
EP 0 376 084 B1 Description This invention relates to a process for
producing highly stereospecific [err]-olefin polymers. More particularly,
this Invention relates to a process for producing highly stereospecific
[err]-olefin polymers quite low in the contents 5   of catalyst residue and
amorphous polymer and excellent in mechanical properties and processability
by the use of a novel catalyst system having a very high catalyst activity
per solid catalyst and per titanium atom. As the method for producing a
polymer of [err]-olefin such as propylene and butene-1, the method using
the so-called Ziegler-Natta catalyst comprising a compound of transition
metal belonging to Group IV-VI of the per- iodic table and an
organometallic compound of a metal belonging to Group 1-111 of the periodic
table is well 10  known. Production of [err]-olefin polymer Is accompanied
byformation of amorphous polymer in addition to the highly stereospecific
[err]-olefin polymer having a high industrial value. This amorphous polymer
Is poor in industrial val- ue, and it exercises greatly adverse influences
upon the mechanical properties of processed articles, such as molded
product, film, fiber and the like, of [err]-olefin polymer. In addition,
the formation of amorphous polymer 15    results in a loss of starting
monomer, and it necessitates to provide a particular equipment for removing
the amorphous polymer, which is quite disadvantageous from the Industrial
point of view. Accordingly, the catalyst system used in the production of
[err]-olefin polymer must be a catalyst system which yields no amorphous
poly- mer at all or yields only a very slight quantity of amorphous
polymer. Further, in the [err]-olefin polymer produced by such a process,
residue of catalyst components comprising transition metal compound and
organometallic 20  compound remains, which makes various troubles on
stability,and processability of the resulting [err]-olefin poly- mer. Thus,
a particularly equipment must be provided for removing the catalyst residue
and stabilizing the poly- mer. This disadvantage can be overcome by
enhancing the catalyst activity expressed by the weight of [err]-olefin
polymer formed per unit weight of catalyst. By taking this measures, the
above-mentioned equipment for re- 25   moving catalyst residue becomes
unnecessary and production cost of [err]-olefin polymer can be reduced. It
is known that a supported catalyst prepared by, supporting tetravalent
titanium halide on magnesium ha- lide can realize a certain extent of
high-stereospecificity, high-activity polymerization of [err]-olefin when
used in combination with an organoaluminum compound (co-catalyst) and
organic silicon compound (the third com- ponent of catalyst) 30     [JP-A-
57-63310 (EP-A-0045975), 58-83006 (GB-2111066), 61-78803]. It is also known
that, in case of composite solid catalysts prepared by reducing a
tetravalent titanium compound with organomagnesium to form an eutetic
crystal, a high-stereospecificity, high-activity polymerization of
[err]-olefin can be realized by the same combination as above
[JP-A-61-218606 (US-A-4672050)]. Although both the above-mentioned two
processes have reached a level capable of realizing no-extrac- 35  tion,
no-deashing process to a certain extent, their further improvement is
desired. Concretely speaking, re- alization of a more highly stereospecific
polymerization is particularly desired for enhancing the quality of [err]-
olefin polymer. Particularly in the field requiring a high stiffness of
polymersuch as the field of molded articles, a catalyst system having an
ability to form a highly stereospecific polymer (for example, a catalyst
system yield- ing 1.1% or less of CXS in the homopolymerization of
propylene, wherein CXS means cold xylene-solublefrac- 



40  tion in total polymer yield) is earnestly desired, because realization
of high stereospecificity directly leads to a quality of high stiffness. It
is the object of this invention to provide a process for producing an
[err]-olefin polymer of high quality and high stereospecificity by the use
of an [err]-olefin polymerization catalyst system having so high catalyst
activity and stereospecificity as to make the removal of catalyst residue
and amorphous polymer unnecessary. 45      The use of the catalyst system
of this invention brings about the following effects: (1) Since the
catalyst activity per solid catalyst and per titanium atom is very high,
the contents of halogen atom and titanium atom closely related to
colorization, stability and corrosion behavior of polymer are very low,
even if no particular treatment is effected for removing catalyst residue.
That is, the equipment for removing catalyst residue is unnecessary, and
production cost of olefin polymer can be reduced. 50     (2) Since the
decrease in catalyst activity and stereospecificity in the lapse of time Is
very small, production of polymer per unit catalyst quantity can be
enhanced by prolonging the polymerization time. (3) By the use of the
catalyst system of this invention, an [err]-olef in polymer having a very
high stereospe- cificity can be produced. Accordingly, the quantity of
amorphous polymer formed as by-product is very small, and therefore an
[err]-olefin polymer excellent in mechanical properties can be produced
without re- 55      moving amorphous polymer. (4) Since formation of
low-stereospecificity polymer soluble in the polymerization solvent is very
small, problems in process, such as deposition of polymer onto reactor,
pipings and flush hopper, do not appear. Further, since formation of
soluble polymer is very small, the starting monomer can be utilized
effectively. 2    EP 0 376 084 B1 * Figure 1 is a flow chart diagram for
facilitating the understanding of this invention. This flow chart diagram
is a mere typical example of the embodiment of this invention, and this
invention is by no means limited by It. According to this invention, there
is provided a process for producing a highly stereospecific [err]-olefin
poly- mer which comprises homopolymerizing or copolymerizing an
[err]-olefin or copolymerizing an [err]-olefin with ethy- 5   lene by the
use of a catalyst system comprising: (A) a solid catalyst component
containing a trivalent titanium compound obtained by reducing a titanium
compound represented by the following general formula: [err] ([err]
represents a hydrocarbon group having 1 to 20 carbon atoms, X represents a
halogen atom and n rep- 10     resents a number satisfying 0 < n [err] 4)
with an organomagnesium compound in the presence of an organic silicon
compound having Si-O bonds to obtain a solid product, followed by treating
the solid product with an ester compound and thereafter treating the
ester-treated solid product with a mixture of an ether com- pound and
titanium tetrachloride or a mixture of an ether compound, titanium
tetrachloride and an ester compound, 15     (B) an organoaluminum compound,
and 



(C) a silicon compound represented by the following general formula: [err]
([err] represents an alicyclic hydrocarbon group having 5 to 20 carbon
atoms, R3 represents an acyclic hy- drocarbon group having 2 to 12 carbon
atoms, and R4 represents a hydrocarbon group having 1 to 20 car- 20
bon atoms). By the use of the catalyst system of this invention, the
above-mentioned object, particularly a high- stereospecificity
polymerization, can be achieved. Hereunder, this invention will be
illustrated more concretely. 25  (a) Titanium compound The titanium
compound used in this invention is represented by the following general
formula: [err] ([err] represents a hydrocarbon group having 1 to 20 carbon
atoms, X represents a halogen atom, and n repre- 30  sents a number
satisfying 0 < n [err] 4). Concrete examples of [err] include alkyl groups
such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, amyl, isoamyl,
hexyl, heptyl, octyl, decyl and dodecyl; aryl groups such as phenyl,
cresyl, xylyl and naphthyl; cycloalk- yl groups such as cyclohexyl and
cyclopentyl; allyl groups such as propenyl; and aralkyl groups such as
benzyl. Among these groups, alkyl groups having 2 to 18 carbon atoms and
aryl groups having 6 to 18 carbon 35  atoms are preferable, and straight
chain alkyl groups having 2 to 18 carbon atoms are particularly preferable.
It is also possible to use a titanium compound having two or more different
[err] groups. Examples of the halogen atom represented by X include
chlorine, bromine and iodine, among which chlor- ine give a particularly
good result. In the titanium compound represented by [err] , the value n
must satisfy 0 < n [err] 4, preferably 2 [err] 40   n [err] 4, and
particularly n=4. As the method for synthesizing the titanium compound
represented by [err]  (0 < n [err] 4), known methods can be adopted. For
example, a method of reacting [err] and [err] at a specif led ratio, or a
method of reacting [err] with a specified quantity of corresponding alcohol
can be adopted. 45  (b) Organic silicon compound having Si-O bond The
organic silicon compounds having Si-O bond used in the synthesis of the
solid catalyst component of this invention include those represented by the
following general formulas: [ERR] where R5 represents a hydrocarbon group
having 1 to 20 carbon atoms,    [err]  and [err] each represents a
hydrocarbon group having 1 to 20 carbon atoms or hydrogen atom, m
represents a number satisfying 0 < m [err] 4, p represents an integer of 1
to 1,000, and q represents an integer of 2 to 1,000. 55      Concrete
examples of said organic silicon compound include tetramethoxysilane,
dimethyidimethoxysi- lane, tetraethoxysilane, triethoxyethylsilane,
diethoxydiethylsilane, ethoxytriethylsilane, tetraisopropoxysi- lane,
diisopropoxydiisopropylsilane, tetrapropoxysilane, dipropoxydipropylsilane,
tetrabutoxysilane, dibutoxy- dibutylsilane, dicyclopentoxydiethylsilane,
diethoxydiphenylsilane, cyclohexyloxytrimethylsilane, phenoxytri- 3  



