EP 0 314 797 B1

) IR
(19) 0 European Patent Office

Office européen des brevets (1) EP 0 31 4 797 B1
(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntcLe: CO8F 10/00, CO8F 4/62
of the grant of the patent:
02.07.1997 Bulletin 1997/27 (86) International application number:
PCT/JP88/00384

(21) Application number: 88903383.3

N (87) International publication number:
(22) Date of filing: 19.04.1988 WO 88/08432 (03.11.1988 Gazette 1988/24)

(54) OLEFIN POLYMERIZATION CATALYST AND PROCESS FOR POLYMERIZING OLEFIN

OLEFIN-POLYMERISATIONSKATALYSATOR UND VERFAHREN ZUM POLYMERISIEREN VON
OLEFIN

CATALYSEUR ET PROCEDE DE POLYMERISATION D'OLEFINES

(84) Designated Contracting States: » TOYOTA, Akinori
AT DE FRGB IT NL Yamaguchi 740 (JP)
(30) Priority: 20.04.1987 JP 95445/87 (74) Representative: Cresswell, Thomas Anthony et al
20.04.1987 JP 95446/87 J.A. KEMP & CO.
14 South Square
(43) Date of publication of application: Gray’s Inn
10.05.1989 Bulletin 1989/19 London WC1R 5LX (GB)
(73) Proprietor: MITSUI PETROCHEMICAL (56) References cited:
INDUSTRIES, LTD. FR-A- 2539 133 GB-A- 2 057 468
Tokyo 100 (JP) JP-A-60 130 604 JP-A-60 245 605
JP-A-60 260 602 JP-A-61 108 610
(72) Inventors: JP-A-61 296 008 US-A- 4472519
¢ KIOKA, Mamoru
Yamaguchi 740 (JP) Remarks:
¢ KASHIWA, Norio The file contains technical information submitted
Yamaguchi 740 (JP) after the application was filed and not included in this
¢ TSUTSUI, Toshiyuki specification

Hiroshima 739-06 (JP)

Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art.
99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 0 314 797 B1
Description

The present invention relates to a catalyst for polymerizing of an olefin and a process for polymerizing an olefin
by using such a catalyst. More specifically, the present invention relates to a catalyst and a process for polymerizing
a high-molecular weight olefin at a high polymerization activity even when the amount of expensive aluminoxane in-
cluded in the catalyst is reduced. Further, the present invention relates to a catalyst and a process for polymerizing an
olefin to produce an olefin polymer having a narrow molecular-weight distribution, and an olefin copolymer having a
narrow composition distribution as well as a narrow molecular-weight distribution at a high polymerization activity when
applied to the copolymerization of two or more olefins. Still further, the present invention relates to a catalyst and a
process for polymerizing an olefin to produce an olefin polymer having a narrow molecular-weight distribution, a high
bulk density, and excellent powder properties.

a-olefin polymers, particularly ethylene polymer and an ethylene-o.-olefin copolymer have generally been prepared
by a known process wherein ethylene is polymerized, or ethylene and an a.-olefin are copolymerized under the presence
of atitanium-based catalyst comprising a titanium compound and an organoaluminum compound or a vanadium-based
catalyst comprising a vanadium compound and an organoaluminum compound.

A new series of Ziegler catalysts comprising a zirconium compound and an aluminoxane have also been recently
proposed for polymerization of an olefin.

Japanese Patent Application Kokai No. 58-19309 describes a process for polymerizing ethylene and at least one
C3-Cy5 o-olefin at a temperature of from -50 to 200°C under the presence of a catalyst comprising a transition metal-
containing compound represented by the formula:

(cyclopentadienyl),MeRHal

wherein R is selected from cyclopentadienyl, C,-Cgalkyl, and halogen, Me is a transition metal, and Hal is a halogen,
a linear aluminoxane represented by the formula:

ALLOR, (AI(R)-O)

n

wherein R is methyl or ethyl, and n is a number of 4 to 20, and
a cyclic aluminoxane represented by the formula:

AI(R)-O)ns2—

wherein Rand n are as defined above. There is also described that ethylene should be polymerized under the presence
of a small amount, that is, up to 10% by weight of an a-olefin having a somewhat longer chain or a mixture thereof to
adjust a density of the resulting polyethylene.

Japanese Patent Application Kokai No. 59-95292 describes processes for preparing a linear aluminoxane repre-
sented by the formula:

R i R
AN /
AL-O-(A1-O),-Al
/ \

R R

wherein n is a number of 2 to 40 and R is a C;-Cg4 alkyl, and a cyclic aluminoxane represented by the formula:
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AI(R)-O)n+2

wherein n and R are as described above. There is also disclosed that at least 25 million grams of polyethylene may
be produced per 1 g of transition metal per hour when an olefin is polymerized under the presence of a mixture of, for
example, methylaluminoxane prepared as described above and a bis(cyclopentadienyl) compound containing titanium
or zirconium.

Japanese Patent Application Kokai 60-35005 discloses a process for preparing an olefin-polymerization catalyst
comprising effecting a reaction between a magnesium compound and an aluminoxane compound represented by the
formula:

R1 R1
~ )
Al-o-(ll-O)n@

Ko 1 RO

wherein R1 is a C4-C4galkyl radical, and R% may represent R or, taken together, form -O-; chlorinating the reaction
product; and treating the product with Ti, V, Zr, or Cr-containing compound to produce an olefin-polymerizing catalyst.
There is also disclosed that said catalyst is particularly preferable for copolymerizing ethylene with a C5-C,5 a-olefin.

Japanese Patent Application Kokai No. 60-35006 discloses a catalyst system for polymers blended in a reactor
which comprises a combination of (a) a mono-, di- or tri-cyclopentadienyl compound of at least two different transition
metals, or a derivative thereof, and (b) an aluminoxane. Example 1 of this application discloses that a polyethylene
having a number average molecular weight of 15,300, a weight average molecular weight of 36,400, and propylene
content of 3.4% may be prepared by polymerizing ethylene and propylene by using bis(pentamethylcyclopentadienyl)
zirconium dimethyl and an aluminoxane as catalyst. Example 2 discloses that a blend of polyethylene and ethylene-
propylene copolymer having a number average molecular weight of 2,000, a weight average molecular weight of 8,300,
and propylene content of 7.1 mol% comprising toluene-soluble portion having a number average molecular weight of
2,200, a weight average molecular weight of 11,900, and propylene content of 30 mol% and toluene-insoluble portion
having a number average molecular weight of 3,000, a weight average molecular weight of 7,400, and propylene
content of 4.8 mol% may be prepared by polymerizing ethylene and propylene by using bis(pentamethylcyclopenta-
dienyl)zirconium dichloride, bis(methylcyclopentadienyl)zirconium dichloride, and an aluminoxane as catalyst. Exam-
ple 3 discloses a blend of LLDPE and ethylene-propylene copolymer comprising a soluble portion having a molecular
weight distribution (Mw/Mn) of 4.57 and propylene content of 20.6 mol%, and an insoluble portion having a molecular
weight distribution of 3.04 and propylene content of 2.9 mol%.

