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The present invention mimes 10 new hn;;h molecular
weight linear polymers, having a regular chemical struc-
ture, of ketenes having the general formula

RoO=C—0

wherein R is an alkyl group containing from one to six
carbon atorns, a cycloalkyl or an alkyl-aryl group and to
a process for preparing them.

The new polymers of the present invention possess, be-
cause of their high regularity of structure, a crystallinity
which is detectable by X-ray examination.

The possibility of preparing crystallizable polymers of
ketenes having a regular structure, could not have been
forescen,

FIGURES 1 and 2 are the registration curves of the
Geiger counter reflections given upon X-ray examination
of the polymer fractions of the present invention using
CuKe radiation,

FIGURE 3 depicts the X-ray spectrum (CuKa) of an =

oriented fiber determined in a cylindrical chamber of
28.65 mm. radius.

In monomers having the formula RyC=C==0, there arc
in fact two polymerizable double bonds which can cause

the formation of monomeric units having different chem- *

ical structures, such as the following:

B R R O
o b
Lo- R

The only example of polymers of ketenes of the above
chemical structures known up to now are the polymeriza-
tion products of dimethylketene (CH;),C=C==0, pre.
pared by Staudinger (Helvelica Chimica Acta 8, 306
(1925)) by operating at temperatures of from —80° C.
to 0° C. in the presence of trimethylamine as a catalyst.

According to Staudinger, the polymers thus odtained
are always amorphons and noncrystallizable, even when
the polymerizetion conditions are varied, and these poly-
mers always contain in the main chain both etheric and
carbon-to-carbon bonds. The polymerization products
thus obtained should therefore be considered as copoly-
mers of both these monomeric wnits,

According to Standinger, the products abtained by him
should correspond to a cyclic formula containing 3 mono-
meric dimethyl-ketene units polymerized on the ethylenic
bond and 2 units polymerized by the opening of the
>C==0 hond. All the polymerization products obtained
by Staudianger are thermally unstable and decompose with
the formation of volatile products when hoated to tem-
peratures between 120° C, and 200° C.

It has now been surprisingly found that it is possible 10
prepare linear high polymers of ketenes of the formula
RLC=C=0, which even in the crude, unfractionated
state are crystalline according to X-ray examination.

Maoreover, it bas also been surprisingly found that, by
physical fractionation processes, such as for example by
extraction with suitable solvents, variows fractions can
be isolated from the crude polymers. These separated
fractions arc highly crystalline as determined by X-ray
examination and consist of high molecular weight linear
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moleciiles which necessarily possess a succession of regu-
larty repeated constituent elements.

Using the crude polymers obtained from the polymeriza-
tion: of dimethylketene by the process of the present in-
vention, it is possible, for instance, to isolate & fraction
which is not extraciable with acetone, but is extractable
with benzene, which fraction shows, in general, in intrinsic
viscosity {(measured in tetrahydronaphthalene at 135° C.)
of between 0.2 and 1.5, and which is found to be highly
crystalline upon X-ray examination. This crystallinity is
observed 4lso in the polymer powder obtamed by extrac-
tion or in the product not subjected to further thermail
or mechanical orientation treatments. (See FIGURE 1
of the accompanying drawings. )

By successive extraction with beiling toluene (or chloro-
form) a further small percentage (up to 10% ) of the tota]
polymer is dissolved.

The fraction not extraclable with boiling toluene {or
chloroform), on the other hand, is found to consist of
macromokecules having a crystalline structure, which is
completely different from that of the other fractions, and
which fraction has, in general. an intrinsic viscosity
(measured in nitrobenzene at 135° C)) of between 0.5
and 2.

These two fractions are not different crystalline modifi-
cations of the same product, since the two fractions pre-
sent very different infrared absorption spectra when ex-
amined in the mol(en stale.

For instance, in the infrared spectrum of the fractions
extractable with boiling toluene, intease absorption bands
are clearly observable at aboul 9 microns, while these
bands are not present in the infrared spectrum of the
fraction not extractable with boiling toluene.

The fraction not axtractuble with toluene is also highly
crystallipe upon X-ray examination. A high crystallinity
is observed in this fraction even in the state of a non-
oriented powder as obtained by extraction (see FIG-
URE 2).

The modified polymer, obtained after melting and cool-
ing the same product, is also highly crystalline (but with
a different lattice structure).