EP 0 376 084 B1 methylsilane, tetraphenoxysilane, triethoxyphenylsilane,
hexamethyldisiloxane, hexaethyldisiloxane, hexap- ropyl disiloxane,
octaethyltrisiloxane, dimethylpolysiloxane, diphenylpolysiloxane,
methylhydropolysiloxane and phenylhydropolysiloxane. Among these organic
silicon compounds, alkoxysilane compounds represented by general formula 5
[err] are preferable, wherein m preferably satisfies 1 [err] m [err] 4 and
particularly m=4. (c) Organomagnesium compound Next, as the organomagnesium
compound of this invention, any types of organomagnesium compounds 10
having magnesium-carbon bond can be used. Particularly, Grignard compounds
represented by general for- mula [err] ([err] represents a hydrocarbon
group having 1 to 20 carbon atoms and X represents a halogen atom) and
dialkylmagnesium compounds and diarylmagnesium compounds represented by
general formula [err] ([err] and [err] each represents a hydrocarbon group
having 1 to 20 carbon atoms) are preferable. In these formulas,  [err] and
[err] may be identical or different, and each represents an alkyl, aryl,
aralkyl or 15  alkenyl group having 1 to 20 carbon atoms such as methyl,
ethyl, propyl, isopropyl, butyl, sec-butyl, tert-butyl, amyl, isoamyl,
hexyl, octyl, 2-ethylhexyl, phenyl and benzyl. Concrete examples of said
Grignard compound include methylmagnesium chloride, ethylmagnesium
chloride, ethylmagnesium bromide, ethylmagnesium iodide, propylmagnesium
chloride, propylmagnesium bro- mide, butylmagnesium chloride,
butylmagnesium bromide, sec-butylmagnesium chloride, sec-butylmagnesium 20
bromide, tert-butylmagnesium chloride tert-butylmagnesium bromide,
amylmagnesium chloride, isoamylmag- nesium chloride, phenylmagnesium
chloride and phenylmagnesium bromide. Concrete examples of the com- pound
represented by [err] include diethylmagnesium, dipropylmagnesium,
diisopropylmagnesium, dibu- tylmagnesium, di-sec-butylmagnesium,
di-tert-butylmagnesium, butyl-sec-butylmagnesium, diamylmagne- slum and
diphenylmagnesium. 25      The solvents usable in the synthesis of the
above-mentioned organomagnesium compounds include ether solvents such as
diethyl ether, dipropyl ether, diisopropyl ether, dibutyl ether, diisobutyl
ether, diamyl ether, diisoamyl ether, dihexyl ether, dioctyl ether,
diphenyl ether, dibenzyl ether, phenetole, anisole, tetrahydrofuran and
tetrahydropyran. Hydrocarbon solvents such as hexane, heptane, octane,
cyclohexane, methylcyclohex- ane, benzene, toluene and xylene are also
usable. Mixtures of these ether solvents and hydrocarbon solvents 30  are
also usable. The organomagnesium compound is preferably used in the state
of a solution in an ether com- pound. As said ether compound, ether
compounds having 6 or more carbon atoms in molecule and ether com- pounds
having a cyclic structure are used. From the viewpoint of catalyst
performance, it is particularly preferable to use a Grignard compound rep-
resented by [err]MgCl in the state of a solution in ether compound. 35
hydrocarbon-soluble complex compounds formed between the above-mentioned
organomagnesium com- pounds and an organometallic compound are also usable.
Examples of said organometallic compound include organic compounds of Li,
Be, B, Al and Zn. (d) Ester compound 



40 The estercompounds which can be used in this invention are esters of
monobasic and polybasic carboxylic acids including aliphatic carboxylic
esters, olefinic carboxylic esters, alicyclic carboxylic esters and
aromatic carboxylic esters. Concrete examples of said ester compound
include methyl acetate, ethyl acetate, phenyl acetate, methyl 45
propionate, ethyl propionate, ethyl butyrate, ethyl valerate, methyl
acrylate, ethyl acrylate, methyl methacry- late, ethyl benzoate, butyl
benzoate, methyl toluate, ethyl toluate, ethyl anisate, diethyl succinate,
dibutyl suc- cinate, diethyl malonate, dibutyl malonate, dimethyl maleate,
dibutyl maleate, diethyl itaconate, dibutyl itacon- ate, monoethyl
phthalate, dimethyl phthalate, methyl ethyl phthalate, diethyl phthalate,
dipropyl phthalate, dii- sopropyl phthalate, dibutyl phthalate, diisobutyl
phthalate, diheptyl phthalate, dioctyl phthalate and diphenyl 50
phthalate. Among these ester compounds, olefinic carboxylic esters such as
methacrylic esters, maleic esters and phthalic esters are preferable, and
phthalic diesters are particularly preferable. (a) Ether compounds 55 Next,
the ether compounds which can optionally be used in this invention include
dialkyl ethers such as diethyl ether, dipropyl ether, diisopropyl ether,
dibutyl ether, diamyl ether, diisoamyl ether, dineopentyl ether, dihexyl
ether, dioctyl ether, methyl butyl ether, methyl isoamyl ether and ethyl
isobutyl ether. Among them, 4    EP 0 376 084 B1 dibutyl ether and
diisoamyl ether are particularly preferable. (f) Synthesis of solid
catalyst component 5      The solid catalyst component of this invention is
synthesized by reducing a titanium compound with an organomagnesium
compound in the presence of an organic silicon compound to form a solid
product, followed by treating the solid product with an ester compound and
thereafter treating the ester-treated solid product with a mixture of an
ether compound and titanium tetrachloride or a mixture of an ester
compound, an ether compound and titanium tetrachloride. 10     All the
synthetic reactions are preferably carried out in the atmosphere of inert
gas such as nitrogen or argon. As the method for reducing a titanium
compound with an organomagnesium compound (the first step of the
synthesis), a method which comprises adding an organomagnesium compound to
a mixture of titanium compound and organic silicon compound can be referred
to. An inverse method which comprises adding a mix- 15  ture of titanium
compound and organic silicon compound to a solution of organomagnesium
compound Is also adoptable. Among these methods, the method which comprises
adding an organomagnesium compound to a mixture of titanium compound and
organic silicon compound is more preferable from the viewpoint of catalyst
activity. 



Preferably, the titanium compound and the organic silicon compound are put
to use after dissolving them 20  Into an appropriate solvent or diluting
them with an appropriate solvent. As the solvent used for this purpose,
aliphatic hydrocarbons such as hexane, heptane, octane and decane, aromatic
hydrocarbons such as toluene and xylene, alicyclic hydrocarbons such as
cyclohexane, methylcy- clohexane and decaline, and ether compounds such as
diethyl ether, dibutyl ether, diisoamyl ether and tetra- hydrofuran can be
referred to. 25     Temperature of the reduction is preferably [err] to
[err]. If the temperature of reduction is too high, cat- alyst activity is
deteriorated. In synthesizing a solid product by the reduction, it is also
possible to carry out the reduction In the presecce of a porous material
such as an inorganic oxide or organic polymer. By this, the formed solid
product can be impregnated into the porous material. 30      As said porous
material, materials having a pore volume of 0.3 ml/g or above in the pore
radius region of 20 - 200 nm (200 to 2,000 angstroms) and a mean particle
diameter of 5 to 300 [err] are preferable. As said porous inorganic oxide,
[err], and MgO,    [err], and [err] can be referred to. As said porous
organic polymer, polystyrene type, polyacrylic ester type, polymethacrylic
ester type, poly- 35  acrylonitrile type, polyvinyl chloride type and
polyolefin type polymers can be referred to, and their typical ex- amples
include polystyrene, styrene-divinylbenzene copolymer,
styrene-N,N'-alkylenedimethacrylamide co- polymer, styrene-ethylene glycol
dimethacrylic acid methyl ester copolymer, polymethyl acrylate, polyethyl
ac- rylate, methyl acrylate-divinylbenzene copolymer, ethyl
acrylate-divinylbenzene copolymer, polymethyl me- thacrylate, methyl
methacrylate-divinylbenzene copolymer, polyethylene glycol dimethacrylic
acid methyl es- 40  ter, polyacrylonitrile, acrylonitrile-divinylbenzene
copolymer, polyvinyl chloride, polyvinylpyrrolidine, polyvinyl- pyridine,
ethylvinylbenzene-divinylbenzene copolymer, polyethylene, ethylene-methyl
acrylate copolymer and polypropylene. Among these porous materials,  [err]
and polystyrene type polymers are preferable. Although the period of
dropping is not critical, it is usually in the range from about 30 minutes
to about 6 hours. After completion of the reduction, a post reaction may
optionally be carried out additionally at a tem- 45  perature of 20C to
[err]. The organic silicon compound is used preferably in an amount of 1 to
50, more preferably 3 to 30, and par- ticularly 5 to 25, as expressed in
terms of atomic ratio of silicon atom to titanium atom (Si/Ti). The
organomagnesium compound is used preferably in an amount of 0.1 to 1.0,
more preferably 0.2 to 5.0, and particularly 0.5 to 2.0, as expressed in
terms of atomic ratio of sum of titanium atom and silicon atom 50  to
magnesium atom ((Ti+Si)/Mg). The solid product formed by the reduction is
preferably separated from liquid and several times washed with an inert
hydrocarbon solvent such as hexane or heptane. The solid product thus
obtained contains trivalent titanium, magnesium and hydrocarbyloxy group,
and it is usually amorphous or very weakly crystalline. Amorphous structure
is particularly preferable from the view- 55  point of catalyst activity.
Next, the solid product obtained in the above-mentioned manner Is treated
with an ester compound. The ester compound Is used preferably in an amount
of 0.1 to 50 moles, more preferably 0.3 to 20 moles, 



