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PECIFICATION

Process for the Preparation of Olefinic Copol ymers

We, MontecATaG SOCIETE  GENERALE
rER L'INDUSTRIE MiNERATIA E CHIMICA, &
Body Corporate organised and existing under
the laws of Ttaly, of 1—2, Largo Guido Done-
gani, Milan, Italy, do hereby declare the in-
vention for which we pray that & patem may
be granted to us, and the method by which it
is © be performed, to be particularly des-
cribed in and by the following statement: —

In the Specification of our co-pending apphi-
cation No. 14144/63 1022755 there arc des-
cribed and claimed vulcanisable, high mole-
cular weight, substantially linear, amorphous
copolymers of dialkenyl- or multi-a I-
cycloalkanes having from 3 to § or 6 carbon
atoms in the ne ring and at least one
terminal double bond with ethylene and/or
one or more aliphatic alpha-olefins having the
general formuls R—CH=CH,, in which K is
an alkyl group containing from 1 1o 6 carbon
aroms, which copolymers substantially consist
of macromolecules containing monomeric units
deriving from each of the monomers used and
unsaturations,

As is describad in said specification such co-
polymers are ohtainable with rhe nid of halogen
containing catalysts, acting with an anionic co-
ordinated mechanism, and prepared from tran-
sition metal compounds, In perticular vana-
dium cempounds and organometallic com-
pounds of metals of groups I, I1, and TII of
the Pericdic Table according to Mendeleef or
complex organometallic compounds of metals
of groups T and III, whercin the valencies of
the metal were saturated with organic groups,
halogen atoms or oxygen atoms bound to an
organic group,

We have now found that the above men-
tioned copolymers may also be obtained when
for the preparation of the catalyst, hydrides of

_metals of Groups I, II and III of complex

4

h:!ddlides of metals of Groups I and TIT are
used.

The inventicn provides a progess for the
preparation of bigh molecular weight linear
unsaturated amorphous copolymers of one or
more monomers having the general formula
R—CH=CH,, wherrin R Is a hydrogen atom
or an alkyl group containing from 1 to 6 car-
bon atoms with di- eor mult-alkenylcyclo-
alkanes, which comprises polymerising @ mix-
ture of said monomers in the presence of a
catalyst rising the reaction product of a
compound of a transitien metal of group IV
or of the Periodic Table according 1w
Mendeleef and a  hydride of 3 meral of
Groups I, IT or I1 or a complex hydride of
2 metal of Group T or {IL

Exam of suitabie compounds are:
Iithtum ide, alkylaluminium hydrides (e.z.
diethyl-aluminiummonchydride, ~ diisobutyl-
aluminiummonohydride, monoethylahuminium-
dihydride),  aluminiumhalohydrides  (e.g.
aluminiumchlorohydride),  lithium-aluminium
alkylhydrides (¢.g. difsobutyllithiumaluminium-
hydride), lithium-aluminiom hydride, zinc
hydride and calcium hydride,

Vanadium compounds are preferably used
with these compounds in the preparation of
the catalyst.

In o to obtain copolymers having a
highly homogeneous composition it is advis-
able w0 wse hydrocarbon-soluble  vanadium
compoeunds.

Therefore there are ﬁelmhly used, vana-
dium halides and oxy-halides (such as vCl,
VOCI,, VBr,) and those compounds whercin
at least one of the valencies of the metal is
saturated by a hetercatom (particuterly oxy-
gen or nitrogen) bound to an organic group
as for instance vanadium triacetylacetone and
tribenzoylacetonate,, vanadyl diacetylacetonate,
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halcacetylacetonates, trialcohclates and halo-
alcoholates,  tetrahydrofuranctes,  etherates
aminates, pyridinates and guinokingtes of van2-
djum tri- and tetrachloride and of vanadel tri-

e,

Hydrocarbon insoluble vanadium  orgasic
salts such s vanedium tribepzoate and vana-
dium rristearaie may also be used.

The catalysts are thercefore those obtained
by reacting a2 vanadium compound and a
hydride where at Jeast one of the valencies
of vanadium 2nd/er at least one of the valen-
cies of the metal of the hydride compound
are saturated by a halogen atom.

