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CATALYSTS AND CATALYST COMPONENTS FOR
POLYMERIZING OLEFINS

Matter enclosed in heavy brackets { ] appears in n the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue,

THE PRIOR ART

Itahan Pat No. 932,438, a551gned to Montedison
S.p.A., discloses catalysts which are highly active and
exh‘ibit good - stereospecificity ‘in the polymerization of
alpha-olefins, 1.e., olefins containing at least three car-
bon atoms, 1n particular propylene, and which consist of
the products obtained by mixing an Al alkyl partially
complexed with a Lewis base with a solid catalyst-form-
ing component comprising compounds of at least Ti and
Mg and optionally complexed with a Lewis base.

Such solid catalyst components are- generally pre-
pared by grinding a mixture of a halogenated Ti com-
pound with a Mg dihalide and a Lewis base. In a varia-

tion, the Ti compound can be employed in the form of

a pre-formed complex with the Lewis base.

To obtain good results by the use of those oatalysts 1t
is necessary for the Mg dihalide to be present in a partlo-
ular activated form. If the activated Mg dihalide is
obtained by reaction of a Mg alcoholate with a haloge-
nated Ti compound, for example TiCly, the catalysts
obtained by mixing that reaction product with Al alkyls
do not exhibit an entlrely satlsfactory stereOSpeelﬁcxty
and activity.

‘Analogously, if the activated Mg dihalide is obtained
by reacting a compound of formula RMgX, in which R
1s a hydrocarbon radical and X is R or a halogen, with
a halogenated Ti compound, the resulting solid compo-
nents, when mixed with Al alkyls, yield catalysts which
do not exhibit very high actmty and stereospemﬁolty

THE PRESENT INVENTION

An object of this mventlon 15 to prowde new solid
catalyst components oomprlslng Ti, Mg and halogens
which, on being mixed with alkyl Al compounds, yield
catalysts that exhibit high actmty ancl a high degree of
stereospecificity.

-That and other Ob_]ECtS are achieved by this mventlon
in accordance with which we have found, surprisingly,
that it is possible to polymerize the alpha- olefins, such
as propylene, butene-1, etc., to high yields (in grams/-
gram of Ti iised) of highly stereoregular polymers, even
when the Tl-contalnlng component is prepared starting
with organic Mg compounds 1nclud1ng the RMgX com-
pounds and the Mg alcoholates.

When the monomer polymerized in contact with the
catalysts prepared from the new catalyst components of
this invention 1s ethylene, the polymer obtained is in the
form of particles hawng a size comprised in a very
narrow range.

* The catalysts according to the present invention c eom-
prise the product obtained by mixing:

(A) an addition and/or substitution product of an
electron-donor compound (sueh as a Lewis base) with
an aluminum alkyl compound free of halogen atoms

bound to the Al atoms, in which produot the molar ratio

hetween the electron-donor groups of the electron-
donor eompound which are reacted with the organo-
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metallic Al compound and the total moles of the Al
compound is comprised between 0.1 and 1; with
(B) a solid component comprising compounds con-

taining T1, Mg and halogens, in which the halogen/Mg

ratio 1s not less than 1, said solid component being pre-
pared by reacting a Ti compound with the solid haloge-
nation product obtained by reaction of a halogenating
agent different from the halogenated Ti1 compounds,
with a Mg compound selected from the group consist-
ing of:

(B.1) organic oxygenated magnesium compounds
containing at least a Mg—O—R linkage wherein R is an
alkyl-, cycloalkyl-, aryl- or acyl radical containing from
1 to 20 carbon atoms.

(B.2) organometallic Mg eompounds containing at
least a Mg—R linkage wherein R is an alkyl, cycloalkyl-
or aryl radical containing up to 20 carbon atoms; and

(B.3) Mg compounds containing at least a

R

M “'N/
g
'\.
R‘r

linkage, wherein R and R’are H or alkyl or aryl radicals,
said solid component being further characterized in that
it comprises an electron-donor compound (such as a
Lewis base) in 2 quantity not more than 1 mole per
g-atom of Mg.

The term “addition and/or substitution product” for
Component (A) means a product consisting of or com-
prising the complexes of the electron-donor compound
with the aluminum alkyl compound and the compounds
resulting from the reaction of aluminum trialky! com-
pounds with an electron-donor compound containing
mobile hydrogen atoms that are capable of reacting

with the aluminum trialkyl to bring about substltutxon
reactions such as, for example:

2AIR3 + R'NH; —=>R)Al—N—AIR; + 2RH

|
RI

Any electron-donor compound (such as a Lewis
base) can be used for preparing the addition and/or
substitution compounds with the aluminum alkyl com-
pounds.
~ Suitable electron-donor compounds are amines, am-
ides, ethers, esters, ketones, nitriles, phosphines, stib-
ines, arsines, phosphoramides, thioethers, aldehydes,
alcoholates, amides and the organic acid salts of metals
belonging to the. first four Groups of the Mendelyeev
Periodic System.

‘"The best results, as regards both aot1v1ty and stereo-
specificity, are achieved when esters of carboxylic acids
or diamines, particularly esters of aromatic acids are
used as the electron-donors.

Some typical examples of such compounds are: meth-
yl- and ethyl-benzoate, methyl- and ethyl-p-methox-
ybenzoate, diethylcarbonate, ethylacetate, dimethyl-
maleate, triethylborate, ethyl-o-chlorobenzoate, ethyl-
naphthenate, ethyl-toluate, ethyl-p-butoxy-benzoate,
ethyl-cyclohexanoate, ethyl-pivalate, N,N,N’,N'-tet-
ramethylendiamine, 1,2,4-trimethylpiperazine, 2,5-
dimethylpiperazine and the like.

The electron-donor/aluminum trialkyl ratio is gener-
ally lower than 1.and, in the case of esters or diamines,
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it ranges from 0.1 to 0.8, and more particularly from 0.2
to 0.4.
Generally, the activity and stereospecificity of the
catalysts are affected, in opposite ways, by the Lewis

base/aluminum alkyl molar ratio, in the sense that the
higher such ratio, the lower the activity, and vice-versa

as regards the stereospecificity.

The aluminum alkyl compounds to be employed ac-
cording to the present invention may be selected from a
wide range of compounds.

Particularly suitable compounds are the aluminum
trialkyls containing linear- or branched-chain alkyls
having up to 20 carbon atoms or products of the reac-
tion of said compounds with water, ammonia or pri-
mary amines and containing two or more aluminum
atoms bound to one another by oxygen or nitrogen
atoms.

Typical examples of such compounds are: triethyl
aluminum, trimethyl aluminum, tri-n-butyl aluminum,

tri-i-butyl aluminum, tri-n-propyl aluminum, triisohexyl
aluminum,  triisooctyl aluminum, Al(Cj;H3s)s,
(C2H5)2A1-0-Al-(C2Hs)y,

(Csz)zAl““l'I*I—Al(CZHS)z,
CeHs

1soprenyl aluminum, and the like.

Aluminum alkyl compounds containing one alkoxy
group having up to 20 carbon atoms can be used.

The catalysts of this invention can be prepared by
various methods. The preferred method consists in pre-
reacting the electron-donor with the aluminum alkyl
compound, for a certain time, generally less than 1 hour,
and then adding the component (A) thus obtained to the
component (B). The aluminum alkyl compound, elec-
tron-donor and component (B) can be mixed simulta-
neously. Another method consists in reacting the alumi-
num alkyl compound with a mixture of component (B)
with the electron-donor.

In all those methods the electron-donor/aluminum
alkyl molar ratio is such that between 1% and 100%,
preferably between 20% and 40% of the alkyl Al com-
pound 1s combined with the electron-donor.