and particularly 0.5 to 10 moles, per one mole of titanium atom in the
solid product 5    EP 0 376 084 1 * Per one mole of magnesium atom in the
solid product, the ester compound is used preferably in an amount of 0.01
to 1.0 mole, and more preferably 0.03 to 0.5 mole. If the amount of ester
compound is too large, disin- tegration of particle takes place. The
treatment of solid product with the ester compound can be practised by any
known methods, such 5   as slurry process or mechanical pulverization using
ball mill, so far as both the materials can be brought into contact by the
method. However, mechanical pulverization is undesirable from the
industrial point of view be- cause it generates a large amountoffine powder
in the solid catalyst component and thereby broadens particle size
distribution. Preferably, both the materials are contacted in the presence
of a diluent. As said diluent, aliphatic hydrocarbons such as pentane,
hexane, heptane and octane, aromatic hydro- 10  carbons such as benzene,
toluene and xylene, alicyclic hydrocarbons such as cyclohexane and
cyclopentane, and halogenated hydrocarbons such as 1,2-dichloroethane and
monochlorobenzene can be used. Among them, aromatic hydrocarbons and
halogenated hydrocarbons are particularly preferable. The diluent is used
in an amount of 0.1 ml to 1,000 ml, preferably 1 ml to 100 ml, per one gram
of the solid product. Temperature of the treatment is [err] to [err], and
preferably [err] to [err]. Time period of the treat- 15  ment is 10 minutes
or longer, and preferably 30 minutes to 30 hours. After completion of the
treatment, the mixture is allowed to stand for the sake of separating
liquid from solid, and thereafter the solid is several times washed with an
inert hydrocarbon solvent to obtain an ester-treated solid product Then,
the ester-treated solid product is treated with a mixture of an ether
compound and titanium tetra- chloride. Preferably, this treatment is
carried out in a state of slurry. As the solvent used for making a slurry,
20  aliphatic hydrocarbons such as pentane, hexane, heptane, octane and
decane, aromatic hydrocarbons such as toluene and xylene, alicyclic
hydrocarbons such as cyclohexane, methylcyclohexane and decalin and ha-
logenated hydrocarbons such as dichloroethane, trichloroethane,
trichloroethane, monochlorobenzene, di- chlorobenzene and trichlorobenzene
can be used. Among them, halogenated hydrocarbons and aromatic hy-
drocarbons are preferable. 25      Concentration of the slurry is 0.05 to
0.7 g solid/ml solvent, and preferably 0.1 to 0.5 g solid/ml solvent.
Temperature of the reaction is [err] to [err], preferably [err] to [err],
and particularly [err] to [err]. Al- though time period of the reaction is
not critical, it is usually 30 minutes to 6 hours. As the method for
feeding the ester-treated solid product, the ether compound and titanium
tetrachloride, any of a method which comprises adding an ether compound and
titanium tetrachloride to an ester-treated 30  solid product and an inverse
method which comprises adding an ester-treated solid product to a solution
of ether compound and titanium tetrachloride may be adopted. In the method
of adding ether compound and titanium tetrachloride to ester-treated solid
product, a method which comprises adding ether compound and thereafter
adding titanium tetrachloride and a method which 



comprises simultaneously adding ether compound and titanium tetrachloride
are preferable. Amethod which 35  comprises adding a previously prepared
mixture of ether compound and titanium tetrachloride to ester-treated solid
product is particularly preferable. The reaction of ester-treated solid
product with ether compound and titanium tetrachloride may be repeat- ed
twice or more. From the viewpoint of catalyst activity and
stereospecificity, it is preferable to repeat the re- action using a
mixture of ether compound and titanium tetrachloride at least twice. 40
The ether compound is used preferably in an amount of 0.1 to 100 moles,
more preferably 0.5 to 50 moles, and particularly 1 to 20 moles, per one
mole of titanium atom present in the solid product. The titanium
tetrachloride is added preferably in an amount of 1 to 1,000 moles, more
preferably 3 to 500 moles, and particularly 10 to 300 moles, per one mole
of titanium atom present in the solid product. Per one mole of ether
compound, the titanium tetrachloride is added in an amount of 1 to 100
moles, preferably 1.5 to 45  75 moles, and particularly 2 to 50 moles. The
treatment of ester-treated solid product using a mixture of ether compound
and titanium tetrachloride may be carried out in the presence of an ester
compound. For this purpose, the ester compound is used in an amount of 30
moles or less, preferably 15 moles or less, and particularly 5 moles or
less, per one mole of titanium atom present in the solid product. 50
The trivalent titanium compound-containing solid catalyst component
obtained by the above-mentioned method is separated from liquid material,
washed several times with an inert hydrocarbon solvent such as hex- ane or
heptane and then put to use in polymerization reaction. From the viewpoint
of catalyst activity and stereospecificity, it Is preferable to put the
solid catalyst com- ponent to use after separating It from liquid, once
washing it with a large amount of halogenated hydrocarbon 55 solvent such
as monochlorobenzene or aromatic hydrocarbon solvent such as toluene, and
several times wash- ing it with an aliphatic hydrocarbon solvent such as
hexane. The solid catalyst component of this invention is used in the
polymerization of olefins in combination with an organoaluminum compound
and, optionally, additionally with an electron donor. Concrete examples of
said 6    EP 0 376 084 B1 organoaluminum compound and electron donor are
mentioned below. (g) Organoaluminum compound 5      The organoaluminum
compound used in this invention in combination with the above-mentioned
solid cat- alyst is that having at least one aluminum-carbon bond in
molecule. Its typical examples are represented by the following general
formulas: [ERR] 10   wherein    [err]  and [err] each represents a
hydrocarbon group having 1 to 20 carbon atoms, Y rep- resents halogen atom,
hydrogen atom or alkoxy group, and r represents a number satisfying 2 [err]
r [err] 3. Concrete examples of the organoaluminum compound include
trialkylaluminums such as triethylaluminum, 



triisobutylaluminum and trihexylaluminum; dialkylaluminum hydrides such as
diethylaluminum hydride and dii- sobutylaluminum hydride; mixtures of
trialkylaluminum and dialkylaluminum halide; mixtures of trialkylalumi- 15
num and alkylaluminum alkoxide; and alkylalumoxanes such as
tetraethyldialumoxane and tetrabutyldialumox- ane. Among these
organoaluminum compounds, trialkylaluminums, mixtures of trialkylaluminum
and dialkyla- luminum halide, and alkylalumoxanes are preferable, and
triethylaluminum, trilsobutylaluminum, mixture of trie- thylaluminum and
diethylaluminum chloride, and tetraethyldialumoxane are particularly
preferable. 20      The amount of said organoaluminum compound can be
selected from so wide a range as 1 to 1,000 moles per one mole of titanium
atom present in the solid catalyst component. Preferably, however, its
amount is in the range of 5 to 600 moles. (h) Silicon compound 25 The
silicon compound [component (C)] used in this invention at the time of
polymerization is represented by the following general formula: [err]
wherein [err] represents an alicyclic hydrocarbon group having 5 to 20
carbon atoms, R3 represents an acyclic 30   hydrocarbon group having 2 to
12 carbon atoms, and R4 represents a hydrocarbon group having 1 to 20
carbon atoms. Concrete examples of said silicon compound include the
followings: 40                               [ERR] 45 7    EP 0 376 084 B1
[ERR]    EP 0 376 084 B1 [ERR] Among these silicon compounds, those wherein
[err] is an alicyclic hydrocarbon group 6 to 10 carbon atoms, [err] is an
acyclic hydrocarbon group having 2 to 8 carbon atoms and [err] is a
hydrocarbon group having 1 to 10 carbon atoms are preferable, and those
wherein [err] is cyclohexyl group, [err] is an acyclic hydrocarbon 40
group having 2 to 6 carbon atoms and [err] is methyl or ethyl group are
more preferable, and cyclohexylethyl- dimethoxysilane is particularly
preferable. (i) Method for polymerizing olefins 45      The method for
feeding the above-mentioned catalyst components into polymerization reactor
is not crit- 



ical, provided that they must be fed in an inert gas such as nitrogen,
argon or the like in a moisture-free state. The solid catalyst component,
the organoaluminum compound and the electron donor may be fed either
separately or after previously contacting two of them. The polymerization
can be carried out at a temperature ranging from [err] to [err]. Although
pressure 50  of the polymerization is not critical, a pressure of 3 to 2026
bar (3 to 2,000 atmospheres) is preferable from the viewpoint of industrial
practicability and economicity. The polymerization may be carried out
either contin- uously or batch-wise. Slurry polymerization orsolution
polymerization using an inert hydrocarbon solvent such as propane, butane,
pentane, hexane, heptane and octane, liquid phase polymerization using no
solvent, and gas phase polymerization are also adoptable. 55      Next, the
olef ins to which this invention is applicable are those having two or more
carbon atoms. Concrete examples of said olefin include ethylene, propylene,
butene-1, pentene-1, hexene-1, 3-methylpentene-1, 4- methyl-pentene-1,
octene-1, decene-1 and dodecene-1, though this invention is by no means
limited by these olefins. The polymerization of this invention may be any
of homopolymerization and copolymerization. In the 9    EP 0 376 084 B1
copolymerization, two or more kinds of olefins are mixed together and
contacted with catalyst to form a copo- lymer. Hetero-block
copolymerization in which a polymerization Is carried out in two or more
steps can also be practised easily. It is also possible to add a chain
transfer agent such as hydrogen for the purpose of reg- ulating the
molecular weight of polymer. 5      Hereunder, this Invention will be
Illustrated in more detail byway of the following examples and comparative
example. Example 1 10  (a) Synthesis of organomagnesium compound After
replacing the Inner atmosphere of a one literflask equipped with a stirrer,
a reflux condenser, a drop- ping funnel and a thermometer with argon gas,
32.0 g of sliced metallic magnesium for Grignard reaction was thrown into
the flask. Then, 120 g of butyl chloride and 500 ml of dibutyl ether were
charged into the dropping 15  funnel, and about 30 ml of the mixture was
dropped onto the magnesium present In the flask to start a reaction.
Afterstarting the reaction, dropping was continued over a period of 4 hours
at [err]. After dropping the mixture, the reaction was continued for an
additional one hour at 60C. Then, the reaction mixture was cooled to room
temperature, and solid matter was filtered off. Butylmagnesium chloride
dissolved in dibutyl etherwas hydrolyzed with 1N sulfuricacid, and the
excessive 20  sulfuric acid was back-titrated with 1N aqueous solution of
sodium hydroxide to determine the concentration of butylmagnesium chloride,
by using phenolphthaleln as an indicator. As the result, its concentration
was 2.1 mole/liter. (b) Synthesis of solid product 25 



