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COPOLYMERIZATES OF ETHYLENE AND/OR
HIGHER ALPHA-OLEFINS WITH
NON-CONJUGATED DIOLEFINS AND PROCESS
FOR PRODUCING THE SAME

This is a continustion of appheation Ser No.
679,017, filed Oct. i, 1967 now abundoned which in
turn is @ continuation-in-part of Ser. No. 485933, filed
Sept B 1965, now abandoned, Ser. Noo 243,728 filed
Dee. 11, 1961, now abandoned and Ser. No. 151,206,
filed Nov. 9. 1961, now ubandoned

Muore  particularly,  the  mvention  provides
copolymenizates of ethylene, propylene or butene-1,
and the non-conjugated diolefin which are distin-
gushed fram known polymerizates obtamed from mix.
tures of the three monomers hy the following charac-
teristics:

a. the copelymerizates consist essentially of lincar.
amorphous copolymers consisting of mucromole-
cules cach of which contains units of the diolefin
and of hoth of the mono-olefing, and cach of which
Iy unsaturated, the unsaturations bemyg continned
in side groups only

b. the capalymers ol which the copolymerizates cs-

sentially  consist have molecular weights above
200,040,
the copolymers are completely extractable with
botling n-heptane,
. because they are essentially made up of macromaol-
ceules which are unsaturated, the copeolymerizates
are readily vuleanized o elustomers which are in-
soluble in common organic solvents, and have ex-
cellent properties and low permanent deformations
atl break.

The present copolymerizates ure further character-
ired and distinguished in that most of the dwene units
which are contained in the copolymeric macromaole-
cules are polymerized 1.2 and the copolymers are free
from macromolecules containing, exclusively, units of
the two mano-olefing

In order 1o obtain the copolymers as defined above.
it is essentiul to avond ovclication of the non-corjugated
diolefin during the copolymerization, or to at Jeast con-
trol the extent of cvchization su that it s minimal and
below the level at which satistaciory vulcanmization of
the copolymers would he prevented.

We found that the copolymers as defined above are
ohtained only by copolimcerizing the swrting mono
mers mixture in contact with selected homogencous
cutalysts prepared from certain hyvdrocarbon-soluble
vanadium compounds at lemperitures between —80°C
und +10°C. These particular copelymerns are not ob-
tained using témperatures above +10°C, and/or using
heterogencous catalysts comprising a solul phase insol-
uble in. or collvidally dispersed in, the hquid phase in
which the copolymerization s effected

The art shows the copalymerization of miatures of
cthyleng, @ mghq;r alph.l-ulcﬁll and a n-m-t:nn‘[ugull.‘d
divlefin in contact with heterogeneous catalysts which
contaan a4 salud phase munluble or collowdally dispersed
in the hyuid phase in which the copolymerization takes
place, for example. catalysts prepared from such halo-
genated tramsition metal compounds as vonadiom tetra-
chioride, vanadyl trichloride, or titanium tetrachleride,
and aluminum trialkvls or lithiem-aluminam tetraal-
kyls,
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The use of catalysts of the aforesuid type to promote

the copelymenzation of ethylenw, an uliphatic alpha.

olefin, and the non-conjugated diolefin has the follow-
g results:

1. The catatvsts tend to cvelize the non-conjugated
diolefin with the result that a particular kind of po-
Iymerization known as “intermoleculur and intra-
molecular polymerization” takes place and the
polymerizates obtained comprise saturated macro-
molecules contuining a nucleus of cyvelouhphutic
type for cach monomeric unit, which saturated
macromolecules constitute an inert, undesirable
diluent. and do not contribute to vulcanization of
the copolymers,

2. The polymerization rate is much lower than ob-
tinable by operating under the same conditions
but in the absence of the non-conjugated diene.

3. The yields of polymerizates, even after long poly-
mernization times, are much lower than the yields of
copolvmerizates (e g. of cthylenc-propylene
copolymerizates) obtainable by operating in the
ubsence of the non-conjugated diene.

4. The crude pofymerization products consist of mix-
tures of terpolymers and copolymers, comprising
also saturated copolymers of mono-olefines with
each other. When such copolymenzation mixtures
are vulcanized using the recipes and techniques
normully used for vulcanizing rubbers having low
unsaturation, such as c.g.. butyl rubber, they vield
puorly vulcanized products which are at least par-
tially soluble in orgunic solvents and have very high
permanent deformations at break.

In summary. the heterogeneaus catalysts and/or high
temperatures tend to eyclize the non-conjugated diole-
fin, whereby intermoleculyr und intramaolecular poly-
merization occurs, resulting in polymerizates compris-
ing saturated macromolecules containing a cycloah-
phatic nucleus in ecach unit derived from the non-
conjugated diolefin. The saturated macromolecules
constitute an undesirable diluent in the final polymeri-
rutes which is inert and does not contribute to vulcani-
zation of the copolymers to commercially acceptable
synthetic rubbers. Due to the presence of the inert di-
luting saturated mucromolecules, the polymerization
products are only difficultly sulfur-vulcanizable, at best
und the vuleanizates which are obtained do not have
the charpetenstics desired for .-nmmt\'d“rnlll\' useful
clistomers

For instance, when a mixture of the monoolefins. eth-
ylene and propylene with diallyl (hexadiene-1.,5) is po-
lymenzed i contact with o heterogeneous catalyst and-
for at high polymerization lemperature (c.g, at room
temperature or higher) the diene units cyclize in the
following way:;

1l
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When the non-conjugated diolefin mived with the
monoaletins s one having only one terminal double
bond such as. for instance, hexadiene-1 .4, the dicne
units eyclize n the following way
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The cyclization problem which is normally ¢ncoun-
tered when heterogeneous catalysts are used s dis-
cussed in the paper of E, K. Gladding et al., published
in Industrial and Enginecring Chemistry. Product and
Rescarch Development, Vol. 1, No. 2, June, 1962, p.
66, The cyclization phenomenon is also referred W By
C. S. Marvel and J. K. Stille. JACS, 80, pp. 174041,

The art also suggests polymerizing mixtures of mono-
olefins with non-canjugated diolefins in contact with
catalysts prepared from aluminum alkyl compounds
and the hydrocarbon-soluble vanadium compounds in
a reaction medium consisting of a halogenated ali-
phatic hydrocarbon which is either carbon tetrachlo-
ride or trichloromonofluoromethane. The halogenated
aliphatie hydrocarbon solvents have an adverse effect
on the copolymerization because they tend to promote
cychization of the non-conjugated diolefins.

The primary objects of this invention was to inhibit
eyclization of the non-conjugated diene duning the po-
lymerization reaction while at the same time avoiding
use of halogenated aliphatic hydrocarbon solvents, 1o
thus obtuin the present copolymers consisting of the
macromolecules each containing units of all of the
starting monomers and in which practically ull of the
non-conjugated diene is polymerized 1.2 and the unsat-
urations are in side groups, which copolymers are free
of saturated macromolecules contaiming cyclozliphatic
nuclei, having a high molecular weight, and are readily
sulfur-vuleanizable to insoluble elastomers having ex-
cellent properties and low deformations at break adapt-
ing the same to commercial use as general purpose syn-
thetic rubbers.

Such abject was achieved, as is apparent from the de-
scription of the present copolymerizates given herein
above

The primary object, and other objects of the inven-
tion, were accomplished by copolymerizing mixtures of
the moenomers under particulur conditions, using spe-
cific selected catalytic systems prepared from vana-
dium compounds und alkyl aluminum halides.

The selected catalysts which are used for the copoly-
merization according to this invention are soluble in
the hydrocarbons that cun be used as the inert polymer.
jzation medium or diluent, such as ¢ g . n-heptane, ben-
zene. toluene or mixtures thereof, and are prepared
from (1) dialkyl aluminum monohalides, monoalkyl
aluminum dibalides, or mixtures thereof, in which the
alkyl groups contain from one to six carbon atoms, and
including the fluorides, chlorides. bromides and iodides
and (2) compounds of vanadium selected from acyl or
halogenacylacetonates of vanadium or vanadyl and
from complexes of vanadium halides or oxyhalides with
linear or cyclic ethers and linear or cyclic amines.

Examples of the alkyl metal halides which are useful
are dimethyl, diethyl, diisopropyl. diisobutyl, dihexyl
uluminum monohalides, and the corresponding mona-
alkyl halides.

Vanadium compounds which are preferubly used are:
vanadium triacetylacetonate, vanadyl diacetylaceton-
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ate; vanadyl halo-acetylacetonates of the formulae qq

VOAc:X or VOAcX, in which Ac represents the acety-
lucetonic residue and X is any halogen; vanadium ben-
20¥] acetorate; the tetrahydrofuranates and dialkyl-
(such as diethyl and diisopropyl) etherates of vanadium

4

trichloride, tetrachloride or vanuadyl trichlonide: the
pyridinates, aminates such as for instance trimethyl, tri-
ethyl, and dimethy! ethyl aminates, and the quinoli-
nates of vanadium tri- and tetra- chloride and of vana-
dyl trichlonde.

The copolymerizates are homogeneous, in the sense
that each of the unsaturated macromolecules of which
the copolymers consist, contains units of all of the start-
ing monomers.

For instance, by copolymerizing a mixture of ethyl-
ene, propylene. and 1.5-hexadiene, or of ethylene,
propylene and 2-methyl-1,4-pentadiene, or ethylene,
propylene and |.4-hexadiene. according to the condi-
tions of the process which is un vbject of the present in-

7 vention, a crude copolymerization product is obtained

which consists of macromolecules each containing
monomeric units of ethylene, propylene and the non-
cyclized diolefin. Furthermore, the non-cyclized diole-
fin units are homogeneously distributed along the mac-
romolecular chains.

