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This invention relates to new, amorphous, lincar, high
molecular weight, copolymers of non-conjugaied cyelic
polyenes or alkylpolyenes, with ethylene and one or more
aliphatic alpha-clefins of the general formula

R—CH=CH,

wherein R is an alkyl groop containing from 1 to 6 car-
bon atoms.

More particularly, the present invention provides new
amorphous linear high molecular weight copolymers of
the stated moromers, which conatin, in each macromole-
culc, monomeris units wriginating from each one of the
starting mMonomers.

The invention also provides & process for the prepara-
tion of said pew copolymers, utilizing catalysts of the
co-ordinated anionic type.

Earlier applications disclosed the possibility of prepar-
ing unsaturated copolymers by the copolymerization of
cthylene and aliphatic alpha-olefins with non-conjugated
dienes containing at least one terminal double bond.

It was not known previously, nor was it predictabic,
that linear, amorphous, and viucanizable copolymers of
ethylenc, one or more higher alpha-olefins, and non-

jugated cyclic di and polyenes could be oblained.

Sarprisingly, it has been found that, nsing particular
catulysts prepured from vanadium compounds and ergano-
metallic compounds or hydrides of metals of groups I,
11, or IIT, or complez organometallic compounds or com-
plex hydrides of metals of groups I and III, or mixtures
of said compounds, and which act with or through a
co-ordinated anicnic mechanism, it is possible to obtain
amorphous linear copolymers of molecular weight bigher
than 20,000, of non-conjugated cyelic polyenes or alkyl-
polyenes with ethylene and one or more alphi-olefing
of the generul formula R—CH=CH,, wherein R is an
alkyl group conlaining from 1 to 6 carbon atoms, which
copolymers consist of macromolecules containing un-
saturations and made up of monomeric units originating
from each one of the empolyed monomers.

This was not foresaeable Inasmuch us the coordinated
anionic catalysts used for the copolymerization do not
promole the homopolymerization of the non-conjugated
cyclic polyenes. In the copolymers made possible by
this invention, two monomeric units originating from
the cyclic diene ar cyclic polyene are pever directly linked
{0 each other, and the monomeric units are therefore well-
distributed along the copolymer chain, resplting in vul-
canizable copolymers which yield vulcanizates having good
mechauivul properties.

The following mon-conjugated cyclic polyenes can be
employed in producing the mew copolymers of this in-
vention: cycloheptadiene-1,4; cycloostadiens-1.5; cyclo-
octadiene-1,4; cyclodecadiene-1,6; cyclodecadiene-1,5; cy-
clododecadiene-1,7, cyclododecatriene-1,5.9.

Alkyl-cyclopolyenes can be used, particularly the non-
conjugated alkyl-cyclodinlefins such as: 1-methyl-cyclo-
octadiene-1,5; 3-methyl-cyclooctadienc-1,5; 3,4-dimethyl-
cyclooctadiene-1,5; and 3,7-dimethyl-cyclooctadiene-1,5.

The alpha-olefins which may he employed together with
ethylene in the preparation of the new copolymers have
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the general formula CHy«=CHR, wherein R is an alkyl
group containing from 1 to 6 carbon atoms, particulary
propylenc and butene-1. Particularly valuable terpoly-
mers are obtained from ethylene, propylenc (or butene-1)
and cyclooctadiene-1,5.

For instance, by polymerizing a mixture of ethylene,
propylene and eyelooctadiene-1,3, or of ethylene, butene-1
and eyclooctadiene-1,5 according to the conditions of the
herein claimed process, a crude polymerization product
is ohtsined which consists of macromolecules each onc
of which contains units derived from ethylene, propylene
(or butene-1}, and cyclooctadiene-1,5.

Each one of the mopomeric units originating from
polymerization of the cyclodiolefin still contains a free
double bond, #s said unit exists in the copolymer macre-
molecular main chain. This indicates that the double
bonds in the starting cyclodiolefin behave differently from
each other, or more specifically, that when one of the
double bonds is utilized in the propagation process, the
other becomes inert to polymerization so that the growth
of the macromelecules does not subsequently effect that
free double bond. The macromolecules of the copolymer
are thus substantislly linear and contain unsataursted
cyclic gronps.

The copolymerization products of this invention are
substantinlly linear, as evidenced by the fact that they
have a viscosimetric behavior similar to the one of known
lincar copolymers, ¢.g., of a livear ethylene-propylene
capalymer.

The copolymerization products of the present invention
may be defined as being practically homogeneous com-
positions. A confirmation of the homogeneity is found,
for instance, in the fact that the copolvmers are easily
and readily converted to vulcanized products using the
recipes and the techniques mormally employed for the
vulcanization of unsaturated rubbers having a low un-
saturation content, as for instance butyl rubber. This
shows, aleo, that e visatorated linkages wre well dis-
ributed along the main chain of the copolymer macro-
molecules.

The vulcenizales so obtained are wholly insoluble in
the organic solvents and are only slightly swollen by some
organic solvents, such as aromatic hydrocarbons. In
contrast, the present unvulcanized copolymers are totally
extractable with boiling n-beptane.

The vulcenizates (vulcanized rubbers) obtained from
the copolymers huve very gued mechanicnl arength and
show very low residual deformation after breaking.

The new copolymerizates are obtained by carrying out
the copolymerization in a dispersion, or in a solution,
of the anionic co-ordination calalyst in an inert liguid
polymerization medium.

The anionic co-ordination catalysts used are obtzined by
mixipg vanadium compounds with organometallic com-
pounds or hydrides of metals belonging to groups Ito 11,
inclusive of the Periodic Table, ar with complex organo-
metallic compounds or complex hydrides of metals of
groups T and IT1, or with mitxures of said compounds.
Preferred metals whose compounds are used as catalyst
componenis are: lithium, sodium, potassium, rubidium,
cesivm, beryllivm, mugnesium, calcium, stromtivm, buari-
um, zipe, cadmiom, aluminum.

Organometallic compounds or bydrides which can be
mixed with vanadium compounds to obtain catalysts cap-
able of directing the copolymerization of ethylene, the
higher alpha-olefin, and a cyclopolyene or alkylpalyene
to the production of copolymers consisting of substan-
tially linear macromaolecules containing unsaturations and
units derived from each of the three monomers in the
main chain, include e.g. the following: aluminium trial.
kyls, wluminum dialkylmonohalides, aluminum monc-
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alkyldihalides, aluwinnn alkenyl compounds, aluminum
alkylenc compounds, aluminum cycloalky! compounds,
alumingm cycloalkylalky! compounds, aluminem aryl
compounds, aluminum alkyl aryl compounds, alumi-
num alkyl hydrides, aluminum halo hydrides, com-
plexes of the above cited organo-aluminum com-
pounds with, preferably, weak Lewis bases, lithiom
alkyls, lithium hydrides, lithium-aluminuwm tetraalkyls,
lithium-zluminum alkyl hydrides, lithivm aluminum hy-
drides, beryllium dialkyls, beryllium alkylhalides, berylli-
um diaryls, zinc dialkyls, zinc alkylhalides, zinc hydrides,
calcium hydrides, cadmium dialkyls, cadmium diaryls,
organometallic compounds wherein the metal may be
linked with main valences not only to carbon and halogen
dloms, bul alio to oxygen atoms linked to an organic
group, such as aluminum dialkylalkoxides, and alumi-
num alkylalkoxyhalides,