Japanese Patent Application Kokai No. 60-35007 describes a process for polymerizing ethylene either alone or
together with an a-olefin having at least 3 carbon atoms under the presence of a catalyst containing a metallocene
and a cyclic aluminoxane represented by the formula:

L(P‘I(R)-O)mz‘J

wherein R is an alkyl radical of 1 to 5 carbon atoms and n is as described above. The polymer prepared by such a
process has a weight average molecular weight of about 500 to about 1,400,000 and a molecular-weight distribution
of 1.5t04.0.

Japanese Patent Application Kokai No. 60-35008 discloses that a polyethylene or an ethylene-C4 44 a-olefin co-
polymer having a wide molecular-weight distribution may be prepared by using a catalyst system containing at least
two metallocenes and an aluminoxane. There is also disclosed that said copolymer has a molecular-weight distribution
(Mw/Mn) of 2 to 50.

Japanese Patent Application Kokai Nos. 60-260602 and 60-130604 discloses processes for polymerizing an olefin
by utilizing catalysts comprising a transition metal compound and mixed organoaluminum compounds of an aluminox-
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ane and organoaluminum compound. These patent applications disclose that polymerization activity per unit weight
of the transition metal can be increased by adding the organoaluminum compound. However, these processes suffered
from a defect that the catalysts required a large amount of expensive aluminoxane, and the activity per unit weight of
the aluminoxane was still low.

The catalysts comprising a transition metal compound and an aluminoxane as proposed in the above-mentioned
patent applications are provided with a significantly superior polymerization activity compared to the conventional cat-
alyst systems prepared from a transition metal compound and an organoaluminum compound. These catalysts, how-
ever, are mostly soluble in the reaction system, and frequently require adoption of solution polymerization system,
resulting in a significantly increased viscosity of the polymerization-system solution. Moreover, the polymers produced
by subsequently treating with these solution systems have low bulk density, and therefore, polymers having excellent
powder properties have been quite difficult to obtain.

On the other hand, attempts have been made to polymerize an olefin in dispersion or gas-phase polymerization
systems by using catalysts wherein one or both of said transition metal compound and said aluminoxane are supported
on a porous carrier of an inorganic oxide such as silica, silica-alumina, and alumina.

For example, aforementioned Japanese Patent Application Kokai Nos. 60-35006, 60-35007 and 60-35008 disclose
that the transition metal compound and the aluminoxane supported on a carrier such as silica, silica-alumina, and
alumina can also be used as catalysts.

Japanese Patent Application Kokai Nos. 60-106808 and 61-106809 disclose a process for preparing a composition
comprising a polyethylene-based polymer and a filler which involves preliminarily contacting a high-activity catalyst
component containing titanium and/or zirconium which is soluble in a hydrocarbon solvent with a filler, and then po-
lymerizing ethylene or copolymerizing ethylene and an o-olefin under the presence of the thus treated catalyst com-
ponent, an organoaluminum compound, and a filler which has an affinity for a polyolefin.

Japanese Patent Application Kokai No. 61-31404 discloses a process for polymerizing ethylene or copolymerizing
ethylene and an a-olefin under the presence of a mixed catalyst comprising a transition metal compound and a product
obtained by reacting a trialkylaluminum and water under the presence of silicon dioxide or aluminum oxide.

Japanese Patent Application Kokai No. 61-276805 discloses a process for polymerizing an olefin under the pres-
ence of a catalyst comprising a reaction mixture between an inorganic oxide containing surface hydroxyl radical such
as silica and a reaction mixture obtained by reacting a zirconium compound and an aluminoxane with a trialkylaluminum.

Japanese Patent Application Kokai Nos. 61-108610 and 60-296008 disclose a process for polymerizing an olefin
under the presence of a catalyst comprising a transition metal compound such as a metallocene and an aluminoxane
supported on a carrier such as an inorganic oxide.

However, when an olefin is polymerized or copolymerized in a dispersion or gas-phase polymerization system by
utilizing the solid catalyst components supported on a carrier as mentioned above, polymerization activity is markedly
reduced and the properties inherent to the catalyst comprising the transition metal compound catalyst component and
the aluminoxane catalyst component are not fully exerted. Powder properties such as bulk density of the thus prepared
polymer were also insufficient.

An object of the present invention is to provide a catalyst which can polymerize an olefin at a high polymerization
activity per aluminoxane contained in the catalyst and produce a high-molecular weight olefin polymer having a narrow
molecular-weight distribution or a high-molecular weight olefin copolymer, particularly an ethylene-o.-olefin copolymer,
having both narrow molecular-weight distribution and composition distribution when used in the copolymerization of
two or more olefins. Another object of the present invention is to provide a method for polymerizing an olefin by using
such a catalyst.

Further object of the present invention is to provide a catalyst which can polymerize an olefin at a high polymeri-
zation activity and produce an olefin polymer having a high bulk density and excellent powder properties. A still furthet
object of the present invention is to provide a method for polymerizing an olefin polymer by using such a catalyst.

According to the present invention, there are provided a catalyst prepared from

(A) a transition-metal compound containing one transition metal atom per molecule, said transition metal being
selected from IVB of the periodic table,

(B) an aluminoxane, and
(C) an organoaluminum compound represented by the general formula [I] or [lI]:

R'_AIOR?), 0l

R® AIOSIRY),., [
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wherein R1, R2 and RS are hydrocarbon radicals, R?* is selected from hydrocarbon, alkoxy, and aryloxy radicals, and
m and n are a positive number of 0<m<3 and 0<n<3; and a process for polymerizing an olefin wherein the olefin is
polymerized or copolymerized in the presence of said catalyst.

According to the present invention, there are also provided a catalyst prepared from

(A') a transition-metal compound containing one transition metal atom per molecule, supported on a fine-particle
carrier, said transition metal being selected from group |VB of the periodic table,

(B) an aluminoxane, and

(C) an organoaluminum compound represented by the general formula [I] or [lI]:

R'_AIOR?), 0l

R® A0SR ), [

wherein R1, R2 and R3 are hydrocarbon radicals, R* is selected from hydrocarbon, alkoxy, and aryloxy radicals,
and m and n are a positive number of 0<m<3 and 0<n<3; and a process for polymerizing an olefin wherein the
olefin is polymerized or copolymerized in the presence of said catalyst.

The term polymerization used herein may include not only homopolymerization but also copolymerization. Similarly,
the term polymer may include both homopolymer and copolymer.

A catalyst employed in a first embodiment of the present invention is prepared from three catalyst components
(A), (B) and (C).

A group IVB transition metal contained in the catalyst component (A) is selected from the group consisting of
titanium, zirconium and hafnium. The transition metal contained in the catalyst component (A) may preferably be tita-
nium or zirconium, and most preferably be zirconium.

The group IVB transition-metal compound of the catalyst component (A) may typically be a zirconium compound
having a radical containing conjugated = electron as a ligand.