The homogeneity of the copolymerizates obtained
according to the present process is demonstrated by the
fact that they can be vulcanized by employing the
mixes and the techniques normally used for vulcanizing
unsaturated rubbers, preferably unsaturated rubbers
having low unsaturation such us butyl rubber.

The vulcanized products thus obtained are com-
plctely insoluble in organic solvents and are only
swollen to a limited extent by some of them. Moreover,
the vulcanized rubbers thus obtained have very good
mechanical strength and very limited permanent defor-
mation at break (see. ¢.g., the results of the mechanical
tests carried out on the vulcanized products reported in
Example | below)

Non-conjugated diolefins which are suitable for ob.
taining the copolymerizates of the present invention
contain from five to 15 carbon atoms and include

1 4-pentadiene

2-methyl-1 4-pentadiene
2-methyl-1.5-hexadiene
2-phenyl-1,5-hexadiene

1. .4-hexadiene

| 4-heptadiene

1. S-hevadiens
I.5-heptadiene
1.5-octadiene
5-methyl-1.6-heptadicne
2-methyl-1,6-heptadiene

| ,6-heptadienc
3.5-dimethyl-1,7-octadicne
3,7-dimethyl- 1 6-octadienc
1.6-dimethyl- | 6-octadiene.

It was noted above that the catalysts prepared from
such halogenated transition metal compounds as vana-
dwm tetrachloride, titanium tetrachloride or vanadyl
trichloride and e.g.. an aluminum trialkyl. tend to cy-
clize the non-conjugated diolefin during the copaly-
merization to produce copolymers consisting prevail-
ingly of saturated macromolecules in which the diene
units are cyclized.

This is shown by examination of the product obtained
by polymerizing 2 mixture of ethylene, propylene and
2-methyl-hexadiene-1,5, or a mixture of ethylene,
propylene and heptadiene-1.5, in contact with a cata.
lyst based on vanadyl trichlonide and aluminum tri-
isobutyl, under different temperature conditions.
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The catalyst systems used in the present process poly-
merize the non-conjugated dienes by a different mech-
anism which does not result in cyclization of the diene,
or if cyclization of the diene does occur, it docs so o
an extent insufficient to prevent the ready and satisfac-
tory vulcanization of the copolymerizate.

Substantially all of the diene units in ¢uch of the mac-
romolecules of the present copolymerizates are poly-
merized 1,2 and only a minor amount, if any, of the
starting diene is found to exist in the copolymer macro-
molecules in the form of cycles. Each of the copoly-
merized nen-cychc units of the diolefin in the macro-
molecules contains a double bond in the side group
Such macromolecules are both structurally and chemi-
cally different from the saturated macromolecules in
which a prevailingly proportion of the polymerized di-
olefin units are cychc and which exist as inert diluent
in the polymerizates obtained according to the prior
art, as discussed above.

The structure of the present copolymerizates was de-
termined by infra-red analysis. The IR spectra showed
{in the case of an alpha-omega diolefin) absorption
bands indicating the presence of vinyl or vinylidene
bonds pendant from the chains, due to the presence of
units of non-cyclized diene, one of the double bonds of
which does not take part in the copolymcrization and
is available for the vulcanization.

The structural and other differences between the
present copolymerizates and those obtained with the

uid of catalysts based on, for instance, vanadyl trichlo- -

ride and an aluminum trialkyl such as aluminum triiso-
butyl, are upparent from an examination of a
copolymerizate prepared from, for example, ethylene,
propylene and 2-methyl-hexadiena.1 S with the aid of
the catalyst prepared from vanadyl trichloride, and an
examination of a copolymerizate obtained by copoly-
merizing ethylene, propylene and 2-methyl-hexadiene-
1.5 under the same conditions except that the catalyst
is prepared from vanadium triacetylacetonate and di-
ethy! aluminum chloride.

For instance. the IR spectrum for an ethylene-
propylenediallyl terpolymerizate containing 2.5 per-
cent by mols of diene obtained by the present process
shows both an anbsorption band due to unsaturation at
about 6.0 microns and a band at 11.0 microns attribut-
ahle to vinyl double bonds, Furthermore when the ter-
polymerizate is vulcanized, e.g., with a mix suitable tor
vulcanizing butyl rubber, the obtained vulcanized prod-
uct shows values for the permanent deformation at
break lower than about 8 percent.

These results show that the hexadiene s copolymer-
ized, at least prevailingly, with 1 2-enchainment 2nd
that the diene units are homogeneously distributed in
the macromolecules.

Similarly, in the infra-red spectrum of terpolymeri-
zates containing 2 10 4 percent by mols of 2-methyl-
1.5-hexadiene, obtained by the present process, an ab-
sorption at 11.25 microns can clearly be observed,
which can be ascribed in vinylidene doubsle bends. The
terpolymerizate is vulcanizable to a very satisfactory
rubber. The infra-red spectrum of ethylene/propylene/-
2-methyl-octadiene- 1,7 obtuined by the practice of this
invention, shows the presence of un absorption at about
11.25 microns, attributable to double bonds of vinyli-
denic type.

The composition of macromolecules of the present
copolymerizutes (terpolymerizates} of cthyléne. propy-
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lene or butene-1. and a non-conjugated diolefin as
shown €. can be established by subjecting the
copolymerizates to careful fractionation. Careful frac-
tionul precipitution of the ethylene-propylene-diolefin
copolymerizates and examination of the fractions
showed that all of the fractions were amorphous, all
contained units of ethylene, propylene and the non-
conjugated diolefin, and all were unsaturated. The lat-
ter characteristic established that the macromolecules
contained units of the diene which were not cyclized.

The process of the present invention can be carried
out at temperatures comprised between —80°C and
+10%.

In arder to obtain copolymers having the best charac-
teristics and high yields of copolymerizate per weight
unit of catalyst, it is desirable to carry out both the
preparation of the catalyst and the copolymerization at
temperatures comprised between 0°C and —80°C, pref-
erably between —10°C and —50°C. When these condi-
tions are observed, the catalysts show a much higher
activity than the same catalytic systems prepared and
used at higher temperatures. Moreover, by operating in
the aforementioned temperature range, the activity of
the catalysts remains practically unaltered with time.

The activity of the catalysts employed in the process
herein described varies with the molar ratio between
the compounds used in preparing the catalyst. We have
found that, when using, e.g.. diethyl aluminum mono-
chloride and vanadium triacetylacetonate. it is conve-
nient to use catalysts in which the AIR,C1 to vanadium
compound molar ratio is comprised between 2 and 30,
preferubly between 4 to 20. This ratio, is in fact, gen-
eral for the alkyl aluminum halides and vanadiuum
compounds disclosed herein.

The copolymerization which is an object of the pres-
ent invention can be carried out in the presence of an
inert hydrocarbon solvent consisting, ¢€.g., of butane,
pentane, n-heptane, toluene, xylenc or mixtures
thereof.

Particularly high yiclds of the new amorphous
copolymerizates can be obtained if the copolymer-
ization is carried out in absence of an imert solvent,
using the monomers in the liquid state i.¢., using an eth-
ylene solution in a mixture of higher alpha-olefin and
non-conjugated diolefin to be copolymerized, kept in
the liquid state.

In order to obtain ¢opolymérizates having a high ho-
mogeneity of composition, it is desirable to operate so
as to keep constant, or as constant as possible during
the copolymerization, the ratio between the concentra-
tlon of the monomers 0 be copolymerized, which are
present in the reacting liquid phase. For this purpose,
it can be convenient to carry out the copolymerization
continuously by feeding and discharging continuously
a mixture of the monomers having constant composi-
tion and by operating with high flow rates.

The catalytic system used can be prepared in absef€e
of the moR@mers, or the catalyst cofiponents €df be
mixed in the presence of the monomers to be ly-
merized. The catilyst components i the predeter-
mined molar ratios €e2n be fed contifiddlsly during the
polyMerization.

BY varying the cofposition of the Fixtures of mofio-
méy, it is possible 18 vary the éBfposition of the ¢o-
polyMers within wid® limits.

When copolymers 8f ethylené With a non-conjugatéd
di¢h#. such as. e.g. |, 5-hexadigne or 2-methyl-1 4:
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pentadicne are preparcd. n order 1o obtain amorphous
materals having elastomenic properties and avond the
occurrence of long ethylene sequences exhibiting crys-
tallinity, the mixture of the monomers must be regu-
lated soas to obtain copolymerizates huving a relatively
high diene content. and preferably a diene content of
from 20 to 70 percent by mols

When copolymers of 3 monomers, one of which is
ethylene, are 1o be produced. such us, ¢.g.. copolvmeri-
zates of cthylene, propylene and 1.5 -hexadiene. or
copalymerizates of ethylene, [-butene and 2.methyl
1. 3-hexadiene. the amount of diene in the terpolyvmer
mucromalecule can be from | w 20 percent by mols.
The copolymers thus produced cun be vulcanized by
the methods normally used for unsaturated rubbers and
still maintain the characteristics of high resstance to
ageing and to oxidation which are peculur to elasto-
mers consisting of substartially saturated copolymers

By employing the process which is an object of the

present invention, it is thus possible 10 produce new 2

crude unsaturated copolymerizates (including ter-
polymenzates) having very desirable clastomernic prop-
erties, and which can be vulcanized by the methods
normally used in the rubber industry

Each monomer feed & specific and the relative
amannts of the comonomers in the feed required to
produce @ two-component or a three-component
copolvmerizates having the content of non-conjugated
dwlefin sufficient to render the copolymernizate vulcan-

izuble depends on the reactivity rutios of the particular

monomers used.