After replacing the inner atmosphere of a 500 ml flask equipped with a
stirrer and a dropping funnel with argon gas, 240 ml of hexane, 5.4 g (15.8
mmoles) of tetrabutoxytitanium and 61.4 g (295 mmoles) of tetrae-
thoxysilane were charged into the flask and made into a uniform solution.
Then, 150 ml of the organomagne- slum compound synthesized in (a) was
slowly dropped into the flask from the dropping funnel over a period 30  of
4 hours, while keeping Inner temperature of the flask at [err]. After
dropping it, the resulting mixture was stirred at room temperature for an
additional one hour, and the solid matter was separated from liquid at room
temperature, thrice washed with each 240 ml portion of hexane and dried
under reduced pressure to obtain 45.0 g of a brown-colored solid product.
The solid product thus obtained contained 1.7% by weight of titanium atom,
33.8% by weight of ethoxy 35  group, and 2.9% by weight of butoxy group.
Int he wide angle X ray diffraction pattern (Cu-Ka ray) of this solid
product, no clear diffraction pattern was observable at all, demonstrating
Its amorphous structure. (c) After replacing the inner atmosphere of a 100
ml flask with argon gas, 6.5 g of the solid product syn- thesized in (b),
16.2 ml of toluene and 4.3 ml (16 mmoles) of diisobytyl phthalate were
charged into the flask 40  and reacted at [err] for one hour. After the
reaction, the solid product was separated from liquid and thrice washed
with each 33 ml portion of toluene. (d) Synthesis of solid catalyst
component (activating treatment) 45 After completing the above-mentioned
washing step of (c), 16.2 ml of toluene, 0.36 ml (1.3 mmoles) of diisobutyl
phthalate, 2.2 ml (13 mmoles) of butyl ether and 38.0 ml (346 mmoles) of
titanium tetrachloride were charged into the flask and reacted at [err] for
3 hours. After the reaction, the solid matter was separated from liquid at
[err] and twice washed with each 33 ml portion of toluene at that
temperature. Then, the above- 50  mentioned treatment using a mixture of
diisobutyl phthalate, butyl ether and titanium tetrachloride was repeat- ed
once more under the same conditions as above, and the solid was thrice
washed with each 33 ml portion of hexane to obtain 5.0 g of an
ocher-colored solid catalyst component. The solid catalyst component thus
obtained contained 2.1% by weight of titanium atom, 19.9% by weight of
magnesium atom and 12.7% by weight of phthalic ester. 55 (e) Polymerization
of propylene After replacing the inner atmosphere of an agitation type
stainless steel autoclave having a capacity of 3 10    EP 0 376 084 B1
liters with argon gas, 2.6 mmoles of triethylaluminum, 0.39 mmole of
cyciohexylethyldimethoxysilane and 10.5 mg of the solid catalyst component
synthesized in (c) were charged into the autoclave, and thereafter hydrogen
was introduced until its partial pressure reached 0.32 bar (33 kg/[err]).
Then, 780 g of liquefied propylene was 



charged, temperature of autoclave was elevated to [err], and polymerization
was carried out at [err] for 2 5   hours. After the polymerization, the
unreacted monomer was purged. The resulting polymer was dried under reduced
pressure at [err] for 2 hours. Thus, 232 g of powdery polypropylene was
obtained. This means that yield of polypropylene (kg) per one gram titanium
atom in the solid catalyst component (hereinafter, abbreviated to PP/Ti)
was equal to 1,900. Proportion (% by weight) of cold xylene-soluble
fraction In total polymer yield (hereinafter, abbreviated to CXS) was equal
to 0.9. Bulk density of the powdery polypro- 10  pylene (g/ml) (hereinafter
abbreviated to BD) was equal to 0.44. Comparative Examples 1 - 8 Propylene
was polymerized in the same manner as in Example 1, except that the silicon
compound [com- 15  ponent (C)] shown In Table 1 was used. In these
comparative examples, stereospecificity was very low and catalyst activity
was low, because the component (C) used there was out of this invention.
Comparative Example 9 20 (a) Synthesis of solid catalyst component A
suspension was prepared by reacting 47.6 g (500 mmoles) of anhydrous
magnesium chloride, 250 ml of decane and 234 ml (1,500 mmoles) of
2-ethylhexyl alcohol at [err] for 2 hours. Then, 11.1 g (75 mmoles) 25  of
phthalic anhydride was added and stirred at  [err] for one hour to dissolve
It Into the suspension. The uni- form solution thus prepared was cooled to
room temperature, and Its whole quantity was dropwise added In one hour
Into 2,000 ml (18 moles) of titanium tetrachloride kept at [err]. The
resulting mixture was heated to [err] in 4 hours. When its temperature had
reached [err], 28.0 ml (140 mmoles) of diisobutyl phthalate was added, and
the resulting mixture was stirred at that temperature for 2 hours. After
completion of the reaction, 30  the solid material was collected by
filtration while it was hot, and the solid was again suspended into 2,000
ml of titanium tetrachloride and reacted at [err] for 2 hours. After the
reaction, the solid material was collected by filtration while it was hot,
washed at [err] five times with each 300 ml portion of decane and then at
room temperature thrice with each 500 ml portion of hexane, and dried under
reduced pressure to obtain a solid catalyst component The solid catalyst
thus obtained contained 2.0% by weight of titanium atom, 20.0% by 35
weight of magnesium atom, and 4.2% by weight of diisobutyl phthalate. (b)
Polymerization of propylene Propylene was polymerized in the same manner as
in Example 1 (e), except that the solid catalyst com- 40  ponent
synthesized in Comparative Example 9 (a) was used. Results of the
polymerization were as follows: PP/Ti = 1,540, CXS = 2.4, BD = 0.36. In
this comparative example, stereospecificity was very low and activitywas
low, because the solid catalyst component used there was out of this
invention. 45  Comparative Example 10 Propylene was polymerized in the same
manner as in Comparative Example 9 (b), except that phenyltri-
methoxysilane was used as silicon compound [component (C)]. Results were as
follows: PP/Ti = 1,040, CXS = 4.1, BD = 0.36. 50     In this example,
stereospecificity and activity were very low, because the solid catalyst
component and 



component (C) used there were out of this invention. Comparative Example 11
55  (a) Synthesis of solid catalyst component Into a 500 ml flask equipped
with a stirrer and a discharging tube were charged 10.4 g of anhydrous mag-
nesium chloride, 16.7 g of anhydrous ethyl alcohol and 246 ml of decane In
an atmosphere of argon gas at 11    EP 0 376 084 B1 room temperature. Then,
the mixture was heated at [err] with stirring to prepare an adduct of
magnesium chloride and 3 moles of ethyl alcohol. The adduct was in a molten
state, and it formed a mixture with the dispersing medium (decane). Then,
inner pressure of the flask was elevated by introducing argon gas. 5
The dispersion was transferred through the discharging tube into a one
literflask containing 530 ml of an- hydrous heptane which was stirred and
kept at an Initial temperature of [err] by external cooling. The solid
product forming the dispersed phase of the emulsion was separated by twice
filtering the emul- sion, washed with 530 ml of heptane and dried under
reduced pressure to obtain 11.9 g of a solid adduct [err] 10      After
replacing the Inner atmosphere of a 200 ml flask with argon gas, 78 ml
(0.71 mole) of titanium tet- rachloride and 0.80 g (2.9 mmoles) of
diisobutyl phthalate were fed and mixed together, into which 6.05 g of the
above-mentioned [err] adduct was added at [err]. The whole mixture was
heated to [err] and kept at this temperature for 2 hours, after which it
was filtered at  [err]. The solid product thus obtained was treated with 78
ml (0.71 mole) of titanium tetrachloride at [err] over a period of 2 hours.
After the treat- 15  ment, titanium tetrachloride was filtered off, and the
residue was thrice washed with each 78 ml portion of n- heptane at [err]
and then twice washed with each 78 ml portion of n-heptane at [err], after
which it was dried under reduced pressure to obtain 3.14 g of a solid
catalyst component. The solid catalyst component contained 2.8% by weight
of titanium atom, 0.5% by weight of ethanol, and 7.2% by weight of phthalic
ester. 20 (b) Polymerization of propylene Propylene was polymerized in the
same manner as in Example 1 (e), except that the solid catalyst com- ponent
synthesized In (a) of this comparative example was used. Results were as
follows: PP/Ti = 1,710, CXS 25    2.3, BD = 0.33. In this comparative
example, stereospecificity was very low, because the solid catalyst
component used there was out of this invention. Comparative Example 12 30
Propylene was polymerized in the same manner as in Comparative Example 11
(b), except that phenyl- 