The zirconium compound having a radical containing conjugated n electron as a ligand is, for example, a compound
represented by the formula [lIl]:

15253 o4
R.R; R, R Zr [l

wherein R1 is an unsubstituted or substituted cycloalkadieny! radical; R,, R; and R, are selected from the group con-
sisting of cycloalkadienyl, aryl, alkyl, cycloalkyl and aralkyl radicals, halogen atom, hydrogen, OR,, SR, NRi and PF{g,
wherein R,, Ry, R, and Ry are hydrocarbon radicals selected from the group consisting of alkyl, cycloalkyl, aryl and
aralkyl radicals or silyl radicals, with the proviso that R, and Ry may, taken together, form a ring; k = 1; and k+l+m+n=4.
When R2 is an cycloalkadienyl radical, R! and R2 may be bonded by an intervening lower alkylene radical. Examples
of the cycloalkadienyl radicals include cyclopentadienyl, methylcyclopentadienyl, ethylcyclopentadienyl, pentamethyl-
cyclopentadienyl, dimethylcyclopentadienyl, indenyl, and tetrahydroindenyl. Examples of the alkyl radicals include me-
thyl, ethyl, propyl, isopropyl, butyl, hexyl, octyl, 2-ethylhexyl, decyl, and oleil. Examples of the aryl radicals include
phenyl, and tolyl. Examples of the aralkyl radicals include benzyl, and neophyl. Examples of the cycloalkyl radicals
include cyclopentyl, cyclohexyl, cyclooctyl, norbonyl, bicyclononyl, and an alkyl-substituted radical thereof. Examples
of the silyl radicals include trimethylsilyl, triethylsilyl, phenyldimethylsilyl, and triphenylsilyl. Unsaturated aliphatic radical
such as vinyl, allyl, propenyl, isopropenyl, and 1-butenyl, and unsaturated cycloaliphatic radicals such as cyclohexenyl
may also be employed. Examples of the halogen atoms include fluorine, chlorine, and bromine. Examples of the lower
alkylene radicals include methylene, ethylene, propylene, and butylene.
Examples of the zirconium compounds include:

bis(cyclopentadienyl)zirconium monochloride monohydride;
bis(cyclopentadienyl)zirconium monobromide monohydride;

( )

( )
bis(cyclopentadienyl)methylzirconium hydride;
is( )

( )

( )

(o}

is(cyclopentadienyl)ethylzirconium hydride;
bis(cyclopentadienyl)cyclohexylzirconium hydride;
bis(cyclopentadienyl)phenylzirconium hydride;
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bis(cyclopentadienyl)benzylzirconium hydride;
bis(cyclopentadienyl)neopentylzirconium hydride;
bis(methylcyclopentadienyl)zirconium monochloride monohydride;
bis(indenyl)zirconium monochloride monohydride;
bis(cyclopentadienyl)zirconium dichloride;
bis(cyclopentadienyl)zirconium dibromide;
bis(cyclopentadienyl)methylzirconium monochloride;
bis(cyclopentadienyl)ethylzirconium monochloride;
bis(cyclopentadienyl)cyclohexylzirconium monochloride;
bis(cyclopentadienyl)phenylzirconium monochloride;
bis(cyclopentadienyl)benzylzirconium monochloride;
bis(methylcyclopentadienyl)zirconium dichloride;
bis(tetramethylcyclopentadienyl)zirconium dichloride;
bis(indenyl)zirconium dichloride;
bis(indenyl)zirconium dibromide;
bis(cyclopentadienyl)zirconium diphenyl;
bis(cyclopentadienyl)zirconium dibenzyl,
bis(cyclopentadienyl)methoxyzirconium chloride;
bis(cyclopentadienyl)ethoxyzirconium chloride;
bis(cyclopentadienyl)butoxyzirconium chloride;
bis(cyclopentadienyl)-2-ethylhexoxyzirconium chloride;
bis(cyclopentadienyl)methylzirconium ethoxide;
bis(cyclopentadienyl)methylzirconium butoxide;
bis(cyclopentadienyl)ethylzirconium ethoxide;
bis(cyclopentadienyl)phenylzirconium ethoxide;
bis(cyclopentadienyl)benzylzirconium ethoxide;
bis(methylcyclopentadienyl)ethoxyzirconium chloride;
bis(indenylethoxy)zirconium chloride;
bis(cyclopentadienyl)ethoxyzirconium chloride;
bis(cyclopentadienyl)butoxyzirconium chloride;
bis(cyclopentadienyl)-2-ethylhexoxyzirconium chloride;
bis(cyclopentadienyl)phenoxyzirconium chloride;
bis(cyclopentadienyl)cyclohexoxyzirconium chloride;
bis(cyclopentadienyl)phenylmethoxyzirconium chloride;
bis(cyclopentadienyl)methylzirconium phenylmethoxide;
bis(cyclopentadienyl)trimethylsiloxyzirconium chloride;
bis(cyclopentadienyl)triphenylsiloxyzirconium chloride;
bis(cyclopentadienyl)thiophenylzirconium chloride;
bis(cyclopentadienyl)thioethylzirconium chloride;
bis(cyclopentadienyl)bis(dimethylamide)zirconium;
bis(cyclopentadienyl)diethylamidezirconium chloride;
ethylenebis(indenyl)ethoxyzirconium chloride;
ethylenebis(4,5,6,7-tetrahydro-1-indenyl)ethoxy-zirconium chloride;
ethylenebis(indenyl)dimethylzirconium;
ethylenebis(indenyl)diethylzirconium;
ethylenebis(indenyl)diphenylzirconium;
ethylenebis(indenyl)dibenzylzirconium;
ethylenebis(indenyl)methylzirconium monobromide;
ethylenebis(indenyl)ethylzirconium monochloride;
ethylenebis(indenyl)benzylzirconium monochloride;
ethylenebis(indenyl)methylzirconium monochloride;
ethylenebis(indenyl)zirconium dichloride;
ethylenebis(indenyl)zirconium dibromide;
ethylenebis(4,5,6,7-tetrahydro-1-indenyl)dimethylzirconium;
ethylenebis(4,5,6,7-tetrahydro-1-indenyl)methylzirconium monochloride;
ethylenebis(4,5,6,7-tetrahydro-1-indenyl)zirconium dichloride;
ethylenebis(4,5,6,7-tetrahydro-1-indenyl)zirconium dibromide;
ethylenebis(4-methyl-1-indenyl)zirconium dichloride;



10

15

20

25

30

35

40

45

50

55

EP 0 314 797 B1

ethylenebis(5-methyl-1-indenyl)zirconium dichloride;
ethylenebis(6-methyl-1-indenyl)zirconium dichloride;
ethylenebis(7-methyl-1-indenyl)zirconium dichloride;
ethylenebis(5-methoxy-1-indenyl)zirconium dichloride;
ethylenebis(2,3-dimethyl-1-indenyl)zirconium dichloride;
ethylenebis(4,7-dimethyl-1-indenyl)zirconium dichloride;
ethylenebis(4,7-dimethoxy-1-indenyl)zirconium dichloride;
ethylenebis(indenyl)zirconium dimethoxide;
ethylenebis(indenyl)zirconium diethoxide;
ethylenebis(indenyl)methoxyzirconium chloride;
ethylenebis(indenyl)ethoxyzirconium chloride;
ethylenebis(indenyl)methylzirconium ethoxide;
ethylenebis(4,5,6,7-tetrahydro-1-indenyl)zirconium dimethoxide;
ethylenebis(4,5,6,7-tetrahydro-1-indenyl
ethylenebis(4,5,6,7-tetrahydro-1-indenyl
ethylenebis(4,5,6,7-tetrahydro-1-indenyl
ethylenebis(4,5,6,7-tetrahydro-1-indenyl

zirconium ethoxide;
methoxyzirconium chloride;
ethoxyzirconium chloride; and
methylzirconium ethoxide.