The following organo-metallic compounds or hydrides
which may be employed for preparing the catalysts are
cited as illustrative, not restrictive, examples: aluminum
triethyl, aluminum tri-iso-butyl, aluminum trihexyl, alu-
minum  diethyimonochtoride, alominum  diethylmono-
iodide, aluminum diethylmonofinoride, aluminum  di-
isobutylmone-chloride, aluminum monoethyldichloride,
aluminum butenyldiethyl, aluminum isohexenyldiethy!,
2-methyl, 1,4-(diisobutylaluminum )-butane, aluminum di-
isobutylmonochloride complexed with anisole, aluminum
tri(cyclopentylmetbyl), aluminum tri(dimethyl-cyclopen-
tyimetbyl), aluminum triphenyl, aluminum tritolyl, alu-
minum di{ cyclopentyl) monochloride, alominum diphenyl
monochloride, aluminum diethyl monohydride, aluminum
diisobutylmonohydride, aluminem monoethyldihydride,
alumirum chlorohydrides, lithium butyl, Tithium-alumi-
num tetrabutyl, lithium-aluminum tetrahexyi, lithium-
alominum tetrsoctyl, lithium-aluminum diisobutyldihy-
dride, berylium dimethyl, beryllium methylchloride, be-
ryllivm diethyl, beryllium di-n-propy], bervllium diiso-
prupyl, beryllium di-n-butyl, beryllmum dit-batyl, berylli-
um diphenyl, zinc dimethyl, cadmium diethyl, cadmium
di-n-propyl, cadmium di-n-butyl, cadmium diisobstyl, cad-
mium diphenyl, sluminum monochloromenocthylmono-
ethoxide. aluminum diethylpropoxide, ahrminnm diethyl.
amyloxide, aluminum monochloromonopropylmonopro-
poxide, and aluminum monochloromonoprapyimethoxids.

The vanadium compound used as the second catalyst.
forming component is preferably, one which is soluble
in the hydrocarbon used ns the inert copolymerization
medium,

Examples of such vanadium compounds are the hydro-
carbon-soluble balides and oxyhalides (as e.g, VCI,
VOCI;, VBry) and such compounds wherein at least one
of the melal valences is saturated by a betero-atom (in
particular oxygen or nitrogen) linked to an organic group,
as for instance: vanadivm (riacetylacetonate, vanadinm
tribenzoylacetonate; vanadyl dincelylacetonale and the
haloacetylacetanates; vanadyl trialeoholates and halo
alcoholates, the tetrahydrofuranates, the etherates, the
aminat2s of vanadium tri- and tetrachloride and of vana-
dyl trichloride; and the pyridates of vanadium tri- and
tetrachloride and of vanadyl trichloride.

Vanadium compaunds which are insoluble in hydro-
carbons may also be used in preparing the catalyst, par-
ticularly the organic salts such as e, vanadiom trie
acetate, tribenzoate, and tristearate,

Equally good results are obained using any of the
organo-metallic or hydride compounds listed when the
vanadivm compound is  halide or oxyhalide. However,
when vanadium compounds in which at least one of the
valences of the metal is satisfied by an oxygen or nitrogen
atom linked to an organic group are nsed as one catalyst-
forming component, then the catalyst is prepared as shown
by the examples by mixing the vanadium compound with
the halogen-containing compounds.

The copolymerization process of the present invention
may be carricd out at temperatures in the range between

15

20

30

40

a5

70

75

4

—&U* and 125" C. When catalysts prepared from va-
nadium teiacetylacctonate, vanadyl diacetylacetonate,
vanadyl haloacetylacetonates, or in general from a va-
nadivm compound in the presence of aluminum dialkyl-
monchalides are used, it is preferred to carry out hoth
the catalyst preparstion and the copolymerization at tem-
peratures in the range between 0° C. and --80° €.,
preferably between —10° C, and ~350° C., in order to
obtain high copolymer yiclds per weight unit of catalyst
used.

The activity of such catalyst systems prepared af the
low temperatures is higher than that of the same catalyst
systems prepared st temperatures in the upper part of
the range —R0" C. 1o 125* C,, and the activity remains
practically unaltered over a long period of time.

When the catalysts prepared from vanadium triacetyl-
acetonale, vanadyl trialcoholates, or vanadyl haloalcohol-
ates, and aluminum alkylhalides a! temperatures in the
range between 0° C. and 125° C., are used, it is profitable
fo operate in the presence of particular complexing agents,
selected among the ethers, thicethers, tertiary amines or
trisubstituied phosphines containing at least one alkyl
branched group or an aromatic nucleus, since the use of
he complexing ngent increases the yield of copolymer
obtained. The complexing agent can be an ether of the
formula RYR' in which Y is oxygen or sulfur and R
and R’ each represent a linear or branched alkyl group
containing from 1 to 14 carhons atoms or an aromatic
nucleus containing from 6 to 14 carbon atoms, one of
R and R’ teing a branched alkyl EToup or an aromatic
nucleus; a tertiary amine of the formula

R

N-R*

)
in which R 1o R each represent an alkyl group contain-
ing from 1 to 14 carbon atoms or an arematic nuelens
containing from 6 to 14 carbon atoms, one of R to R"
being sn aromatic nucleus; or a tertiary phosphine

R

PR’

o

in which R to R"* each represent an alkyl radical con-
taining from 1 to 14 carbon atoms or an aromatic nucleus
containing from 6 to 14 carbon atoms, at least ope of
R to R” being a aromatic nucleus.

The amount of complexing agent is preferably com-
prised between 0.05 and 1 mol per mol of aluminum alkyl-
halide.

In general, the acdvity of the coralysl varies
to the molar ratio between the
ing it

According to the present invention, it has been found
that when the catalyst is prepared from aluminum (ri-
alkyls and vanadium halides or oxyhalides, it is profitable
to employ such catalysts wherein the mole ratio between
the aluminum trialky] and the vanadium compound s
comprised between 1 and 5, preferably between 2 and
4, On the contrary when employing aluminum diethy!-
manochionide (AICC;Hg),Cl) and vanudium triacetylace-
tonate (VAc,) the best results are attained with a molar
ratio AHC,H, )2C1/VAc, comprised betweea 2 and 20,
preferably between 4 and 10.

The copolymerizaliva vun be earried out m an iners ali-
phatic, cycloaliphatic, or aromatic hydrocarbon solvent,
such as butane, pentane, n-heplane, anhydrous benzene,
toluene or xylene, or mixtures of such solvents, As sol-
vemts also halogenated hydrocarbons inert to the catalyst
under the pelymerization conditions, may be used, such
as e.z. chloroform, trichioroethylene, tetrachloroethylenc,
chlorobenzenes, ete.

Partticularly high copolymer vields can be obtained by
dispensing with the extrancous inert solvent and using
the monomers ia rhe liquid states as the polymerization

according
compounds used prepar-
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medicm ie., by using a solution of ethylene in the mix-
ture of higher alpha-olefin and cyclic polyene,

The most homogeneous copolymers are obtained by
maintaining the ethylene/higher alpha-olefin/cyclopoly-
ene concentrations in the louid phase constant, or as
nearly constant as is possible, during the copolymeriza-
tion, This can be facilitated by carrying out the copolym-
erzation on a continnous basis, by continvousiy feeding
and discharging a mixture of the monomers having a con-
stant cowmposition, and operating at high speed velocities.

The catalyst may be prepored in the absence of the
monomers, or the catalys components may be mixed
with egch other in the presence of the monomers fo be
copolymenzed. Callyst componenis may be continnous-
Iy fed during the polymerization.

The molecular weight of the copolymers can be con-
trolled by known expedients, as for instance by including
small amounts of hydrogen, alkyl halides, zinc alkyls etc.
in the system.

The composition of the copolymers can be varied by
varying the composition of the mixture of momOmers.
If it iy desired to produce amorphous copolymers of a
cyclic polyene with cthylene and propylene, it will be
profitable to keep in the liquid reactant phase a molar
rmio between ethylenc and propylene lower than or at
most equal to 1:4, melor ratios of 1:200 10 1:4 being
satisfactory: on the contrary if butene is employed instead
of propylene, the ratio between ethylene and butenc must
be lower than or at most equal to 1:20, molar ratios of
1:1000 to 1:20 being satisiactory. Under these condi-
tions amorphous terpolymers are obtained which contain
less than about 759 by moles of cthylene. The lower
{tmit of the ethylene content is not critical, however it is
preferable for the copolymers (0 contain at least 5% by
mols of ethylene, and ethylene must be present in the
macromolecules. The alpha-olefin content in the amor-
phous copalymer may preferably viry [om a minimam
of 5% by mals up to & maximum content of about
95% by mals.