The copolymerisation can be carried out in
the presence of an inert aliphatiz, cy:loali-
phatic or aromatic hydrocarbon solvent. IHalo-
gen-cenmaining hydrocarbon compounds can, if
desired, also bz vsed as solvents.

The enpolymerisation may b cerried out at

wres of {rom —80 o 125°C. Par-
tizularly high copolymerisation rates may be
obtained if the pelymerisation is carried out
in the absence of en inert solvent, using the
menemers themselves in the liquid stte, for
instance in the presenze of a solution of ethy-
Jene in the mixture of alpha-olefins and di-
or multulkenyl cyclualkens to be copelymer-
ized, kept in the liquid state.

In crder to obtain copolymers having a
highly homogeneous composition, it j advis-
able 1o keep the ratio between the conczntra-
tions of the monomers to be polymerised pre-
sent in the liquid reacting phasc constant or at
least as constent s possible during the co-
polymerisation,

To this end if may be convenient to carry
out the copalymerisation in 4 continueus way,
by continuously feeding and discharging a
mixture of monomers having a constnt com-
position and by working with high spatial

Tates.

The olefins which may be employed have
the general formuls R—CH=CH, wherein R
isa atom or an alkyl group contain-
ing from 1 w 6 carbon atoms.

Suitable d1- or muhintheuyl-cy loalkanes
are traws 1,2 - divinylcyclobutane, ¢ - 1,2 -
divinylcyclobutane; 1,2 - divinylcyclopantany;
trans - divinyleyclepropans; 1,2 - divinyleycle-
hexane; tridivinylcyciohexanes, diallyloy-lo-
hexanes, 1 - vinyl - 2 - feopropenyl - cyelo-
butane; 1,2 divinyl - 1,2 - dimethyl cyclo-
butane and 1 - vinyl - 1 - methyl - 2 - ise-
propeny] cyclobutane, for cxample.

mvarykxg the composition of the mixture
of menomers, it is possible to vary the
g&:pm’don of the copolymers within wide

I3,

Tf the amerphous copolymars of cthylene
with a di- or multialkenyl cycloalkane are de-
sired, it is necessary to regulate the mixturs of
the monomers in such o way as to obtin co-
polymers having a relatively high cycloellanc
content, preferably higher than 23 mols 7.

If, en the other hand, amorphous copoly-
mers with ethylene and propylene are desired,
it is advisalie to mainwain in the reacting
liguid phace a moolar ratio between ethylene
and propylene lower than or a1 most equal 10
1:4 which corresponds 10 a molar ratio be-
tween ethylene and propylene in the gaseous
phase, under normal corditions, fower than or
at most equal to 101 Molar raties comprised
between 1: 200 and 1:4 in the liguid phase are
generally satisfactory.

Tf butene-1 ‘s used instead of propylene, the
molar ratio between cthylene butene must
be lower than or at most equal to 1:20; the
composition of the corresponding  gaseous
phas= under ncrmal conditions is Jower than or
at most equul 1 1:1.5. Molar ratios in the
liquid phase comprised beween 1: 1000 and
1:20 are gencrally satisfactory.

By operating under these conditions amor-
Phcus terpolymers are obtained which contain
fegs than 75 mael . of ethylene. With higher
ethylene contents the terpelymer shows a poly-
ethylenic type crystallinity.

The ehylene lower limit is not critical al-
though it is generally preferred that the ter-
polymers contain #t laast § mals . of ethy-
lcne. The olpha clefin conteng in the amoe-
phous terpolymer may range from a minimum
of § mols . wup 1o & maximum value of
95 mols 7.

It is in general convenient, more panicu-
larly for cconomical reasons, to introduce into
the terpolymer a total cycloalkane amount
lower than 20 mols “.. Cycloalkane amounts
botween 0.1 and 207 are usually preferred.

The copolymers prepared by the process of
the inventicn have the properties of non-vul-
canized clastomers since they show low initial
elastiz meduli and have very high elongations
at hreak.