T —

Examples of the titanium compound include:

bis(cyclopentadienyl)titanium monochloride monohalide;
bis(cyclopentadienyl)methyltitanium hydride;
bis(cyclopentadienyl)phenyltitanium chloride;
bis(cyclopentadienyl)benzyltitanium chloride;
bis(cyclopentadienyl)titanium dichloride;
bis(cyclopentadienyl)titanium dibenzyl;
bis(cyclopentadienyl)ethoxytitanium chloride;
bis(cyclopentadienyl)butoxytitanium chloride;
bis(cyclopentadienyl)methyltitanium ethoxide;
bis(cyclopentadienyl)phenoxytitanium chloride;
bis(cyclopentadienyl)trimethylsiloxytitanium chloride;
bis(cyclopentadienyl)thiophenyltitanium chloride;
bis(cyclopentadienyl)bis(dimethylamide)titanium;
bis(cyclopentadienyl)diethoxytitanium;
ethylenebis(indenyl)titanium dichloride; and
ethylenebis(4,5,6,7-tetrahydro-1-indenyl)titanium dichloride.

Examples of the hafnium compound include:

bis(cyclopentadienyl)hafnium monochloride monohydride;
is(cyclopentadienyl)ethylhafnium hydride;
is(cyclopentadienyl)phenylhafnium chloride;
is(cyclopentadienyl)hafnium dichloride;
is(cyclopentadienyl)hafnium dibenzyl;
)
)
)
)
)

is(cyclopentadienyl)butoxyhafnium chloride;
is(cyclopentadienyl)methylhafnium ethoxide;
is(cyclopentadienyl)phenoxyhafnium chloride;
bis(cyclopentadienyl)thiophenylhafnium chloride;
bis(cyclopentadienyl)bis(diethylamide)hafnium;
ethylenebis(indenyl)hafnium dichloride; and
ethylenebis(4,5,6,7-tetrahydro-1-indenyl)hafnium dichloride.

bis(
bis(
bis(
bis(
bis(cyclopentadienyl)ethoxyhafnium chloride;
bis(
bis(
bis(
(

The catalyst component (B) is an aluminoxane.

The aluminoxane which can be used herein may be represented by the formulae [VII] and [VIII]:
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R2A1-(O-/l\1)m-O-A1R2 ‘[VII]
R

[‘(O‘i;l)m+2_l (vij

wherein R is a hydrocarbon radical selected from the group consisting of methyl, ethyl, n-propyl, isopropyl, n-butyl,
and isobutyl, preferably methyl, ethyl, or isobutyl, and most preferably methyl; and m is an integer of at least 2, and
preferably at least 5.

The aluminoxane of formulae [VII] and [VIII] may be a halogenated aluminoxane wherein R may partly be substi-
tuted with a halogen atom such as chlorine and bromine with the proviso that the halogen content is up to 40% by
weight. R may also partly be hydroxyl, alkoxy and/or aryloxy radical.

Typical processes for preparing said aluminoxane include: (1) a process comprising preparing a hydrocarbon me-
dium suspension of a compound containing adsorbed water or a salt containing water of crystallization such as hydrated
magnesium chloride, hydrated copper sulfate, hydrated aluminum sulfate, hydrated nickel sulfate, and hydrated cerous
chloride; and adding a trialkylaluminum into said suspension for reaction; and (2) a process wherein water is directly
reacted with a trialkylaluminum in a medium such as benzene, toluene, ethylether, and tetrahydrofuran.

Among these processes, process (1) is more preferable. A small amount of organometallic component may also
be contained in the aluminoxane. For example, an organometallic compound such as a halogen-containing organoa-
luminum compound and organomagnesium compound may also be present with the trialkylaluminum.

The component (C) of the catalyst according to the present invention is an organoaluminum compound represented
by the general formulae [I] and [Il]:

R! AIOR?),, 0l

RIAIOSIR ), [l

wherein R1, R2, and R® are selected from hydrocarbons, R?* is selected from the group consisting of hydrocarbon,
alkoxy, and aryloxy radicals, and m and n are 0<m<3 and 0<n<3. In the organoaluminum compound represented by
the general formulae [I]and [I1], R, R2, and R3 may typically be a linear or branched, saturated or unsaturated, aliphatic
hydrocarbon radical having 1 to 10 carbon atoms such as methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, sec-butyl,
isobutyl, n-hexyl, n-octyl, and 2-ethylhexyl; an alicyclic hydrocarbon radical having 4 to 10 carbon atoms such as cy-
clohexane, methylcyclopentyl, and methylcyclohexyl; or an aromatic hydrocarbon radical having 6 to 16 carbon atoms
such as phenyl, tolyl, xylyl, and naphtyl. In the organoaluminum compound represented by the general formulae [I]
and [ll], R! and R3 may preferably be a branched hydrocarbon radical, and most preferably be a branched alkyl radical.
R2 may most preferably be methyl radical. In the organoaluminum compound represented by the general formula [I1],
R4 may typically be an aliphatic hydrocarbon radical having 1 to 10 carbon atoms such as methyl, ethyl, propyl, iso-
propyl, n-butyl, and isobutyl; an alicyclic hydrocarbon radical having 4 to 10 carbon atoms such as cyclohexyl, meth-
ylcyclopentyl, and methylcyclohexyl; an aromatic hydrocarbon radical having 6 to 16 carbon atoms such as phenyl,
tolyl, xylyl, and naphtyl; an alkoxy radical having 4 to 10 carbon atoms such as methoxy, ethoxy, propoxy, butoxy, iso-
butoxy, cyclohexyloxy, methylcyclopentyloxy, and methylcyclohexyloxy; and an aryloxy radical such as phenoxy, toly-
loxy, and naphtoxy. In the formula [l], m may be a positive number of 0<m<3, preferably a positive number of 1<m<2.5,
and most preferably m=2. In the formula [Il], n may be a positive number of 0<n<3, preferably be a positive number of
1<n<2.5 , and most preferably be n=2.

