least one of R and R’ being a braached
alkyl group or an aromatic nucleus.

The complexing agent can be tertiury amine having the
formula

R
v
N-R’
LY
n
in which R, R' and R"” each represent an alkyl group
containing 1 to 14 carbon stoms or an aromatic nucleus
containing 6 to 14 carbon atoms, at least one of R, R and
R" being am aromatic puclens

The complexing agent can also be a tertiary phosphine

having the formula

in which R, R’ and R” cach represent an alkyl radical
containing 1 10 14 carbon atoms or aa atomatic micleus
containing 6 to 14 carbon stoms, at leost one of R, R
and R” being aromatic nucleus.

The amount of complexing agent used is preferably
comprised between 0.05 and | mole per mole of alumi-
aum alky! halide.

The activity of the calalysts varies with the molar
ratio between the compounds used in tbe preparation of
the catalyst. It has in fact been found that if, e.g.,
aluminum trialkyls and vanadium halides or oxyhalides are
used, it is desirable to use catalysts in which the molar
ratio of aluminum trialkyl to vanadium compounds is
comprised between 1 and §, preferably belween 2 and 4.

If, on the contrary, aluminum diethyl monochloride
(ANC,H,)2Cl) ond vanadium triacetylacetonate (VAcy)

are wsedy, 1the best resulic are oblained with an
Al{CyH;g ) Cl/ VA,

molar ratio comprised between 2 and 20, preferably be-
tween 4 and 10.

The copolymerization can be cartied oul in tle pres-
ence of a solvent selected from aliphatic, cycloaliphatic ar
aromatic hydrocarbons, such as ec.g, butane, pentane,
n-heptanc, cyclohexane, benzene, toluene, xylene or mix-
tares thereof. Halogenated hydrocarbans, such as meth-
ylene chloride, chloroform, trichloroethylene, tetrachloro-
ethylene, chlorobenzenes, otc., can also be used as the
copolymerization medium or diluent,

Particulatly high copolymerization rates can be oblained
whan the enpnlymerization is carried out in the abience of
an inert solvent, using the monomers in the liquid state,
namely in the presence of a solution of ethylene in the
mixture of alpha-olefins and of hydrocarbons containing
double bonds, kept in the liguid state,

In order 1o obtain copolymers having a highly homo-
geneous compaosition, the ratio between ihe concentrations
of the monomers to he copolymerized, present in the
liquid phuse, should conveniently be kept constant or at
least as constant as possible.  For this purpose it may be




8,281,308

5

convenient to carry out the cupulyurerization continuously
by continuously feeding and discharging the monemers’
mixture having constant compesition and by operating
with high spatial rates.

The composition of the copalymers can be varied with-
in wide lmits by varying the composition of the mixture
ol MOnRomers.

H amorphous terpolymers of the said polyenic mono-
mers with ethylenc and propylene are desired, a molar
ratio of ethylene to propylene lower than or at most equal
to 1:4 should be maintained in the teacting liquid phase
(corresponding to a ratio of 1:1 in the gaseous phase un-
der standard coaditions). Molar ratios in the liquid
phase between 1:200 and 1:4 are usually preferred.

When Lulewe-1 s used in place of propylens, the ethyl-
ene/butene molar ratio should be Jower than or &t most
equsl to 1:20, corresponding to an ethylene/butene-1
molar ratio in the gaseous phase of 1:1,5 under standard
conditions. Molar ratios, in the liquid phase, between
1: 1000 and 1:20 are usually prefered.

By operating under these conditions, amorphous ter-
polymers containing less than about 75% by mols of
cthylene are obtained. If these values are exceeded, the
terpolymer presents a crystallinity of polyethylenic type.
The lower limit of the ethylene content is not critical; it
15 however preferable that the terpolymers contain al least
5% by mols of ethylene.

The alpha-olefin content in the amorphoas terpalymer
Is prefeiably Letween 3% and 955 by mols.

The polyene content of the terpolymer is preferably be-
tween 0.1 and 20% by mols, This upper lmil can be
raised but, more particularly for economical reasons, it
is not convenient to introduce inlo the terpolymer a poly-
eng content higher than about 209% by mols.