The Al/Ti atomic ratio in the catalysts is higher than
| and can reach value as high as 10,000. Preferably, said
ratio 1s comprised between 10 and 200.

The halogenating agents suitable for the preparation

of the catalysts are different from the halogenated Ti
compounds, are liquid or gaseous under the reaction
conditions and are able to react with the initial magne-
sium compound to that the halogen atoms become
bonded to the Mg atoms.

Halogenating agents which are particularly suitable
include hydrogen halides for instance hydrogenchlo-
ride, phosphor pentachloride, thionyl chloride, thionyl
bromide, sulfuryl chloride, phosgene nitrosyl, chloride,
and the halides of organic and mineral acids. The halo-
gens per se may also be used successfully.

Particularly suitable are siliciam compounds selected
from the compounds having formula X,,SiR,, in which
X 1s a halogen, R an alkyl, cycloalkyl, or aryl radical
containing 1 to 20 carbon atoms; n+m=4, I=m=4
and 0=n=3.

Typical examples of these compounds are silicium
tetrachloride, silicium tetrabromide and chlorosilanes,

such as: (CH3)3SiCl, (CH3);SiCl,, CyHsSiCls,
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4
(C2H;5)281CL, C3H7SiCl3, (C3H7):SiCly, C4HeSiCls,
(C4H9)281C12, trichlorovinylsilane, and the like.

It 1s possible to utilize, also, products prepared by
halogenating polysiloxane, such as, for example, 1,3-
dichlorotetramethyl-disiloxane, 1,5-dichloro-hexameth-
yl-trisiioxane and 1,7-dichloro-octamethyl-tetrasilox-
ane.

Also useful as halogenating agent are RX, com-
pounds wherein R is a hydrocarbon radical, X is halo-
gen, preferably chlorine or bromine, and n is an integer
from 1 to 10. | -

Examples of said RX,, compounds are carbon tetra-
chloride, carbon tetrabromide, chloroform, ethylene
chloride, 1,1,1-trichloroethane. |

Good results are obtained with halogenated organo-
metallic compounds of Al, like Al(C;Hs)2Cl,
AlCyHsCl5.

Examples of suitable halides of organic and inorganic
acids are: BCl3, SbCls, benzoyl chloride, acetyl chlo-
ride. In the halogenation of a Mg alcoholate with a
halide of an organic acid, it is useful to carry out the
reaction in the presence of a halogenated Si compound.

Magnesium compounds suitable for the preparation
of the catalyst include:

Mg dialkoxides,

Mg(OCsHm.);,

Mg(O-C3H7.)2, Mg(O-CaHon.);, Mg(OC4Hoi.)2, Mg

phenates or cresolates

Mg monoalkoxides, for example the Mg-a]kyl-alkox-

ides, or compounds of the formula XMgOR in
which X is halogen or (SO4);, —OH, (CO3);,
(PO4)3 or carboxylate groups

Mg carboxylates, for example Mg acetate, Mg benzo-

ate |

Mg enolates such as Mg acetylacetonate

Grignard compounds, for example CiIMgC,H; and

CIMgCsHogn

MgR; compounds like Mg(C;Hs); and Mg(CgHs)s.

The Mg alcoholates can be used also in the form of
complexes with alcoholates of other metals, for example
LiMg(OC3H7i.)3, MgAI(OC3H71.)s. |

Mixtures of the aforesaid Mg compounds with inert

for instance Mg(OC;Hs);,,

~organic or inorganic substances can be employed. Any

electron-donor can be used to prepare component (B).
Preferably, the Lewis bases are selected from the esters
of inorganic and organic oxygenated acids and the poly-
amines. Typical examples of such compounds are the
esters of aromatic carboxylic acids, such as benzoic
acid, p-methoxybenzoic acid and p-toluic acid and par-
ticularly the alkyl esters of said acid; the alkylenedia-
mines, such as, for example, N',N”,N’"'; N’ tetrame-
thylethylenediamine.

As electron-donor it is also possible to successfully
employ silicium compounds, such as, for instance, vi- -
nyl-tris (beta-methoxyethoxy) silane or gamma-metha-
cryloxypropyl-trismethoxysilane.

The electron-donor can be formed in situ during the
halogenation reaction. For example, the halogenation
reaction of a Mg alcoholate with a halogenated Si com-
pound can be carried out in the presence of a halide of
an organic acid, in particular of an aromatic acid such as
benzoyl chloride, which forms a Lewis base by reaction
with the compound of Mg and/or Si.

The titanium compounds to be used according to this
invention are selected in particular from the haloge-
nated Ti compounds including the halides and haloal-
coholates. Non-halogenated tetravalent Ti compounds
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can also be used. Examples are the Ti tetra-alcoholates
and Ti-tetrachloride and tetramide.

‘The titanium compound can be added to or during
the reaction of the Mg compound with the halogenating
agent when 1t is a titanium alcoholate such as, for exam-
ple, THO-1C3H7)4, T1I(O-nC3H7)4, TI(O-1C4Ho)4, Ti(O-
nCsHo)g, TI(O-CgHs)g, Ti2O(0-1C3H7)¢ and the like.
Preferably, the Ti compound i1s contacted with the
prehalogenated Mg compound. |

The reaction between the magnesium compound and
the halogenating agent may be conducted either in the
presence or absence of hydrocarbon solvents, at tem-
peratures ranging from —15° C, to 200° C. and prefera-
bly from 50° C. to 150° C. If 1t 1s carried out in the

1C

15

presence of solvents, it is preferable to use high-boiling

hydrocarbons (100°-170° C.) in particular iso-parafins
containing more than 10 carbon atoms.

It has been found that the best results concerning the
activity and stereospecificity of the catalyst are ob-
tained when the halogenation product shows a X-ray
spectrum comprising a halo whose maximum intensity
1s shifted with respect to.the maximum intensity line
present in the spectrum of the Mg dihalides. In the case
of Mig(ly, the maximum intensity line is located at a
interplanar distance d of 2.56 A for rhomboedrical
MgCly and 2.75 A for hexagonal MgCl,. |

Halogenation products having said characteristics
can be obtained by reacting the Mg compounds with
SiCls at a temperature ranging from 60° to 100° C. for
“more than three hours.

In general, during the halogenation reaction, the
halogen/magnestum atomic ratio is higher than 2:1. The
electron-donor can be added to the Mg compound be-
fore, during or after the halogenation reaction. The Mg
compound/electron-donor molar ratios are equal to or
higher than 1 and preferably between 2 and 10.

The reaction of the halogenated Mg compound with
the Ti compound is conducted at temperatures ranging
in general from 20° to 150° C. More particularly, when
TiCly 18 used, it is preferable to carry out the reaction by
suspending the halogenated Mg compound in TiCls and
‘heating the suspension at a temperature between 20°
and 136° C. -

The Ti/Mg atomic ratio in the reaction of the Ti
compound with the halogenated Mg compound is
higher than 1 and preferably comprised between 2 and
50. |

According to a presently preferred embodiment of
the present invention, the Mg compound and the halo-
genating agent are reacted in the presence of a Lewis
base, at a temperature ranging, preferably, from 50° to
170° C. The reaction product is then treated with a
strong excess of TiCly, at a temperature ranging from
60° to the boiling point of TiCl4(136° C.); after removal
of the excess Ti1Clg at a temperature higher than 50° C.,
and washing with a hydrocarbon solvent to eliminate
the unreacted TiCly, the solid catalyst component is
obtained.

It has been found, additionally, and this is another
feature of the present invention, that it is possible to
further improve the activity of the present catalysts by
preparing component (B) in the presence of a silicium
compound, either polymeric or not, containing the

group

20

25

30

33

40

45

50

55

60

Rl

|
?io
RH‘

in which R’ and R” are the same or different hydrocar-
bon radicals, selected in particular from the alkyl radi-
cals containing 1 to 6 carbon atoms and from the aryl
radicals containing 6 to 10 carbon atoms, or R’ is hydro-
gen.