It is generally desireble 1o introduce into the copolymer
an amewnt of cyclic polyene ranging from 0.1 1o 20% by
moles. This upper limit can be raised but especially for
ecopomnic reasons it is not convenient to introdace into
the copolymer an amount of polyene higher than 20%
by moles.

The pew copolymers of the present invention have a
molecular weight, viscosimetrically determined, in excess
of 20,000, corresponding to an intrinsic viscosity in ex-
cess of 0.5 as determined in tetrehydronaphthalene st
135° C. or in toluene at 30° C. (G. Morgalio, “La
Chimica ¢ I'Industria®™ 41, 10 (1¥3Y}, puges 984-987).
The intrinsic viscosity of the copolymers can vary from
0.5 up to 10 or higher values. For most practical pur-
poses copolymers having an intrinsic viscosity of between
1 and 5 arc however preferned

The new copolymers have, as such, the properties of
unvulcanized elastomers, in the sense that they exhibit
low initial elastic moduli and show very high ultimate
elongations. The presence of double bonds in the macro-
molecujes makes it possible to vulcanize them by the
methods normally employed for the unsaturated rub-
bers, particularly for the unsaturated rubbers having a
Jow content of upsaturated bonds, and this is an im-
postant practical advantage.

The vulcanized products show high reversihle elastic
elongations and, particularly when reinforcing fllers are
employed in the blend, such as carben black, they show
also high tensile strengths at break.

The following examples are given to betier illustrate
this invention; however the examples are not intended to
be restrictive of the scope of the invention.

EXAMPLE 1

The reaction apparatus is made up of a glass cylinder,
provided with stirrer and inlet and outlet pipes for the
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gases, immersed in a thermostatic bath ot —20° C.
The gas inlet pipe extends to the cylinder bottom and
ends with a porous diaphragm. 350 ml. anhydrous
n-heptane and 15 ml cyclooctadienc-1,5 are introduced
into the reactor kept in a nitrogen atmosphere, From
the gas inlet pipe a gascous mixture of propylenc-cthylene
s introduced, in the molar ratio 2:1, and is circulated
with a velocity of 200 NL/h. The catalyst is pre-formed
in a 100 ml flask at —20* C. by reacting, in 50 ml. n-
heptane, 0.8 millimole of vanadium tetrachloride and 4
millimoles of aluminum diethylmonochloride. The thus
formed catalyst is introduced into the reactor through a
siphon by means of nitrogen pressure, The polymeriza-
tion reaction is initiated immediawcly, as shown by the
viscosity increase of the reaction mass, Feeding and dis-
charging of the propylene-ethylene mixture is continue at
1 velocity of 400 NL/h. Afier 10 minutes, the reaction
is stopped by adding 20 ml. of methanol coniaining 0.2 g.
of phenyl-beta-naphthylsmine. The polymer is purified
in a separatory funael in a nitrogen atmosphere by means
of repeated trextments with diluted hydrochloric acid and
then with water, and coagulaled with acetone. After
drying under vacoum 13.5 g of solid product are ob-
tained, which is amorphous on X-ray examination and
looks like an unvuolcanized ¢lastomer. The intrinsic vis-
cosity of the copolymer, determined in tetrahydronaph-
thalene at 135" C. is 2.35.

100 paris by weight of polymer are mixed, on z roll
mixer, with | part pheayl-beta-naphthylamine, 2 pars
sulphur, 5 parts zinc oxide, | part tetramethylthiouram
disulphide and 0.5 part mercaptobenzothiazole. The mix-
tore is cured in & press for 30 mixtures at 150" C. A
vulcanized plate is obtained showing the following char-
acleristics:

Tensile strength at break, kg./em.? e o 26
Elongation at break, percent 500
Modulus af 300% clongation, kg./em® _ . 12
Permanent set after breaking, percent .. o~ 8

The following characteristics are obtained when, in ad-
dition to the above mentioned ingredients, 30 parts by
weight carbon black HAF (furnace black) are added and
the mixture is cured under the same conditions:

Tensile strength at break, kg./em?® ______________ 210
Elongation at break, pereent e 540
Modulus at 300% clongation, kg./em.® .. ... 80
Permanent set after breaking, percent . ____ 15

EXAMPLE 2

The terpolymerization is carried out under the condi-
tions of Example 1, employing 50 ml. cyclooctadiene-1,%
instead of 1§ ml. The catalyst is pre-formed as in Ex-
ample 1, however employing Instead of aluminum di-
ethylmonochloride, 2 millimoles of aluminum trihexyl.
After 4 minuies polymerization time, 7 § g of snlid prod-
uct are obtained, which appears amorphous on X-ray
examination and looks like an unvulcanized elastomer.
The product is cured with a recipe as in Example 1, and
the vulcanized product shows the following characteris-

tics:

Tensile strength at break, kg/em? ovimcacaa 40.7

Flongation at break, percent «vvooeeoeo o 520

Modulus at 300% elongation, kg./emd2 ______.__. 14.2

Penmnanenl sel after breaking, percCil oceoceeaoa 4
EXAMPLE 3

The terpolymeriaztion is carried outl as in Example |,
however by employing in the catalyst preparation, instead
of aluminum diethylmonochloride, 2 millimoles of 2-
methyl-1,4-di(diisobutylaluminum)butane. After a po-
lymerization time of 4 minutes, 8.5 g of solid product
are obtained, which appears amorphous on X-ray ex-
amination and has the appearance of an unvulcanized

75 elastomer. It is then curcd with the recipe shown in Ex-




3,260,708

7
The vulcanized product shows the following

ample 1.

charactenstics:

Tensile strength at break, kg./cm® . ____ 515
Eloogation at break, percent .. .vvremcccncann 540
Modulus at 300% elongation, kg./em.? - oo 8.9
Permanent set after breaking, percent . _.____ 15

EXAMPLE 4

350 ml anhydrous n-heptane and 15 ml cyclooccia-
diene-1,5 are introduced into the reaction apparafus as
described in Example 1, kept at —20° C. A gaseous
‘mixture containing propylene and ethylene in molar ratio
of 4:1 is circulated at 400 L./h. The catalyst is formed
at —20° C,, by dissolving 1.4 millimoles vanadium tri-
acetylacetonate in 30 ml. anhydrous toluene and by add-
ing 7 millimoles aluminum diethylmonochloride to Lhe
solution, The catalyst is introduced into the reactor
through a siphon. Feeding and discharging of the gaseous
mixture at 400 L/h. is continued, After 9 minutes, the
reaction is stopped. 7.5 g. of solid, amorphous product
are obtained, which looks like an unvulcanized elastomer,
and is cured with the same recipe of Example 1 giving a
vulcanized plate showing the following characteristics:

Tensile strength at break, kg./em.? . _..__ 257

Elongation at break, percent __________________ 600

Modulus at 3009 elongation, kg./cm® __________ 12

Permanent set after breaking, percenl . ....o.... 17
EXAMPLE 5§

The copolymeriaztion is carried out as in Example 1,
but the catalyst preparation and the polymerization arc

TERPOLYMERIZATION R U;#i
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sure. Feeding and discharging of the propvlene-sthylene
mixture is continued at the flow-rate of 400 N1./h. Alter
7 minutes, the reaction is stopped by adding 20 cc. of
methanol containing 0.1 g. phenyl-beta-naphthylamine.
The polymer is purified and isolated as deseribed in Ex-
ample 1. After drying under vacuum 12.9 g of a solid
product, which appears to be amorphous on X-ray ex-
amination and looks like a non-vulcanized elastomer, are
obtained.

The radiochemical analysis shows the presence of a
cyclooctadiene content of 1.86% by weight. The intrinsic
viseosity determined in tetrahydronaphthalene at 135°
C.is 1.08.