trimethoxysilane was used as silicon compound [component (C)]. Results of
the polymerization were as follows: PP/Ti = 1,050, CXS = 2.9, BD = 0.33. In
this example, stereospecificity and activity were very low, because the
solid catalyst component and 35  component (C) used there were out of this
invention. Comparative Example 13 (a) Synthesis of solid catalyst component
40 After replacing the inner atmosphere of a 100 ml flask equipped with a
stirrer with argon gas, 37.5 ml of heptane, 37.5 ml of tetrabutoxytitanium
and 5 g of anhydrous magnesium chloride were charged and heated to [err] in
2 hours to dissolve the magnesium chloride completely. Then, the flask was
cooled to [err], 7.5 ml of methylhydrogenpolysiloxane was added, and the
resulting solution was transferred into 200 ml of heptane 45  kept at [err]
to deposit magnesium chloride-titanium tetrabutoxide complex. After washing
it four times with each 30 ml portion of heptane, it was mixed with 4.4 ml
of silicon tetrachloride and 0.7 ml of diisobutyl phthalate and kept at
[err] for 2 hours. Then, it was four times washed with each 30 ml portion
of heptane. After adding 12.5 ml of titanium tetrachloride thereto, it was
kept at [err] for 2 hours. It was seven times washed with each 30 ml
portion of heptane and dried under reduced pressure to obtain 0.99 g of a
solid catalyst component. 50     The solid catalyst component contained
7.4% by weight of titanium atom and 35.3% by weight of phthalic ester. (b)
Polymerization of propylene 55      Propylene was polymerized In the same
manner as in Example 1 (e), except that the solid catalyst com- ponent
synthesized in (a) of this example was used. Results of the polymerization
were as follows: PP/Ti = 270, CXS = 1.2, BD = 0.26. In this example,
stereospecificity and activity were low, because the solid catalyst
component used there 12    EP 0 376 084 B1 was out of this invention.
Comparative Example 14 5      Propylene was polymerized in the same manner
as in Comparative Example 13 (b), except that phenyl- trimethoxysilane was
used as silicon compound [component (C)]. Results of the polymerization
were as follows: PP/Ti = 210, CXS = 1.2, BD = 0,26. In this example,
stereospecificity and activity were low, because the solid catalyst
component and com- ponent (C) used there were out of this example. 10
Comparative Example 15 Propylene was polymerized in the same manner as in
Comparative Example 13 (b), except that cyclohex- ylmethyldimethoxysilane
was used as silicon compound [component (C)]. 



15      Results of the polymerization were as follows: PP/Ti = 324, CXS =
1.2, BD = 0.26. In this example, stereospecificity and activity were low,
because the solid catalyst component and com- ponent (C) used there were
out of this Invention. Example 2 20 Propylene was polymerized in the same
manner as in Example 1 (e), except that the amount of cyclohex-
ylethyldimethoxysilane used in the polymerization was altered to 1.04
mmoles. Results were as follows: PP/Ti = 1,810, CXS = 0.6, BD = 0.44. 25
Example 3 (a) Synthesis of solid product After replacing the inner
atmosphere of a 200 ml flask equipped with a stirrer and a dropping funnel
with 30  argon gas, 6.98 g of styrene-divinylbenzene copolymer (dVp = 0.51
ml/g, wherein dVp expresses pore volume in the pore radius range of 20 -
200 nm (200 to 2,000 angstroms)) which had been dried under reduced
pressure at [err] for one hour was fed together with 35.0 ml of n-heptane,
0.64 g (1.9 mmoles) of tetrabutoxytitanium and 6.70 g (32.1 mmoles) of
tetraethoxysilane. The mixture was stirred at [err] for 45 minutes. Then,
16.9 ml of the organomagnesium compound synthesized in Example 1 (a) was
dropped from the 35  dropping funnel in one hour, while keeping inner
temperature of the flask at [err]. After dropping it, content of the flask
was stirred at [err] for 45 minutes and then at [err] for 45 minutes, and
the product was thrice washed with each 35 ml portion of n-heptane and
dried under reduced pressure. Thus, 12.4 g of a brown colored solid product
was obtained. This solid product contained 0.47% by weight of titanium atom
and 4.0% by weight of magnesium atom. 40 (b) Synthesis of solid catalyst
component After replacing the inner atmosphere of a 100 ml flask with argon
gas, 4.58g of the solid product obtained in the reduction of (a), 15.3 ml
of toluene and 1.40 ml (5.23 mmoles) of diisobutyl phthalate were charged
and 45  reacted at [err] for one hour. After the reaction, solid matter was
separated from liquid and twice washed with each 15.3 ml portion of
toluene. After washing it, 15.3 ml of toluene, 1.01 ml (5.97 mmoles) of
n-butyl ether and 17.9 ml (163 mmoles) of titanium tetrachloride were fed
into the flask and reacted at 95C for 3 hours. After the reaction, solid
matter 50  was separated from liquid and twice washed at that temperature
with each 15.3 ml portion of toluene. Then, the above-mentioned treatment
using a mixture of n-butyl ether and titanium tetrachloride was repeated
once more over a period of one hour, and the product was twice washed with
each 15.3 ml portion of n-heptane and dried under reduced pressure. Thus,
3.68 g of a brown-colored solid catalyst component was obtained. The solid
catalyst component contained 0.49% by weight of titanium atom, 5.4% by
weight of magnesium 55  atom and 1.5% by weight of phthalic ester. 13   



EP 0 376 084 B1 (c) Polymerization of propylene Propylene was polymerized
in the same manner as in Example 1 (e), except that the solid catalyst com-
ponent synthesized in (b) of this example was used. Results of the
polymerization were as follows: PP/Ti = 5   1,860, CXS =1.1, BD= 0.42.
Example 4 Using an autoclave having a capacity of 5 liters and equipped
with a stirrer, a homopolymerization of pro- 10    pylene was carried out
in the first step, and a random copolymerization of ethylene and propylene
was carried out In the second step. Thus, after drying the autoclave at
[err] for one hour, it was brought into a reduced pressure with vacuum
pump. Then, 4.4 mmoles of triethylaluminum, 0.66 mmoles of
cyclohexylethyldimethoxysilane and 13.6 mg of the solid catalyst component
synthesized in Example 1(C)werecharged, after which hydrogen was introduced
15    until Its partial pressure reached 0.52 bar (0.53 kg/[err]).
Subsequently, 1.3 kg of liquef led propylene was fed into the autoclave
with pressure, and its temperature was elevated to 70C. After carrying out
homopolymerization of propylene at [err] for 35 minutes, the unreact- ed
monomer was purged. Then, a small quantity of polymer was sampled out for
the sake of measuring [err] and CXS. Then, 0.1 kg/cm2 of hydrogen was fed,
the pressure was elevated with propylene to 6 bar G (6 20  kg/[err]G),
pressure was further elevated to 10 bar G (10 kg/[err] G) with ethylene,
and a polymerization of the second step was started at a controlled
temperature of [err]. Thereafter, ethylene/propylene gas phase
copolymerization was carried out for 20 minutes, while feeding an
ethylene/propylene gas mixture (50%/50% by volume) so as to maintain a
total pressure of 10 bar G (10 kg/[err]G). 25      After completing the
polymerization, the unreacted monomers were purged, and there was obtained
337 g of a block copolymer which had good powder characteristics and was
free from both fine powder and coarse powder. Further, examination of the
opened autoclave revealed that there was noticeable no deposition of
polymer at all on the inner wall and stirrer. 30      The total polymer
formed (kg) per 1 g of titanium atom present in the solid catalyst
component was 1,180. The propylene homopolymer formed in the first step had
CXS of 0.9% by weight. The total polymer contained 35% by weight of
ethylene/propylene copolymer formed in the second step. The
ethylene/propylene copolymer contained 48% by weight of ethylene unit.
Molecular weights were as follows: [err] = 2.4, [err] = 2.2. [err] = 2.3.
35 40 45 50 55 14 



EP 0 376 084 B1 [ERR] 10 50 55    EP 0 376 084 B1 5
0 10 15                                                         o 20 [ERR]
45 50 Claims 1.  A catalyst system for homopolymerization or
copolymerization of an [err]-olefin, or copolymerization of an 55
[err]-olefin with ethylene comprising: (A) a solid catalyst component
containing a trivalent titanium compound obtained by reducing a titanium
compound represented by the following general formula: [err] 16    EP
EP 0 376 084 B1 [ERR] 20 50 Claims 1.  A catalyst system for
homopolymerization or copolymerization of an [err]-olefin, or
copolymerization of an 55       [err]-olefin with ethylene comprising: (A)
a solid catalyst component containing a trivalent titanium compound
obtained by reducing a titanium compound represented by the following
general formula: [err] 