Tu obtain the copolymerizates consisting essentially
of the unsaturated vulcanizable terpolymers of cthyl
ene, propylene or butenc-1. and the non-conjugated
divlefin which are amorphous at the X-rays, using the
present catalysts and process, the molar ratio of propy-
lene to ethylene i the reacting hiquid phase must be at
jeast 4:1, and the molar ratio of butene-| to ethylene
in the reacting hguid phase must be at least 251, The
amount of the dienc added is then determined empiri-
cally o result in the desired diolefin content for the
copolymerizate, and will depend on the specific non-
conjugated diolefin used. The diene content of the ter-
polymers may be, as stated, from | to 20 percent by
mols, preferably from 2 to 10 percent by mols, and the
minimum amount needed to insure a sutisfuctory unsat-
uration of the macromolccules for rendy vulconization
of the mass will do.

In gencral the double bonds are distributed in the
macromolecules of the terpolymerizates in such a ho-
mogenevus way a5 1o render the crude terpolymeris
zates easily vulcanizable by means of the ingredients
and under the conditions normally used in the rubber
industry, even if the content of double bonds is as low
as | to 3 per 100 total monomeric units,

The copolymers of the invention are completely ex-
tructuble with boiling n-heptane, in contrast to the vul-
canszates which are completely insoluble in boiling n-
heptane.

The copolymers have very high moleculuar weights,
always in excess of 20,000 corresponding to an intrinsic
viscosity mn excess of 0.5 as determined in tetrahydro-
naphthalenc at 135°C or in toluene at 30°C. and gener-
ally higher than 50,000,

In fact. the molecular weight of the present copoly-
mers made up of the unsaturated macromolecules in
which the non-conjugated diolefin is polymerized 1, 2
have such high moleculur weights it may be desirable
10 regulate the malecular weight during the copolymer-
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wation reaction so that. for mote ready processing., the
copulymers will have a molecular weight lower than
that of the copolymers normally produced under our
condittons

For instance. the copolymerization can be carried
out in the presence of specific organometallic com-
pounds which tend to curtail the degree of polymeriza.
tion such as, for instance, zine dialkyls, or by including
small amounts of hydrogen in the copolymerizing sys.
wem.

The term “diolefin containing at least one terminal
unsaturation of vinyl type” includes diolefins contain-
ing two terminal double bonds of vinyl type. diolefins
contaming an inner double bond and a termindl double
of the vinyl tvpe: and diolefins contaming u terminal
double bond of vinylidenic type and a terminal double
bond of vinyl type.

As disclosad, the starting monomers may be cthylene
and/or an aliphatic alpha-olefin as defined herein and
at least ope linear non.conjugated dintefin having only
one terminal double bond of vinyl type; both the cata-
lyst preparation and the copolymerization can be car-
ried out at temperiatures between +10%C and -80°C,
preferably between ~10F° and —30°C: and the copaoly-
merization can be carried out in the absence of inent
solvents, by using the momnmers mintue maintased in
the hiquid stote us the copolymerization medium.

When the copolymerization s carried out at a suffi
ciently low temperature in the stated range. e.p., below
=50°C when the monomers are ethylene. propylenc
and 1, d-hexadiene, it is unnecessary to operate under
pressure higher thun strnospheric pressure in order 1o
maintain the monomers misture m the hyuid state.
Somewhat increased prassures may be employed when
the temperature 1s near the aforementioned upper himit
of +10°C,

By operating under the conditions just described,
there are ebtained very homoegencous products which
are substantially entirely free of cross-links, completely
soluble in botling n-heptane, and capable of being vul-
canized to elustomers having very good mechamical
characteristics. Due 10 the high monomers concentra-
tion and the fact that the catalysts used in the practice
of this invention do not lose their activity with time
when used at low temperatures, the copolymerizates
produced under the last- described operating conditions
are obtained in particulurly high vields.

Since the copolymer formed is scarcely soluble. or is
substantially insoluble. in the reaction medium consist-
ing essentially of the monomers mixture (ethylene and.
for the aliphatic alpha-olefin and the linear non-
conjugated diolefins having only one terminal double
bond of the vinyl type) maintained in the liguid state
used as the copolymerization medium, there is no ap-
preciable increase in the viscosity of the reacting mass
during the copolymerization and, therefore. no appre-
ciable decrease in the copolymerization rute due to dif.
ficulties of mass tranfer.

Elistomers obtamned by vulcanizing amorphous
copolymernizates according to this invention have the
properties of high resistunce of ageing and oxidation
which are characteristics of clastomers consisting of
substantially saturated copolymers. The vulcanized
praducts can be used advantageously in the production
of various manufactured articles, including sheets, clas-
tic yarns, tubes, tires ctc

The fallowing examples are given to illustrate details
of the invention, without limiting its scope.
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EXAMPLE |

The reaction apparatus consists of a large tube hav-
ing a capacity of 750 ml and a diameter of 5.5 cm. pro-
vided with a tube for charging and discharging the
gases, a mechanical agitator and a thermometer sheath. &
The tube for introducing the gases reaches the bottom
of the test tube and ends with a porous disphrapm (di-
ameter 3.5 cm).

The apparatus is Kept at the constant temperature of
=20°C. 350 cc of anhydrous n-heptane are introduced
and this solvent is saturated at —20°C by passing
through it a mixture containing propylene and ethylene
in a molar ratio of 4.1, with a flowrate of 200 Nith,
0.168 mols (20cc) 1,5-hexadiene (diullyl) are then in-
troduced.

Meanwhile, the catalyst is prepared at = 20%C by mix-
ing a solution of 14 millimols diethyl aluminum mono-
chloride in 20 cc anhydrous toluene with a solution of
2.8 millimols vanadium triacetylucctonate in 20 cc wl-
uene.

The catalyst is introduced into the reaction apparatus
approximately | minute after its preparation. The feed-
ing of the ethylene-propylene mixture is continued with
a flowrate of 300 Ni/h.

7 minutes after the introduction of the catalyst, fur-
ther 0.067 mols (R80cc) 1,5-hexadiene (diallyl) are in-
troduced into the reaction apparatus.

12 minutes after the introduction of the catalyst. the
reaction is stopped by the addition of 20 cc methanol 3
containing 0.2 g of antioxidant {phenyinaphthyla-
mine .

The product is purified in a pitrogen atmosphere by
successive treatments with agueous hydrochloric acid
and water. The product is then completely couguluted
by the addition of an excess of an acetone-methanol
mixture. The product, dried under vacuum, amounts o
25 ol white sulud, having a tubibery aspect, which is
found to be completely amorphous by X-ray examing-
tion

It has an intrinsic viscosity, determined in tetrahydro-
nuphthalene at 135°C, of 3.4} and is completely extract-
able with boiling n-heptane.

The infra-red spectrum of said product shows the
bands of the unsaturation at about 6.08 microns and
bands at 10 microns and 11 microns which show the
presence of vinyl double bonds.

The presence of a flex at 6.9 microns indicates that
only 2 small portion of the 1.5-hexadiene monomeric 50
units are copolymerized with eyclization,

From the examinaton of the infra-red spectrum it can
be concluded that this copolymer contains about 9-10
percent by weight of | S-hexadiene.

100 p by weight of the ethyvlenc-propylene-diallyl ter.
polymenzate arc mixed in a laboratory roll mill with ]
part phenvl, -@-naphthylamine, 2 parts lauric acid, 5
parts zine oxide, 2 parts sulfur, 1 part tetramethylthi-
uram disulfide and 0.5 parts mercaptobenzothiuzole.

The mixture obtained is vulcanized in a press for 30 ®
minutes at |50°C, obtaining a vulcanized lamina having
the following chagacteristics:

15
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40

45

a5

tensile stre 43 kpfem?
chmgation ot break bRl 65
modulus wt MOU clongatioa 24 kglem? :
Tavanent set afier break a5
bore hardress, A seale 37
teboutu! vhisticity at 25%C ast

819
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If, in addition to the afore-mentioncd ingredients, 50
parts HAF carbon black are added and the mix is vulca-
nized under the same conditions, the following charac-
teristics are obtained:

Tensile strength 250 kglem?

Elongation at break 4605%

Modulus at 300% | 40 kg/cm?
1 del at break 20%

Shore bardness, A scale T

Rebound elasticity a1 25°C 48%

EXAMPLE 1

The copolymerization is carried out under the condi-
tions of Example I, but | 4-hexadiene is used as a co-
monomer instead of diallyl.

4 cc | 4-hexadiene are introduced into the reaction
apparatus contmning 200 cc n-heptane saturated at
—20°C with a gaseous propylene.ethylene mixture in
the molar rittio of 4:1.

The cutalyst is prepared as described in Example L
Of this catalyst there is used an amount equal to ane
fourth of that in Example I. 15 minutes after the cata-
Iyst introduction. the reaction is stopped by the addi-
tion of 20 cc methanol containing 0.2 g of an antioxi-
dant (phenylnapthylamine).