The of unsaturations in the macro-
molecules which form these copelymers make
possible their  wulearization, by using  the
methods generally known for unsaturated rub-
bers, particularfy for those having kw un-
saturations. The vulcanized products show high
reversible elastic elongations, and particularly
when reinfercing fillers such as carbon black
are wsed in the mix they also have high ten-
sile strength,

The elastomers obrained by vulcanization
of the copolymers may be advantagcously used,
due to their high mechanical characteristcs
in all the applization fields of nawral and
gynthetic rubbers.

The following Examples are given to illus-
trate the invention. In view of the use of
phenyl-bete-naphthylamine it should be mzn-
ticned that there is thought to be a connection
between some naphthvlamines and the cause
of some cases of cancer.

ExameLe L
The reaction apparatus comprises a glass
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cylinder having a diameter of 5.5 cm and a
capacity of 750 cc, provided with an agitator
and gas inlet and outler twbes, immersed
in n thermestatiz bath at —20°C.

The gas infer tube reaches the bottor of the
cylinder and ends in a porous diaphragm
(diameter 3.5 cm).

Into the reactor, kept unded nitrogen, 200
cc of anhydrous n-heptane and 7 cc of trans
1.2-divinylcyclobutane are intreduced,

Through the gas inlet twbe a gaseous mix-
ture of propylene and ethylene in a molar ratio
of 2:1 is introduced and circulated at a flow-
rate of 200 N litres/hour.

In a 100 cc flask kept under nitrogen, the

catalysy is rptrfm'mud at —20°C by reacting 1
millimol of vanadium tetrachloride and 5 milli-
mols of aluminium dicthylmonohydride in 30
cc of n-heptane.
The catalyst thus preformed is siphoned
into the neactor gnder nitrogen pressure. The
proplylenc/ethylene mixture is comtinucusly
fed and discharged at a rate of 400 N
litres /h.

After 15 minutes, the reaction is stopped
by addition of 20 cc of methanol containing
C.1 g of phenyl-beta-naphthylamine,

The is purified in a separating fun-
nel, under nitrogen, by repested treatments
with diluted hydrochloric acid and then with
water and is finally coagulated with acetone.

After vacuum drying, 5 grams of solid pro-
duce are obuimdm;gich appear amorphous
under X-rays, looks like s non-vulcanized
elastomer and is completely soluble in boil-
ing n-heptane,

The infrared spectographic  examination
shows the presence of vinyl groups (bands at
10 and 11 microns). The ecthylene/propylene
;nolurniointhacopolymcr ined is aboul

|

100 paris by weight of the copolymer are
mixed in a laboratary roll mixer with 1 part
of phenyl beta-naphthylamine, 2 parts of sul-
phur, 5 parts of zinc oxide, 1 part of tetra-
methylthiuranidisulphide and 0.5 parts of
mercaptonbenzothiazole. The mixtre thus ob-
1ained i!(‘ vulcamzed in a press for 30 minutes
at 150°C.

A vulcanized Jamina having the following
characteristics is obtained : g/

tensile strength 25 kg/em'

¢longation at break 5004,

modulus at 3004 13 kg fem*

Examrre 2.

The reaction apperatus is a glass cylinder
having a ity of 700 cc and a diameter
of 5.5 cm provided with an agiltor and gas
inlet and outlet tubes.

The gus inler tube reaches the bottom of
the cylinder and ends in a porous disphragm

(diameter 3.5 cm).
200 cc of anh n-heptane and 15 oc

of 1-2-4 tri-vinyl-cyclohexane are introduced

inwo the apparatus which is kept at —20"C.

Through the gas inler mbe a propylene-
ethylene-mixture In a molar ratio of 2:1 js
introduced and circulsted at a flow-rate of
200 Nl/h,

In a 100 cc flask kept under nitrogen at
—20°C, the catalyst is pre-formed by react-
ing 0.5 millimols of venadiom tetrachloride
with 2.5 millimols of aluminium diethyimono-
hydride in 30 cc of n-heprane.

The catalyst thus pre-formed is siphoncd
into the reactor by means of nitrogen pres-
sure,

The cthylene-propylene gaseous mixture is
comtinuously fed and discharged ar a flow-
rate of 400 Nl/h.