The vulcanization of the ethylene-propylene-cycloocta-
diene terpolymer is carried out hy nsing the mix (contain.
ing 50 parts of HAF carbon black) and the modalities
of Example I. A vulcanized lamina having the follow-
ing characteristics is obtained:

Tensike strength at break, kg./cm.?
Elongation at break, percent .. _____________
Modulus at 3009 elongation, kg./em 2 _
Permanent set after breaking, percent

EXAMPLES 7-10

Operating under the conditions of Example 6, increas-
ing amounts of radioactive cyclooctadiene-1,5 are used.

In the following table the cyclooctadiene content (de-
tenmined by radiochemical apalysia) of the terpolymers
and the properties of the vulcznizates (the vulcanizations
being carried oul as in Example 6) are reported.

Table ¥

WITH ETHYLENE, PROPYLENE, AND INCREASING
OUNTE OF CYCTLOGETADIENE

‘ B

Operating Canditions Prodoes | Prapertics of the vusleanisates
Ex Cyvelo- Cyechunein i Tensile Elongation [ Modulus ’ Termanes
octadiene, | Time, | Geams ! ding, | sPrenpth &t b‘::tk. at . | :u ﬂﬂl’.fn
ot min. t by | ot break, pereent | Lgjecn? | breaking,
wrinht i kgJenl i | pereend
R EO— i i i
i 1 g T -
23 & 14 225! e 430 | 8 | 14
12 7 prN 28 S | 420 | ] 12
.8 a7 12.5 9 | i3 | 18 10
20 7| L8 ES t 184 ¢ &0 170 4
] i |

carried out at 23 U, Willun 15 munutes, 4.5 g. solid,
amorphous product are obtained, which looks like an un-
vulcanized elastomer and which is cured as described in

Example 1. The vulcanized product hes the following

charnctaristics:

Tensile strength at break, kg./em.? .. _______. 40

Elongation at break, percent ... .. ______ 520

Modulus at 300% elongation, kg./em.2 __________ 15§

Permanent set after breaking, percent .o e ..o 10
EXAMPLE 6

200 cc. anhydrous n-heptane and 10 ce. radioactive
cyclooctediene-1.5 are introduced into the reaction ap-
paratus described in Example 1, kept at —20° C. Agita-
tiom is started and through the gas inlet pipe a gascous
propylene-ethylene mixture, in the malar ratio 2:1, is in-
troduced and circulated with o flow-rate of 200 NL/h.

The catafyst is pre-formed in a 100-cc. flask at —20° C.
by reactiog 1 millimole of vanadium tetrachloride and 5
millimoles of aluminum diethyimonochloride in 30 ml.
n-heptane, The catalyst thus prepared is introduced into
the reactor through a siphon by means of nitrogen pres-

Flol=E8, ? [g)=0.07.

o

5

4 g of the ethylene-propylene-cyclooctadicne terpoly-
mer of Example 9 (containing 2.9% by weight of cyclo-
octadiene) are swollen at 30° C. in 1000 ¢z, of carbon
tetrachloride, and the mass is then heated to 40-50° (.
with mechanical agitation,

The clear solution obtained is cooled to 30° C. and
then mixed with pure methanol while agitsting vntil it
becomes turbid.

The precipitate is dissolved again by heating the soju-
tion to abomt 40° C. and the temperature is then slowly
reduced to 30° C; the precipitate is left o separate in &
thermostatic bath at 30° +0.1° C.

Alter separation the clear solution is siphoned; the gel
is congulated with methanal excess, vacuum dried in an
oven at aboul 60° . and weighed,

The solution remaining after the precipation is agzin
mixed with methanol until it becomes turbid and then,
proceeding as described, a second fraciten is separated,

By repeating the operation several fimes, 14 fractions
have been obtained. The cyclooctadiene conmtent by
weight of each fraction has Leen determined by radio-
;hcb:::ical analysis, und is reported in the following

avic .
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Table 11
i [ Precipltated | Cpeloseta-
Fractien Ne. | CHOH,cc. | poiymer, g | dieve, pereant
1; by welght
i1 | 0.1679 | 2.4
6 | 4143 2.8
I 0.0805 .3
8 |} L 2804 29
- 4. 15248 8
8.5 Q.83 0w
i 0, 3838 by
12 0, o 7
I
20 0. 2130 6
fa 0, 4081 L6
o] 0. 3547 26
0 0. 0850 24

1
|

From Table I it can be seen that the cyclooctadienc
content is almost constant in the various fractions, show-
ing that the diene is homogeneously distributed in 2ll the
macromolecules.

EXAMPLE 11

200 cc. of anhydrous n-heptane and 20 cc. of cycloocta-
diens-1,5 are introduced into the reaction apparatus de-
scribed in Example 1, kept a4 —20° ¢, Agitation is sturied
and a gaseous mixtwie containing propyiene and cthylene
in molar ratio 3: 1 is introduced.

The catalyst is pre-formed at —20* C. under nitrogen
by reacting 2 millimoles of vanadyl trichloride snd 10
millimoles aluminum diethylmonochloride i 30 ml,
anhydrous n-heptane.

The catalyst thus prefonmed is sipboned into the reactor
by means of nitrozen pressure.  Feeding and discharging
of the gascous mixture at the flowrate of 400 L/h. is con-
tinved. After 6 minutes, the reaction is stopped by the
addition of 20 cc. of methanol containing 0.1 g. of phenyl-
A-naphthylamine.

The product is purificd and isolated as described in
Examplc 1. After vacsum drying, 13.5 g of a solid,
amorphous product which Jooks like o non-wvulcanized
elastomer and is completely soluble in boiling n-heptane,
are abtained.

The infrared spectrographic examination shows the
presence of douvble bonds (band at 6 microns}). The
ethylene/propylene molar ratio is about 1:1.

The ethylene-propylene-cycloactadiens ferpolymer is
vuleanized by using the same recipe and the same madali-
ties as in Example 1.

A vuleanized lamina having the following characteristics
is thus obtained:

Tensile strength at hreak, kg /em? cocvcovenceaan 206

Elongation at break, percent .. e cmmmmmecan 340

Modulus at 300% eloagation, kg./em2 ... 15

Permanent set after breaking, pereent _ oo 4
EXAMPLE [2

200 ce. of anhydrous n-heptane and 20 ce. of cycloocta-
diene-1,5 are introduced into the reaction spparatus de-
scribed in Example 1 kept at —20° C. Agitalion is
started and & gaseous mixture containing propylese and
ethylene in molar ratio 2:1 is introduced.

The catalyst is preformed at —20° C. under nitrogen by
reacting 1 millimole of vanadium tetrachioride and 5
millimoles of aluminaum diiscbutylmonochloride in 30
ml. anhydrous n-heptane.

The catalyst thus preformed is siphoned into the reactor
by means of nitrogen pressure. Feeding and discharg-
ing of the gaseons mixture at the flowrate of 400 L./h. is
continved. After 7 minutes, the reaction is stopped by
addition of 20 cc. of methano] containing 0.1 g. of phenyl-
beta-paphthylamine.
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The product is purified and isolated as described in Ex-
ample 1.
After vacuum drying, 13 g. of a solid, amorphous prod-
uct which looks like a non-vulcanized elastomer and is

completely solubie in boiling n-heptane, are obtained.

The infrared spectrographic examination shows the pres-
ence of double bonds (hand at 6 micros). The ethylene/
propylene molar ratio is about 1:1.

The ethylene-propylene-cyclooctadiene terpolymer is
vulcanized by using the same recipg and the same condi-
tions as given in Example 1.

A vulcanized lamina having the following characteristics
is thus obtained:

Tensile strength at break, kg./em.? cecacmcnnvonna 23.0

Elongation at break, percent ...acvecvaeenmvonase 350

Modulus at 300% elongation, kg./em? .. _ 14

Permanent sct after breaking, percent ____________ 4
EXAMPLE 13

300 cc. of n-heptane and 50 cc, of cyclooctadiene-1,5
are introduced into the reaction apparatus described in
Example I, kept a1 20° C.