The product, purified and isolated as described in Ex-
ample I, amounts 10 24 g of a white solid having a rub-
bery uppearance, amorphous by X-ray examination. In
the infra-red spectrum are clearly visible the bands of
the unsaturations at about 10.35 microns due to trans
unsuturations. The diene amount s 3.7 percent by
weight.

100 parts by weight of the ethyléne-propyléne-1.4-
hexadicne terpolymerizate are mixed in a laboratory
roll mill with 50 parts HAF black | part phenylnapthla-
mine, 2 parts luuric acid, 5 parts zinc oxide, 2 parts of
sulfur, 1 part tetramethyhhiveam disulfide and 0.5
parts mercaptobenzothiazole.

The mix thus obtained is vuleanized in a press for 60
minutes at §50°C, obtuining a vulcanized lamina having
the following characteristics:

tensile strengeth 170 kpiom?
clongation at brgak 3805
Modulis at WEES slingation 128 kgiom®
permanant sct &t heeak o%

FXAMPLFE I

The copolymerization is carried out under the condi-
tions of Example 1 but 2.methyl-1.5-hexadiene is used
as u comonomer instead of diallyl.

0.09 mols (12cc) 2-methyl-1,5-hexadiene are intro-
duced into the reaction apparatus containing 350 cc
n-heptane saturated at —20°C with a gascous propy-
lene-ethylene mixture in the molar ratio of 4;1. The
catalyst is prepured as described in Example L

Twenty minutes after the introduction of the catalyst,
the reaction is stopped by addition of 20 c¢¢ methanol
containing 0.2 g of antioxidant (phenylnapthylamine ).

The product. purified and isolated as described in Ex-
ample I, amounts 10 29 g of a white solid having 2 rub-
bery appearance, amorphous by X-rays examination.

100 parts by weight of the ethylene-propylene-2-
methyl-1.5-hexadiene terpolymerizate are mixed in a
laboratory roll mill, with | part of phenyl- B-napthyla-
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mine. 2 parts luuric acid, § parts zinc oxide. 2 parts sul-
fur, | part tetramethylthiuram disulfide and 0.5 parts
mercaptobenzothiazole. The mix is then vulcarized in
a press for 30 minutes at 150°C obtaining & vulcamzed
lamina presenting the following characteristics:

temile stremgth 2K kglem?
¢langation st hreak IO
maodulus 1l MU elongation 7 kplem?
st at hreak el

EXAMPLE 1V

50 ¢¢ n-heptane are introduced into o 250 oo glass
flusk provided with a mechanicul agitator, a tube for
introducing and discharging the guses and a thermo-
metric sheath, kept at the constunt temperature of
~20°C. After having saturated this solvent at ~20°C
with ethylene, 0.084 mols ( 10cc) 1.5-hexadiene (dial-
Iy1) are introduced

2
A1 the same time. the cutalyst is prepared at -20°C

by mixing a solution of 14 millimols of diethy! alumi-
num monochloride in 20 cc anhydrous tolucne with o
solution of 2.8 millimols vanadivm triacetylacetonate
in 20 cc toluene.

The catalyst thus prepared is introduced into the re-
action apparatus after about 30 seconds. lhe feeding
of ethylene is continued with a flowrate of 200 Ni/h

Ten minutes after having introduced the catalyst, the
reaction is stopped by addition of 20 cc of methanol
containing 0.1 g of an antioxidant (phenylnaphthyla-
ming).

The product is purified by successive treatments
under nitrogen with aqueous hydrochloric acid and
water und is then coagulated with an sectone methanol
mixture.

7 g of a solid rubbery product which is found to be
amorphous by X-ray examination are obtained. Since
crystallinity of polyethylene type is completely ahsent,
it 1s evident that the 1,5-hexadiene copolymenzed with
ethylene.

In the infra-red absorption spectrum are clearly visi-
ble the bands at 6,08 microns and 11 microns, which
can be ascribed to the presence of vinyl double bonds.

An absorption at 6.9 microns, attributable to cyclopen- 45

tanic nuclei is also present.

The ratio hetween the intensities of the band at 6.9
microns and the intensities of the bands due to vinyl
groups indicates that most of the 1.5-hexadiene is co-
polymerized with 1.2-enchainment

EXAMPLE V

The copolymerization is curried out under the same
conditions as in Example 1, but vanady| diacetylaceton-

ate is used instcad of vanadium tri-zcetylacetonate in g4

the preparuation of the catalyst

0,067 mols {9cc) 1.5-hexadiene (diallyl) are intro-
duced into the reaction apparatus containing 350 ¢¢
n-heptune saturated at —20°C with a gaseous propy-
lene-ethylene mixturc in the molar ratio of 4-1

The catalyst is prepared at —20°C by mixing a solu-
tion of 14 millimols diethyl aluminum monachloride in
20 ¢c anhydrous toluene with a solution of 2.8 milli-
mols vanadyl diacetylacetonate in 20 ¢¢ toluene and is

introduced into the reaction apparatus 30 seconds after ¢

its preparation,
Eight minutes after having introduced the catalyst,
0.033 mols (4cc) 1,5-hexadiene (diallyl) are added.

~
“h
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After 10 minutes, an amount of catalyst equal to the
imtiul one and prepared as described above s added.

After 13 minutes, further 0.017 mols (2cc) of 1.5
hexadiene (diallyl) are added. After 30 minutes, the re-
action is stopped by adding 20 cc methanol.

The product is purified and isclated as described in
Example |

28 g of ethylene-propylenc-1,5-hexadiene ter-
polymerizate, which is solid, of rubbery appearance
and amorphous by X.ray examination, are obtained.

In the infrared spectrum of thig product are clearly
visible the unsaturation bands at 6.08 microns and
those due o the presence of vinyl double bonds at 11
MICrons.

The product thus obtained has an intrinsic viscosity,

" determined in tetrahyd ronaphthalene at 135°C, of 2.0

and leaves no residue when extracted with boiling n-
hexane.

EXAMPLE VI

The copolymerization is carried out under the same
conditions as in Example 1, but |,4.pentadiene is used
as a comonomer instead of diallyl,

0.098 mols ( 10cc) of | 4-pentadiene are introduced
into the reaction apparatus containing 350 cc of n-
heptane soturated at —=20°C with a gaseous propylene-
ethylene mixture in the molar ratio of 4:1.

The catalyst is prepared at —~20°C by mixing a solu-
tion of 14 milbmols diethyl aluminum monochloride in
20 cc anhydrous toluene with a solution of 2.8 milli-
mols vanadium triacetylacetonate in 20 cc toluene.

After 20 minutes, an amount of catalyst equal to the
initial one 15 added.

After 45 minutes. the reaction is stopped by adding

% 20 cc methanol containing 0.2 g antioxidant (phenyl-

naphthylamine ).

The product s purified and isolated as described m
Example |

I8 g of ethylene-propylene-i 4-pentudiene  tei-
polymerizate, which is a sohd with a rubbery appear-
ance and amorphous by X.ray examination, are ob.
tained.

In the infrared spectrum of this product are clearly
visible the unsuturation bands at 6.08 microns and
those due to the presence of vinyl type double bonds at
11 microns. and at about 10 microns.

The crude terpolymerizate is vulcanized by vwsing a
recipe as described in Example 3, and operating under
the same conditions. A vulcanized lamina having the
following characteristics is thus obtained

twensile strength
elongation at breuk
st wt heeak

30 kglem®

EXAMPLE VIl
The reaction apparatus described in Example | 1s em-

oy Ployed: the temperature is kept at =20°C, 350 cc n-

heptane and 20 cc radioactive 2-methyl- 1 . 4-pentadiene
are introduced in the glass cylinder; the solution is satu.
rated by bubbling through it, with a flowrate of 200
NU/h, a gaseous propylene-ethylene mixture containing
the olefins in a propylene to ethylene molar ratio 3:1.

The catalyst is prepared at —20°C, under nitrogen, by
admixing a solution of 1.4 millimols vanadium triacety-
lacetonate in 20 oc anhydrous 1oluene with a solution
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of 7 millimols aluminum diethyl monochloride in 20 cc
anhydrous toluene. The catalyst thus prepared is kept
at —20°C for 5 minutes and then injected in the reac-
tion apparatus under NItrOgen pressure.

The gas mixture is now circulated at the rate of 400
I/h. 12 minutes sfter the addition of the catalyst an-
other § cc radioactive 2-methyl-i d-pentadiene are
added. After 30 minutes from the addition of the cata-
lyst the reaction is stopped by adding 20 cc methanol
containing 0.2 g phenyl-beta-naphthylamine. The poly-
mer is purified and separated us described in Example
B

After drying in vacuo, 12 g of a solid product. amor-
phous at the X-rays, und having the appearance of un-
vulcanized rubber are obtained.

By radiochemical analysis the product is found to
contain 7.1 percent by weight of 2-methyl-1,4-
pentadiene. The infrared spectrum shows the presence
of vinylidene groups (bands at 11.2 microns). The in-
trinsic viscosity, in wluene at 30°C, is 2.1 1.

Part of the terpolymer is fractionated, by precipita-
tion with the aid of methanol from a carbon tetruchlo-
ride solution.

The polvmer rich phases, which constitute the top

luyer. are separated, after about 20 hours rest in a ther- <

mustal at 30°C, Ly siphoning the underlying solution.
The thus obtained fractions are dissolved in benzene,
precipitated and washed with methanol and dried in
vaCUO at room temperature to constant weight.

For cach fraction the content of 2-methyl-1.4-
pentadiene is determined, by radiochemical analysis,
and the intrinsic viscosity, in toluene at 30°C.