The silicium compound may be employed both dur-
ing the reaction between the Mg compounds and halo-
genated S1 compound, and after such reaction (before or
after the reaction with the Ti compound).

The Mg/Si atomic ratio is generally lower than 2,
preferably ranging from 0.1 to 1.- |

The catalysts according to the invention may be used
to polymerize ethylene or alpha-olefins, i.e., olefins
containing at least three carbon atoms, such as propy-
lene, butene-1, 4-methylpentene-1 and the like; or to
copolymerize propylene or other alpha-olefins with one
another and/or with smaller amounts of ethylene.

When ethylene is to be polymerized, it is convenient
to use, instead of component (A), an aluminum trialkyl
or an alkyl-aluminum halide not complexed with an
electron-donor.

The polymerization conditions are conventional and
comprise temperatures ranging from —80° to +150° C.,
preferably from 40° to 100° C., at partial pressures of the
alpha-olefins higher than atmospheric pressure. Poly-
merization may be conducted in a liquid phase, either in
the presence or in the absence of an inert hydrocarbon
diluent, or in gas phase.

Particularly good results are achieved, in the poly-
merization of propylene, by operating in the presence of
an aliphatic or aromatic inert hydrocarbon diluent,
liquid under the polymerization conditions, or by oper-
ating in liquid propylene as reaction medium.

The following examples are given to illustrate the
invention in greater detail and not intended to be limit-
Ing. |

In the examples the melt-flow index (MIL) was deter-
mined according to ASTM D-1238/73; the flexural
rigidity was measured according to ASTM D-747/70
on specimens prepared by molding in a plate press at
200° C. and by annealing for 2 hours at 140° C.

The apparent density (bulk density), was always de-
termined on the polymer in powder form.

EXAMPLE 1

(a) Preparation of the catalyst

13.91 g of Mg(OC;,Hs); were mixed with 29.8 g of vy
methacryloxypropyl-trimethoxy-silane and 40.8 g of
S1Cl4 at 62° C. for 1.5 hours.

The resulting product was treated with 240 ml of
T1Clgat 136° C. for 1.5 hours. The products dissolved in
T1Cl4 were removed in hot conditions by decantation
and siphoning. The solid residue was treated again with

240 ml of fresh TiCls at 136° C. for 30 minutes. After

~ hot-removal of TiCly, by decantation and filtration, the

63

solid residue was repeatedly washed with n-hexane to
eliminate excess TiCly. It was then dried under vacuum
at 535° C., to obtain a solid product, the elemental analy-
sis of which gave the following results:

Mg=12.52% by weight,

Ti1=3.6% by weight,
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C1=52.6% by weight.

(b) Polymerization of propylene in a solvent

217 mg of the solid product (Example 1a) were intro-
duced into a stainless steel autoclave, having a 2.5 1
capacity and containing 1 liter of n-heptane and 1.135 g
of AI(C;Hs)s premixed with 572 mg of ethylanisate.
Polymerization was conducted at 60° C. at a pressure of
5 kg/cm? gauge with propylene and hydrogen (1.5% by
vol. of the gas phase) for 5 hours. The pressure was kept
constant by continuous feeding of propylene.

At the conclusion, after removal of the solvent by
stripping with vapor, 314 g of dry polypropylene in
particle form were obtained. The yield was 40,200 g of
polymer/g of Ti. The residue after extraction with boil-
ing heptane was 89.5%.

The polymer was also characterized by the following
properties:

bulk density: 0.41 kg/I

intrinsic viscosity: 2.3 dl/g

melt-flow index: 1.3 g/10°

flexural rigidity: 12,200. kg/cm?.

(c) Polymerization of propylene in a liquid monomer

10 kg of propylene, 12.5 g of AI(CaHs)3 in 90 ml of
n-heptane, 7.2 g of ethylanisate in 120 ml of n-heptane,
720 mg of the sohid product prepared according to Ex-
ample (1a) in 130 ml of n-heptane and 15 NI of hydrogen
were introduced into a stainless steel autoclave having a
capacity of 30 L |

The polymerization temperature was brought to 65°
C. and the pressure was adjusted at 26.5 kg/cm?g.

After 5 hours, and after removal of excess propylene
2.85 kg of polypropylene in particle form were ob-
tained. The yield was 110,000 g of polymer/g of Ti. The
residue after extraction with boiling heptane was equal
to 88.5%. . ‘

The polymer was further characterized by the fol-
lowing properties: | a

bulk apparent density: 0.40 kg/I

intrinsic viscosity: 1.9 di/g

melt-flow index: 3.2 g/10’

flexural rigidity: 12,755. kg/cm?.

The above described polymerization test (1c) was
repeated, but using 7.74 g of ethylanisate and 730 mg of
the solid product prepared accerding to Example (1a).
The following results were obtained:

yield: 72,300 g of polymer/g of Ti,

residue after extraction with boiling heptane: 90.5%.

The polypropylene, obtained in particle form, was
also characterized by the following properties: |

bulk density: 0.35 kg/1

intrinsic viscosity: 1.7 dl/g

melt-flow index: 5.7 g/10'

flexural rigidity: 14,130. kg/cm?2.

(d) Polymerization of ethylene in a solvent

20.3 mg of the solid product prepared according to
Example (la) were introduced into a stainless steel,
2.5-liter autoclave containing 1 liter of n-hexane and 2 g
of Al(1-C4Ho)s.

Polymerization was conducted at 85° C. at a partial
pressure of ethylene of 6 kg/cm? g. and at a partial
hydrogen pressure of 7 kg/cm? g. for 4 hours.

At the conclusion, after evaporation of the solvent in
hot conditions and under vacuum, 284 g of polyethyl-
ene in particle form, free from powder, were obtained.
The yield was 340,000 g of polymer/g of Ti. The poly-
mer was further characterized by the following proper-
t1es:

bulk density: 0.37 kg/1

Re. 31,099
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- particles average diameter: 354
E grade: 27.6 g/10’

EXAMPLE 2

(a) Preparation of the catalyst

27.7 g of Mg(OC,Hs); were treated with 30.6 g of
Si1Cl4 and 3.37 g of C¢HsCOCI; this mixture was gradu-
ally heated to 155° C. and kept at such temperature for
2.5 hours. The resuliing semi-solid product was hot-
treated, at 136° C., with 240 ml of TiCly for 1.5 hours.
The products dissolved in TiCly were removed in hot
conditions by filtering and successive washing with 200
ml of n-hexane. The residual solid product was treated
again with 200 ml of boiling TiCls for 1 hour. Subse-
quent steps of the process were as described in Example
(la). C

The elemental analysis of the solid product thus ob-
tained gave the following results:

Mg=16.45% by weight,

T1=2.70% by weight,

Cl=58.15% by weight.

(b) Polymerization of propylene in a solvent

Example (1b) was repeated, using 234 mg of the solid
product prepared according to Example (2a), 1.135 g of
Al(C;Hs) and 572 mg of ethylanisate. 245 g of dry poly-
mer, having a residue of 92% on extraction with boiling
heptane, were thus obtained. The yield was 38,800 g of
polypropylene/g of Tt in 5 hours. As in the foregoing
Examples, the polymer was subjected to the same tests,
and was found to have the following properties:

bulk density: 0.45 kg/I

intrinsic viscosity: 2. dl/g

melt-flow index: 5.1 g/ 10’
- flexural rigidity: 13,770. kg/cm?