Agitation is started and a gaseous mixture containing
propylene and ethylene in molar ratio 2:1 is introduced
and circulated with z flow-rate of 200 Ni/h,

The catalyst is preformed in a 100-cc. fask at —20° C.
under mitrogen by reacting U.8 millimole of vaaadium
tetrachloride and 2 millimoles of aleminem tri(3-methyl-
butyl) in 30 ml anhydrous a-heptanc. The catalyst thus
preformed is siphoned into the reactor by means of a
nitrogen pressure.  The propylene-cthylene mixture is fed
and discharged at the flow-rate of 400 NI h, After §
minutes, the reection is stopped by adding 20 cc. of metha-
nol comtaining 0.1 g. phenyl-g-naphthylamine. 'The
polymer is purified and isolated as described in Example
1. Alter deying ueder vacowi, 8 g of a solid, amors
phous product which looks like & non-vulcanized
elastomer and is completely soluble in boiling n-heptane,
ate obizined.

The infrared spectrographic examination shows the pres-
ence of double bonds (band at 6 microns). The :lhyim:—
propylenecyclooctadiene terpolymer is vulcanized by us-
ing the same recipe and the same modalities as in Ex-
ample 1.

A vulcanized lamina having the following characteristics
is thus obtained:

Tensile strength at break, Kg./em? e 35
Elongation af break, peroent .. .o 450
Modulus at 3005, kg /om ¥ 11
Permanent set after breaking, percent oo vcmean 5

EXAMPLE 14

200 ce. of anhydeous p-hestane and 25 ce. of cycloocla-
diene-1,5 are introduced in the the reaction apparatus de-
scrived in Example 1, kept at —20° C,

Through the gas inlet pipe a gaseous propylenz-ethylene
mixtyre in the molar ratio of 4:1 is introduced and cir-
culated with a flow-rate of 200 WNL/h.

The catalyst is pre-formed in a 100-c¢. flask at —20° C.
by reacting 2.8 millimoles of vanadium trichloride pyridi-
nate and 14 millimoles of aluminam digthylimonochloride,
in 30 ml, anhydrous toluene. The catalyst thus obtained
is kept at —10* C. for § minutes and is then siphoned into
the reactor by means of nitrogen pressure,

The propylenc-ethylene mixture is fed and discharged
at the flow.rate of 400 NL/h. After 30 minutes from the
beginning, the reaction is stopped by adding 20 cc, of
methanol containing 0.1 g. phenyl-beta-naphthylamine.

The polymer is purificd and isolated as described in
Example 1. After drying under vacuum, 7.4 g. of a solid,
amorphous product comrpletely soluble in boiling n-hep-
tane and having the appearance of a non-vulcanized
elastomer, are oblained.
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The infiared spechiogtaphic examination shows the
presence of double bonds (band at & microns). The
ethylene/propylene molar ratio is about 1:1.

The ethylene-propylene-cyclooctadiene fterpolymer is
vulcanized by using the same recipe and the same modali-
ties us in Example 1.

A vuleanized lamina having the following characteristics
is thus obtained:

Tensile strength at break, kg./em.? . ________ 40

Elongation at break, pereent _ ... _______ 620

Modulus at 300% elongation, kg./om.? ... . _ 8.5
EXAMPLE 15

‘the reaction apparatus is simalar to thai described in
Example 1 but has a diameter of 7.5 cm. and a capacity of
1enn cc.

700 ¢e, of anhydrous n-heplane and 50 cc. of cyclo-
octadiene-1,5 are introduced into said apparatus, kept at
—20" C.

Through the pas iniet tube 3 gaseous cthylene-propylene
mixture in the molar ratio of 1:2 is introduced and cir-
culated @t the Aow-rate of 500 N1,/L.

The catalyst is pre-formed in a 100cc. flask at 207
C. under nitrogen by reacting 1 millimole of vanadium
tetrachloride and § millimoles of aluminum diethyl mono-
chioride in 30 cc. of anhydrous n-heptane.

The catalyst thus pre-formed is siphoned into the re-
zctor under nitrogen pressure.

The ethylene-propylene mixture is continuously fed and
discharged at the flow-rate of 500 N1./h. 20 minutes after
the beginning, the reaction is stopped by adding 20 cc.
of methanol containing 0.1 g. of phenyl-beta-naphthyl-
amine. The product is purified and isolated as described
in Example 1.

After vacuum drying, 40 g. of a solid product, amor-
hous on Xeray examination, completcly soluble in boils
ing n-heptane, and having the appearance of a non-vul-
camized clastomer are obtained. Its Mooney viscosity
ML (1--4) is 54.

100 parts by weight of the ethylene-propylene-cyclo-
octadiene terpolymer are mixed in a laboratory roll mixer
with 50 parts of HAF carbon black, 1 part of phenyl-beta-
naphthylamine, 2 parts of sulfur, § parts of zinc oxide, 1
part of tetramethylthiuram disnlphide and 0.5 part of mer-
captobenzothizzole

The mix is vulcanized in & press at 150" C. for different
times., The properties of the vulcanizate as a function of
the polymerization (inve are shown in Table H1:

Table Il
Valoaniza- Teusiie l Elongation lodnlus Permsnent
thon thibe, strengih | st break, al X0%, oL after
minntan af howak, | perosat kg fon.t hrnib\f.‘
kg fems | peroun
0 & 49 7
4 A% 150 24
an 0 17 5.2

1 After 1 hour undet steeteh st 2005 elongstion st 20° C.: readlag
aiter 1 minwte,

EXAMPLE 16

The polymerization is carried out as in Example 15 ex-
cept that pure hydrogen, fed separately at the flow rate of
25 NL./h., is circulated with the reaction mixture,

The polymerization time is 20 minutes. 40 g, of a
product having a Mooney viscosity ML (144) of 20 are
obtained,

The ethylene-propylene-cyclooctadiene terpolymer s
vulcanized at 150° C., for various times, using the same
recipe as in the preceding example.
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The properties of the vileamizates are shown in Table
IV:

Vuloanlea- i Teusaiin I Permpneni
thon Bae, | stresigih i nlter
minktes | st beresk, | bresking,)
kg.fem 2 | percent

03 810 118 ]

R 40 b T8

i 60 133 &

! Ajter 1 hour under streteh st 200%, slongation at W° C.: reading

after | minue.

EXAMPLE 17

200 cc, anhydrous a-heptane and 20 cc. cyclooctadiene-
1,5 are introduced into the reaction apparatus described
in Exemple 1, kept at - 10* C. Through the gas inlet pipe
& gaseous ethylene-bulene-1 mixture, in the molar ratio
1:3 is introduced and circulated with a flow-rale of 200
NL/h.

The catalyst is formed in & 100 cc. flask at —20° C.
under nitrogen, by reacting in 30 cc. anhydrous n-heptane
1 millimole vanadium tetrachloride and 5 millimoles
aluminum diethylmonochloride.

The catalyst thus prepared is siphoned into the reactor
by mcans of nitrogen pressure.  Feeding and discharping
of the ethylene-butene-1 gaseous mixture is continued at
the flow rate of 400 NL/h. 3 minutes after the beginning,
the reaction is stapped by adding 20 cc. of methano] con-
taining 0.1 g. phenyl-beta-naphthylamine.

The polymer is purified and fsolated as described in Ex-
ampie 1.

After vacoum drying, 12 g, of & solid product, amor-
phous by Xeray examination and having the appearance of
a non-valesnized elastomer, sre obtained,

The infrared examination of this product shows the
presence of unsaturations (band at 6 micron) and of
methylenic sequences of different length (bands comprised
between 13 and 13.8 microns),

The cthylene-butene-cyclooctadiene terpolymer is vul-
canmzed by means of the recipe and modalities of Example
I A vulanized lamina having following characteristics

is obtained,

Tensile strength at break, kg fem? _. . ___________ 34
Elongation at break, percent ... __________ 450
Modulus at 300% elongation, kg./em2 __________ 12
Permanent set after breaking, percemt .__________ 6

EXAMPLE 18

A 20 liter avtoclave provided with comb stirrer, external
cooling jacket with ammonin circuit, and 1" sphere-valve
for discharging the polymer from the bottom, 1s used.