Fraction ‘& of polymer 2.methyl-1 4. INL in toluene
No precrpitited pentadicnc % W T
by weight
1 20.K 11 15y
3 ry A 12 307
3 177 T2 2.7
4 464 *3 233
b fxa 72 2010
® 850 hY 1.70
? 0 LY I.3E
] Ta 69 L1e
9 K16 72 1ol
Y vis T2 -

As shown in the toble, the distribution of the diene
units in the various fractions is very homogencous.

EXAMPLE VI

350 cc anhydrous n-heptane are saturated, at —=20°C,
in the apparatus of Example I, with a gaseous prapy-
lene-ethylene mixture, with a propylenc to ethylene
molar ratio of 4:1; 20 ¢c 2-methyl-1,4-pentadiene are
added.

The catalyst is prepared at ~20°C by admixing a solu-
tion of 14 millimols aluminum diethyl monochloride in
20 cc anhydrous toluene with 2.8 millimols of the tri-
(tetrahydrofuranate ) of vanadium trichloride in 20 cc
anhydrous toluene: it is injected in the reaction appara-
tus 30 seconds after its prepuration.

After 20 minutes from the addition of the catalyst the
reaction is stopped by adding 20 cc methanol contain-

20

14
ing 0.2 g phenyl-beta-naphthylamine. The polymerizate
is purified and separated as described in Example 1.

15 g of a solid, rubbery ethylene-propylene-2-methyl-
I.4-pentadiene terpolymerizate are obtained, which is
umorphous at the X-rays and completely soluble in
boiling n-hexane.

At the infrared the product clearly shows the band at
about 11.2 microns, ascribed to vinylidene double
bonds.

100 parts by weight of the polymerizate are mixed in
a  laboratory  mill with | part phenyl-beta.
naphthylamine. 2 parts lauric acid, 5 parts zinc oxide,
2 pars sulfur, 1 part tetramethylthivram disulphide,
0.5 parts mercaptobenzothiazole.

The mix is vulcanized in a press for 30 minutes at
150°C: specimens of the vulcanizate, when tested at
25°C according to ASTM D-412-51T, give the follow-
ing data:

tenwile strength IH kplem®
clongation at beak S0
muodulus st 3O0% 15.6 kg/om®
st ut hreak 105

EXAMPLE IX

The reaction apparatus consists of a 1,000 cc glass
cylinder provided with a tube for introducing and dis-
charging the gases a mechanical agitator and a ther-
momeler sheath.

The tube for introducing the gases reaches the bot-
tom of the cylinder and ends with a porous diaphragm.
The apparatus is kept at the constant temperature of
=20°C; 700 cc of anhydrous n-heptane are introduced
und this solvent is then saturated at -+ 20°C by passing
through it an ethylene-propylene-hydrogen mixture
containing 0.5 percent of hydrogen and propylenc and
ethylene in a molar ratio of 4:1, with a flowraie of 200
Ifh. 10 cc of 2-methyl 1.5 hexadiene are then intro-
duced. Meanwhile the catalyst is prepared at the tem-
perature of —20°C, by mixing a solution of 14 millimols
of aluminum diethyl monochloride in 20 c¢ of anhy-
drous toluene with a solution of 2.8 millimols of vana-
dium triacetylacetonate in 20 cc of toluene.

The catalyst is introduced into the reaction appara-

" us. one minute after its preparation, The ethylenc-

50

58

60

65

propylene mixture is fed continuously with a flowrate
of 300 I/h. Twenty minutes after the introduction of the
catalyst the reaction is stopped by addition of 20 cc
methanol containing 0.2 g of an antioxidant (phenyl-
beta-naphthylamine).

The product is purified and isolated as described in
Example 1. The product dried under vacuum amounts
of 25 g of a white solid, having a rubbery appearance,
which is found to be completely amorphous by X-ray
examination. It has an intrinsic viscosity in toluene at
30°C at 2.06 and is completely extractable with boiling
n-hexane. By examining the infra-red spectrum (band
at 11.20 microns) this terpolymer contains 1.75 per-
cent by weight of 2-methyl-1,5:-hexadiene.

The results of this run are f@peited in Table I, run I.

By operating in the same manier Bul usifig increasing
amounts of 2-methyl-1.5-hexadiene i the feed mix-
ture, the results reported in Table 1, runs 3 1 6, dre ob-
tained.
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TABLE |

Run T.methyi-1.5. Polymerization  Terpolymer 9] Percent 13

hex time obtained weight of 2-

ntroduced minutes '] methyl-1,5-

o henadsicng in

terpolymer
1 o ki) 2 206 1.78
2 0 32 0 £90 13
A 25 23 15 1.6 180
4 30 2 22 1.74 4.86
5 40 0 25 62 595
& il 45 20 (1] 1.70

The ethylene-propylene-2-methyl- | 5-hexadiene ter-
polymers ohtained in runs | to 6 are vulcanized in a
press at 150°C for 30 minutes, using the following mix:

terpolymer 1oy parts by weight
Fing uxide b parts by weight
seark awid 2 parts by weight
mercapiubenzothuzole ns pares by weight
antivadant (phenyl-beta- )
maphihy lamine ) ] part by wueight
sulfur 2 parts by wetght
tetramthy hiuram d-sulfide 1 part by weight

From sheets obtained after vulcanization, specimens
to be used for the ASTM D-412 test are prepared.

The results obtained in this test are reported in Table
1L If. in addition to the aforementioned ingredients, 50
parts of HAF carbon black are added and the mix is
vulcanized under the same conditions, specimens hav-
ing the charucteristics reported in Table 111 are ob-

25

lyst the reaction is stopped by addition of 20 ¢¢ metha-
nol cantaining (0.2 g of antioxidant (phenyl-beta-
naphthyl-amine ).

The product is purified and isoluted as described in
Example I, amounts to 20 g of a white solid which has
a rubbery appearance, and is shown to be amorphous
by X-ray examination.

By infra-red spectrography. a 2-methyl-1 4.
pentadiene content of 5.1 percent is determined in the
terpolymer.

The intrinsic viscosity of the terpolymer, determined
in toluene at 30°C, is 1.65.

100 parts by weight of ethylene/propylene/2-methyl-
1.4-pentadiene are mixed in a laboratory roll mixer
with one part phenyl-be ta-naphthyl-amine. 2 parts lau-
ric acid, 5 parts zinc oxide, 2 parts sulfur, one part tet-
ramethylthiuram disulfide and 0.5 parts mercaptoben-

tained. 30 zothiazole.
TABLE Il
Run % by wo tensile strengih elongation modulus  setat shore rehotng
of ". -z:'ll kplom? at break ar J00%  beeak  hard-  clasticity
-1.5-hexa- k] clangution  elonga- A at Jﬂ"f?
tion
dwene kglem?® wale %
] 1.8 60 750 10.5 20 55 76
) 5232 2l 530 1 15 L3 ] 74
3 .50 24 si0 1.8 1o 49 &6
4 4 K6 1n 465 14.5 8 35 76
] 578 3 460 152 5 6 4]
L} .0 25 325 215 4 58 #0
TABLE I
4 by weight  tensile strength ¢ ion modulus @t thore  rebound
fa of T.methvl kgiom?® m WA elon-  hard-  clasticity
-b.5-hexa. % gaton A at 2UC
diene w the kgiem? scale w
terpolymer
! 1.78 175 590 47 s 45
2 11 240 &30 n 73 51
3 iso 124 530 8]y T 45
4 486 130 430 120 78 4
5 575 127 400 154 74 54
13 7.70 191 180 — ™ 54
EXAMPLE 10 The mixture is then vulcanized in a press for 30 min-

The run it ¢arried out under the conditions of Exam-
ple 9 but 2-methyl-1 4-pentadiene is used as comono-
mer instead of 2-methyl- | 3-hexadiene.

Into the reaction apparatus containing 700 cc of n-

heptane saturated at the temperature of —20°C with a
paseous propylene-cthylene-hydrogen mixture. having

the same composition us thut of Example 9. 30 cc of 44

2-methyl- |, 4-pentadiene are introduced.

The catalyst is prepared as described in the preceding
example, 50 minutes after the introduction of the cata-

utes at |50°C thus obtaining a vulcanized lamina hav-
ing the following characteristics:
wnuile srength
cloogatiom wt bresk
modulus ut A clongation
st at break

27.1 kgiem?
L33 i
141 kgfem?
K5

EXAMPLE 11

Into a 6000 cc stainless steel autoclave provided
with a mechanical stirrer and kept at ~15°C, 2.8 liters
of liquid propylene and 1.150 liters of 2-methyl-] 4-
pentadiene are introduced.
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The liquid is saturated with ethylene while kecping
the pressure in the autoclave ar 3.6 atm. The catalyst
is introduced into the autoclave by feeding continu-
ously a solution of aluminum diethyl monochloride in
heptane and, also continuously, a toluene solution of
vanadium trizcervlacetonate, so that in the autoclave
the malar ratio of AC.H)C to VAC, is always com-
prised between 5 and 8. In towl, 0.96 g vanadium
triscetylacetonate are introduced into the autoclave
After 2 hours and 45 minutes the autockive is opened.
gascs arc vented. and the product s dned under res
duced pressure.

360 g of the white solid product amorphous ut the X-
rays, having the appearance of o non vulcanized elusto
mer, are obtained. The product is completely extract-
able with boiling n-hexane. In the infra-red spectrum of
this product, the bands visible at 11.20 microns show
the presence of double bonds of vinylidenic type.