(c) Polymerization of propylene in a liquid monomer

Example (Ic) was repeated, employing 12.5 g of
Al(CoHs)3, 7.2 g of ethylanisate and 798 mg of the solid
product prepared according to Example (2a). In this
way, 1.95 kg of polypropylene, having a residue after
the extraction with boiling heptane of 91%, were ob-
tained. The yield was 90,500 g of polymer/g of Ti. The
polypropylene was also characterized by the following
properties:

bulk density: 0.360 kg/I

intrinsic viscosity: 1.7 dl/g

melt-flow index: 4.9 g/10’

flexural rigidity: 13,350. kg/cm?.

EXAMPLE 3

(a) Preparation of the catalyst

27.6 g of Mg(OC;Hs); were mixed with 29 g of tri-
chlorovinylsilane (Cl3Si CH=—CH3) and 7.2 g of ethyl-
benzoate. The mixture was gradually heated and the
temperature was kept at 158° C. for 2 hours. The solid
product thus obtained was thereafter treated with 240
m! of boiling T1Cly for 2 hours. Subsequent steps were
as described in Example (1a).

The elemental analysis of the product so obtained
gave the following results:

Mg=18.14% by weight:

T1=2.45% by weight;

Cl=64.4% by weight. |

(b) Polymerization of propylene in a solvent

Example (1b) was repeated, using 204 mg of the solid
product prepared according to Example (3a), 1.135 g of
Al(C2Hs)3 and 572 mg of ethylanisate. 275 g of dry
polypropylene were thus obtained, having a residue,
after the extraction with boiling heptane, of 87.5%. The
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yield was 55,000 . g of polymer/g of Ti. The polymer

was further characterized by the following propert:es

bulk density: 0:39 kg/1 -

intrinsic viscosity:.1.9 di/g

melt-flow index: 3.2 g/10’ |

flexural rigidity: 11,050. kg/cm?.

(c) Polymerization of propylene in a hquld monomer

Example (lc) was repeated employing 12.5 g of
AN(CyHs)3, 7.2 g of ethylanisate and 730 mg of the solid
product prepared according to Example (3a). 2.5 kg of
polypropylene were thus obtained, having a residue to
the extraction with boiling heptane, of 84%, an intrinsic
viscosity of 1.8 dl/g, a melt-flow index of 4.7 g/10', a
bulk density of 0.39 kg/1 and a flexural rigidity of 10,530

kg/cm?. The yield was 140,000 g of polymer/g of Ti.

On repeating. Example (3¢), using 720 mg of solid
component, 12.5 g of Al(CyHs); and 7.74 g of ethylani-
sate, 1.6 kg. of polypropylene were obtained. The resi-
due of the extractlon with boiling heptane amounted to
85.5% of the total (crude) polymer. The yield was
90,600 g of polymer/g of Ti, and the polymer was fur-
ther characterized by the following properties: .

bulk densuy 0.40 kg/1

intrinsic viscosity: 1.9 dl/; g
melt-flow index: 3.4 g/10’
_ flexural rigidity: 11,370. kg/c:rn2

EXAMPLE 4

(a) Preparatlon of the cata]yst |

240 ml of a heptane solution of 16.97 g of dlssolved
Mg(n- C4Ho); were added to 18.8 ml of a solution con-
taining 22 g of SiCls and 3.88 g of ethylbenzoate, in 10
~ minutes, at room temperature, under stirring. The tem-
perature was then raised to 95° C. and maintained at 95°
C. for 2 hours. Successively, 22 g of SiCl4 were gradu-
ally added, heating and stirring being carried on for
another 2 hours. |

A white mlcrocrystallme prec:1p1tate was separated
from the reaction mass by decantation in the cold. The
supernatant solution was siphoned and the precipitate

was washed with n-heptane to remove excess SiCls.

After filtration, the solid residue was treated with 240
ml of boiling TiCls for 2 hours, and then hot-filtered,
after which the solid residue was subjected to two con-
secutive one-hour treatments with equal amounts of hot
TiCl4, with hot-filtration after each such treatment. The
solid residue was treated again in hot conditions for two
consecutive times, and for 1 hour each tlme, with analo-
gous amounts of TiClj. |

Following the last hot- filtration, the solid residual
product was repeatedly cold-washed with n-hexane to
remove any trace of free TiCls. It was then dried under
vacuum at 50° C. ‘The elemental analysis of the solid
product gave the following results

Mg=18.8% by weight;

Ti=13% by weight;

C1=59.85% by welght .

(b) Polymerization of propylene in a hqmd monomer

Example (1c) was repeated, employing 970 mg of the
solid product prepared according to Example (4a), 12.5

g of AI(C2Hs)3 and 6.36 g of ethylanisate.
| 1.12 kg of polypmpy;ene 1n particle form, having a
particle size comprised in a narrow range, and a residue
of the extraction with boiling heptane of 79.5%, were
thus obtained. The yield was 38,400 g of polymer/g of
- Ti. The polymer was further characterized by the fol-

lowing properties: |

“bulk density: 0. 31 kg/l |
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intrinsic viscosity: 1.7 dl/g
melt-flow mndex: 5.4 g/10’
flexural rigidiy: 10,000. kg/cm?.
~When Example (4b) was repeated but using 1.1 g of
solid product, 12.5 g of AC, Hs)sand 7.2 g of ethylani-
sate 650 g of polypropylene in particle form were ob-
tained, having a particle size comprised in a narrow
range. On extraction with boiling heptane the residue
(polypropylene insoluble in boiling heptane) amounted
to 82.5% of the total polymerizate. The yield was
19,700 g of polymer/g of Ti.
The polymer was also characterized by the following
properties:
bulk density: 0.30 kg/1
intrinsic viscosity: 1.5 dl/g
melt-flow index: 7.8 g/10’
flexural rigidity: 11,800. kg/cm?.
(c) Polymerization of ethylene in a solvent
26.7 mg of the solid product prepared according to
Example (4a) were introduced into a stainless steel,
25-hiter autoclave containing 1 liter of n-hexane and 2 g
of Al(1-C4Hog)3. Proceeding as in Example (1d), 255 g of
polyethylene in the form of particles and free from
powder were obtained. The yield was 318 kg of poly-
mer/g of Ti. |
The polymer was further characterized by the fol-
lowing properties:
bulk density: 0.37 kg/l |
particles’ average dia.: 333
grade E: 49.2 g/10"

EXAMPLE 5

(a) Preparation of the catalysts

13.88 g of Mg(OC;Hs); were mixed with 14.7 g of
Cl3S1C2H5 and 6.34 g of vinyl-tris-(beta-methoxy-ethox-
y)-silane. The mixture was gradually heated to 155° C.
and kept at that temperature for 2 hours. After cooling,
semi-solid paste was obtained. It was treated with 240
mli of TiClg at 136° C. for 2 hours. The unreacted TiCly
was decanted and siphoned in hot conditions. The solid
residue was subjected to two successive one-hour treat-
ments with equal amounts of boiling TiCla.

By operating according to Example (1a), a solid prod-
uct was obtained which, on elemental analysis, gave the
following results:

Mg=19.6% by weight,

T1=2.85% by weight,

Cl=68.15% by weight.

(b) Polymerization of propylene in a solvent

Example (1b) was repeated, employing 229 mg of the
solid product prepared according to Example (5a),
1.135 g of AI(C2Hs); and 572 mg of ethylanisate. By
operating in this way it was possible to obtain 135 g of
polypropylene, having a residue after the extraction
with boiling heptane equal to 77.5%, the yield being
20,700 g of the polymer/g of Ti in 5 hours.