If, on the contrary, binary ethylenc-polyene amorphous
copolymers are dJesired, the polyene content should not
exceed 25% by maols,

The following exampies illustrate the present invention
without limiting its scope.

Example 1

The reaction apparatus consists of a glass cylinder hav-
ing a diameter of 5.5 cm, amd & vapacily of 730 mi., pro-
vided with an agitator and gas inlet and outlet tubes, im-
mersed in a thermastatic bath at —20° C. The gas inlet
tube reaches the bottom of the cylinder and ends with a
porous diaphragm.

200 cc. of anbydrous r-heptane and 5 cc. of 1,2-divinyl-
cyclootiene-5 are introduced into the reactor kept under
nitrogen.

Through the gas inlet tube, a pasaous propylenc-ethyl-
ena mixtura in the malar eotin of 2:1 s introduced and
circulated at the flow-rate of 200 N liters hour.

The catalyst is pre-formed at ~—20° C. in a 100 mL
flask kept under nitrogen, by reacting 2 millimols of vana-
divm tetrachloride and 10 millimols of aluminum diethyl-
maonochloride in 30 wml of asbythous n-heptane. The
cataivst thus prepared is siphoned into the reactor under
a nitrogen pressure.

The propylene/ethylene mixture is fed and discharged
continuously at the spatial rate of 400 N Liters/hour.

After about 10 minutes, the resction is siopped by the
additien of 10 ml, of methanol containing 0.1 g. of pheayl-
betasnaphthylamine, The polymer is purified in a sep-
urating fonnel under nitrogen by repeated treatments with
agqueans hydeachloric acid and then with waler and is
finally coagulated in acetone.

After drying under vacuum, 7 g. of = solid product
which is amorphous under X-rays examination, has the
appearance of a non-vulcanized elastomer and is com-
pletely soluble in boiling n-heptane are obtained. The
infrared spectrographic examination, shows the presence
of unsaturations (zone between 6 and 6.5 microns). The
cthylene/propylene molar ratio is about 1:1.

100 parts of the terpolymer are mixed in a laboratory
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roll mixer with | part of phenyl-bela-naphthylamine, 2
parts of sulfur, § parts of zinc oxide, | part of tetramethyl-
thiuram disulphide and 0.3 part of mercaptobenzothiazole.
The mix thus oblained is vulcamized in & press at 150° C.
for 60 minutes. A vuleanized lamina having the follow-
ing characteristics s thus obtained.

Tensile strength, kg./em.® .. o __
Elougation at break, percent

Example 2

200 cc, of anhydrous n-heptane and § cc. of 1,2-diviny!-
¢yclooctene § are introduccd into the apparatus described
in Example 1, kept at —20" C. Through the gas inlet
tube a gaseous propylene/ethylene mixture, in the molar
ratio of 3:1, is introduced and circulated at the spatial
rate of 400 N liters/hour,

The catalyst is pre-formed in & 100 ml. flask kept under
nitrogen by reacting 2 millimols of vanadium oxytrichlo-
ride with 10 millimols of aluminum disobutylmonochlo-
ride in 30 ml. of anhydrous n-heptane.

The catalyst thus preformed is siphoned into the reactor
under nitrogen pressure.

The propylene-¢thylene mixture is fed and discharged
continvously at the spatial rate of 400 N liters/hour.

After about 13 minutes, the reaction is stopped by add-
ing 10 ml of mcthanol containing 0.1 g. of phenylbbetas
naphthylamine.

The product is purified and isolated as described in
Example 1. After vacuum drying, 6.5 g of & solid prod-
uct which appears to be amorphous by X-ray examination,
looks 1ike a non-vulcanized clastomer and is completely
soluble in bojling n-heptane are obtained.