From the infra-red spectrum this terpolymer contains
about 6.2 percent by weight of 2.methyl-| 4-
pentadiene,

LU0 parts by weight of this ethylene-propylene-2-
methyl-1.4-pentadiene terpolymer are mixed in a labo-
ratory  roll mixer with one part  phenyl-beta-
naphthylumine, 2 parts stearic acid, 5 parts zinc oxide,
(08 parts rm-rrnplnhvnrul‘hiunnlt-_ one part tetramethyls
thiuram disulfide and 2 parts sulfur,

The mix is vulcantzed in a press at 150°C for 30 min-
utes thus obtaining a vulcanized lamina having the fol-
lowing characteristics:

s strenglh 16 kglom®
elongation at break A

st at break pracically mil
modulus at MIFE clongation 23 kgfom®

If, i addition to the mentioned ngredients, 30 parts
of HAF carbon bluck are added. vuleanization curried
out under the same conditions results in a product
showing the following charucteristics:

temvile strength 108 kplem?
clongation a1 hreak 18
modulus ut MW 127 kplem*

set wt break pracucafly msl

EXAMPLE XU

In the autoclave of the preceding example kept at
~15%C. 2.8 liters of hquid propylene and 1.15 liters of
2-methyl-1,4-pentadiene are introdyced

The liquid is saturated with ethylene by keeping the
autockive under a pressure of 2.9 atm gauge. The cata-
lyst is introduced with the modabities of Example X1. In
total 1LO¥ g of vanadium triacetylacetone are intro-
duced. _

After 2 hours and 30 minates the autoclave is
opened, the gases vented and the product obtained s
dricd ynder redoced prossure.

1RO g of a white, solid product amorphous at the X-
rays. having the appearance of a nonvelcanized elasto-
mer, are obtained

The product is completely extractable with boiling
n-hexane. In the infra-red spectrum of said product
there is a band at 1120 microns which shows the pres-
ence of double bonds of vinylidenic type. From the in-
fra-red spectrum it can be concluded that this copoly-

s

3

.

4

6

18
mer contains about 6.8 percent by weight of 2-methyl-
1.4 pentadienc,

The  cthylene-propylene-2-methyl- | 4-pentadiene
terpolymer is vuicanized with the same mixes and mo-
dalities as in Example X1

The product vulcanized in the absence of HAF car-
bon black presents the fallowing characteristics:

tenile strength 20 kglem?
elongbion o break it
Maodulus ot SONFS T kglem”
st at heeak 5%

The product vulcanized with HAF carbon black pres-
ents the following characteristics:

twnsale strength 11 kgiem?

elongaton at broak AT

manulus 4t MKKS elongation 131 kglem?
L]

sot at break

EXAMPLE Xl

The run is carried out under the conditions of Exam-
ple 1, but 3 7-dimethyl-1.6-octadiene is used as como-
nomer instead of 1.5:-hexadiene. The catalyst s pre-
pared and the product 1s puntied and wolated as de-
scribed in Example 1.

It amounts to 12 g of a white, solid which has a rub-
bery appearance and 1s amorphous by Xeray exammna-
tion.

It is completely extractable with boiling n-hexane.

100 parts by weight of the cthylene-propylenc-3.7-
dimethyl- 1, 6-octadiene terpolymer are mized in u labo-
ratory  roll mixer with one  part phenyl  bew-
naphthylamine, 2 parts lauric ucid. 5 parts zinc oxide,
2 parts sulfur, one part tetramethylthivram disulfide
and 0.5 parts mercaptobenzothiazole.

The mix is then valeanized imoa press at 150°C for 30
minutes: from the vulcanized sheet specimens are cut
for the ASTM D=412-51 T test, which gives the follow-
ing values, determined at 25°C:

tersibe strenpth 29 kpfom®
clengainm af ool n6irs
modulus at W ekngation 10 kgfem®
et ot hecak 105

EXAMPLE XIV

Using the sume apparatus as in Example IV, at the
temperature of —20°C, 50 ml anhydrous n-heptane and
15 ml 2-methyl-1 4-pemadiene are introduced into the
flask und a stow streum of ethylene is bubbled through.

The catalvst is prepared at —20°C by miximg a solu-
tion of 7 millimols aluminum diethyl monochloride in
20 ml anhydrous toluene with a solution of .4 milli-
mals vanadyl monochloro acetylucetonate in 20 ml an-
hydrous toluene.

The cutalyst thus prepared is introduced mto the
flusk after 30 seconds. The ethylene stream s contin-
ucd. After 25 minutes from the introduction of the cat-
alyst the reaction is stopped by adding 20 mi methanal
containing (.1 g phenyinaphthy lamine, The product s
purified by treating it successively, in a nitrogen atmo-
sphere, with aqueous hydrochloric acid and water, and
is then coagulated with methanol
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Sg of a solid, rubbery product are obtained, which is
amorphous at X-raya. In the IR spectrum the band ot
about 11.25 micrans which is attributable to vinyhdense
bonds, is clearly visible.

EXAMPLE XV

The reaction apparatus of Example | ix used. the tem-
perature being maintained at —20°C. 350 cc anhydrous
n-heptane are introduced in the glass cylinder und are
saturated with a propylene-ethylene gas mixture, which
contains the two monomers in u propylene to ethylene
molar ratio of 3:1, circulated at a flowrate of 200 I/h.
15 cc 1.5-heptadiene are added.

The catalyst is prepared at ~20°, in nitrogen, by ad-
mixture of a solution containing 14 millimols aluminum
diethyl monochloride in 20 ec anhydrous toluene with
a solution containing 2.8 millimols vanadium triacety-
lacetanate in 20 ¢c anhydrous toluene. The thus pre-
pared catalyst is aged for 5 minutes at —~20°C and then
is injected into the reaction apparatus under nitrogen
prnssute

The monomer mixture is circulated now at the rate
af 400 I/h.

After 12 minutes from the introduction of the cata-

lyst. the reaction is stopped by addition of 20 cc methu- 2

nol. containing 0.2 g phenyl-betanaphthylamine. The
product is purified and isvlated as described in Cxam-

ie 1.
’ After drying in vacuo, 6.3 ¢ of a solid product, which
is amorphous a1 the X-rays and completely soluble in
boiling n-heptane, are oblzined. The product has the
appearance of unvulcanized rubber.

Infra-red analysis ( 10.35 micron band ) shows that it
contains 3 percent by weight 1. 5-heptadiene.

Vuleamization of the polymernzate at 150°C for 30
minutes, in a mix containing, for 100 parts by weight of
it, § parts zinc oxide. 1 part phenyl-beta-
naphthylamine, 2 parts lauric acid, 2 parts sulfur, 0.5
parts mercuptobenzothinzole and 1 part tetramethylithi-
uram disulphide, yields a product showing the follow-
ng properties,

tensale streugth 17 kpfom?
elongatuwn 3t break 1My
modulis at MG 122 kplem?

sct it break 4%

EXAMPLE XVI

The reaction apparatus consists of a 750 cc glass cyl-
inder, having an inner diameter of 5.5 cm, provided
with twhes for the introduction and the discharge of
gases, and with a mechanical agitator and a thermome-
ter sheath. The tube for the introduction of the gases

reaches the bottom of the reaction tube and ends with

4 porous diaphragm (diameter 3.5 cm). The apparatus
is kept ut a constant temperature of —20°C. 200 ¢c of
anhydrous n-heptane arc introduced. and this solvent
is then saturated at —20°C by passing through it a 41
molar mixture of propylene and ethylene, with o flow-
rate of 250 normal hiters per hour (NI/h).

0.084 mole {10cc) of 1,5-hexadiene (diallyl) are
then introduced. During this ume, a catalyst is pre-
pared at a temperature of =20°C by mixing 4 solution
of 7 millimoles of diethyl aluminum monochloride in
20 cc of anhydrous toluene with a solution of vanadium
trichloride dif trimethylaminute), VC1,. [(CHa)NJ,, in
20 ¢c of toluene. The catalyst is introduced into the re-
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action apparatus aboul one minute after Ms prepara-
tion. The ethylene propylene mixture is continvously
fed with a flowrate of 250 normal liters per hour (as de-
termined at 25°C and 1 atmosphere). Twenty minutes
after the introduction of the catalyst the reaction is
stopped by the addition of 20 cc methanol containing
0.2 g of un antioxidunt, phenyl-beta-naphthylamine.
The product is purified by successive treatments under
nitrogen with aqueous hydrochloric acid and water.
Then, the product is completely coagulated with an ex-
cess of a mixture of acetene and methanol. The prod-
uct is dried under vacuum and amounts of 9 g of a
white solid, having a rubbery appearance, and is com-
pletely amorphous as shown by X.ray examination, is
obtained. 1t has an intrinsic viscosity, as measured in
toluene at 30°C, of 2.13, and is completely extractable
with boiling n-heptane. By examining the infra-red
spectrum of this product it is possible to see the bands
of the unsaturation at about 6,08 microns and bunds at
10 and |1 microns which demonstrate the presence of
double bonds of the vinyl type. Such infra-red examina-
tion indicates that the copolymer contains about 5 per-
cent by weight of 1 5-hexadiene.

100 parts by weight of the above terpolymer ethylen-
¢-propylenc-hexadiene-1.5 are mixed in a laboratory
roll mixer with one part of phenyl-betu-naphthylamine,
2 parts of lauric acid, 5 parts of zinc oxide, 2 parts of
sulfur, one part tetramethylthiuram disulfide, and 0.5
parts mercaptobenzothiazole.