Inio the reactor, pétfectly cieaned with a 3% AlEtC)
solution in n-heptane and evacuated, 4500 cc. of cyclo~
octadiene-1,5 and 7500 cc. of propylene are introduced.

The temperature is lowered ta ~ 10° C. and the reactor
is pressured with ethylene up to 0.55 aim., which corre-
:ﬂpo‘:;g; to an ethylene concentration, in the liquid phase,

The following ingredicnts are thereafter introduced into
the awtoclave: 2.3 g AlELCI in n-teptane (10% conc.),
0.72 g VCi; in n-heptane (2% cone.) us catalyst com-
panents and 1.2 g, ZoEty in n-heplane (10% conc.) as
molecular weight regulator,

The reaction starts immediately as is demonstrated by
A lemperature increase and by a lowering of the ethylenc
concentration. Fthylene is then continuously fed dur-
ing the reaction.

During the polymerization, which lasts 90 minutes, a
total amount of 2.3 g. AIE4LCI and 0.72 g, VCl; is again
introduced in successive stages each spaced 20 minutes
from the other,
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630 g. of product having following characteristics are
discharged from the autoclave:

ML (100° C. 14-4)=30
Cy percent mol=43

100 parts by weight of terpolymer are mixed in a
laboratory roll mixer with 50 parts HAF black, 1 part
phenyl-beta-naphthylamine, 2 parts sulfur, 5 parts zinc
oxide, | part methylthiuram disulfide, and 0.5 parts
mercaptobenzothiazole.

‘The mix is cured in a press for 30 minutes at 150° C.

A vulcanized product having following characteristics
is oblained:

Tensile strength at break, kg/em?® . 200

Elongation at break, percent o ooceenmomoam 460

Modulus at 300% clongation, kg./em.? ... 100

Permanent set after breaking, percent oo 9.5
EXAMPLE 19

This polymerization run is carried out under the same
conditions as Example 18, except that H, instead of
ZaF1y is vsed as molecular weight regulator.

H; is fed together with eihylene, in which it is con-
tained in a 2% concentration.

670 g. of terpolymer having the appearance of a non-
vulcanized elastomer are obtained afler 90 minutes.

The predust has following characteristics:

ML 100* C. (144)=16
C; percent mol==50

This product is vulcanized by means of the same recipe
used in the preceding example, The vulcanized product
has following characteristics:
Tensile strength ot break, kg./cm.?
Elongation ol break, PErCEll museceeancansmumnasn $40

Modulus at 3009, k§./emM.? co e n e Lo
Permanent set after breaking, percemt cveveceeee 8
EXAMPLE 20

The reaction apparatus ix made up of a glass rylinder,
having a diameter of 5.5 cm. and a capacity of 750 cc,
provided with a stirrer and inlet and outlet gas mbes,
dipped into a thermostatic bath at —20° C. The gas
inlet tube reaches the cylinder bottom and ends with a
porous diaphragm (diameter 3.5 cm.).

150 ¢e. of anhydrous n-heptane and 50 cc. of cyclo-
octadiene-1,5 are introduced into the reactor, kept under
nitrogen.  Through the gas inlet tube, @ gascous propyl-
ene-ethylene mixture, in the molar ratio of 2:1, is intro-
duced and circulated with the velocity of 200 Ni‘h.
Into a 100 cc, flask, kept under nitrogen atmosphere,
the catalyst is pre-formed at 20" C. by reacting, in
10 cc. of anhydrous n-heptane, 1 millimole of vanadium
tetrachloride and 3.75 millimoles of beryllivm diethyl!
The pre-formed catalyst is introduced into the renctor
through a syphon by means of nitrogen pressure.
Polymerization reaction sterts immediately, as shown by
the increase in viscosity of the reacting mass.

The ethylene-propylene mixture is continuously fed
and discharged at a velocity of 400 N1./h.

4 minutes after the start, the reuction is stopped by
adding 20 cc. of methanol containing 0.2 g of phenyl-
beta-naphthylamine. The polymer is purified in & sepa-
rating funnel, under nitrogen atmosphere, through treat-
ments with difuted hydrochloric acid and then with water,
and coagulated with acetone.

After vacuum drying, 9 g of solid product are ob-
tained, amorphous at the X-rays, completely soluble in
boiling n-heptane, having the appearance of a nop-val-
canized elastomer. Infrared spectrographic examina-
tion shows the presence of double bonds (band at #
microns).

The ethylene-propylene molar ratio is approximately
equal 10 1.
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100 parts by weight of the terpolymer arc mixed in
a roll mixer, with one part phenyl-beta-naphthylamine,
2 parts sulphur, § parts zinc oxide, 1 part tetramethyl-
thiuram disulphide and 0.5 part mercaptobenzothiazole.
The obtained mixture is vulcanized in a press for 30
minotes at 150" €. A voleanized lamine is obtained,
having the following characteristics:

Tensile strength at break, kg./em.? oo oonan 36

Elongation at break, percent — o oeoa -- 540

Modulus at 300%, kg./em.? oo S— . 13

Permanent set after breaking, percent e evvmee 8
EXAMPLE 21

Into the same apparatus as desciibed in Example 20,
kept at —20° C., 350 cc. of anhydrous n-heptane and
60 ce. of cyclooctadiene-1,5 are intraduced.

From the gas inlet lube, a gaseous propylene-ethylene
mixture having a molar ratio of 2:1 is introduced and
circulated at a velocity of 200 NL/h.

In a 100 cc. flask, kept under nitrogen atmospbere, the
catalyst is preformed at —20° C., by rezcting, in 30
¢cc. of anhydrous n-heptane, 1 millimole of vanadium
tetrachloride and 3,75 millimoles of di-n-propyl beryl-
fium. The pre-formed catalyst is fed into the reactor
through a syphon by means of nitrogen pressure.

‘The propylenc-cthylene mixture is conlinuously fed
and discharged st a velocity of 400 NL/h.

7 minutes stter starting, the reaction ix swpped by
adding 20 ec. of methancl containing 0.1 g. of phenyl-
beta-naphthylamine. The copolymer is purified and iso-
lated as described in Fxample 20. After vacuum drying,
12 g of solid product are obtained, amorphous st the
X-rays, having the appearance of a non-vulcanized
elastomer, completely extractable with boil n-heptane.

Infrared spectographic cxamination shows the unsatu-
rations band (band st & microns),

The ethylene - propylene » cyclooctadicne copalymer i
vulcanized with the same mix ture and conditions of Exam-
ple 20. A vulcanized lamina is obtained, showing the
following characteristics:

Tenaile strength at break, kg./om.? aeeo .. 34
Flongation at break, percent 480
Modulus at 300%, kg./em.? 12
Permanent set after breaking, percent 6

When. in addition to the above mentioned ingredients,
S0 parts by weight of carbon black HAF are added and
the vuleanization is carried out as hereabove described,
the voleanized plate obtained has the following char-
acteristics:

Tensile strength at break, kg./em® ______ . 233

Elongation at break, percent .——e..eeaconnone-n 520
Modulns at 300%, kg./em® ... 123
Permanent set after breaking, percent ____ ... .- 10

EXAMPLE 22

Into the reaction apparatus described in Example 20,
kept at --20° C,, 350 cc. of anhydrous n-heptane and 50
cc. of cyclooctadiene-1,8 are introduced. Throogh the
gas inlet tube a gascous propylenc-cthylene mixture, in
the molar ratio of 2:1, is introduced and circulated at the
velocity of 200 NL/h. Tn a 100 cc. flask, the catalyst is
pre-formed at —20° C, under nitrogen atmosphere by
reacting, in 30 cc. of anhydrous n-heptane. 6 millimoles
of vanadium tetrachloride and 13 millimoles of lithium
butyl.

The pre-formed catalyst is fed through a syphoa into
the reactor by means of nitzogen pressure. The propyl-
enc-cthylene mixture is continzously fed and discharged
at a velocity of 400 Ni./h.