16    EP 0 376 084 B1 ([err] represents a hydrocarbon group having 1 to 20
carbon atoms, X represents a halogen atom and n represents a number
satisfying 0 < n [err] 4) with an organomagnesium compound in the presence
of an organic silicon compound having Si-O bonds to obtain a solid product,
followed by treating the solid product with an ester compound and
thereafter treating the ester-treated solid product with a mixture 5
of an ether compound and titanium tetrachloride or a mixture of an ether
compound, titanium tetrachlor- ide and an ester compound, (B) an
organoaluminum compound, and (C) a silicon compound represented by the
following general formula: [err] 10           ([err] represents an
alicyclic hydrocarbon group having 5 to 20 carbon atoms, R3 represents an
acyclic hydrocarbon group having 2 to 12 carbon atoms, and [err] represents
a hydrocarbon group having 1 to 20 carbon atoms). 2. A catalyst system
according to Claim 1, wherein the hydrocarbon group [err] having 1 to 20
carbon atoms 15      is an alkyl group having 2 to 18 carbon atoms or aryl
group having 6 to 18 carbon atoms, the halogen atom is chlorine, bromine or
iodine, and n is a number satisfying 2 [err] n [err] 4 in the general
formula of titanium compound. 3. A catalyst system according to Claim 1 or
2, wherein the organic silicon compound having Si-O bond Is 20      one
represented by the general formulas: [err] or where [err] represents a
hydrocarbon group having 1 to 20 carbon atoms,    [err]   and [err] each
rep- 25      resents a hydrocarbon group having 1 to 20 carbon atoms or a
hydrogen atom, m represents a number satisfying 0 < m [err] 4, p represents
an Integer of 1 to 1,000, and q represents an integer of 2 to 1,000. 4. A
catalyst system according to Claim 3, wherein the organic silicon compound
is one represented by the general formula [err] where [err] and [err] are
as defined above and m satisfies 1 [err] m [err] 4. 5. A catalyst system
according to any one of Claims 1 to 4, wherein the organomagnesium compound
is a Grignard compound represented by the general formula [err] ([err]
represents a hydrocarbon group having 1 to 20 carbon atoms and X represents
a halogen atom), or a dialkylmagnesium compound or die- rylmagnesium
compound represented by general formula [err] and ([err] and [err] each
represents a hydrocarbon group having 1 to 20 carbon atoms). 6. A catalyst
system according to Claim 5, wherein the Grignard compound is one
represented by the general formula [err], where [err] is as defined above.
40 



7. A catalyst system according to any one of Claims 1 to 6, wherein the
ester compound is an aliphatic car- boxylic ester, olefinic carboxylic
ester, alicyclic carboxylic ester or aromatic carboxylic ester. 8. A
catalyst system according to Claim 7, wherein the ester compound is a
methacrylic ester, maleic ester 45      or phthalic ester. 9. A catalyst
system according to any one of Claims 1 to 8, wherein the ether compound is
a dialkyl ether. 10. A catalyst system according to Claim 9, wherein the
dialkyl ether is dibutyl ether or diisoamyl ether. 50  11. A catalyst
system according to any one of Claims 1 to 10, wherein the organoaluminum
compound is one represented by the general formulas [err] or [err] wherein
[err]  and each represent a hydrocarbon group having 1 to 20 carbon atoms,
Y rep- 55      resents halogen atom, a hydrogen atom or alkoxy group, and r
represents a number satisfying 2 [err] r [err] 3. 12. A catalyst system
according to any one of Claims 1 to 11, wherein the silicon compound
(component C) 17    EP 0 376 084 B1 represented by the general formula,
[err], is [ERR] 25 30    EP 0 376 084 B1 [ERR] 25 30    EP 0 376 084 B1
[ERR] 5 13. Acatalyst system according to any one of Claims 1 to 12,
wherein the reduction of the titanium compound Is carried out in the
presence of a porous material. 10  14. A catalyst system according to Claim
13, wherein the porous material is an inorganic oxide ororganic poly- mer
having a pore volume of 0.3 ml/g or above in the pore radius region of 20 -
200 nm (200 to 2,000 [err]) 



and a mean particle diameter of 5 to 300 [err]. 15. A catalyst system
according to Claim 14, wherein the porous inorganic oxide is    [err], 15
[err] or [err]. 16. Acatalyst system according to Claim 14, wherein porous
organic polymer is a polystyrene type, polyacrylic ester type,
polymethacrylic estertype, polyacrylonitrile type, polyvinyl chloride type
or polyolefin type poly- mer. 20  17. A catalyst system according to any
one of Claims 1 to 16, wherein the organomagnesium compound Is used in an
amount of 0.1 to 1.0 as expressed In terms of the atomic ratio of the sum
of the titanium atoms and silicon atoms of the organic silicon compound to
the magnesium atoms [(Ti+Si)/Mg]. 18. A catalyst system according to any
one of Claims 1 to 17, wherein the organic silicon compound is used 25
in an amount of 1 to 50 as expressed In terms of the atomic ratio of the
silicon atoms to titanium atoms (Si/Ti). 19. A catalyst system according to
any one of Claims 1 to 18, wherein the ester compound for treating the
solid product is used in an amount of 0.1 to 50 moles per one mole of
titanium atoms In the solid product. 30 20. A catalyst system according to
any one of Claims 1 to 19, wherein the ester compound for treating the
solid product is used in an amount of 0.01 to 1.0 mole per one mole of
magnesium atoms in the solid prod- uct. 21. A catalyst system according to
any one of Claims 1 to 20, wherein the ether compound is used in an amount
of 0.1 to 100 moles per one mole of titanium atoms present in the solid
product. 22. A catalyst system according to any one of Claims 1 to 21,
wherein the titanium tetrachloride Is added in an amount of 1 to 1,000
moles per one mole of titanium atoms present in the solid product. 40  23.
A catalyst system according to any one of Claims 1 to 22, wherein the
ester-treated solid is treated using a mixture of ether compound and
titanium tetrachloride in the presence of an ester compound where the ester
compound is used in an amount of 30 moles or less per one mole of titanium
atoms present in the solid product. 45  24. A catalyst system according to
any one of Claims 1 to 23, wherein the organoaluminum compound is used in
an amount of 1 to 1,000 moles per one moles of titanium atoms present in
the solid catalyst component. 25. A process for producing a highly
stereospecific [err]-olefin polymer which comprises homopolymerizing or
copolymerizing an [err]-olefin or copolymerizing an [err]-olefin with
ethylene by the use of a catalyst system 50      according to any one of
Claims 1 to 24 at a temperature ranging from -30 to [err] and at a pressure
of 3 to 2026 bar (3 to 2,000 atmosphere). 26. A process according to Claim
25, wherein the [err]-olefin Is propylene, butene-1, pentene-1, hexene-1,
3- methyl-pentene-1, 4-methyl-pentene-1, octene-1, decene-1 or dodecene-1.
55 20    
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084 Si                          c   L  M Patentanspruiche 1.
Katalysatorsystem zur Homopolymerisation oder Copolymerisation sines
c-Olefins, oder Copolymerisa- tion eines a-Olef ins mit Ethylen, umfassend:
5         (A) elnen festen Katalysatorbestandteil, enthaitend sine
dreiwertige Titanverbindung, die erhalten wird durch Reduktion einer
Titanverbindung der nachstehenden aligemeinen Formel: Ti(OR)X4 n (RI
bedeutet elnen Kohlenwasserstoffrest mit I bis 20 Kohlenstoffatomen, X
bedeutet sin Halogenatom und n bedeutet sine Zahl, die der Ungleichung 0 <
n ;5 4 genflgt) mit einer Organomagnesiumverbindung 10        in Gegenwart
elner organischen Slliziumverbindung mit Si-O-Bindungen zu einem festen
Produkt, ge- folgt von Behandlung des festen Produkts mit siner
Esterverbindung und anschilelend Behandeln des Ester-behandelten festen
Produkts mit einem Gemisch elner Etherverbindung und Titantetrachlorld oder
einem Gemisch einer Etherverbindung, Titanstrachlorid und einer
Esterverbindung, (B) elne Organoaluminiumverbindung und 15        (C) sine
Siiciumverbindung der nachstehenden aligomeinen Formel: R2R3SI(OR4)2 (R2
bedeutet einen alicyclischen Kohlenwasserstoffrest mit 5 bis 20
Kohlenstoffatomen, R3 bedeutet oinen acycischen Kohlenwasserstoffrest mit 2
bis 12 Kohlenstoffatomen und R4 bedeutet einen Koh, lenwasserstoffrest mit
1 bis 20 Kohlenstoffatomen). 20 2.  Katalysatorsystem nach Anspruch 1,
wobel der Kohlenwasserstoffrest R1 mit 1 bis 20 Kohlenstoffatomen ein
Alkyirest mit 2 bis 18 Kohlenstoffatomen odor sin arylrest mit 6 bis 18
Kohlenstoffatomen Ist, des Ha- logenatom Chlor, Brom oder Jod ist und n
eine Zahl ist, die der Ungleichung 2 5 n 5 4 in der aligemeinen Formel der
Titanverbindung genflgt. 25 3.  Katalysatorsystem nach Anspruch 1 oder2,
wobei die organische Siliicumverbindung mit Si-O-Bindungen sine durch die
allgemeinen Formeln: SI(0Rs)mRs4.M R7(R82SiO)pSiR93 30      odor (R102SlO)q
wiedergegebene ist, wobei R5 einen Kohlenwasserstoffrest mit I bis 20
Kohlenstoffatomen bedeutet und R6, R7, Rs, R9 und RIO jeweils oinen
Kohlenwasserstoffrest mit I bis 20 Kohlonstoffatomen oder sin Was-
serstoffatom bedeuten, m sine Zahl darstelit, die der Ungleichung 0 < m 5 4
genfigt und p sine ganze 35      Zahl von 1 bis 1000 darstellt und q sine
ganze Zahl von 2 bis 1000 bedeutet. 4.  Katalysatorsystem nach Anspruch 3,
wobei die organische Siliciumverbindung sine durch die aligemeine Formel
Sl(OR5)mR6m 