(c) Polymerization of propylene in a liquid monomer

Example (1c) was repeated, employing 850 mg of the
solid product prepared according to Example (5a), 12.5
g of AI(CaHs); and 7.2 g of ethylanisate. 1.28 kg of
polypropylene having a residue after the extraction
with boiling heptane of 85%, were thus obtained. The
yield was 52,800 g of polymer/g of Ti. The polymer
was further characterized by the following properties:

bulk density: 0.39 kg/1}

intrinsic viscosity: 1.2 dl/g

melt-flow index: 7.5 g/10’

flexural rigidity: 11,050. kg/cm?.
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EXAMPLE 6

(a) Preparation of the catalyst

13.75 g of Mg(OC,H5s); were mixed with 19.62 g of
Cl3S1C;Hs, 3.38 g of benzoyl chloride and 3.38 g of
polydimethylsiloxane (viscosity: 100 Cst). The mixture
was gradually heated to 155" C. under stirring, and kept
at that temperature for 2 hours. By operating according
to the modalities of Example (5a), a solid product was
obtained, which on elemental analysis gave the follow-
Ing results:

Mg=21.6% by weight,

Ti=1.25% by weight,

C1=68.95% by weight.

(b) Polymerization of propylene in a solvent

Operating as in Example (1b), using 234 mg of the
solid product prepared according to Example (6a),
1.135 g of AI(C;Hs)3 and 572 mg of ethylanisate, 276 g
of polypropylene in particle form, free from powders,
were obtained. The residue of the extraction with boil-

ing heptane was equal to 86.5%, the yield being of

94,500 g of polymer/g of Ti in 5 hours. The polymer
was further characterized by the following pmpertles
bulk density: 0.42 kg/I1
Iintrinsic viscosity: 1.9 dl/g
melt-flow index: 4.7 g/10’
flexural rigidity: 9,760. kg/cm?.
(c) Polymerization of propylene in a liquid monomer
Example (1c) was repeated, using 815 mg of the solid
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product prepared according to Example (6a), 12.5 g of 30

Al(CHs)3 and 7.2 g of ethylanisate. 2.35 kg of polypro-
pylene 1n the form of particles and free from powder
were obtamed. The residue of the extraction with boil-
Ing heptane amounted to 86%. The yield was 230,000 g
of polymer/g of Ti and the polymer was also found to
have the following properties:

bulk density: 0.47 kg/1

intrinsic viscosity: 1.8 dl/g

melt-flow index: 3. g/10"

flexural rigidity: 10,300. kg/cm?2.

EXAMPLE 7

(a) Preparation of the catalyst

Example (6a) was repeated, but using 1.68 g of ben-
zoyl chlonde and 13.73 g of polydimethylsiloxane. The
solid product obtained gave, on elemental analysis, the
following results:

Mg=19.4% by weight,

T1=1.55% by weight,

Cl=65.% by weight.

(b) Polymerization of propylene in a solvent
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Operating as in Example (Ib), using 221 mg of the

solid product prepared according to Example (7a),
1.135 g of AI(CzHs)3 and 572 mg of ethylanisate there
were obtained 270 g of polypropylene in the form of
particles free from powder. Extraction of the total
(crude) polypropylene with boiling n-heptane left a
restdue equal to 81.5%. The yield was 78,800 g of poly-
mer/g of Ti in 5 hours. The residue also exhibited the
following properties:

bulk density: 0.44 kg/1

intrinsic viscosity: 1.3 di/g

melt-flow index: 13.2 g/10’

flexural rigidity: 13,500. kg/cm?2.

(c) Polymerization of propylene in a liquid monomer

Example (1c) was repeated, employing 740 mg of the
solid product prepared according to Example (7a), 12.5
g of AI(CyHs)3 and 7.2 g of ethylanisate. In this way,
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1.67 kg of a particle from polypropylene, free from
powder, were obtained. The residue of the extraction
with boiling heptane amounted to 87.5% of the total
(crude) polypropylene, the yield being of 145,500 g of
polymer/g of Ti. The polymer was further character-
ized by the following properties:

bulk density: 0.41 kg/1

intrinsic viscosity: 1.5 dl/g

melt-flow index: 9 g/10’

flexural rlgldlty 14,700. kg/cm?.

EXAMPLE 8

(a) Preparation of the catalyst -

19.6 g of Cl3SiC;Hs were mixed with 13.73 g of
Mg(OC,;Hs);. The mixture was gradually heated to
145° C., and held at that temperature for 2 hours under
stirring. The semi-fluid paste so obtained was repeat-
edly washed at 68° C. with n-hexane by decantation.
The solid, suspended in 50 ml of n-hexane, was mixed
with 1.81 g of ethyl benzoate and 1.81 g of polydtmeth-
ylsiloxane (viscosity =100 cst.).

The mixture was heated to 70°'C. and kept at that
temperature for 1 hour. It was evaporated under a mod-
erate vacuum at 50° C., and the solid residue obtained
was treated with 240 ml of boﬂmg TiCly for 2 hours.
After hot-filtration, a new treatment with boiling TiCls
was carried out for | hour on the solid residue of the
evaporation. After several washings in hot conditions

- (68° C.) with n-hexane, it was filtered under vacuum at

60° C. On eleméntal analysis, the final solid product
gave the following results:

‘Mg=17.16% by weight,

Ti=2.2% by weight,

Cl=60.65% by weight.

(b) Polymerization of propylene in a solvent

Example (1b) was repeated employing 187 mg of the
solid product prepared according to Example (8a),
1.135 g of AI(C2Hs)3 and 572 mg of ethylanisate. In this
way it was possible to obtain 165 g of particle-form dry
polypropylene. The residue after the extraction with
boiling heéptane was equal to 86.5% of the total
polymerlzate The yield was 40, 200 g of polymer/g of
1.

The polymer was further characterized by the fol-
lowing properties:

bulk density: 0.40 kg/1

intrinsic viscosity: 1.6 dl/g

melt-flow index: 8.4 g/1(

flexural rigidity: 11,880. kg/cm?2.

(c) Polymﬁnzatlon of propylene in a hquld monomer

Operating as in Example (1c), there were used 740 mg
of the solid product prepared according to Example
(8a), 12.5 g of AI(C;Hs)3 and 7.2 g of ethylanisate. 135
kg of particle-form polypropylene, which gave, on
extraction with boiling heptane, a residue of 87%, were
obtained. The yield was 82,800 g of polymer/g of Ti.
The polymer was further characterized by the follow-
Ing properties: |

bulk density: 0.41 kgﬂ

intrinsic viscosity: 1.4 dl/g
- melt-flow index: 5.6 g/10

flexural rigidity: 11,850. kg/cm2.

EXAMPLE 9

Example (7b) was repeated but “using 155 mg of the
solid catalyst component prepared according to Exam-
ple (7a), 1,135 g of AI(C2H5s)3 and 640 mg of ethylanl-
sate.



Re. 31,099

13

In this run, the polymerization was effected in n-hep-
tane under a pressure of 10 kg/cm? gauge (1.5% by
volume of hydrogen in the gas phase) for 6 hours. 260 g
of polypropylene were obtained in particle form free

14

solid residue obtained was treated with 240 ml of boil-
ing TiCly for 2 hours.

After hot-filtration, a new treatment with boiling
TiCl4 was carried out for 1 hour on the solid residue.

from powder, with a yield of 108,000 g of polymer/g of 5 After several washings in hot conditions (68° C.) with

Ti. The residue of the extraction with boiling heptane
amounted to 85%. The polymer had a bulk density of
0.45 kg/1, a melt-flow index of 13.7 g/10" and a ﬂexural
rigidity of 12,440 kg/cm?.

EXAMPLE 10

(a) Preparanon of the catalyst

19.6 g of SnClsy were admlxed to 13.73 g of
Mg(OCyHs),. The resulting mixture was gradually
heated to 145° C,, and kept at such temperature for 2
hours under stirring. The semi-fluid paste so obtained
was repeatedly washed at 68° C. with n-hexane by de-
cantation.