The mixture is then vulcanized in a press for 30 min-
utes a1 150°C. Specimens are taken from the vulea-
nized sheet and are subjected to ASTM D-412-51' T
test. The following values, determined at 25°C, are ob-
tained.

tensile srength 34 kglem®

clongation at beeak st

modislus a1 WK clonguton 156 kgiem?
KT

POTTRONOAT Nt ol reak

EXAMPLE XVII

The run is carried out under the same conditions as
described in Example XVI, however, 2-methyl-1.4-
pentadiene is used as a comonomer instead of 1.5-
hexadigne.

Into the reaction apparatus containing 200 c¢c n-
heptane, saturated at —20°C with a gaseous mixture of
4:1 molar ratio of propylene to ethylene, 10 cc of
2-methyl-1 4-pentadienc are introduced. The catalyst
is prepared according to the procedure described in
Example XVI.

20 minutes after the introduction of the catalyst the
reaction is stopped by addition of 20 ¢c methanol con-
taining 0.2 g antioxidant { pheayl-beta-naphthylamine ).
The product is purified and separated as in Example 1,
and results in 11 g of 2 white solid, having a rubbery ap-
pearance, which is amorphous as determined by X-ray
examination. It has an intrinsic viscosity, measured in
toluene ut 30°C. eyual w 2.20 und s completely ea-
tractuble with boiling n-hexane.

In the infra-red spectrum of this product. bands at
11.20 microns are seen, which demonstrates the pres-
ence of double bonds of the vinylidene type. From the
infra-red examination one concludes that this copaoly-
mer contains about 4.2 percent by weight of 2-methyl-
I 4-pentadience,
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100 parts by weight of the ethylene-propylene-2-
methyl- 1 4-pentadiene terpolymer are mixed. in a labo-
ratory roll mixer, with one part of phenyl-beta-
naphthylamine, 2 parts of lauric acid. § parts of zinc ox-
ide, 0.5 parts of mercaptobenzothiazole, | part tet-
ramethylthiuram disulfide and 2 parts of sulfur.

The mix s vulcanized in a press for 30 minutes at
150°C. and a vulcunized sheet is obtained having the
following characteristics:

waside strength 24 kghom?
¢hongation at break LY
muoddulus at MOG clongatnm 118 kglom®
purmansnt st 2 beeak 1ers

EXAMPLE XVHI

The run is carricd out under the same conditions as
described in Example XV Into the reaction apparatus,
which contains 200 cc n-heptane, saturated at —20°C
with a gascous propylene-ethylene mixture in the molar
ratio 4:1, 10 ¢c¢ of 2-methyl-1 4-pentadiene are mtro-
duced.

The catalyst is prepared at a temperature of —20°C
by mixing a solution of 14 millimols of diethyl alumi-
num monochioride in 20 cc anhydrous toluene with
solution of 1.4 millimols of vunadium trichloride di(-
trimethylaminate ) in 20 cc of toluene und is introduced
into the reaction apparatus 30 seconds after its prepa-

rution, 25 minutes after the imroduction of the catalyst 3

the reuction is stopped by addition of 20 cc methanol
contgining 0.2 of  antioxidant  (phenyl-beta-
naphthylamine).

The product is purified and separated as described in

Example 1. 10 g of terpolymer ethylene-propylene-2- 3

methyl-1,4-pentadiene are obtained. The product is a
solid, having u rubbery appearance. and is amorphous
ut the X-rays.

In the infra-red spectrum ol suid product the unsatu-
ration bands of vinylidene type ut 1.2 microns are
clearly visible.

The  ethylene-propylene-2-methyl-1 4-pentadiene
terpolymer thus obtained is vulcanized as described in
Example | and gives o vulcanized sheet having the fol-

lowing characteristics:
tensile strenpth X kglom?
elongution al hreak A
modulus st MU% elongution 152 kplom?
permancnt sct ul broak R4

EXAMPLE XIX

Into the reaction apparatus described in Example
XVI1, which apparutus has been previously deacrated
and kept at a constant temperature of —20°C, 350 ce
n-heptune are introduced under nitrogen. This solvent
is then saturated at —20°C by passing through it a pro-
pylene-ethylene gaseous mixture in a molar ratio of 4:1,
with a flowrate of 250 Ni/h, (normal liteis per hour).
0.168 moles (20cc) |.5-hexadiene are then added. The
catalyst is prepared at ~20°C by mixing a solution of 14
millimoles of diethyl aluminum monochloride in 20 cc
of anhydrous toluene with a solution of 2.8 millimoles
of vanadium trichloride tripyridinate VCly (CsHiN ),
in 20 cc of toluene.

The catalyst is introduced into the reaction apparatus
about one minute after its preparation. The ethylene-
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propylene mixture is continuously fed with a flowrate
of 250 Nifh. |5 minutes after the introduction of the
catalyst the reaction is stopped by addition of 20 cc
methanol containing (.2 g of antioxidant (phenyl-beta-
naphthylumine ). The product is purified and separated
as described in Example | and amounts to 20 g of a
white solid. having a rubbery appearance, and is amor-
phous as shown by X-ray examination. It has an intrin-
stc viscosity, measured in toluene at 30°C, equal wo 1.8,
and is completely extractable with boiling n-hexane.

The infra-red spectrum of this product shows the
presence of hands indicating unsaturations of the vinyl
lype.

100 parta by weight of the ethylene propylene-1.§-
hexadiene terpolymer are mixed in a laboratory roll
mixer with one part of phenyl-beta-naphthylamine, 2
parts of launc acid, § parts of zinc oxide, 2 parts sulfur,
one part tetramethylthivram disulfide, and 0.5 parts
mercaptobenzothiszole.

The mixture is ~ulcanized in a press for 30 minutes
at 150°C; from the vulcanized layer specimens are
taken for the ASTM D-412-51T test and the following
values are obtained:

tensile strength 3 kglom’
chongation al brouk 64
modulas b MET glongition 14 kplem™
permaatent st at break 1%

EXAMPLE XX

The run is carried out under the same conditions as
described in Example XIX, but 2-methyl- 1 .5-hexadiene
is used as a comonomer instead of 1,5-hexadicne.

Intw the reaction apparatus which contains 350 ¢c n
heptane, satrated at —20°C with propylenc-ethylene
gaseous mixture in o molar ratio of 4:1, 20 cc of
Z-methyl-1,5-hexadiene are introduced. The catalyst is
preparcd as deseribed in Example L 20 minutes ofter
the introduction of the catalyst, the reaction is stopped
by addition of 20 cc methanol containing 0.2 g antioxi-
dant (phenyl-beta-naphthylamine). The product is pu-
rified and separated as described in Example |, and
amounts to 15 g of a white solid, having a rubbery ap-
pearance. and is amorphous as shown by X.ray exami-
nation.

In the infra-red spectrum of said product bands are
visible at 11:20 microns, which demonstrates the pres-
ence of double bonds of the vinylidene type.

The cthylene-propylene-2-methyl-1 5-hexadiene ter-
polymer is vulcanized as described in Example IV and
gives a vulcanized sheet having the following character-
shcs:

whsile strength

elongution sl break
modulus at MUEE dongation
permanent st ot break

46 kgiem®
8207

11 kghom?
)

EXAMPLE XXI

The run is carried out under the sume conditions as
described in Example XV, but vanadium trichloride
tripyridinate, VCl.[CH;N],, instead of vanadium tri-
chloride di-(trimethylaminate), VCL[(CHy Ny is
used in the preparation of the catalyst, After 30 min-
utes 9 g of cthylene-propylene-2-methyl-1.4-
pentadiene terpolymer are obtained.
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The product is a solid, has o rubbery appearance, und
is amoiphous as shown by X-ray examination.

In the infrared spectrum of this product there were
clearly visible bunds corresponding 10 unsaturations of
the vinylidene type at 11.2 microns.

EXAMPLE XXI

Into the reaction apparatus described in Example
XVL kept at ~20°C, 350 ¢¢ anhydrous n-heptane and
20 ce 2-methyl pentadienc-1.4  are introduced.
Through the gas inlet twbe a propylene-cthylene mix-
ture in 2 molar ratio of 4:1 & introduced and circuluted
at a flowrate of 200 NVh (normal liters per hour). The
catulyst is prepared in a 100 ¢¢ flask. at —20°C under
nitrogen atmosphere, by reacting in 30 cc anhydrous
toluene | millimole of vanadium tetrachloride bis-
pyridinate, {CyH N, VL, and § millimoles of diethy]
aluminum monochloride. The catalyst thus prepared is
kept at =20°C for 5 minutes and is then siphoned into
the reasctor by means of nitrogen pressure. The cthy-
lene-propylene mixture is continuously introduced and
discharged at a rute of 400 Nith. Ten mmutes after the
beginning the reaction is stopped by adding 20 cc
methanol contaming O 1 g phenyl-beta-naphthylamine.

The product is purified and isolisted as described in
Example 1. After vucuum drying 11 g of solid product
ar¢ obtained, which is amorphous at the X-rays, has the
appearance of a non-vulcanized elastomer and is com-
pletely soluble in boiling n-heptane. The infra-red ex-
amination shows the presence of vinvlidene type dou-
hle bonds {band at 11.2 microns).