By extrusion of the polymer not extractable with boil-
ing toluene and subsequent stretching, fibers are obtained
which are found to be highly oriented as indicated by X-
ray examination. FIGURE 3 shows the X-ray specirum
(CuKa) of an oriented fiber, determined in a cylindrical
chamber of 28.65 mm. radius, From this spectrum, it can
be estabhished that the mactomolécules possess an lden-
tity period of about 8.8 A. and that the chain section cor-
responding to this period presumably contains 4 mono-
meric unity.

Crystalline poly-dimethyl-ketene which is not extract-
able with toluene, has a melting point of 250-255° C.
under the polarizing microscope. Furthermore, it has been
found that by heating to this temparature either this poly-
mer or the one extractable with boiling toluene, no de-
composition, resulting in the formation of low molecalar
weight volatile substances, takes place. 'This fact further
differentintes these polymers from those described in the
literature, which were found to be thermally uastable
cven at femperatures below 200° C.

The new ketene polymers may be prepared by polym-
erization of the monomer in the presence of a catulyst
having the general formula AIR X, or addition com-
plexes of compounds of said formuda particularly with
organic oXygen containing bases, such as ethers, their
dimers or mixtures of them.

In the above general formula, R’ represents an alkyl,
aryl, cycloalkyl or alkoxy group or a hydrogen atom.

X is a halogen atom, m is 0, 1, 2 or 3, and n is (3-m).

As catalysts, compounds having the following empirical
formolee may be used: AICL(C.H;); AICI(CH;)s
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ALCH)Cly; ANOCH,) Bry; AlBrg: AlCly-U{UoHs ), 0f
their dimers, or the sesquibalides of the type

ACHClar ACH, ) £ClH

Ketzne polymers, according to the present invention,
may alternatively be prepsred by polymerization of the
monomer in the presence of a catalyst consisting of an
organometallic compound of a metal delonging to the
second group of the Periodic Table according 1o Men-
deleeff or of addition complexes of these compounds
with organic oxygen coniaining bases such as ethers.

As polymerization catalysts, dialkyl berylliom, atkyl
barylium monohalides (or association products of di-
atky] beryliium with beryilium dihalides), dialkyl magne-
sium, alkyl magnesiom monohahdes, diatkyl zinc and
atkyl zinc monohalides are preferably used.

The polymerization can be carried out al temperatures
of from —100” C. to 4-25° C,, preferably from —80° C.
to —20° C,, in the presence or absence of organic com-

pounds which act as solvents, As polymerization solvents, 2

organic compounds which do not react with the monomers
and do not decompose the catalyst under the polymeriza-
tion conditions can be used. For example, aliphatic or
aromatic hydrocarbons are suitable,

It has also been noted that by varying the type of
aluminum-containing catelyst used, the ratio between the
amount of polymer extractable with toluene znd the
amount of polvmer not extraciable with toluene varies in
the crude polymer obtained. As a general rule, alumi-
num catalysts having a higher catenic ectivity favor, the
temperature being the same, the formation of a polymer
which i not extractable with toluene,

When using the catalysts of the second group of the
Periodic Table, particularly when using beryllium catz-
lysts, the polymerization of dimethylketene at a temper-
ature hetween —80* C. and —10° C. leads to the produc-
tion of polymers substantially not extractable with boiling
toluene.

The macromolecules of polydimethylketene, not extract-
able with boiling toluene, have substantially the chemical
structure of a poly-g-ketone, which can be represented by
the following formula:

OH; 0 O O CHy ©
b Bl Sl 8
Om, CHy CH,

These macromolecules are formed by polymerization of
the monomer on the internal double bond >C=C< and
by regular head-to-tail enchainment of the monemeric
units. The structure of this fraction is demonstrated by
high tesperature digestion in an alkaline medium and by
the reduction of the carboanyl groups to hydroxyl groups,
as shown by the following:

5 gm. of polydimethylketene, not extractable with boil-
ing toluene, are suspended in a mixture of 200 ce. tetra-
bydrofurane and 20 cc. of absolute ethyl zlcahol 10 which
traces of metallic sodium have been added. The suspen-
sion thus obtained is heated in a shaking auloclave for
48 hours at 180° C, and for 48 hours at 260° C. under a
nitrepen pressure of about 20 atm, After this treatment,
0.8 gm. of a substantially unaltered polymer, which pos-
sesses the same X-ray diffraction spectcum and infrared
absorption spectrum as the statting polymer, were recov-
ered by filtration. From the filtrate, after separation of
the solvents, 5.1 gm. of a liguld product, boiling up 10
130° C. under a pressure of 20 mm. of mercury, and 1.9
gm. of a liquid boiling at a higher temperalure were
isolated.