‘The solid suspended in 50 ml of n-hexane was added
with 1.81 g of ethyl benzoate and 1.81 g of polydimeth-
ylsiloxane (viscosity = 100 cst.). The mixture was heated
to 70° C. and kept at such temperature for 1 hour. It was
evaporated under a moderate vacuum at 50° C,, and the
solid residue obtained was treated with 240 ml of boil-
ing TiCly for 2 hours. After hot-filtration, a new treat-
ment with boiling TiCls was carried out for 1 hour on
the solid residue. After several washings in hot condi-
tions (68° C.) with n-hexane, it was filtered under vac-
uum at 60° C.

(b) Polymerization of propylene in a solvent

Operating as in Example (1b), employing 197 mg of
the solid product prepared according to Example (10a).
1.135 g of AI({CyHs)3 and 572 mg of ethylanisate, there
were obtamed 170 g of dry polypropylene, which gave
a restdue on extraction with boiling heptane of 85%.

- The polymer was also found to have the following
properties:

bulk density: 0.41 kg/1

Intrinsic viscosity: 1.6 dl/g

melt-flow index: 8.4 g/10

flexural rigidity: 11,880. kg/cm?2.

(¢} Polymerization of propylene in a liquid monomer

Operating as in Example (1c), using 780 mg of the
solid product prepared according to Example (10a),
12.5 g of Al(CyHs)3and 7.2 g of ethylanisate, there were
obtained 1.40 kg of polypropylene, which gave a resi-
due of 85% on extraction with boiling n-heptane. The
polymer was further characterized by the following
properties:

bulk density: 0.42 kg/1

Intrinsic viscosity: 1.4 dl/g

melt-flow index: 5.6 g/10°

flexural rigidity: 11,850. kg/cm?.

EXAMPLE 11

(a) Preparation of the catalyst

119 g S0Cl; were admixed to 11.45 g of
Mg(OCaHs);. The resulting mixture was gradually
heated to 60° C,, and kept at that temperature for 2
hours under stirring. The excess SOCl; was removed
and the solid product so obtained was repeatedly
washed at 68° C. with n-hexane by decantation.

The solid suspended in 100 ml of n-hexane was mixed
with 3 g of ethyl benzoate and 1.81 g of polydimethylsi-
loxane (viscosity = 100 cst.). The mixture was heated to
- 70° C. and kept at such temperature for 1 hour. It was
evaporated under a moderate vacuum at 50° C., and the
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n-hexane, 1t was filtered under vacuum at 60° C.
(b) Polymerization of propylene in a solvent
Example (1b) was repeated, employing 190 mg of the
solid product prepared according to Example
(11a), 1.135 g of AI(C;Hs)3 and 572 mg of ethylani-
sate. In this way it was possible to obtain 168 g of
polypropylene which on extraction with boiling
heptane, gave a heptane-insoluble residue amount- -
ing to 84% of the total (crude) polypropylene.
The polymer was further characterlzed by the fol-
lowing properties:
bulk density: 0.38 kg/1
Intrinsic viscosity: 1.6 dl/g
melt-flow index: 8.4 g/10’
flexural rigidity: 11,880. kg/cm?2.
(c) Polymerization of propylene in a llquld monomer
Proceeding as in Example (1c), but using 770 mg of
the solid product prepared according to Example (11a),
12.5 g of AI(CyHs)3 and 7.2 g of ethylanisate, 1.3 kg of
particle-form polypropylene were obtained. On extrac-
tion with boiling heptane, the heptane-insoluble residue
amounted to 85%. The polymer was also found to have
the following properties:
bulk density: 0.40 kg/1
intrinsic viscosity: 1.4 dl/g
melt-flow index: 5.6 g/10’
flexural rigidity: 11,850. kg/cm?2.

EXAMPLE 12

(a) Preparation of the catalyst

11.45 g of Mg(OC;Hs); were mixed w:th 200 ml of
n-hexane and 3 g of ethyl benzoate. The mixture was
kept at 0° C., and gaseous anhydrous HCl was bubbled
into it for one hour.

The solid product so obtained was filtered, repeat-
edly washed at 0° C. with n-hexane until the HCI] was
completely removed, and treated w:th 240 ml of boiling
T1Cl4 for 2 hours.
~ After hot-filtration, the solid product was given an-
other treatment with boiling TiCls over a period of one
hour, and then, after several washings, in hot conditions
(68° C.) with n-hexane, it was filtered under vacuum at
60° C.

(b) Polymerization of propylene in a solvent

Repeating Example (1b), and employing 185 mg of
the solid product prepared according to Example (12a),
1.135 g of AI{C2Hs)3 and 572 mg of ethylanisate, 160 g
of polypropylene were obtained. On extraction with
boiling heptane it gave a heptane-insoluble residue
equal to 86% of the total (crude) polypropylene.

The polymer was further characterized by the fol-
lowing properties:

bulk density: 0.40 kg/1

intrinsic viscosity: 1.6 dl/g

melt-flow index: 8.4 g/10’

flexural rigidity: 11,880. kg/cm?2.

(c) Polymerization of propylene in a liquid monomer

Operating as in Example (1c), using 735 mg of the
solid product prepared according to Example (12a),
12.5 g of AI{CyH5s)3 and 7.2 g of ethylanisate, 1.3 kg of
polypropylene were obtained. The residue remaining
after extraction of the total (crude) polypropylene
amounted to 87% thereof.
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The polymer was also found to possess the following
properties:

bulk density: 0.41 kg/1

intrinsic viscosity: 1.4 dl/g

melt-flow index: 5.6 g/10°

flexural rigidity: 11,850. kg/cm?.

EXAMPLE 13

(a) Preparation of the catalyst

4 ¢ of CiIMgN(C4Ho), were reacted in an inert gas
atmosphere with a solution containing 0.615 m! of ethyl
benzoate in 20 ml of SiClg at 65° C. under stirring for 24
hours. The resulting white solid was filtered, washed
with 200 ml of desulphurized anhydrous n-heptane,
dried and reacted with 50 ml of TiCl4 at 130° C. for 2
hours under stirring. TiCl4 was removed by filtration
and further 50 ml of same were added; the whole was
“allowed to react for further 2 hours at 130° C., where-

10

15

upon it was filtered and washed at 80" C. with 300 ml of 20

n-heptane. The solid thus obtained revealed, on analy-
sis, a Ti content equal to 2.17% by weight and a CI
content of 68%. | *

(b) Polymerization of propylene in a solvent

5 millimoles (1 g) of aluminum truscbutyl were re-
acted at room temperature with 1.25 millimoles (187
mg) of methyl para-toluate in 80 ml of anhydrous desul-
phurized n-heptane for 5 minutes.

50 ml of such solution were contacted with a suitable
amount of the catalyst component prepared as de-
scribed hereinabove. The remaining 30 ml were diluted
to 1,000 ml with n-heptane and introduced, under a
nitrogen pressure, into a steel autoclave equipped with
stirrer, thermoregulated at 40° C., whereinto propylene
was made to flow.

In the same way the catalytic component suspension
was then introduced. After closing of the autoclave,
hydrogen was added up to a partial pressure of 0.1 atm.,
and then it was heated to 60° C. under contempora-
neous feeding of propylene up to a total pressure of 3
atmospheres. Such pressure was kept constant through-
out the polymerization by going on feeding the mono-
mer. After 4 hours the polymerization was stopped and
the polypropylene was isolated by treating it with meth-
anol and acetone.

The results of the polymerization test are reported in

Table 1.