1 hour after starting, the reaction is stopped by adding
20 cc, of methanol containing 0.1 g. of phenyl-beta-naph-
thylamine.

‘This copolymer ig purified and isolated as described in
Example 20. After vacunm drying, 2.8 g. of solid prod-
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uct are obtained, asunplious at the X-tays, having the
appearance of a non-vulcenized elastomer, completely
soluble in boiling n-heptane. The infrared spectrum
shows the presence of unsaturations bands (band at 6
micron), The ethylene-propylene molar ratio is approx-
imately equai to 1.

The ethylene-propylene-cyclooctadiere terpolvmer is
vulcanized with the same mixture and conditions as those
of Example 20,

A vulcapized lamina is obtained, having the following
characteristics:

Tensile strength at break, kg./em.? ... 50

Elongation at break, percent _ ... 620

Modulus at 300%, kg./cm.? 15
EXAMPLE 23

Into the apparatus described in Example 20, kept at
—20° C,, 200 ¢, of anhydrous n-heptane and 30 cc. of
cycloocindiene-1,5 are introduced.

Through the gas inlet tube, a gaseous ethylene-propyl-
en¢ mixture, having a molar ratio of 1:2, is introduced
and circulated at a velocity of 200 NL./h, In a 100 cc.
flask, the catalyst is pre-formed, a2t —20° C., under nitro-
gen atmosphere, by reacting in 50 cc. of anhydrous tolu-
ene, 5 millimoles of lithiumtetrahexyl and 2 millimoles of
vanadium tetrachloride. The catalyst thus pre-formed is
introduced into the reactor through a syphon by means of
nitrogen pressure. The gaseous propylene-ethylene mix-
ture is continuously fed and discharged at a velocity of
200 NL/h. 1o a 100 cc. flask, the catalyst is pre-formed,
at —20° C.,, under nitrogen atmosphere, by reacting in
50 cc. of anhydrous toluene, § millimoles of lithium alu-
minam trihexyl and 2 millimoles of vanadium tetrachlo-
ride. The catalyst thus pre-formed is introduced into the
reactor through a syphon by means of nitrogen pressure.
The gaseous propylene-ethylene mixture is continuously
fed and discharged at & velocity of 400 NL/h.

1 hour after starting, the reaction is stopped by adding
20 ce. of methanol containing 0.1 g. of phenyl-beta-naph-
thylamine. The terpolymer is purified and isolated as
described in Example 20.

After vacuum drying, 3.2 g. of solid product are ob-
tained, amorphous at the X-rays, having the appearance
of a non-vulcanized elastomer, completely sotuble in boil-
ing n-heptane. It is vulcanized with the same mixture
and conditions as in Example 20.

A vulcanized lamina is obtained, having the following
churacteristics:

Tansile strength at break, kg/em? 52
Flangation at break, percenl cemesesssnasscsscac 660
Modulus at 300%, kg./em.® ... 15

EXAMPLE 24

Into the same apparatus as described in Example 1.
kept at —20° C., 200 cc, of anhydrous n-heptane and 20
ce. of cyclooctadiene-1,5 are introduced. Through the
gas inlet tube a gaseous propylene-ethylene mixture, hav-
ing a molar ratio of 2:1, is introduced and circulated at
a velocity of 200 NL/h. Into a 100 cc. flask, the catalyst
is pre-formed at —20° C., under nitrogen atmosphere, by
reacting in 30 cc. of ankydrous n-heptape 1 millimole of
vapadium tetrechloride and 5§ millimoles of aluminum
diethylmonohydride. The catalyst thus pre-formed is in-
troduced into the reactor through a syphon by means of
nitrogen pressure. The gaseous propylene-ethylene mix-
ture is continuously fed and discharged at a velocity of
400 N1,/h.

6 minutes after slarting, the reaction is stopped by add-
ing 20 cc. of methanol containing 0.1 g. of phenyl-beta-
naphthylamine. The copolymer is purified and isolated
as described in Example 1,

After vacuum drying, 9 g. of solid product are obtained,
amorphous al the X-rays, having the appearance of a
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non-vulvanized elastomer, compietely extractabie with
boiling n-heptane.
The copolymer is vulcanized with the same mixture
and conditions of Example 1. A volcanized lamina is
obtained, showing the following characteristics:

Tensile strength at break, kg./em.? o __ . ______ 25
Elongation at break, percent ______________._... 460
Modulus at 300%, kg./em® ___________________ 10
Permanent set after breaking, percent ____________ 6

EXAMPLE 15

Into the same apparatus as described in Example |, kept
at —20° C,, 200 cc. of anhydrous n-heptane and 30 cc, of
cyclovctadiene-1,5 are intreduced. Through the pas inket
tube a paseous propylene~ethylene mixture, having a molar
ratio of 2:1, is introduced and circulated at a welocity
of 200 Ni/h. Into a 100 ¢c. flask, the catalyst is pre-
formed at —20° C., under nitrogen atmosphere, by react-
ing in 50 cc. of anhydrous toluene 2 millimoles of vanadi-
um tetrachloride and 2 millimoles of lithium-aluminum
diisobutyldibydride. The catalyst thus preformed is in-
troduced into the resctor through a syphon by means of
nitrogen pressure. The gascous propylene-cthylene mix-
ture is continuously fed and discharged at a velocity of
200 NL/b.

I hour after starting, the reaction is stopped by adding
21 ce. of methanol containing 0.1 . of phenyl-beta.naph-
thylamine. The copolymer is purified und isolated as de-
scribed in Example 1. After vacuum drying 3 g. of solid
product are obtained, amorphous af the X-rays, having the
appearance of a non-volcanized elastomer, completely
soluble in boiling n-heptane.

This polymer is velcanized with the same mixture and
conditions as those of Example 1. A vulcamized lamina
is obtained, having the following characteristics:

Tensile strength at break, ke./em.® ______________ 4§
Elongation at break, percent __...... . SEaps 620
Modulus at 3009, kg./cm.¥ oo oo 16

‘The foregoing examples show the preparation of ter-
polymers containing, in the macromolecules, monomeric
units of cyclooctadiene-1,5, ethylene and propylene or bu-
tene.,

Similar terpolymers are obtained when the cycloocta-
diene-1,5 is replaced by other non-conjugated polyenes, as
for instance cycloheptadiene-1,4, cyclooctadiene-1,4, cy-
clodecadiene-1,6; cyclobexadiene-1,5, cvelododecadiene-
1,7, cyclododecatriene-1,5,9, or by alkyl cyclopolvenss,
and particularly non-conjugated alkylcyclodiolefins, ag for
instance: L-methyleyclooctadiene-1,5; 3-methyleycloocta-
dieue-1.5; 3d-dirnethyleyelooctadiene- 1,5 tind 3, 7-dimeth-
yieyclooctadiene 1-3,

Likewise, the propylene and butene-1 shown in the illus-
trative examples can be replaced by any alpha-olefin hav-
ing the general formula CHa=CHR. wherein R is an atkyl
radica] containing up to 6 carbon atoms, and as diselosed
above, more than one such aliphatic alpha-olefin can be
copolymerized with the ethylene and cyclic polyene.

Modifications can be made of course, in carrying out
the invention without departing from the spirit thereof,
and it is intended 10 include in the scope of the appended
cleims all modifications which will be apparent to those
skilled in the art from the disclosures made herein and
the illustrative examples given.