The ethylene-propylenc-2-methyl pentadienc-1.4-
wrpolymer is vulcanized as described in Example |
The vulcanized product has the following churicteris-
tics

wwaste strangth M kglem?

clongution m break ARG

muodube st WO% 1§ kplem®
6%

pormancnl st ol hrcak

EXAMPLE XXIlI

1.000 ¢e of liquid propylene and 60 c¢ of 2-methyl-
octadiene-1,7 are introduced into a reaction apparulus
consisting of a 1.5 liter glass autoclave provided with an
agitator with a gas feeding pipe, kept at —10°C Ethyl-
ene is introduced up to a pressure increase of 0.9 atm.
Through two separate metering devices the catalyst
components are introduced into the regctor: first 10
millkmoles of aluminum diethyl monochloride dissolved
in 11 ec of anhydrous n-heptane and ther 2 millimoles
of vanadium trincetylucetonate dissolved in 2 cc of an-
hydrous toluene.

The polymenzation starts immediately with the for.
mation of a product insaluble in the reaction medium.
The temperature is kept at —10°C and the pressure is
kept constant by feeding an ethylene amount corre-
sponding to that absorbed during the polymerization.

After 60 minutes. the reaction s stopped. The alefing
are removed and the product is purified in a scparating
funnel by repeated treatments with aqueous hydrochlo-
ric ucid and then with water. and is coagulated with ac-
etone. After vucuum drying. 49 g of a solid product
which is amorphous on X-ruy examination, looks like
a non-vulcanized elustomer und is completely soluble
in boiling n-heptane are obtained.
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The infra-red spectrographic examination shows the
presence of unsaturations of vinslidene type (band a
1120 mucrons) in amount corresponding to 2.7 per-
cent by weight. The propylene content is 57 percent by
weight

100 parts by weight of the terpolymer are mixed in
u roll mixer with 50 parts of carbon black HAF, [ pan
of phenyl-beta-nuphthy lamine, 2 parts sulfur, 5 parts
zinc oxide. | pant tetcamethylthiuram disulfide. and 0.5
parts of mercaptobenzothiazole. The mixture is vulca-
nized in 4 press at 150%C for 60 minutes,

A vulcanized lamina having the following character-
istics is thus obtained:

temsaly steongth 239 Lgdem®
elongation at breok 465%
modulus ut W5 147 kgicm?®
permUnent st LR

EXAMPLE XXIV

2.8 liters of kquid propylene and 1,150 ce of
2-methyl-pentudiene- 1.4 are intreduced into a 6 liter
stainless steel autoclave provided with comb agitator,
bottom dischurge and wall cooling by means of hguid
NH; The tempersture is adjusted at -10°C and the so-
lution is saturated with ethylene up to an over-pressure
of 0.7 atm. Through two separate metering devices the
catalyst components are introduced into the autoclave:
first 28 millimoles of aluminum diethvl monochloride
dissolved in 2K cc of anhydrous a-heptane and then 4
millimoles of vanadium triacetylacetonate dissolved in
4 ¢c of anhydrous toluene.

The temperature is kept at —10°C and the pressure is
kept constamt by feeding an cthylene amount corre-
sponding to that absorbed durmg the polymenzation.

After 4 hours and 20 minutes, the pulymerization is
stopped. The unrcucted propylene is removed with
steam. the polymer 1s dried in a colander while adding
0.2 percent by weight ol stubilizer [2.2%-methylene-
bis( 4-cthyl-6-tert. butyl-phenol)].

SRO g of 2 sohd product which is amorphous on X-ray
examination, looks like 2 non-vulcanized elastomer and
s completely soluble in boiting n-heptane are oblained.
The infra-red spectrographic examination shows the
presence of vinylidenic unsaturation (band at 11 2 mi-
crons ).

The terpalvmer is vileanized with the mix and the
modalities of Example XX A vulcanized lamina hav-
ing the following characteristics is thus obtained:

temale steongth 178 kgicm’
chwgation et hecuk S0
mxdulus @t e 0 kgiom?

The following run illustrates the results obtained by
preparing the catalyst at 25°C and polymerizing the
ethylene. aliphatic alpha-olefin, non-conjugated diole-
fin mixture at 25°C. cven when the catalyst is prepared
from a catalyst according to the present invention

The ren s carmed out under the same conditions as
described in Example X V1. but both the preparation of
the catalyst and the polymerization are carried out at
a temperature of 25°C instead of —20°C, Into the reac-
tion apparatus, kept a1 a constant temperature of 25C.
350 cc n-heptane are introduced and then this solvent
is saturated at 25°C by pussing through it & mixture
containing propylene-ethylene in a molar ratio of 41,
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with a flowrate of 250 Nifh. 20 cc methyl-1.4-
pentadiene are then introduced. The catalyst i1s pre-
pared at 25°C by mixing a solution of 14 millimoles of
diethyl aluminum moenochloride in 20 ¢¢ of anhydrous
toluene with 4 solution of 2.8 millimoles of vanadium
trichloride tripyridinate, VCl3[ CH N1, in 20 ¢c of an-
hydrous toluene.

The catalyst is introduced into the reaction apparatus
as soon as it has been prepared. The ethylenc-
propylene mixture is continuously fed at the flowrate of
250 NUh, 27 minutes after the introduction. an amount
of catalyst equal to the initial amount and prepared ac-
cording to the indicated procedure is added. Aler one
housr, the reaction 18 stopped by addititon of 20 ¢c of
methanol containing 0.2 g antioxidant (phenyl-beta-
naphthylamine ).

The product is purified and separated as described in
Example 1.

0.4 g of u low molecular weight product having an
oily appesrance is obtained. The thus obtained product
does not possess the properties of an elustomer.

This application 1s a continuation-in-part of our ap-
plications Ser. No. 151,206 filed Nov. 9, 1961, Ser. No
243,728 filed Dec. 11, 1962, and Ser. No. 485,933 filed
Sept. 8, 1965,

Some changes and modifications cun be made in
practicing the invention as described, without depart-
ing from its spirit and, therefore, it is intended to in-
clude in the scope of the appended claims all such vari-
ations in details s may be apparent to thase skilled in
the art from the description and working examples
given herem.

What is claimed is:

1. A process for producing elastomeric copelymers

of non-conjugated diolefins containing at least one ter- 3

minul unsaturation of vinyl type and from five to 15
carbon atoms with at least one monoolefin selected
from the group consisting of ethylene and aliphatic al-
pha-olclins contaiming from thrée to gight carbon
atoms, said copolymers being essentinlly linear and
amorphous under X-rays examination, completely ex-
tractable with boiling n-heptane, made up of macro-
molecules containing copolymerized units of all of the
starting monomers and in which practically all of the
copolymerized diolefin units are polymerized 1. 2 and
have unsaturations in side groups, said copolymers hayv-
ing a molecular weight higher than 20,000 and being
readily sulfur-vulcanizable to synthetic rubbers having
low deformation at break, which process comprises co-
polymerizing a mixture of the monomers, one of which
is a non-conjugated diolefin, n a reaction mixture
which consists essentially of the monomers mixture in
the liquid state or consists of an inert hydrocarbon sol-
vent, in contuct with a catalyst prepared by mixing
hydrocarbon-soluble compounds of vanadium selected
from the group consisting of vanadium trincetylaceton-
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ate. vanadyl diacetylacetonate. vanadyl halogen-acety-
lacetonates, tetrabydrofuranates and dialkyl etherates
of vanadium trichloride. vanadium tetrachloride and
vanady! trichloride, and pyridinates, aminates and
quinolinates of vanadium trichloride, vanadium tetra-
chloride and vanadyl trichloride. with at least one atkyl
metal halide selected from the group consisting of dial-
kyl aluminum halides and alkyl aluminum dihalides in
which the alkyl groups contain from one to six carbon
atoms, in & molar ratio of the alkyl metal halide o va-
nadium compound comprised between two and 30,
both the preparation of the catalyst and the copolymer-
ization being carried out at a temperature between
—80°C and 0*C. and the concentration of the mono-
mers o be copolymerized being maintained substan-
tially constant during the copolymerization reaction.

2. The process according to claim 1, characterized in
that ethylene, propylene and the non-conjugated diole-
fin are copelymerized, and a molar ratio of propylene
1o ethylene of at least 4:1 is maintained in the liquid

3. The process according to claim 1, characterized in
that ¢thylene, butene-1 and the non-conjugated diole-
fin are copolymerized, and a butene-1 to ethylene
molar ratio of at least 25:1 is maintained in the liquid
phase.

4. The process according to claim 1, further charac-
terized in that the alkyl metal compound is dialkyl alu-
minum monochloride and the molar ratio between the
aluminum compound and vanadium compound is com-
prised between 2 and 30,

5. The process according to claim 1, characterized in
that the polymerization is carried out in an inert sol-
vent.

6. The process according to claim I, characterized in
that the polymerization is carried out continuously.

7. The process according to claim 1, characterized in
that the copolymerization is carried ont continuously
by adding the catalyst components continuously to the
copolymerizing system while maintaining constant the
ratio between the concentrations of the monomers in
the liquid phase.

8. The process according to claim |, characierized in
that the non-conjugated diolefin contains only one ter-
minal double bond of the vinyl type, both the prepara-
tion of the catalyst and the copolymerization are car-
ried out at a temperature between +10°C and —80°C,
and the copolymerization is effected in the absence of
inert solvents and using the monomers mixture main-
tained in the liguid state as the copolymerization me-
dium.

9, The process of claim 1 in which the catalyst is pre-
pared and the copolymerization is carried out at a tem-
perature of from —50°C to —10°C.
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