EXAMPLE 14

3.3 g of Mg [N(C4Ho);]; were reacted in an inert gas
atmosphere with a solution containing 0.52 ml of ethyl
benzoate in 30 ml of S1Cly at 65° C. under stirring for 24
hours. The resulting white solid was filtered, washed
with 200 mil of desulphurized anhydrous n-heptane,
dried and caused to react with 50 ml of TiCls at 130° C.
for 2 hours under stirring.

TiCl4 was removed by filtration and further 50 mi of
same were added:; it was allowed to react for further
two hours at 130° C., then it was filtered and washed at
80° C. with 300 ml of n-heptane. The solid so obtained
exhibited on analysis a Ti1 content equal to 2% and a Cl
content of 65%.

A propylene polymerization test conducted by using
such compound as catalyst component, under the same
conditions as described in Example 13, gave the results
reported in Table 1.
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" EXAMPLE 15

10.4 g of CIMgN(CgHjs)2 were reacted in an inert gas
atmosphere with a solution containing 1.44 ml of ethyl
benzoate in 90 ml of SiClsat 65° C. under stirring for 24

hours. |
The resulting white solid was filtered, washed with
200 mi of desulphurized anhydrous n-heptane and re-

acted with 100 ml of TiCl4 at 80° C. for two hours under
Stirring. |

Ti1Cly was removed by filtration and further 100 mi of
same were added; it was allowed to react for further 2
hours at 80° C., then it was filtered and washed at 80° C.
with 300 ml of n-heptane. The solid thus obtained re-
vealed, on analysis, a T1 content of 2.3% and a Cl con-
tent of 50.5%.

The propylene polymerization test was carried out by
using such compound as catalytic component, under the
same conditions as described in Example 13; the results
obtained are those reported in Table 1.

TABLE 1
POLYMERIZATION

CATA- . YIELD Heptane (2)
LYST g of polypropylene n; (1) residue
Example - gof T dl/g Yo

13 56,000 2.12 89

14 56,000 1.6 85

15 38,000 1.6 91

(1) Inherent viscosity measured in tetrahydroaphthalene at 135° C. (polymer con-

centration: 0.25 g in 160 m! of solvent).
{2) Residue to the extraction with boihing n-heptance.

EXAMPLE 16

(a) Preparation of the catalyst

11.44 g of Mg(OEt); along with 136 g of S1Cl4 and
2.81 g of C¢eHsCOCI were changed in the order into a
pyrex glass 250 ml reactor, equipped with filtering frit-
ted bottom.

The suspension was brought, under stirring to 60" C.
and kept at such such temperature for 21 hours. Subse-
quently it was filtered at 60° C. and evaporated to dry-
ness.

The residual solid product was treated with 200 ml of
TiClgat 135° C., for 2 hours. A filtration was effected at
135° C., removing the unreacted TiCls. Successively a
treatment with 200 mi of TiClsat 135° C. for 1 hour was
conducted. It was hot-filtered again and the residual
solid was washed with hot hexane in order to remove
the TiCl4 in excess.

It was dried under vacuum at 60° C., thus obtaining a
solid product, whose elemental analysis provided the
following results:

Cl=58.55% by weight

Ti=2.05% by weight.

(b) Polymerization of Propylene in a Solvent

119 mg of the sohid product described hereinabove
were introduced into a stainless steel 2.5 1 autoclave,
containing 1 1 of hexane and 1.135 g of Al-triisobutyl
premixed with 344 mg of dimethyl para-toluate (solu-
tion at 20 g/100 ml of C¢ ™). Polymerization was con-
ducted at 60° C., at a pressure of 9 kg/cm? gauge, with
propylene and hydrogen (1.5% by volume of the gas
phase) for 4 hours.

The pressure was kept constant by continuous feed-
ing of propylene. |

At the conclusion, after removal of the solvent by
stripping with vapor, 520 g of dry polypropylene were
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obtained, the yield being of 213,000 g of polymer/g of
T1, and the residue to the extraction with boiling hep-
tane being of 92.5%.

EXAMPLE 17 - 5

- {a) Preparation of the catalyst |

The reactor described in Example 16 was fed, 1n the
order, with: 11.50 g of Mg(OEt);, 136 g of SiClg and 3
g of ethyl benzoate; this mixture was heated to 60° C.,
under stirring, and Kept at such temperature for 24
hours consecutively. It was filtered at 60° C. to dryness
of the solid, whereupon it was repeatedly washed with
hot hexane removing SiCls in excess.

The residual solid product was treated with 200 ml of
TiCls at 135° C. for 2 hours. The dissolved products as
well as the TiCls in excess were removed by filtration at
135° C. A second treatment was effected by employing
200 ml of TiCls for 1 hour at 135° C. After removal by
filtration of the whole amount of hot TiCly, the solid
residue was repeatedly washed with hot hexane, in
order to remove the TiClg in excess. -

It was dried under vacuum at 50° C., thus obtalmng a
solid product, whose elemental analysis provided the
following results: 95

Ti=1.95% by wetght

Cl=67.25% by weight.

(b) Polymerization of propylene in a solvent

kt was operated as in Example 16(b), using 61.8 mg of
the solid product prepared as described hereinbefore, 30
1.135 g of Al-tritsobutyl and 274 mg of methyl p-toluate
(solution at 20 g/ 100 ml of Cg ).

By operating in this way, 331 gof dry ¢ partncle—form
polymer were obtained, the yield being of 275,000 g of

polypropylene/g of Ti, and the residue to the extraction 33
with boiling heptane being of 90.5%.

(¢) Polymenization of propyiene in a solvent

60 mg of the solid product prepared as described
hereinbefore were introduced into a stainless steel 2.5 |
autoclave containing 1 1 of C¢+and 1 g of Al-triisobutyl 40
premixed with 254 mg of methyl p-toluate (solution at
20 g/100 ml of Cg¢t). Polymerization was conducted at
60° C., at a pressure of 5.4 kg/cm? gauge, with propy-
lene and hydrogen (1.5% by volume of the gas phase)
for 35 hours.

By operating in this way, 254 g of dry partlcle form”
polymer were obtained, the yield being of 217,000 g of
polypropylene/g of Ti, and the residue to the extraction
in boiling heptane being equal to 92.5%.

EXAMPLE 18

{a) Preparation of the catalyst

A reactor like that described in Example 16(a) was
charged, in the order, with 11.45 g of Mg(OEt),, 208.5
g of SnCls and 3 g of ethyl benzoate. This mixture was
heated, under stirring to 60° C. for 24 hours consecu-
tively.

Successively it was filtered at 60 C. up to solid dry-
ness, whereupon it was repeatedly washed with hot g
hexane in order to completely remove SnCls.

The residual sohd product was treated with 200 ml of
TiClgat 135° C. for 2 hours. The dissolved products and
the Ti1Cls in excess were removed by filtration at 135° C.

A successive treatment with 200 ml of TiCls was then 65
carried out for 1 hour at 135° C. It was filtered again in

hot COHdltIOHS and the remdual SGlld was washed with
hot hexane in order to remove the T1C14 In excess.
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It was dried under vacuum at 50° C., thus obtaining a
solid product, whose elemental analysis provided the
following results: .

C1=70.10% by we1ght

Ti=1.35% by weight.

(b) Polymerization of propylene in a solvent

It was operated as described in Example 16(b) by
using 88 mg of the solid product prepared as described
hereinbefore, 1 g of Al-trusobutyl and 254 mg of methyl
p-toluate (solution at 5.5 g/100 ml of Cg+). -

By operating 1n this way, 366 g of dry polymer were
obtained, the vyield being of 308,000 g of poly-
propylene/g of Ti, and the residue to the extraction
with boiling heptane being of 87.5%.