After 8 minutes, the reaction is stopped by
addition of 20 cc of methanol containing 0.1
g of phenyl - beta - naphthylamine.

The product is purified in a sepurating
fuone] under nitrogen by repeated treatments
with agueous hydrochieric acid and then with
water and is then coagulated in scetone.

Alter vacuum drying, 20 g of a solid pro-
duct which is amorphous by X-ray examina-
tion, looks like a non-yulcanized elastomer and
& completely soluble in boifing m-heprane
are obtained.

The intrinsic viscosity, determined in tolu-
cm':r:tc iﬂ;gais 16. .

infrared spectographic examination
shows the presence of E:y} roups (bunds at
10 and 11 microns). The e propylene
melar ratio is about 1,

00 parts by weight of ethylene-propylene-
trivinyl-cyclohexane ymer are  mixed
in a laboratory roll mixer with 1 part of
phenyl-beta-naphthylamine, 2 parts of suiphur,
3 parts of zinc oxide, 1 part of tetramethyl-
thiuram disuiphide, and 0.5 parts of mercapto-
bcnzadﬁazok.mmixismhnimdinam
at 150°C for 60 minutes.

A volanized sheet having the following
chaactjeziﬁtics is thus obtained:

tensile strength

elongation at break

lus ar 3007,

27 kg/cm’®
400,
12 kg/fem’

ExamrLE 3

200 cc of n-heptane amd 7 cc of
frans 1-2-divinyl cyclobutane are introduced
into the reaction apparatus described in Ex-
ample 1, kept at —20°C,

Through the gas inlet tube, o propylenc-
ethylene mixture in @ molar ratio of 311 is
%ﬂduﬂd and circulated ar a flow-rate of 200

The catalyst is pre-formed at —20°C under
nitrogen by reacting 1 millimol of vanadium
oxytrichloride with 5 millimols of aluminium
diisobutyl monohydride in 30 cc of anhydrous
- ,

_ The catalyst thus pre-formed is siphoned
mlothembymnsofauhmgenprca-
sure,
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The propylenc
p:and at a flowrate of

-ctht
tinuously fed dim%
400 Ni/h.

After 10 minutes the reuction is stopped by
adding 10 cc of methanol containing 0.1 g
of phenyl-beta-naphthylamine.

The product is purified and isolated as des-
eribed in Example 1. After vacoum drying, 14
in! a solid proauct which ds amorphous by

-ray examination, locks like a non-vulcan-
ized clastomer end is completely soluble in
boiling n-heptanc are obtained.

The infrared spectrographic examination
shows the presence of vinyl groups (bands at
10 and 11 microns).

The ethylenc-propyleac molar ratio is about
1:1,

The product is vulcanized as described in
Fixample 1. A vulcanized sheet having the [al-
lowing characteristics is thus obtained :

tensile strength 35 kgfem’

elongation at break $40%,

modules at 3009 13 kg/faw’

Examrre 4

200 cc of anhydrous n-heptane and 15 ¢2
of 1-2-4 tri-vinylcyclohexane arc introduced
into the reaction apparatus described in Ex-

le 1, kept ar —20°C.

krough the gas inlet tube, a propylene-
ethylene mixture in a melar ratio of 2:1 is
introduced and circulared at u flow-raie of
200 Nl/h.

The catalyst is preformed at —20°C under
nitrogen by reacting 0.5 millimals of vanadium
terachloride with 2.5 millimols of aluminium
diisobutylmonohydride in 30 cc of anhydrous

n
ﬁ: catalyst, thus preformed, is siphoned
into the reactor by means of a nitrogen pres-

sure.

The fampylenc-ethylme mixture is continu-
ously fed and discharged at a flow-rate of
400 NI/

After 7 minutes the reaction is stopped by
adding 20 cc of methsgo] containing 01 g
of phenyl-bera-naphthylamine.