From the analysis carried out by gas phase chromatog-
raphy, the first fraction was found to consist substan-
tially of a mixture of ethyl isobutyrate and di-isopropyl-
ketone, Inm addition to these products, small amounts of
substances with a much lower volatility and, presumably,
higher molecuiar weight were present. The residual 1.9
gm. high boiling fraction, after treatment with sodium
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alcoholate ar the boiling point for 90 hours, gives 2
chromatogram in which the peaks co ling to di-iso-
propylketone and ethyl isobutyrate are present. It can
therefore be concluded that this fraction is an intermediate
degration product of polydimethylketene.

The course of this reaction agrees with the known reac-
tion of g-diketones in an alkaline medium. This dimethyl-
ketene palymer shows, however, cxceptional stability
against attack by alkali and very drastic conditions are
necessary for its degradation.

The structure of this polymer has aiso been confirmed
by reducing the carbonyl groups with lithium aluminuwm
hydride (LiAlHg) in the following manner:

4.2 gm. of polymer are suspended in 100 cc. of tetra-
hydrofurane and 30 cc. of a saturated lithium aluminum
hydride solutiom in ether are added. A remarkable
evolution of heat is observed and the polymer is dis-
solved within abbout half an hour. After sbout 10 hours
at 30° C., the lithium aluminum hydride excess is de-
stroyed with methanol and, after evaporation of the sol-
vents, 3.6 gm. of a white glass-like substance, softening
at about 70* C,, are isoluted by extraction with a soluton
of ethyl ether and methanol. This substance s found
o be amorphous by Xeray exanrination. It Is insoluble
in ethyl ether, acetone, carbon tetrachloride and ethyl
acetate, and soluble in acetic acid, dimethylformamide,
chloroform, ethyl alcohol and in agucous ethyl alcohol
solutions.

From the infrared absorption spectrum, it can be de-
duced that only traces of carbonyl groups are present.
There is a very intensive absorption at 3.02x which can
be ascribed to the presence of alcoholic hydroxyl groups
to the extent of 1 hydroxyl group per monomeric unit.

The solubility in polar solvents and the infrared absorp-
tion spectrum thow that the preduct oblained by reduc-
tion of the polydimethylketene not extractable with tolu-
ene consists essentially of long sequences of the type:

CH ?ﬂu tl"ﬂ'v
—~¢-—CH-C—CH—C—CH--
CH; OH CH, ém: (‘:m OH

It has been further demonstrated that the chemical
structure of the polymeric fractions soluble in benzenc
is quite different. The infrared examination of the frac-
tions of the dimethylketene polymers not extractable with
ethyl ether, but extractable with benzene has shown that
the macromolecules which form these fractions possess
a unitary chemical structure, especially when obtained
from crude palymers prepared in the presence of triethyl
aluminum. In the infrared spectrum of these fractions,
the bands at Detweea 585 wad 6a (which can be cleurly
observed in the spectra of the polymer not extractable
with toluene) are abwent or practically absent. On the
contrary, the absarption bands at between 5.71 and 5.76,
which are to be ascribed to groupings of the ester type,
are clearly observable, A structure of this type for the
polymer is also in agreement with their transparency and
the absence of UV, absorption peaks at 0.28-0.304.

The presence of this structure of the polyester type is
demonstiated by the following hyvdrogenolysis with lith-
Tum aluminum hydride:

To 5 gra. of a polydimethylketene fraction not extract-
able with ethyl ether and soluble in boiling benzene, dis-
solved in 80 cc. tetrahydrofurane, are added 30 cc. of
6 saturated solution of lithim aluminum hydride in
ether, A rapid resction takes place and the mixture is
kept at 25" C. for about 4 hours. The excess hithium
aluminum hydride is destroyed, the zolvents are evapo-
rated and, after acidification with a 10% sulphuric acid
solution, the product is extracted repeatedly with ether.
From the ether extract, 4 gm. of an oily, colorless liquid
are isolated by distillation at between 96° C. and 99° C.
under a presrture of 20 mm. of mercury,

Examination by chromatography in the vapor phase
demonstrates that this fraction consists of about 95%




8,249,580

of o single chemival compound. This compound, from
the infrared and UV, spectra and from a cryoscopic
determinetion of the molecular weight, is found to be
2,2, 4-trimethyl-3-keto-pemtane-1-0l, which corresponds
to the formula:
H O OB

2 k= O

> Hy

CHy
fad i Y

Tt is keown that in a reaction with lithium aluminum
hydride, the formation of a primary alcobolic group can
accur only by the reduction of a carbaxylic group, while
a carbonyl group can be formed by rearrangement of a
salt of the enolic form of a ketone.