We claim:

1. Solid catalyst-forming components for use in pre-
paring a catalyst for polymerizing ethylene and/or al-
phaolefins, comprising compounds containing Ti, Mg
and halogens, in which the halogen/Mg atomic ratio is
at least 1, said component being prepared by reacting
{a tetravalent Ti compound selected from the group
consisting of Ti tetrahalides, Ti tetraalcoholates, Ti
haloalcoholates, and Ti tetraamides,] 7iCls with the
solid halogenation product containing halogen atoms
bonded to Mg atoms obtained by reaction of a haloge-
nating agent, different from the halogenated Ti com-
pounds, with a Mg compound selected from the group
consisting of

(a) organic oxygenated Mg compounds of the for-

mula

XMgOR

in which R is an alkyl, aryl, cycloalkyl or acyl
radical containing from 1 to 20 carbon atoms or
—OR forms an enolate radical containing from 1

to 20 carbon atoms, and X i1s OR, halogen (S04)s,
—QOH, (CO3)4, (PO4);, carboxylate or an alkyl,
aryl, or cycloalkyl radical containing from 1 to
20 carbon atoms;

(b) organometallic compounds of the formula

YMgR'’

in which R’ is an alkyl, aryl, or cycloalkyl radical
containing from 1 to 20 carbon atoms, and Y is
halogen or R’; and
(c) Mg organic compounds of the formula

RH‘
/
XMg=—N
\
Rl”‘

in which R” and R"’ are hydrogen or alkyl or aryl
radicals containing from 1 to 20 carbon atoms;
and X Is
Rfl‘
/
—N
N
R

~or has the same significance as in (a); said catalyst
component being further characterized in that
said reaction between the TiCly and the solid halo-

- genation product of the Mg compounds (a), (b) or

(c) is carried out in liquid TiClgin a quantity corre-
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sponding to an atomic ratio Ti/Mg higher than 1,
at a temperature comprised between 20° C. and
150° C., in the presence of an electron-donor as
such, or of an electron-donor compound prereacted
with the solid halogenation product, and then sepa-
rating the solid product from the unreacted TiCly,
and 1n that it contains an electron-donor in a
quantity greater than 0.1 but not greater than 1.0
mole per g-atom of Mg.

2. The solid catalyst component of claim [1 J I21in
which the electron donor compound is bound to the
halogenation product.

3. The solid catalyst-forming component of claim
[1,] /2 in which the Mg compound is selected from
the group consisting of dialcoholates having the for-
mula Mg(OR); in which R is an alkyl radical containing
from 1 to 20 carbon atoms; Mg monoalcoholates having
the formula R'MgOR in which R is an alkyl radical
contaiming from 1 to 20 carbon atoms and R’ is chlorine;
Grignard compounds having the formula RMgX, in
which R i1s an alkyl radical containing from 1 to 20
carbon atoms and X i1s chlorine or bromine, and magne-
sium compounds of the formula MgR; in which R is an
alkyl radical containing from 4 to 12 carbon atoms.

4. A solid catalyst-forming component according to
claim [1,§J 72 in which the halogenating agent is se-
lected from the group consisting of halogenated polysi-
loxanes and halogenated silicium compounds having the
formula X,,SiRn in which X is halogen, R is an alkyl,
cycloalkyl, or aryl radical containing from 1 to 20 car-
bon atoms, and n+m=4.

5. The solid catalyst component of claim 4, prepared
In the presence of a polymeric silicium compound hav-
ing the formula

1
R n

in which R" and R” are the same or different alkyl radi-
cals containing from 1 to 6 carbon atoms or aryl radi-
cals, or R’ is hydrogen and n represents the degree of
polymerization.

6. A solid catalyst-forming component accordmg to
claim 4, in which the halogenating agent is a haloge-
nated siliclum compound, n+m=4, 1=m=4 and
0=na3.

7. The solid catalyst component of claim [1,] 12 in
which the electron-donor compound is selected from
amongst the hydrocarbyl esters of inorganic and or-
ganic carboxylic acids and the hydrocarbyl polyamines.

8. The solid catalyst component of claim [1,] /2 in
which the electron-donor compound is a silicium com-
pound selected from the group consisting of vinyl-tris-
(beta-methoxyethoxy) silane and gamma-methacryloxy-
propyl-tris-(methoxy) silane.

9. Catalyst for polymerizing ethylene and/or alpha-
olefins containing at least three carbon atoms, or mix-
tures of same, comprising the product of the reaction of:

(A) an addition and/or substitution product of an

electron-donor compound with an organometallic
aluminum compound free of halogen atoms bound
to the Al atoms, and which is an alkyl Al com-
pound selected from the group consisting of Al
trialkyls, Al-alkoxy dialkyls, and Al alkyls contain-
Ing two or more Al atoms bound to one another by
an O or N atom, in which product the molar ratio
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between the electron-donor groups of the electron-

- donor compound which are reacted with the or-
ganometallic Al compound and the total moles of
the Al compound is comprised between 0.01 and 1,
with

(B) the solid catalyst component of claim [1,} /2 in
such quantity that the atomic ratio Al/Ti in the
catalyst is between 1 and 10,000.

10. Catalyst for polymerizing ethylene or mixtures of
olefins containing a major proportion of ethylene, com-
prising the product of the reaction of:

(A) an aluminum alkyl compound selected from the
group consisting of Al trialkyls, Al-alkoxy-dialkyls
and Al alkyls containing two or more Al atoms
bound to one another by oxygen or nitrogen atoms
with

(B) the solid catalyst component of claim [1,] 72 in
such quantity that the atomic ratio Al/Ti in the
catalyst is between 1 and 10,000. -

[11. The solid catalyst component of claim 1, in

which the tetravalent Ti compound used is TiCls. }

12. Solid catalyst-forming components for use in prepar-
ing a catalyst for polymerizing ethylene and/or alphaole-

25 Jins, comprising compounds containing Ti, Mg and halo-

gens, in which the halogen/Mg atomic ratio is at least 1,
said component being prepared by reacting TiCly with the
solid halogenation product containing halogen atoms
bonded to Mg atoms obtained by reaction of a halogenating

30 dagent, different from the halogenated Ti compounds, with
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a Mg compound selected from the group consisting of
(a) organic oxygenated Mg compounds of the formula

. - AMgOR

in which R is an alkyl, aryl, cycloalkyl! or acyl radical
containing from 1 to 20 carbon atoms or —OR
Jorms an enolate radical containing from 1 to 20
carbon.atoms, and X is OR, halogen, (SO4); —OH,
(CO3)1, (PO4)1, carboxylate or an alkyl, aryl, or
cycloalkyl radical containing from 1 to 20 carbon
atoms,

(b) organometaﬂ:c compounds of the formula

YMgR '

in which R' is an alkyl, aryl, or cycloalkyl radical
containing from 1 to. 20 carbon atoms, and Y is
halogen or R'; and
(¢) Mg organic compounds of the formula

R“‘
7
XMg—N

AN |
Rl‘"‘

in which R" and R'" are hydrogen or alkyl or aryl
radicals containing from 1 to 20 carbon atoms; and
X is

or has the same significance as in (a); said catalyst
component being further characterized in that said
reaction between the TiCly and the solid halogena-
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tion product of the Mg compounds (a), (b) or (c) is solid halogenation product, and then separating the
carried out in liquid TiClsin a quantity correspond- solid product from the unreacted TiCls, and in that
ing to an atomic ratio Ti/Mg higher than 1, at a it contains an electron-donor in a quantity from
temperature comprised between 20° C. and 150° about 0.04 to not greater than 1.0 mole per g-atom
C., in the presence of an electron-donor as such, or 3 of Mg.
of an electron-donor compound prereacted with the * 0k % % 3
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