What i5 ¢laimed is:

L. Sulfur-vulennizable, substantially linear, amorphous,
high molecular weight copolymers of (1) ethylene, (2) at
least one aliphatic alpha-olefin having the formula

CHy=CHR
in which R is an alkyl radical containing from 1 o 6
carbon atoms, and (3) a monocyclic, mon-conjugated
polyene selected from the group consisting of

cycloheptadiens-1 .4,
cyclooctadiene-1,5,
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eyelooctadiene-1.4,
cyclodecadiene-1,6,
cyclodecadienc-1,5,
cyclododecadiene-1,7,
cyclodecatriene-1,5.9,
1-methyl-cyclooctadiene-1,5,
3-methyl-cyclooctadiens-1.5,

1 4-dimethyl-cyclooctadiene-1,5, and
3,7-dimethyl-cyclooctadiene-1.5,

said copolymers having an intrinsic viscosity higher than
0.5, consisting essentially of macromolecules containing
unsaturations and each of which contains units of the
moenomers (1), (2) and (3) in the macromolecular main
chain, and being further charucterized in that units of the
monomer (3) are pot directly linked o each other in the
main chain,

2. Copolymers according to claim 1, further character-
ized in consisting essentially of macromolecules each of
which contains, in the main chain, units of ethylene, an
aliphatic alpha-olefin, and cyclooctediene-1.5.

3, Copolymers according to claim 1, further char-
acterized in consisting essentially of macromolecules cach
of which contains, in the main chain, units of cthylene,
propylene, and cyclooctadiene-1,5.

4. Copolymers according to claim 1, further char-
acterized in containing from 0.1 to 20% by males of the
non-conjugated monocyclic polyene.

5. Copolymers according to clalm 1, further char-
acterized in consisting essentially of macromaolecules each
of which contains units of ethylene, butene-1, snd cyclo-
octadiene-1,5.

6. A copolymer of claim 1, sulfur-cured to an elasto-
meric vulcanizate,

7. The process for preparing sulfur-vulcanizable, sub-
stantially linear copolymers as defined in claim 1, which
process comprises pelymerizing a mixture of the mono-
mers (1), (2) and (3), in & liquid phasc, in contact with
a catalyst obtained by mixing

(1) a vanadium compound selected from the group

consisting of (a) vanadium halides and vanadium
oxyhalides, and (b) vanadium compounds in which
at Jeast one of the vanadium valences is satistied by
a hetcroatom Selected from the group consisting of
oxygen and nitrogen linked to an organic group, with

(2) & second catalyst-forming component selected

from the grovp consisting of organometaliic com-
pounds of metals belonging to groups I to Tl in-
clusive of the Mendeléeff Periodic Table, hydrides
of said metals, complex organo-metallic compounds
of said metals, and complex hydrides of said metals,
the second catalyst-fonming component (2) coulain-
ing halogen at least when component (1) is a vana-
divm compound of tyye (b).

8. The process according to claim 7, characterized in
that the catalyst is obtained by mixing the second catalyst-
forming component with a hydrocarbon-soluble vanadium
compound.

9. The process according to claim 7, churacterized in
that the catalyst is obtained by mixing the second catalyst-
forming component with a vanadium halide.

10. The process according to claim 7, characterized in
that the catalyst is obtained by mixing the second catalyst-
forming component with a vanadium oxyhalide,

11, The process sccording to elaim 7, choracterized
in that the catalyst is obtained by mixing the second cata-
Iyst-forming component with a vanadium compound in
which at least one of the valences of the venadium is
satisfied by a hetero-atom linked to an organic group.

12. 'The process according to ¢laim 7, characterized
in that the catalyst is obtained by mixing the second cata-
lyst-forming component with a vanadium compound in
which at least one of the valences of the vanadivm is sat-
isfied by an oxygen atom linked to an organic group.

13. The process according to claim 7, characterized in
that the catalys: is obtained by mixing the second cata-
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lyst-forming component with & vanndium compound in
which at least one of the valences of the vanadium is sat-
isfied by a nitrogen atom linked to an organic group.

14, The precess according to claim 7, characterized
in that the catalyst is obtained by mixing the second cata-
Iyst-forming component with an organic salt of vanadium.

15. The process according to claim 7, characterized in
that the catalyst is obtained by mixing an organometallic
component containing halogen with a vanadium com-
pound in which at least one of the valences of the vanadi-
um s satisled by an oxygen atom linked to an organic
groap.

16. The process according lo claim 7, characterized
in that the catalyst is obtained by mixing an organometal-
lic component containing halogen with a vanadium com-
pound in which at least one of the valences of the vanadi-
um is satisfied by a nitrogen atom linked 1o an organic
group.

17. The process according to claim 7, characterized in
that the catalyst is obtained by mixing an organometaliic
component confaining halogen with a vanadium halide,

18. The process according to claim 7, characterized
in that the calalyst is obtained by mixing an organomctal-
lic component containing halogen with & vanadinm oxy-
halide.

19. The process according to claim 7, characterized
in that the catalyst is obtained by mixing vapadium tetra-
chloride with a dialkvl aluminum monochloride.

20. The process according to claim 7, characterized
in that the mixed monomers are polymerized at a tem-
perature between —80° C, and 125" C,

21, The process according o claim 7, characterized
in that the catalyst is prepaured at a temgerature between
0* C. and —80° C., and the mixed monomers are polym-
erized in contact therewith at a temperature in said range.

22, The process of claim 7, characterized in that the
catalyst is pregarcd at a temperature between —10°
C. and —50* C., and the mixed monomers are polym-
erized in contact therewith al a temperaturc in said range.

23, The process according to claim 7, characterized in
that the catalyst is obtained by mixing an alkyl alumioum
halide with a vanadium compound selected from the gronp
consisting of vanadium trincetylacetonste, vanadyl tri-
alcoholates, and vanadyl haloalcoholates, and the mixed
monomers are polymerized in contact therewith at a tem-
perature between 0° C. and 125" C,, and in (he presence
of at lesst one complexing agent selected from the group
consisting of ethers, thioethers, tertiary amines, tri-sub-
stituted phosphines containing et least one branched alkyl
group, and trisubstituted phosphines containing at least
ane aromatic group, the amount of the complexing agent
used heing between 0L05 and 1.0 meol per mol of alkyl
aluminum halide.

24, The process according to claim 7, characterized
in that the catalyst is obained by mixing an aluminum
trislkyl with o vansdivm cosnpoesd (a), asd the molar
ratio between the aluminum trialkyl and vanadinm com-
pound is belween 1 and 5.

28, The process according to claim 7, characterized in
that the catalyst is obtained by mixing sn aluminum tri-
alkyl with a vanadium compaund (a), and the molar ratio
between the aluminum trialky! and vanadium compound is
between 2 and 4.

26, ‘The process according to claim 7, characterized in
that the catalyst is obtaincd by mixing dicthyl aluminum
monochloride with vanadivm triacetylacetonate, the molar
ratio between the aluminum and vanadiom compounds
being between 2 and 20,

27. The process according to claim 7, characterized in
that the catalyst is oblained by mixing diethyl alominum
monachloride with vanadium triacetylacetonate, the molar
ratio between the aluminvm and vanadium compounds
being between 4 and 0.

28, The process according to claim 7, characterized in
that the mixed monomers are maintained in the liquid




3,260,703

15
state and the polymerization is carried out in the sbacnce
of an extraneous solvent.

29. The process according to claim 7, characlerized
in that the mixed monomers are polymerized in an inert
solveat,

30. The process according to claim 7, characterized
in that the polymerization of the mixed monomers s
carried out continuously,

31. The process according to claim 30, further charac-
terized in that increments of the catalyst-forming com-
panents are added periodically to the polymerization sys-
tem while maintaining constant the ratio between the con-
centrations of the monomers in the liguid phase.

32, The process sccording to claim 30, furtle: chisrge-
terized in that increments of the catalyst-forming com-
ponents are added continuously to the polymerization sys-
tem while maintaining constant the ratio between the
concentrations of the monomers in the liquid phase.
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33 The prucess according o claim 7, characterized
in that the monomers copolymerized are ethylene, propyl-
ene, and the monocyclic non-conjugated polyene, and
the ethylene/propylene molar ratio in the liguid phase is
not higher than 1:4.

34. The process according to claim 7, characterired in
that the monomers copolymerized are ethylene, birtene-1,
and the monocyclic nen-conjugated polyene, and the
ethylene /butene- | molar ratio in the liquid phase is not

higher than 1:25,
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