The formation of a keto-alcohol takes place sccord-
ing 1o the following scheme and demonstrates that the
macromolecules of the poly-dimethylkefene fraction ex-

tractable with benzene possess a structure of the polyester o

type in which the repeated unit consists of two monomeric
units,

CHy CH L4 CcH
Hh O ,l\h Pare)
QM; O [+} CHy ? <
- . S D S, W S—
H. Hs
l (LIATFL)
CH, OH CHy CH,
N N
CHy Q CHy ?
b Oy vO-“{lJALkﬂ—G—J.l-—(s'—cﬂl—o—(bl.\l)m—ﬂ— k.
131 CHy
l (AT FLADS
CHy CH CHy CH,
‘ ¥ ' Be OB
O c’cm
——OROH 4 HO—CC CILOR 4 HO—t
) i "My
i {Reurrangement)
CHy CHy
B-C CHly
= CHyOH Ketn Form
) CH

The fraction of dimethylketene polymer not extractable
with boiling benzene but extractable with toluene, which
in general amounts to up to len perseni of the total
polymer obtained, is found by infrared examination to
contain keto groups as well as ester-lype groups.

Owing to their linear structure, their not too high melt-
ing point and the presence of polar groups in the poly-
meric chains, the crystalline polymers of dimethylketens
of the present invention are suitable for the preparation
of textile fibers. These fibers are also much more easily
dyeable than those obtained from hydrocarbon poly-
mers.,

The dimethyiketene polymers which are insoluble in
boiling tolucne are of remarkable interest, beceuse of
their high melting point (240-250° C.) and high crystal-
linity.

These polymers can he easily used as thermoplastic
polymers, can be compression-molded, extruded or -
jection-molded with the machinery normally used for
working thermoplastic resins. Their high crystallization
rate and high crystallinity make it possible to obtain fin-
ished products from them without the need for annealing
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operations, thus svoiding the deformation of the articles
after molding.

The main chain, in spite of the presence of guaternary
carbon atoms, stiil exhibits good flexibility and this favors
orientation by mechanical unidirectiona! operations, such
as rolling and stretching. By stretching the extruded fila-
ments, it is thus possibie to obtain well oriented highly
crystalline fibers, having s high tensile strength.

The following examples are given to illustrate the in.
vention. Although these examples all relate to dimeth-
viketene, the higher homelogues of the scries such as:
diethyl-, diisopropyl-, dibutylketene and dicycloalkyl- and
substionted or unsubstituted diphenyiketenes such as di-
cyclobexyl-, diphenyl- and ditolylketene can be polymer-
ized with similar resulls,

Example 1

20 ¢c. (about 16 g.) of dimethylketene are introduced
at —78% C, mto a 50 cc. large test tube kept under mitro-
gen. Polymerization of the monomer starts upon the ad-
dition of 0.3 cc. of a 0.5 molar toluene solution of AlBrs,
while keeping the temperature at —78° C. The solution
slowly becomes more and more viscous while the initially
intcnse yellow color tends to disappear. Afier zbout 20
hours, the mass is treated with a few cc. of ethyl ether in
order to extract the catalyst, and an excess of methanol is
then added. The white polymer thus freed from residual
monomer Is freated with boiling methanol for a short
time and appears fipally as & powdery product.

The polymer is filtered and dried and amounts to
8.5 gm,

By successive extraction with various boiling solvents in
a Kumagawa extractor, the following four fractions are
separated:

Percent by wt. on the total

Acetome extract . .o 6.15
Fthyl Sher extriol . oo ccncsnanisiaisi s cuse 0.55
Toluene eXUract - oo e 1.6
BEMIOE vuiansimiisssmenmmmie s akosuesee 81.6

The fractions extractable with acetone and ether con-
sist of solid products, amorphous upon X-ray examination.
fraction extracted with benzene gives, by X-ruy ex-
amination carried out on the powdered polymer, the dif-
fraction spectrum reported in FIGURE 1, which demon-
strates that this fraction possesses a high degree of crystal-
linity. The residue fraction not extractable with toluene
consists of a solid white powdery product which has a
melting point of about 255° C. under the polarizing
microscope.

FIGURE 2 shows the X-ray diffraction spectrum, re-
corded with a Geiger counter (CuKe), of polydimethyl-
ketene not extractable with toluene, examined in the
powdered state.