The infrared spectrographic examination shows the
presence of unsaturations {(zone between 6 and 6,5 mi-
crons). The ethylene/propylene molar ratio is nbhont 1-1
The intrinsic viscosity determined in toluenc at 30" C. is
2.6 dl./g. The terpolvmer is valcanized with the mix and
under the conditions of Example 1 to abtain a velcanized
lamina having the following characteristics:

Tensile strength, kg./fem?® (. ______ ... 34

Elongation at break, percent ___.__ TR | |

Modufus at 300%, kg./em? e 13
Example 3

200 ¢e. of amhydrous n-heptane and § cc. of 1.2-
divinylcyclooctene-5 are introduced into the apparatus
described in Example 1, kept at --20° C, Through the
gas Inlet tabe & gaseous propylenc ethylene mixture in
the molar ratio of 4:1 is introduced and circulated at the
flow-rate of 200 N liters/hour.

In a 100-cc, flask kept under nitrogen the catalyst is
preformed by reacting 2.8 millimols of vanadium tri.
acetylacetonate and 14 millimols of sluminum diethyl
monochloride in 20 cc. of anhydrous toluene at —20* C.
The catalyst thus pre-formed is kept at —20° C. for 5
minutes and is then siphoned into the reactor under a
nitrogen pressure,

The propylene-cithylene mixture is fed and discharged
continuously at the low-rate of 200 N liters/hour, After
20 minutes the resction is stopped by adding 10 ml of
methanol containing 0.1 g phenyl-beta-naphthylamine.
The product is purified amd isoduled ay deseribed in Bx.
ample 1. Afier vacuum drying 5 g of a solid product
which is amorphous under X-ray cxamination, looks like
a non-vulcanized clastomer and is completely soluble in
boiling n-heptane are obtained.

The infrared spectrographic examination shows the
presence of unsaturations (zone between 6 and 6.5 mi-
crons), The ethylene/propylene molar ratio is about
i:1

The product is vulcanized with the mix and under the
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conditions of Example I, to obtain a vulcanized lamina
having the following characteristics:

Tensile strength, kg./em2 v cmmm e mmmam 35

Elongation at break, percent - ———--- i -— 460

Modulus at 300%, kg./em.? cmcneeremem e m e 13
Example 4

200 cc. of anhydrous n-heptane and 5 cc. of 1,2-
divinyleyclooctene-3 are introduced into the apparaius
described in Example 1, kept at —10° C.

Through the gas inlet tube a gascous ethylene butens-1
mixture in the molar ratio of 1:3 is introduced and cir-
culated at the fow-rate of 200 N litres/hour,

In a 100 cc. flask kept under nitrogen the catalyst is
preformed by reacting 2 millimols of vanadium (etra-
chloride and 10 millimols of aluminumethyl-sesquichio-
ride in 30 cc. of anhydrous n-heptape at —10° C,

The ethylene butenc-1 mixture is fed and discharged
continuously at the flow rate of 200 N litres/hour.

After 15 minutes the reaction is stopped by adding

10 ml. of methanol containing 0.1 g. phenyl-beta-naph-
thylamine. The product is purified and isolated as de-
scribed in Example 1,

Alter vacuum drying § g of a solid product which iy
amorphous under X-ray examination, looks like a non-
vulcanized elastomer and is completely soluble in boiling
n-heptane are obtained.

The infrared spectrographic examination shows the
presence of unsaturations (zone between 6 and 6.5 mi-
crons) and of miehylenic sequences of various length
{zone between 13 and 13.8 microns).

The terpolymer is vulcanized with the same mix and
the same conditions used in Example 1. A vulcanized
lamina having the following characteristics is oblained:

‘Tensile strength, kg./em?® __ oo ano o 33
Elongation at break, percent - 460
Modulus at 300%, ke/fem® .. 13

As will be apparent, some modifications can be made
in carrying out the invention without departing from the
spirit thereof. It is intended, therefore, to include in
the scope of the appended claims all medifications which
will be apparent fo those skilled in the art from the dis-
closures made, and the illustrative examples given, herein.