40      wiedergegebene ist, wobei R6 und Rs wle vorstehend definiert sind
und m der Ungleichung I S m 5 4 genfgt 5.  Katalysatorsystem nach einem
derAnsprflche I bis4, wobei die Organomagnesiumverbindung sine Grig-
nard-Verbindung derallgemeinen Formel RI"MgX (RI' stellteinen
Kohlenwasserstoffrestmit I bis 20 Koh- lenstoffatomen und X sin Halogenatom
dar) oder sine Dialkylmagnesiumverbindung oder Diarylmagne- 45
siumverbindung der allgemeinen Formel RI2R13Mg ist (RI2 und R'3 bedeutet
Jeweils einen Kohlenwas- serstoffrest mit 1 bis 20 Kohlenstoffatomen). 6.
Katalysatorsystem nach Anspruch 5, wobel die Grignard-Verbindung sine durch
die aligemeine Formel R1IMgCI wledergegebene bt, wobel RI' wie vorstshend
definiert Ist. 50 7.  Katalysatorsystem nach sinem derAnspruiche 1 bis 6,
wobel die Esterverbindung einen aliphatmschen Car- bonsaureester, olef
inischen Carbonsaureester, alicyclischen Carbonsiureester odor aromatischen
Car- bonsaureester darstellt. 56   8. Katalysatorsystem nach Anspruch 7,
wobei die Esterverbindung sin Methacrylsiureester, Malsinsaure- ester oder
Phthalsaureester Ist. 9.  Katalysatorsystem nach einem der Ansprflche I bis
8, wobei die Etherverbindung sin Dialkylether Ist. 21    EP 0 376 084 BI
*       L   M 10. Katalysatorsystem nach Anspruch 9, wobei der Dialkylether
Dibutylether oder Dlisoamylether st. 11. Katalysatorsystem nach elnem der
Ansprfuche I bis 10, wobei die Organoaluminiumverbindung eine der durch die
aligemeinen Formeln 5
R141AIY3. r oder RISR16AI -AlIRI7R18 wiedergegebene ist, wobel R14, R16,
Ris, R17 und RI8Jeweils elnen Kohlenwasserstoffrest mit I bls 20 Koh-
lenstoffatomen bedeuten, Y eln Halogenatom, ein Wasserstoffatom oder elnen
Alkoxyrest darstellt und r 10       elne Zahl bedeutet, die der Unglelchung
2 s r ! 3 genrlgt. 12. Katalysatorsystem nach einem derAnsprflche 1 bis 11,
wobel die Sillclumverbindung (Bestandtell C), wie- dergegeben durch die
allgemeine Formel, R2R3Si(OR4)2 15                       C2H5
C 3H7 Si-(OCH 3)2,G    Si-(OCR 3)2 20 isoC3H7
C4Hg _        II Qjr-.-Si-(OCH3)22
Si-(OCH3)2' 25 



isoC4H9                                 tertC4H9 I
IN Si-(0CzH5)20                            Si,(OCH3)2# 45 isoc H7
Si-(0C2HS)2' ,(C2H52 isoc 4 H9                               tertC4 E9
Si-(C   H                    ~~~Si-(OC  H)2 22    EP 0 376 084 81
I I! c  .        I 5      <3S~~C01 2)'a     C6H13 25 C2H5
C3 7 18            ~~~~~~~~~~~~~~~~~~I 10            ~~~Si-(OCH)2
Si-S(OCH 3)2a 30 isoC3H7                      c4H9 15             1~~~~~~~
20                   sOC4I19                       tertC4H9 60   ,
)-Si-(OCH3)2.'               Si- (CMH3)2 25 C2H5
C3H!7 ~J- Si-(OCH 3)2*                   Si_(OCH 3)2' isoc R.
C4?9 3 7 p=(]~-Sj-(OCH 3)2#                    Si~-(OCH 3)2' 455 Si_(OCH
3)23      mSOH32    EP 0 376 084 B1                     *   c   L   N   S
* j)SOC42                                tertCAH F=          Si -(OCN3
)2#f,                         Si- (Q3 )2' 25 ist.~            H 



10Si(C32  SOC3H7                                H i soCH    ~~~~
tertC4H9 20                         iso 4H                  er4 Si-(OCH
3)2,    ~               j~(C3)2 25 1st. 13. Katalysatorsystem nach elnem
der AnsprOche I bis 12, wobei die Reduktion der Titanverbindung In Ge-
genwart eines porosen Materials ausgef0hrt wird. 30 14. Katalysatorsystem
nach Anspruch 13, wobei das pordse Material ein anorganisches Oxid oder
organi- sches Polymermit elnem Porenvolumen von 0,3 mulg oderdartlber im
Porenradienberelch von 20 bIs 200 nm, (200 bis 2000 A) und einem
durchschnittlichert Teilchendurchmesser von 5 bia 300 Plm ist. 35  15.
Katalysatorsystem nach Anspruch 14, wobel das porose anorganische Oxid
SiO2, A1203, MgO, TI02, ZrO2, SiO2-AI203, MgO-A1203 oder MgO.8i02.A]203
Ist. 16. Katalysatorsystem nach Anspruch 14, wobel das porose organische
Polymer ein Polystyroltyp, ein Po- lyacrylsaureestertyp-, ein
Polymethacrylsaureestertyp-, ein Polyacryinitriltyp-, ein
Polyvinylchloridtyp- oder sin Polyolefintyp-Polymer ist. 40 17.
Katalysatorsystem nach einem derAnspruche 1 bis 16, wobel die
Organomagnesiumverbindung In siner Menge von 0,1 bis 1,0, ausgedrflckt als
Atomverhaltnis der Summe der Titanatome und Siiciumatome der organischen
Slliciumverbindung zu den Magnesiumatomen [(Ti+SI)/Mgj, verwendet wird. 45
18. Katalysatoraystem nach elnemn der Ansprflche I bis 17, wobei die
organische Siliciumverbindung in einer Menge von I bis 50 ausgedrfcckt als
Atomverhiltnis der Siliclumatome zu Titanatomen (SiITi), verwendet wird.
19. Katalysatorsystem nach elnem der AnsprOche I bis 18, wobei die
Esterverbindung zur Behandlung des N0      festen Produktes in einer Menge
von 0,1 bis 50 Mol pro Mol Titanatome in dem festen Produkt verwendet wird.
20. Katalysatorsystem nach elnem der Anspruche I bis 19, wobei die
Esterverbindung zur Behandlung des festen Produkta In einer Menge von 0,01
bis 1,0 Mol pro Mol Magneslumatome in dem festen Produkt ver- wendet wird.
21. Katalysatorsystem nach einemn der AnsprOche I bis 20, wobei die
Etherverbindung in einer Menge von 0,1 bis 100 Mol pro Mol Titanatome, die
in dem festen Produkt vorilegen, verwendet wird. 24    EP 0 376 084 B1
c   L  M   S 22. Katalysatorsystem nach elnem der Anspruche 1 bis 21, wobei
das litantetrachlorid in eaner Menge von I 



bis 1000 Mol pro Mol Titanatome, die In dem festen Produkt vorliegen,
zugegeben wird. 23. Katalysatorsystem nach elnem der Ansprilche 1 bis 22,
wobei der Ester-behandelte Feststoff unter Ver- 5       wendung aines
Gemisches aus einer Etherverbindung und Titantetrachlorid In Gegenwart
einer Ester- verbindung behandelt wird, wobel die Esterverbindung in einer
Menge von 30 Mol oder weniger pro Mol Titanatome, die in dem festen Produkt
vorliegen, verwendet wird. 24. Katalysatorsystem nach einem der AnsprOche 1
bis 23, wobei die Organoaluminiumverbindung in eaner 10      Menge von I
bls 1000 Mol pro Mol der Titanatome, die in dem festen
Katalysatorbestandteil vorliegen, verwendet wird. 25. Verfahren zur
Herstellung aines hochstereospezifischen a-Olefinpolymers, umfassend die
Homopolyme- risation oder Copolymerleation sines cx-Olefins oder
Copolymerlsatlon sines a-Olefins mit Ethylen unter 15      Verwendung oines
Katalysatorsystems nach elnem der Ansprflche I bis 24 bel eaner Temperatur
Im Be- relch von -30 bis 300C und bel einem Druck von 3 bis 2026 bar (3 bis
2000 Atmospharen). 26. Verfahren nach Anspruch 25, wobei das a-Olefin,
Propylan, Buten-1, Penten-1, Hexen-1, 3-Methylpen- -            ten-1,
4-Methylpenten-1, Octen-1, Decen-1 oder Dodecen-1 ist. 20 Revendications 1.
Systeme catalytique pour l'homopolymerisation ou la copolymerisation d'une
ca-ol6fine, ou la copolym6- risation d'une a-ol6fine avec l'ethylene
comprenant: 25        (A) un composant de catalyseur solide contenant un
compose de titans trivalent obtenu en reduisant un compose de titana
represente par la formule generale sulvante: Ti(ORI)X4 n (R1 represente un
group. hydrocarbone ayant 1 a 20 atomes de carbons, X represente un atome
d'ha- logene et n represente un nombre satisfalsant la relation 0 < n 5 4)
over un compose organomagneslen en presence d'un compose organique de
siliclum ayant des liaisons Si-0 pour obtenir un prodult solids, puis en
traltant le prodult solide avec un ester, le prodult solida traite par un
ester etant ensulte traite par un melange d'un 6ther et de tetrachlorure de
titans ou par un melange d'un ether, de tetrachlorure de titane et d'un
ester, (B) un compose organoaluminique, et (C) un compose de silicium
represente par la formule generale suivante: R2R3Si(OR4)2 (R2 represente un
groups hydrocarbone alicyclique ayant 5 A 20 atomes de carbons, R3
representb un groupe hydrocarbone acyclique ayant 2 A 12 atomes de carbone,
et R4 representb un groups hydro- carbone ayant 1 A 20 atomes de carbons).
40 2.  Systeme catalytique selon la revendication 1, dans lequel le groups
hydrocarbone R' ayant I a 20 atomes de carbons est un groups alkyle ayant 2
A 18 atomes de carbons ou un groups aryle ayant 6 A 18 atomes de carbons,
I'atome d'halogene est un atome de chlore, brome ou lode, et n est un
nombre satisfalsant la relation 2 ;5 n 5 4 dans la formule g6n~rale du
compose de titans. 45 