Typical organoaluminum compounds (C) represented by the general formula [|] include dialkylaluminum alkoxides
such as diethylaluminum methoxide, diisopropylaluminum methoxide, diisobutylaluminum methoxide, bis(2-methyl-
butyl)aluminum methoxide, bis(3-methylbutyl)aluminum methoxide, bis(2-methylpentyl)aluminum methoxide, bis
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(38-methylpentyl)aluminum ethoxide, bis(4-methylpentyl)aluminum propoxide, bis(2-methylhexyl)aluminum butoxide,
and bis(3-methylhexyl)aluminum cyclohexyloxide; dicycloalkylaluminum alkoxides such as bis(2-ethylhexyl)aluminum
phenoxide, and dicyclohexylaluminum methoxide; bisarylaluminum alkoxides such as diphenylaluminum methoxide
and bistolylaluminum methoxide; alkylaluminum dialkoxides such as ethylaluminum dimethoxide, isopropylaluminum
dimethoxide, isobutylaluminum diethoxide, 2-methylbutylaluminum dimethoxide, 3-methylbutylaluminum dimethoxide,
2-methylpentylaluminum dimethoxide, 3-methylpentylaluminum dimethoxide, 4-methylpentylaluminum dimethoxide,
2-methylhexylaluminum dipropoxide, 3-methylhexylaluminum dicyclohexyloxide, and 2-ethylhexylaluminum diphenox-
ide; cycloalkylaluminum alkoxides such as cyclohexylaluminum dimethoxide and cyclooctylaluminum diethoxide; ary-
laluminum alkoxides such as phenylaluminum methoxide and tolylaluminum ethoxide; and alkylaluminum sesquialkox-
ides wherein the number m equals 1.5 in the above-mentioned organoaluminum compounds. Among these organoa-
luminum compounds, dialkylaluminum alkoxides are preferred, and diisoalkylaluminum alkoxides are most preferred.
Typical organoaluminum compound (C) represented by the general formula [II] include:

Et,Al-O-Si-(OMe)s,
isoProAl-O-Si-(OEt),,
isoBU,Al-O-Si-(OMe)s,
isoBu,Al-O-Si-(OEt),,
isoBu,Al-O-8i-(O n-Bu)s,
isoBuoAl-O-Si-(O n-Hexyl)s,
isoOctyl,Al-O-Si-(OEt),,
isoBu,Al-O-SiMeg,
isoBu,Al-O-SiEts,
isoBu,Al-O-8iPhj etc.

The organoaluminum compound (C) may be added to the reaction system as raw compounds which will react to
produce the organocaluminum compound (C) in the reaction system.

In the process according to the present invention, the catalyst is generally prepared from the transition-metal
compound (A), the aluminoxane (B), and the organoaluminum compound (C), although any additional components
such as an electron donor may optionally be added to the reaction system. The electron donor component may be
supplied to the polymerization reaction system either directly with the transition-metal compound (A), the aluminoxane
(B), and the organoaluminum compound (C), or as a complex or a reaction product with any of the components (A),
(B) and (C). Exemplary electron donors include carboxylic acids, esters, ethers, ketones, aldehydes, alcohols, phenols,
acid amides, oxygen-containing compounds such as those containing a metal-O-C bond, the metal being aluminum,
silicon, etc., nitriles, amines, phosphines, etc. The proportion of the electron donor may generally be from 0 to 1 mole
per 1 gram atom of the transition metal electron (M).

In the process according to the present invention, catalyst components (A), (B), and (C) may either be introduced
into the reaction system separately, or two of the components may preliminary be contacted before introducing into
the reaction system separately from the remaining one component. Further, all three components may preliminarily be
contacted and then introduced into the reaction system.

When catalyst components (A) and (B) are subjected to the preliminary contact process, the concentration of the
transition metal is generally in the range of 2.5 x 104 to 1.5 x 10-1 gram atoms/liter, and preferably 5.0 x 10-4t0 1.0
x10-1 gram atoms/liter, and the concentration of the aluminoxane is generally in the range of from 0.05 to 5 gram atoms/
liter and preferably from 0.1 to 3 gram atoms/liter calculated as aluminum atom. The temperature of the preliminary
contact treatment is generally -50 to 100°C, and the mixing time is generally 0.1 to 50 minutes.

A catalyst employed in a second embodiment of the present invention is prepared from a solid catalyst component
(A"), and catalyst components (B) and (C).

The solid catalyst component (A') used in the method of the present invention is a solid component wherein at
least a group IVB transition metal compound is loaded on a fine-particle carrier. Most preferably, the solid catalyst
component is a fine-particle carrier loaded with the group VB transition metal compound as well as the aluminoxane
component (B) to allow a production of an excellent olefin polymer having a high bulk density and good powder prop-
erties at an improved polymerization activity.

The carrier constituting the solid catalyst component (A') is a fine-particle carrier which may be either inorganic or
organic.

Examples of the inorganic fine-particle carriers include SiO,, Al,O4, MgO, ZrO,, TiO,, B;O4, Cal, ZnO, ThO,,
etc. and mixtures thereof such as SiO,-MgO, SiO5-Al;0g3, SiOs-TiO,, SiOL-V505, SiO,-CryOj5, SiOL-TiO,-MgO, etc.
These inorganic fine-particle carriers are generally calcined at 150 to 1000°C, and preferably at 200 to 800°C. Among
these carriers, a carrier primarily comprising at least one component selected from the group consisting of SiO, and
Al,O4 is preferred. The inorganic fine-particle carrier may also contain a minor amount of carbonate such as Na,COs,,
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K5;COg, CaCO,, and MgCOg, sulfates such as Na,SO4, Alx(SO4)3, and BaSO,, nitrates such as KNO,, Mg(NO3),, and
Al(NOg)3, oxides such as Na,O, K0, and Li,O, and the like. Although the inorganic carrier may have different diameters
depending on the type and process of manufacture, the diameter of the carrier which is preferably utilized in the present
invention is generally 5 to 200 um, and preferably 10 to 150 um, and more preferably 20 to 100 pum.

Examples of the organic fine-particle carriers include polyolefins such as polyethylene, polypropylene, poly
(1-butene), poly(4-methyl-1-pentene) and those prepared by copolymerizing the monomers employed for producing
such polyolefins; polyesters such as polymethyl methacrylate, and polymethyl acrylate; polyamides; polyvinyl chlorides;
polystyrene; natural high polymers; and monomer compounds. Although the properties of the carrier may vary depend-
ing on the type and the process of manufacture, the carrier which is preferably used in the present invention may have
a diameter of 5 to 200 um, preferably 10 to 150 um, and more preferably 20 to 100 pm.

The carrier may have any molecular weight so long as the carrier can remain a solid material. For example, a
polyester carrier which may be employed herein has a weight average molecular weight of from 1,000 to 10,000,000.

The fine-particle carrier may be subjected to a preliminary contact treatment with compounds such as an orga-
noaluminum compound, aluminoxane compound or halogen-containing silane compound prior to the loading of the
group IVB transition metal compound onto the carrier.