The uct is purificd and isolated #s des-
cribed in ¢ 1. After vacuum drying, 12
g of a solid product which is amorphous by
X-ray examination, looks like 2 non-vulcan-
ized elastomer and is completely soluble in
boiling #-heptanc are obtai
The infrared spectographic examination
shows the presence of vinyl groups (bands at
10 and 11 microns). The ethylene-propylene
molar ratio, is about 1:1

The product is vulcanized as described in
Example 1. A volcanised sheet having the fol-
Jowing characteristics thus obtained:

tensile strength 32 kgfcm’

eb jon at break 5407
ulus at 300%

EXAMPLE §

200 ¢¢ of anhydrous m-heptane and 7 e
of trans 1-2-divinylcyclobutane are introduced
into the reaction apparatus described in Ex-
ample 1, kept at —20°C.

Through the gas inlet wbe a propylene-
ethylene miywre in 8 molar ratio of 2:1 is
i;lnnmd and circulated at a flow-rate of 200

/h

The catalyst is preformed at —20 C under
nitrogen by reacting 2 millimols ol vanadium
!ctrnchlm'k{e and § millimols of lithium alumi-
nium diisebutylhydride in 30 cc of anhydrous

H .

E;:g: calyst thus pre-formed is siphoned
inio the reactor by mecans of a nitrogen pres-
sure. The propylene-ethylene mixture is con-
tinuously fed and discharged at a flow-rate of
400 NI/h.

After 50 minutes, the reaction is stopped
by adding 10 cc of methanol containing 0.1
g of phenyl-betu-naphthylamine.

The product is purified and isolated as des-
cribed in Example 1.

After vacuum drying, 4 g of a solid product
which is amorphous by X-ray esamination,
looks like a non-vulcanized elastomer and is
completely scluble in boiling n-heptane are
obtamed

The infrared spectrographic examination
shows the presence of vinyl groups (bands at
10 end 11 microns).

The ehylene/propylene molar ratio is about
1:1
The product is vulcanized as described in
Example 1. and gives a vulcanized product
having the same characteristics as the product
obtained in Example 1.

WHAT WE CLAIM IS:—

1. A process for the preparation of high
molecular weight linear unsaturated amor-
phous copolymers of one or more monomers
having the general formula R—~CH=CH,
wherein R is a hydrogen atam or an alkyl
group containing 1 1o 6 carhon atoms
with di- or multi alkenyl-cycloalkanes having
from 3 to § or 6 carbon atoms in the cyclo-
alkane ring and at least one terminal double
band, which copalymers substantially consist
of macromolecules containing monomeric units
deriving from cach of the monomers used and
unsaturations, which comprises polymerising a
mixture of said monomers in the presence of 2
halogen containing catalyst comprising the
reaction product of a com, of a transi-
tion metal of Group IV or V of the Periodic
Table according 1o Mendeleef and a hydride
of a metal of Groups I, II or III or a com-
plex hydride of & metal of Group I or IIL
2. A process according to Claim 1 in which
lithivm hydride, an aluminium alkylhydride,
an aluminium halohydride a lithium-ahiminium
alkylhydride, lithium aluminium hydride, zinc
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hydride, or calcium hydride is used in the pre-
paration of the catalyst.

1A according to claim 1 or claim
2 in which the transition metal is vanadium.

4. A process according to claim 3 in which
a hydrocarben soluble vanadivm compound is
used,

3. A process according to claim 4 in which
the vanadium compounds is a halide, oxyhalide
or 2 compound in which at least ome of the
valencies of the metal is saurated by an
heteroatom, in pamuuhr oxygen or mitrogen,
bound to an orgapic group.

6. A process according to claim 3 in which
2 hydroufbmmuﬁubl: vanadium organic sait

i3

cmg process according to claim 6 in which
the salt is vanadium triacetate, e or
tristearate.

8. A process according to any of the pre-
ceding claims in which the poymcnmlm is
carried out at a temperature of from ~&0
to 125°C.

9. A process for the preparation of linear
upsaturated copolymers substaatially as heze-
in described in any of the Examples.

10. Linear, amorphous, vulcanizable, hii‘:
melecular weight copolymers obtained by t
process of any of the preceding claims,

11. Elastomers obtained by vulcanizing the
copolymers claiimed in claim 10.
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