3.  Systbme catalytique selon la revendication I ou 2, dans lequel le
compose organique de silicium ayant des liaisons Si-0 est un compose
represente par les formulas generales; Si(OR5)tmRS4 m R7(R82Si0)pSiR93 ou
50                                            (R102SIO)q dans lesquelles RG
represente un groupe hydrocarbone ayant I a 20 atomes de carbons, R6, R7,
R8, R9, et R' representent chacun un groups hydrocarbone ayant I a 20
atomes de carbons ou un atome d'hy- drogene, m represente un nombre
satisfaisant la relation 0 c m 5 4, p represents un entler de I A 1 000, et
q represente un entler de 2 A 1 000. 55 4. Systeme catalytique selon la
revendication 3, dans lequel le compose organique de silicium est
represente par la formule generale Si(ORr)mR64m 25    EP 0 376 084 B1
Z l clilil liliY"  11111    111 151 1111 dans laquelle R8 et Rs sont tels
que d6finis ci-dessus et m satisfait la relation I _ m 5 4. 5.  Systbme
catalytique solon lNune quelconque des revendications I A 4, dans lequel le
compos6 organo- magn6sien est un compose de Grignard represente par la
formula g6n6rale R11MgX (RI represente un 5       groupe hydrocarbone ayant
I A 20 atomes de carbone et X repr6sente un atoma d'halogbne), ou un
compos6 dialkylmagnbslum ou diarylmagneshum represente par le formula
generale RI2RI3Mg (RI2 et RU3 representent chacun un groupe hydrocarbone
ayant I a 20 atoms de carbone). 6.  Systbme catalytique selon la
revendication 5, dans lequel le compos6 de Grignard est repr6sent6 par la
10      formula g6n6rale R11MgCI, dans laquelle R11 ect tel que d6fini
ci-dessus. 7. Systbme catalytique selon l'une quelconque des revendications
I A 6, dans lequel l'ester est un ester car- boxylique allphatique, un
ester carboxyllque olefInique, un ester carboxylique alicyclique ou un
ester car- boxylique aromatique. 16  B.  Systeme catalytique salon la
revendicatbon 7, dans lequel lestbr est un ester m6thacrylique, un ester
ma- lelque ou un ester phtalique. 9.  Systeme catalytique solon l'une
quelconque des revendications I A 8, dans lequel l'ether est un dialky-
l6ther. 20 10. Systeme catalytique salon la revendication 9, dans loquel le
dialkylether est le dibutylether ou le dilsoa- myl6ther. 11. Systeme
catalytique salon l'une quelconque des revendlcations 1 A 10 , dans lequel
le composb orga- 25       noaluminlque est represente par les formulas
generales R'91AIY3 r Ou 



Rl5RISAl o-AlRI7R18 dans lesquelles R14, R'6, R1I, R17 et R'8 representbnt
chacun un groupe hydrocarbone ayant I A 20 atomes de carbone, Yreprbsentb
un atone d'halogene, un atoma d'hydrogene ou un groupe alcoxy, et
rreprbsente 30      un nombre satisfalsant la relation 2 5 r 5 3. 12.
Systeme catalytique salon l'une quelconque des revendications I A 11, dans
lequel le compose de silicium (composant C) repr6sent6 par la formule
g6nerale R2R3Si(0R4)2, eat 35                       C2H5
C3 H7 5   912Hs                              Si-(OC~~~S-(OH3        , 40
iao3  7                               c4  9 0J-Si-(OCH 3)2,
O      Si- (OCR 3)2' 45 isoC  H.                               tertC  H
&i-(oz               2 ASi-(OCoSi-(OCH3 2 50     c~~~~-c61 KD-OSi-(OCH3)24,
3)23 26    C2H5                          C3 H7 Si-(OC2H5)2'
Si-(OC2H5)2* 20           a-Si-(OC2-H5,                eiSi-(0C2H5)2, 25
aS 1- ( oC2 5)2              0      13R 20 9~~ I 4oC          9
1  4    9 Si-(0C2H5)2, C2)5 HlC H3)1 26{ O-Si-(OC23)2*
Si-(OC'H5)2' Si-(OCH3)2,'          K     Si-(OCH3)C 2 30~~~~~~~~~~2 35 K>
1~~~~~~C4H9 ~~~tertC H9 Si(~I 32Si-(OCR32 40           &.).Si-(OCH3)2a
Si(C3)2, I                    I~~~~~ 45    ~ ~ ~ -sj-(0CH3)2u'
Sj-(0CH3)2v 65             ~~~~~isoc H9                  teRtC9H Si-(OCH)2 



27    EP 0 376 084 81                       !     IIIILj 11111 IIIlI II I!J
C2H5,                                  C3 7 I
Si-(OCH3 )2 so        4      5 ~~~~~S-(CH 3) 2'            P_          3C
isoc  HetC4 H9 15                                                 I~~~~
So-(OCH3)2'                           S-(OCH3 )2 Si-(OCH3 )21
i3 25 8   ~ISOC3H7                                s1 H 30 isoc4 H9
tertC 4 H9 35                             Si-(OCH 3)2,   o' 13. Systeme
catalytique solon l une quelconque des revendications 1 a 12, dans lequel
la reductbon du compo- se de titane est effectuee en presence d'une matiere
poreuse. 14. Systeme catalytique solon la revendication 13, dans lequol la
matiere poreusoeset un oxyde inorganique ou un polymere organique ayant un
volume poreux do 0,3 ml/g ou plus dans lo domahne do dimensions des pores
do 20-200 nm (200 a 2 000 A) et un diametre do particules moyen do 5 a 300
,um. 4515. Systeme catalytique solon Ia revendication 14, dans loquel
l'oxyde inorganique poreux eat 8102, Al203, MgO, 1102 ZrO2, S102.A1203,
MgO.Ai203, ou MgO.S12.A3203. 16. Systeme catalytique solon la revendication
14, dans lequel le polymere organique poreux est un polymere do type
polystyrene, ester polyacrylique, ester polym~thacrylique,
polyacrylonitrile, polychloruro do vinyle 50ou polyolefine. 250 17. Systeme
cataiytique selon l'une quelconque des revondications 1 a 18, dans loquol
le compose organo- magnesien eat utilisb on une quantitA do 0,1 a 1,0
exprimbe on termes do rapport atomique do Ia sommo des atomes de titane ot
des atomes do sillicium du compose organique do silicium aux atomes do
magnb- slum [(Ti+Si)/MgJ. 55 18. Systeme catalytique solon l'une quolconque
des rovondicatlons 1 a 17, dans lequel Ie compose organique do silicium est
utlllsA en une quantltA do I a 50 exprimbe en tormos do rapport atomlque
des atomos do 28    



silicium aux atomes de titane (Si/Ti). 19. Systeme catalytique selon 'une
quelconque des revendications I A 18, dans lequel l'ester pour traitor le
produit solids est utilise en une quantitd de 0,1 A 50 moles par mole
d'atomes de titane dans le prodult s       solids. 20. Systbme catalytique
selon l'une quelconque des revendications I a 19, dans lequel l'ester pour
traiter Is prodult solids est utillse en une quantite de 0,01 A 1,0 mole
par mole d'atomes de magn6slum dans le produit solids. 10 21. Systeme
catalytique selon l'une quelconque des revendications I A 20, dans lequel
l'ether est utilise en une quantit4 de 0,1 A 100 moles par mole d'atomes de
titans presents dans Is prodult solide. 22. Systeme catalytique selon P'uns
quelconque des revendicatbons 1 A 21, dans lequel Is tetrachlorure de
titans est ajout6 en une quantite de I A 1 000 moles par mole d'atomes de
titans presents dans le prodult solide. 23. Systeme catalytique selon lune
quelconque des revendications I A 22, dans lequel le solids trait6 par un
ester set traite en utillsant un m6lange d'6ther et de tetrachlorure de
titano on pr6sence d'un ester, I'ester otant utllls6 en une quantite de 30
moles ou moins par mole d'atomes de titans presents dans le prodult 20
solids. 24. Systbme catalytique selon l'une quelconque des revendications I
A 23, dans lequel le composb organoa- luminique est utllis6 en une quantit6
de I a 1 000 moles par mole d'atomes de titans presents dans le composant
de catalyseur solids. 25 25. Procede pour pr6parer un polymers d'a-ol6fine
A ster6osp6cificit6 elev6e qui comprend l'homopolymeri- sation ou la
copolymerisation d'une a-ol6fine ou la copolymerisation d'une a-oldfIne
avec l'ethylene en utilisant un systeme catalytique selon l'une quelconque
des revendications I a 24 A une temperature de -30 A 300C et une pression
de 3 A 2026 bars (3 A 2 000 atmospheres). 30 26. Procede selon la
revendication 25, dans lsquei l' -olefine est le propylbne, Is butbne-1, le
pentAne-1, I'hexene-1, le 3-methylpenthne-1, le 4-m6thylpentbne-1,
l'octene-1, le deone-1 ou le dod6cene-1. 35 40 45 50 55 29    