The organoaluminum compounds which may be used in the preliminary contact treatment include trialkylalumi-
nums such as trimethylaluminum, triethylaluminum, tri-n-butylaluminum, and triisobutylaluminum; alkenylaluminums
such as isoprenylaluminum; dialkylaluminum alkoxides such as dimethylaluminum methoxide, diethylaluminum ethox-
ide, dibutylaluminum butoxide, and diisobutylaluminum methoxide; alkylaluminum sesquialkoxides such as methyla-
luminum sesquimethoxide, and ethylaluminum sesquiethoxide; partially alkoxylated alkylaluminums having average
composition represented by the formula: R's gAI(OR")q.5; partially halogenated alkylaluminums, for example, dialkyla-
luminum halides such as dimethylaluminum chloride, diethylaluminum chloride, and dimethylaluminum bromide; alky-
laluminum sesquihalides such as methylaluminum sesquichloride, and ethylaluminum sesquichloride; and alkylalumi-
num dihalides such as methylaluminum dichloride, and ethylaluminum dichloride. The organoaluminum compound
may preferably be trialkylaluminum, dialkylaluminum chloride, and dialkylaluminum alkoxide, and most preferably be
trimethylaluminum, triethylaluminum, triisobutylaluminum, dimethylaluminum chloride, diethylaluminum chloride, and
diisobutylaluminum methoxide. The aluminoxane compound which may be used in the preliminary contact treatment
of the fine-particle carrier is the one represented by the general formulae [IV] and [V]:

R \5 55
/Al-(O-lfxl)a(O-‘A‘l)bO—Ql [1V]
Ré6 Rs X R6

L(O‘ﬁl)a(o'li‘l)bJ [Vl

R5 X

wherein R® is a hydrocarbon radical such as methyl, ethyl, propyl, butyl, and preferably methyl or ethyl, and most
preferably methyl: and X is a halogen atom such as chlorine and bromine; R® is either the hydrocarbon radical of R®
or a halogen atom as defined above; a is a number of 0 to 80, and preferably from 0 to 30; b is a number of O to 80,
and preferably from 0 to 30; and the sum of a and b is from 4 to 100, preferably from 8 to 50. In general formulae: [IV]
and [V], units

-(O- ,}1)-
Rs

and
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(0-4)-
X

may either be block-polymerized, or regularly or irregularly random-polymerized.
The halogen-containing silane compound which may be used in the preliminary contact treatment of the fine-
particle carrier is an organoaluminum compound represented by the general formula [VI]:

. 7 8
SIX,R" 4(OR") (4.0 [1V]

wherein X is Cl or Br, R7 and R8 are hydrogen atom or C,_;» alkyl, aryl, or C4_;» cycloalkyl, ¢ is a number of 1 to 4, d
is a number of 1 to 3, and the sumof c and d is 1 to 4.

Examples of the halogen-containing silane compound include tetrachlorosilane, tetrabromosilane, trichlorosilane,
trichloromethylsilane, trichloroethylsilane, trichloropropylsilane, trichlorophenylsilane, trichlorocyclohexylsilane, tribro-
mosilane, tribromoethylsilane, dichlorodimethylsilane, dichloromethylsilane, dichlorophenylsilane, trichloromethoxysi-
lane, trichloroethoxysilane, trichloropropoxysilane, trichlorophenoxysilane, tribromoethoxysilane, dichloromethoxysi-
lane, dichlorodimethoxy-silane, and trichlorosilanol. A mixture of any of these silane compounds may also be utilized.
Preferred silane compounds are tetrachlorosilane, trichlorosilane, and trichloromethylsilane.

Other compounds which may be utilized in the preliminary contact treatment of the fine-particle carrier include
organoboron, organomagnesium, organotin, organolithium etc.

In the preliminary contact treatment of the fine-particle carrier with the organometallic compound or the silane
compound, amount of the organometallic compound or the silane compound employed may range from 0.01 to 50,
preferably from 0.05 to 30, and most preferably from 0.1 to 20 milligram atoms calculated as metal atom per gram of
the fine-particle carrier. The treatment is carried out by adding at least one organometallic compound or silane com-
pound to the fine-particle carrier dispersed in an inert medium, and the dispersion is heated to a temperature in the
range of from 0 to 120°C, preferably from 10 to 100°C, and more preferably from 20 to 90°C for a time period of from
10 minutes to 10 hours, preferably from 20 minutes to 5 hours, and more preferably from 30 minutes to 3 hours at
ambient, reduced or elevated pressure.

The group IVB transition metal included in the solid catalyst component [A'] is a metal selected from the group
consisting of titanium, zirconium and hafnium. The transition metal included in the solid catalyst component [A] may
preferably be titanium or zirconium, and more preferably zirconium in the second embodiment of the present invention.

Examples of the group IVB transition metal compound contained in the solid catalyst component [A"] include zir-
conium, titanium and hafnium compounds having a ligand including conjugated & electron as described for the catalyst
component [A] in the first embodiment of the present invention.

The group IVB transition metal compounds may be loaded on said fine-particle carrier by allowing functional rad-
icals on the surface of the fine-particle carrier to react with said transition metal compound; contacting said fine-particle
carrier with said transition metal compound after an optional preliminary contact treatment of the carrier with the afore-
mentioned organoaluminum compound, aluminoxane compound or halogen-containing silane compound; contacting
the fine-particle carrier with the transition metal compound in an inert hydrocarbon medium, and evaporating the hy-
drocarbon medium to precipitate the transition metal compound onto the carrier; contacting the fine-particle carrier
with the aluminoxane in an inert hydrocarbon medium, preparing an aluminoxane-loaded fine-particle carrier by evap-
orating said medium or by adding a solvent to which the aluminoxane is either insoluble or hardly soluble to precipitate
the aluminoxane onto the carrier, and contacting the transition metal compound with the aluminoxane-loaded fine-
particle carrier to precipitate the transition metal compound onto the carrier; contacting the fine-particle carrier with the
transition metal compound in an inert hydrocarbon medium, and evaporating the hydrocarbon medium to precipitate
the transition metal compound onto the carrier; and contacting the fine-particle carrier with the transition metal com-
pound in an inert hydrocarbon medium, and precipitating the transition metal compound onto the fine-particle carrier
by adding a solvent to which the aluminoxane is either insoluble or hardly soluble.

The catalyst component (B) is the same as the catalyst component (B) as set forth in the first embodiment of the
present invention.

In the practice of the present invention, the aluminoxane (B) may be supplied to the polymerization reaction system
by method as set forth below.

(1) The solid catalyst component (A') is not loaded with the aluminoxane. The solid catalyst component (A') and
the aluminoxane (B) are independently supplied to the polymerization reaction system.
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(2) The solid catalyst component (A') is the fine-particle carrier loaded with the group VB transition metal compound
and the aluminoxane (B). The solid catalyst component is supplied to the polymerization reaction system.

(3) The solid catalyst component (A') is that of (2). The solid catalyst component (A') is supplied to the polymeri-
zation reaction system together with the aluminoxane (B).

The solid catalyst component (A') comprising the fine-particle carrier loaded with the group I1VB transition metal
compound and the aluminoxane (B) may be prepared by the following processes (a) through (d) disclosed in Japanese
Patent Application Nos. 61-311286 and 61-311287. (a) An olefin-polymerizing solid catalyst may be prepared by con-
tacting a suspension of the fine-particle carrier dispersed in the aluminoxane solution with a solvent to which the alu-
minoxane is either insoluble or hardly soluble to produce an aluminoxane-loaded fine-particle carrier, and contacting
said aluminoxane-loaded fine-particle carrier with the transition metal compound to produce a solid component.