As it is apparent from FIGURE 2, this fraction shows a
very high degree of crystallinity, clearly different from the
crystallinity shown by the fraction extractzble with
toluene.

The infrared spectra of the benzene extract and of the
residue ere also completely different from each other.

Example 2

20 cc. of freshly distilled dimethylkeiene are cooled
to —350° C, and I cc, of a 10% ether solution of AlBr, is

65 added Operating ag described in Example 1, the mass is

70
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allowed to stand for several hours and is then treated with
ether., To the suspension thus obtained an excess of
methanol is added, and the product obtained is filtered
and vacuum dried.

The polydimethylketene thus isolated amounts to 10
gm. and is soluble in dimethylformamide at a tempera-
ture of 140-150° C.

The polymer is partially soluble in decahydronaphtha-
lene and in boiling xylene, but its solubility in carbon
tetrachloride, toluene and benzene is low.
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Fractionation with boiling solvents in & Kumagawa ex-
tractor gives the following results:

Percent by wt. on the total

ACEIONS EXIFACE o ememsammmmmmmmm amrm mmmmmmnw 113
Ethyl ether extract 4.6
Benzene oXtract cavmamm——mwa . = d

Residug weeeen e o L s e 388

“The acetone and ether extracis are amorphous and their
X.ray diffraction spcctra are similar to those obtained
from the polymers prepared according o Standinger in
the presence of tertiary amines. The X-ray examination
of the benzene extract and of the residue confirms the
existence of two diffcrent chemical structures which are
both crystalline. )

The residue after benezene extraction has a melting
point of 247° C. under the polarizing microscope bul
shows, by X-ray and infrared examination, the presence
of small amounts of 2 crystalline polymer of a type which
is, for the most part, extractable with benzene.

‘The fraction extractable with benzene has an intrinsic
viscosity in tetrahydronaphtbalene at 135° C. of 0.30.

Example 3

9 cc. of dimethylketene, purified by vacuum distillation, o

are polymerized by the addition of 1 cc. of a 10% heplane
selution of AICL(CgH). The bath is kept at about
—60° C. After several hours, ether is added in order to
eliminate the catalyst and then an excess of methanol is
added. The precipitate, after filtration and drying
amounts to 1.1 gm.

The X-ray examination of the crude product gives a
difiraction spectrum from which it is evideat that the
polvdimethylketene obtained ix highly crystalline and
consists substantially of a mixture of two _crym'.'lﬁnc poly-
sers which can be separated by extraction with boiling
toluene,

Example 4

1 ce. of a 10% heptane solution of triethyl aluminum is
added under nitrogen, st —80° C., to 20 cve. of freshly
distilled dimethylketene. The temperature of the coolng
bath is raised to —30° C. and the solution is allowed 10
stand. The mass rapidly becoines more and more viscous
and after & few hours it is compieiely gelled. An excess
of methanol is added to the cold mass, which is then
heated under reflux. The white powdery product is
filiered and dried. This product amounts to B4 gm.

The crude non-oricnied polymer is found to be highly
crystalline by X-ray cxamination.

extraction in a Kumagaws extructor shows that
about $% of the polymer is not extractable with boiling
toluene.
Example §

1 cc. of 10% diethyl beryilium (Be(CyHsg)z) solution
in n-heptans is added to 23 cc. of freshly distilled di-
methylketene kept at —80° C. The solution thus ob-
tained, when immersed in a sall-ice bath at —10* C.,
readily becomes turbid and after about 1 hour the mass is
almost solid. It is poured into methznol and, after filter-
ing and drying, 9.1 gm. white fibrous polymer are isolated.

"T'he fractionation by successive extraction with boiling
solvents in a Kumagawa extractor gave the following re-
sults:

Percent by wt. on the total
Ethyl ether extract 4.5
Benzene eXlrat! oo e mm—ms e ——————— 11.7
Toluene eXIIRCL wvcvccnrcbmncmccuememm————-- 43
Residue T —— - 795

X-ray cxamination shows the ether extract to be
amorphous, while the residue after extraction with toluens
shows a high crystallinity and gives a diffraction spectrum
(CuKa) practically identical 1o that indicated in FIG-
URE 2.