What we claim is:

1. Vulcanizable, high molecular weight, substantially
finear amorphous copalymer of 1,2-divinyleyclooctene-5
with at least one monomer selected from the group con-
sisting of ethylene and aliphatic alpha-clefins having the
general formula R—CH=CH,, in which R is an alkyl
group containing from 1 Lo 6 carbon atoms, said copoly-
mers eensisting substantially of unsaturated maciomvlc-
cules each of which contains units derived from each
of the starting monomers.

2. Copolymers according to claim 1, further charac-
terized in consisting substantially of macromolecules each
of which contains uniis derived from sl lessl voe mous-
mers selected from the group consisting of cthylene,
propylene snd butene-1, and units derived from 1,2-
divinylcyclooctene-5.

3. Copolymers according to claim 1, further charac-
terized in consisting substantially of macromolecules
each of which contains units derived from ethylenc, units
derived from propylene, and units derived from 1,2-
divinylcyclooctene-5.

4 The process for praducing copalymers ae defined in
claim 1, characterized in that a mixture of the monomers
is polymerized in the liquid phase in contact with a cata-
lyst obtained by mixing

(1) a vanadivm compound selected from the group 7

consisting of (a) vanadium halides and oxyhalides,
(b) organic salts of vanadium, and (c) vanadium
compounds in which at least one of the vanadium
valencies is satisfied by a heteroatom selected from
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the group consisting of oxygen and milrogen linked
to an organic group with

(2) a second catalyst-forming componeni selected

from the group consisting of organometallic com-
pounds of aleminum and beryiliem,
ar least one of the catalyst-forming components contain-
ing halogen.

5. The process according to claim 4, further charac-
terized in that the vanadium compound used in prepar-
ing the catalyst is soluble in hydrocarbons.

6. The process accerding 1o ¢laim 4, further charac-
terized in that the vanadium compound used in prepar-
ing the catalyst is insoluble in hydrocarbons and sclected
from the group consisting of vasadium triacetate, vana-~
dium tribapzoate, and vanadium trisiearate.

7. The process according to claim 4, further charac-
terized in that the copolymerization is carried out at tem-
peratures between —80* C. and +4-125° C.

8. The process according to claim 4, further charac-
terized in that the catalyst is prepared from a vanadium
compound and an aluminum alkyl halide at a tempera-
ture between 0 * and —80° C., and the copolymerization
is also carried out at a temperature in said range.

9. The process according to claim 8, still further
characterized in that the catalyst is prepared at a tem-
perature between —10° C. and ~50° C,, and the co-
polymerization is carried out at a temperature in the same
range.

ls: The process according lu claim 4, characlerized
in that the <atalyst is prepared by mixing an aluminum
trialkyl with a vanadium compound selected from the
group consisting of vanadium halides and oxyhalides, the
molar ratio of aluminum trialkyl to vanadium compound
being between 1 and 5.

11. The process according to claim 4, characterized
in that the catalyst is prepared by mixing aluminum di-
ethylmonochioride with vanadium triacetylacetonate, the
maolar ratio af aluminom diethyl monochlonde to vana-
dium triacetylacetonate being between 2 and 20,

12. The process according to claim 4, characterized
in that the polymerization is carried out with monomers
in the liquid state, in the absence of irert solvents.

13. The proecas necording to cloim 4, chareeterized
in that the pelymerization ts carried out in the presence
of an inert solvent.

14. The process according to claim 4, characterized
in that the polymerization is carried out continuously
by adding the catalyst components to the system con-
tinvously or periodically, and keeping constant the ratio
beiween the concentrations of the monomers in the liquid
phase.

15. The process according to cleim 4, characterized
in that the monomers copolymerized are propylene, ethyl.
ene, and the selected polyene, the ethylene to propylene
molar ratio in the reacting liquid phase is lower than or
at most equal to 1:4, and an amorphous copolymer is
produced,

16. The process according to c<laim 4, characterized
in that the monomers copolymerized are ethylene, butene-
1, and the selected polyene, the ¢ihylene 1o butene molar
ratio in the reacting liquid phase is lower than or at least
equal to 1:20, and an amorphous copolymer is praduced.

17. The copalymers of claim 1, sulfur-cured to an elas-
tomeric malterial.
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