Specifically, the olefin-polymerizing solid catalyst may be prepared by adding the solvent to which the aluminoxane
is either insoluble or hardly soluble to the suspension comprising the aluminoxane solution and the fine-particle carrier
to precipitate the aluminoxane onto the fine-particle carrier and form the aluminoxane-loaded fine-particle carrier; and
contacting the suspension comprising the aluminoxane-loaded carrier and the solvent to which the aluminoxane is
either insoluble or hardly soluble with the solution of the group IVB transition metal compound to load the catalyst-
component transition metal compound onto the aluminoxane-loaded carrier. The aluminoxane may also be precipitated
by adding said suspension comprising the aluminoxane solution and the carrier to the solvent to which the aluminoxane
is either insoluble or hardly soluble. The aluminoxane precipitation may also be promoted by evaporating off the solvent
used to dissolve the aluminoxane from said mixed suspension.

In the step of contacting the suspension comprising the aluminoxane solution and the fine-particle carrier with the
solvent to which the aluminoxane is either insoluble or hardly soluble, the proportion of the solvent to which the alu-
minoxane is either insoluble or hardly soluble may generally be in the range of from 10 to 10,000 parts by weight, and
preferably from 100 to 1,000 parts by weight based on 100 parts by weight of the aluminoxane solution. The contact
treatment is generally carried out with agitation at a temperature of from -100°C to 300°C, preferably from -50°C to
100°C, and more preferably from -30°C to 50°C.

The aluminoxane solution is prepared at least from the aluminoxane and the solvent capable of dissolving the
aluminoxane as exemplified later. The aluminoxane solution may be obtained by simply mixing both compounds, or
by mixing both compounds under heating. The solvent included in the aluminoxane solution may generally be from
0.1 to 50 liters, preferably from 0.2 to 10 liters, and more preferably from 0.3 to 2 liters per 1 gram of aluminum in the
aluminoxane.

The amount of the fine-particle carrier employed in the suspension of the fine-particle carrier into the aluminoxane
solution may generally be in the range of from 1 to 500 g, preferably from 10 to 200 g, and more preferably from 20 to
100 g per liter of the aluminoxane solution.

This contact treatment may generally be carried out with agitation at a temperature in the range of from -50°C to
200°C, preferably form -20°C to 100°C, and more preferably from -10°C to 50°C.

The solution of the transition metal compound is prepared at least from the transition metal compound and the
solvent used to dissolve the transition metal compound as exemplified later. The solution of the transition metal com-
pound may be obtained by simply mixing both compounds, or by mixing both compounds under heating. The solvent
included in the solution of the transition metal compound may generally be from 1 to 500 liters, preferably from 2 to
200 liters, and more preferably from 3 to 100 liters per 1 gram atom of the transition metal compound.

(b) An olefin-polymerizing solid catalyst may be prepared by contacting a suspension of the fine-particle carrier
dispersed into a solution of the aluminoxane and the group IVB transition metal with the solvent to which the alumi-
noxane is either insoluble or hardly soluble to produce a solid component.

Specifically, the olefin-polymerizing solid catalyst may be prepared by adding the solvent to which the aluminoxane
is either insoluble or hardly soluble to the suspension comprising the aluminoxane, the transition metal compound, and
the fine-particle carrier to precipitate the aluminoxane and the transition metal compound onto the carrier and form the
fine-particle carrier loaded with the aluminoxane and the transition metal compound. The aluminoxane and the transition
metal compound may also be precipitated by adding the suspension comprising the aluminoxane, the transition metal
compound, and the fine-particle carrier to the solvent to which the aluminoxane is either insoluble or hardly soluble.
The precipitation of the aluminoxane and/or the transition metal compound may also be promoted by evaporating off
the solvent used for dissolving the aluminoxane from said mixed suspension.

In the step of contacting the suspension comprising the fine-particle carrier and the solution of the aluminoxane
and the transition metal compound with the solvent to which the aluminoxane is either insoluble or hardly soluble, the
solvent to which the aluminoxane is either insoluble or hardly soluble may generally be used in a proportion in the
range of from 10 to 10,000 parts by weight, preferably from 100 to 1,000 parts by weight based on 100 parts by weight
of the solution of the aluminoxane and the transition metal compound. The contact treatment is generally carried out
with agitation at a temperature of from -100°C to 300°C, preferably from -50°C to 100°C, and more preferably from
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-30°C to 50°C.

The solution of the aluminoxane and the transition metal compound is prepared at least from the aluminoxane,
the transition metal compound and the solvent used for dissolving the aluminoxane as exemplified later. The solution
may be obtained by simply mixing these compounds, or by mixing these compounds under heating. The solvent in-
cluded in the solution may generally be from 0.1 to 50 liters, preferably from 0.2 to 10 liters, and more preferably from
0.3 to 2 liters per 1 gram atom aluminum in the aluminoxane.

In the solution, the aluminoxane and the transition metal compound may be included in a ratio of 0.0005 to 1,
preferably 0.001 to 0.1, and more preferably from 0.002 to 0.04 of the transition metal compound per 1 gram atom of
aluminum in the aluminoxane.

In the suspension of the fine-particle carrier dispersed in the solution of the aluminoxane and the transition metal
compound, the amount of the carrier is from 1 to 500 g, preferably from 10 to 200 g, and more preferably from 20 to
100 g per 1 liter of the solution.

The contact treatment may generally be carried out with agitation at a temperature of from -100°C to 300°C,
preferably from -50 to 100°C, and more preferably from -30 to 50°C.

(¢) An olefin-polymerizing solid catalyst may be prepared by contacting a suspension of the fine-particle carrier
dispersed in the solvent to which the aluminoxane is either insoluble or hardly soluble with the aluminoxane solution
to form a suspension of an aluminoxane-loaded fine-particle carrier; and contacting the aluminoxane-loaded carrier
with the solution of the transition metal compound to form a solid component.

Specifically, the olefin-polymerizing solid catalyst may be prepared by adding the aluminoxane solution to the
suspension of the fine-particle carrier dispersed into the solvent to which the aluminoxane is either insoluble or hardly
soluble to precipitate the aluminoxane onto the fine-particle carrier and form an aluminoxane-loaded fine-particle car-
rier; and contacting the suspension comprising the aluminoxane-loaded carrier and the solvent to which the aluminox-
ane is either insoluble or hardly soluble with the solution of the transition metal compound to precipitate the catalyst-
component transition metal compound onto the aluminoxane-loaded carrier. The aluminoxane may also be precipitated
by adding the suspension comprising the fine-particle carrier and the solvent to which the aluminoxane is either insol-
uble or hardly soluble to the aluminoxane solution. The aluminoxane precipitation may also be promoted by evaporating
off the solvent used for dissolving the aluminoxane from said mixed suspension.

In the suspension comprising the fine-particle carrier and the solvent to which the aluminoxane is either insoluble
or hardly soluble, the amount of the carrier may generally be from 1 to 500 g, preferably from 10 to 200 g, and more
preferably from 20 to 100 g per 1 liter of the solvent. The step of contacting the suspension with the aluminoxane
solution may generally be carried out with agitation at a temperature of from -100°C to 300°C, preferably from -50°C
10 100°C, and more preferably from -30°C to 50°C. In this step, the amount of the aluminoxane solution may generally
be in the range of from 1 to 1,000 parts by weight, preferably from 10 to 100 parts by weight based on 100 parts by
weight of the suspension.