Example 6

Operating as described in Example 5, 2 cc. of 10%
diethyl beryllium {Be(CyHy)y) solution ip n-heptane are
introduced into 32 cc. of dimethylketene dissolved in 40

5 ce. of toluens while the temperature is kept at —355° C.
The reaction is slower than in the preceding example, bt
after some hours the mass becomes solid and =lmost
colorless, 10.4 pm. of polydimethylketene containing a
very high proportion of macromolecules with S-ketonic

10 gtructure are isolated, The extraction in succession with
boiling solvents in a Kumapawa extractor gives the fol-
lowing resuits:

Parcent hy wi. on the tolal
_ Ethyl ether extract 2.8

15 Benrens MEUME - crmnnbmavess s S 5.1
Toluene extract ___.cueen- 4.8
Residue after toluene exiraction . 87.8

Example 7

12 ce. of dimethylketene are distilled under reduced
pressure into a test tube containing 0.3 cc. of dibutyl zinc
(Zn(C,H;)g) dissolved in 20 cc. of toluenc, while im-
mersed in a cooling bath at —78° C. The temperature
of the reaction tube is then raised to —55° €. The viscos-
ity of the solution increases quickly and after one night
the mass has become colorless, It is coagulated with
methanol and, aftcr washing and drying, 6.8 g of a
wihite fibrous polymer are isolated.

Many variations and modifications ¢an, of course, be
made without departing from the scope of the present
invention.

Having thus described the present invention, what it is
desired to secure by Letters Patent and what is claimed js:

1. Linear, high-molecular weight crystalline poly-
dimcthylketene polymers, sald polymers being sclected
from the grovp sonsisting of

(1) polydimethylketéene polymer, the macromolecules

of which consist essentially of head-to-tail enchain-

30

45

40 ments of monomeric units of the formula
CHy CH,
CcHy 0 '5/
bnd 0 d

45 cm

said polymer being substantially insoluble in acelone

but being substantizlly soloble in benzene and show-

ing the X-ruy diffraction pattern of FIG. ), and

(2) polydimethvlketene polymer, the macromolecules

50 of which consist essentially of head-to-tail enchain-

ments of monomeric units of the formula

EE) [h]

65 t‘:lh

said polymer being substantially insoluble in boiling
toluene and showing the X-ray diffraction pattern of
F1G. 2.
2. A polydimethylketene polymer, the macromolecules of
60 which consist essentially of head-to-tail enchainments of
monomeric units of the formula

CHy ©
¢4
iy
said polymer being substantially insoluble in boiling
toluene and showing the X-ray diffraction pattern of FIG.
2, said polymer having a melting point of at least about
wp 240" C.

3, The product of claim 2 in fibrous form.

4. A process of preparing the product of claim 1 which
comprises polymerizing dimethylketene at a wmperature
of from about —100° C. to -+25° C. and in the presence

=x of un effective amount of & catalyst having the formula
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AIR X, wherein R’ is selected from the group con-
sisting of a hydrogen atom, alky), aryl, and alkoxy groups,
X is a halogen, m is selected from the group consisting
of 0, 1,2 and 3 and n is 3-m.

5. A process for preparing the product of ¢laim 1 which
comprises polymerizing dimethylketene al a temperature
ranging from about —100° C. 10 25 C. and in the
presence of an effective amount of an organo-metallic
compound of a metal selected from Group Il of Men-
deleeff"s Periodic Table.

6. The process of claim 4 further characterized in that
the catalyst is an aluminum halide.

7. The process of claim 4 further characterized in that
{he calalyst is en aluminun alkyl.

8. The process of claim 4 further characterized in that
the catalyst is an ether complex of an aluminum halide.

9. The process of claim 6 further characterized in that
the aluminum halide is AlBry.

10. The process of claim 7 further characterized in that
the aluminum alkyl is triethy] aluminum.

11, The process of claim 4 further characterized in that
the ¢atalyst is an alkyl alumincum halide.

12. The process of claim 11 further characierized in
that the alkyl aluminum halide is monoethyl aluminum
dichloride.

13. The process of claim 5§ further characterized in
that the organo-metallic compound is a beryllium dialkyl.

14. The process of claim 8 further characterized in
that the organo-metallic compound is an alkyl beryllium
monohalide.

15, The process of claim § further characterized in
that the organo-metallic compound is a magnesium di-
alkyl,

10

15

19

16. The process of clairn 5 further characterized in
that the organo-metallic compound is an alkyl magnesium
monohalide,

17. The process of claim §, further characterized in
that the organo-metallic compound is zinc dialkyl

18. The process of claim 5 further characterized in
g:i;d:bc organo-mesallic compound is alkyl zine mono-

19. The process of claimn § further characterized in
that the polymerization is conducted at a temperature
ranging from about —80° C. to +10* C.
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