The aluminoxane solution is prepared at least from the aluminoxane and the solvent capable of dissolving the
aluminoxane as exemplified later. The aluminoxane solution may be obtained by simply mixing both compounds, or
by mixing both compounds under heating. The solvent included in the aluminoxane solution may generally be from
0.1 to 50 liters, preferably from 0.2 to 10 liters, and more preferably from 0.3 to 2 liters per 1 gram atom of aluminum
in the aluminoxane.

In the step of contacting the aluminoxane-loaded fine-particle carrier with the solution of the transition metal com-
pound, the transition metal compound may be used in an amount of 0.0005 to 1 gram atom, preferably from 0.001 to
0.1 gram atom, and more preferably from 0.002 to 0.04 gram atom per 1 gram atom of aluminum in the aluminoxane-
loaded carrier.

This step may generally carried out with agitation at a temperature of from -50°C to 200°C, preferably from -20°C
to 100°C, and more preferably from -10°C to 50°C.

The solution of the transition metal compound is prepared at least from the transition metal compound and the
solvent used for dissolving the transition metal compound as exemplified later. The transition metal compound solution
may be obtained by simply mixing both compounds, or by mixing both compounds under heating. The solvent included
in the solution of the transition metal compound may generally be from 1 to 500 liters, preferably from 2 to 200 liters,
and more preferably from 3 to 100 liters per 1 gram atom of the transition metal compound.

(d) An olefin-polymerizing solid catalyst may be prepared by contacting a suspension of the fine-particle carrier
dispersed in the solvent to which the aluminoxane is either insoluble or hardly soluble with the solution of the alumi-
noxane and the group VB transition metal compound to precipitate the aluminoxane and the transition metal compound
onto the fine-particle carrier and form a solid component.

Specifically, the olefin-polymerizing solid catalyst may be prepared by adding the solution of the aluminoxane and
the transition metal to the suspension of the fine-particle carrier dispersed in the solvent to which the aluminoxane is
either insoluble or hardly soluble to precipitate the aluminoxane and the group IVB transition metal compound onto the
fine-particle carrier and produce a fine-particle carrier loaded with the aluminoxane and the transition metal catalyst.
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The aluminoxane and the transition metal compound may also be precipitated by adding the suspension comprising
the fine-particle carrier and the solvent to which the aluminoxane is either insoluble or hardly soluble to the solution of
the aluminoxane and the group |V B transition metal compound. The precipitation of the aluminoxane and/or the tran-
sition metal compound may also be promoted by evaporating off the solvent used for dissolving the aluminoxane and
the transition metal compound from said mixed suspension.

In the suspension comprising the fine-particle carrier and the solvent to which the aluminoxane is either insoluble
or hardly soluble, the amount of the carrier may generally be from 1 to 500 g, preferably from 10 to 200 g, and more
preferably from 20 to 100 g per 1 liter of the solvent. The step of contacting the suspension with the solution of the
aluminoxane and the transition metal compound may generally be carried out with agitation at a temperature of from
-100°C to 300°C, preferably from -50°C to 100°C, and more preferably from -30°C to 50°C. In this step, the amount
of the solution of the aluminoxane and the transition metal compound may generally be in the range of from 1 to 1,000
parts by weight, and preferably from 10 to 100 parts by weight based on 100 parts by weight of the suspension.

The solution of the aluminoxane and the transition metal compound is prepared at least from the aluminoxane,
the transition metal compound and the solvent used for dissolving the aluminoxane as exemplified later. The solution
may be obtained by simply mixing these compounds, or by mixing these compounds under heating. The solvent in-
cluded in the solution may generally be from 0.1 to 50 liters, preferably from 0.2 to 10 liters, and more preferably from
0.3 to 2 liters per 1 gram atom of aluminum in the aluminoxane.

The amount of the transition metal compound in the solution may generally be from 0.0005 to 1 gram atom, pref-
erably from 0.001 to 0.1 gram atom, and more preferably from 0.002 to 0.04 gram atom per 1 gram atom of the aluminum
atom.

The solvents which are capable of dissolving the group IVB transition metal compound include, aromatic hydro-
carbons such as benzene, toluene, ethylbenzene, propylbenzene, butylbenzene, and xylene, and halogen-containing
hydrocarbons such as chlorobenzene and dichloroethane.

The solvents to which the group IVB transition metal compound is either insoluble or hardly soluble include aliphatic
hydrocarbons such as pentane, hexane, decane, dodecane, and kerosin, and alicyclic hydrocarbons such as cyclohex-
ane.

The solvents which are capable of dissolving the aluminoxane include, aromatic hydrocarbons such as benzene,
toluene, ethylbenzene, propylbenzene, butylbenzene, and xylene.

The solvents to which the aluminoxane is either insoluble or hardly soluble include linear and branched aliphatic
hydrocarbons such as pentane, hexane, decane, dodecane and kerosin, and alicyclic hydrocarbons such as cyclohex-
ane, norbornane, and ethylcyclohexane.

The solvent to which the aluminoxane is either insoluble or hardly soluble may preferably have a higher boiling
point than the solvent used for dissolving the aluminoxane.

The solid catalyst component (A') prepared by the processes as set forth above may contain the transition metal
compound in an amount of from 0.5 to 500 mg atoms, preferably from 1 to 200 mg atoms, and more preferably from
310 50 mg atoms calculated as transition metal atom per 100 g of the fine-particle carrier. The catalyst-component (B)
may contain the aluminoxane in an amount of from 5 to 50,000 mg atoms, preferably from 50 to 10,000 mg atoms,
and more preferably from 100 to 4,000 mg atoms calculated as aluminum atom per 100 g of the organic fine-particle
carrier. In the solid catalyst component (A"), the atomic ratio (M/al) of the transition metal to aluminum may be from 1
to 1,000, preferably from 6 to 600, and more preferably from 15 to 300, and the average particle diameter may be from
5 to 200 pm, preferably from 10 to 150 pm, and more preferably from 20 to 100 um.

The polymerization process of the present invention is effective for preparing an olefin polymer, particularly, eth-
ylene polymer and an ethylene-a-olefin copolymer. Examples of the olefins which can be polymerized by the catalyst
of the present invention include o-olefins having 2 to 20 carbon atoms, such as ethylene, propylene, 1-butene, 1-hex-
ene, 4-methyl-1-pentene, 1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene, and 1-eic-
ocene. Among these, the present invention is suitable for polymerizing ethylene, or copolymerizing ethylene with an
a-olefin having 3 to 10 carbon atoms.

In an olefin polymerization according to the present invention, olefins are polymerized by a gas-phase polymeri-
zation or a liquid-phase polymerization such as slurry polymerization. In the slurry polymerization, either an inert hy-
drocarbon or the olefin itself may be used as a solvent.

Illustrative hydrocarbon media are aliphatic hydrocarbons such as butane, isobutane, pentane, hexane, octane,
decane, dodecane, hexadecane, and octadecane; alicyclic hydrocarbons such as cyclopentane, methylcyclopentane,
cyclohexane, and cyclooctane; and petroleum cuts such as kerosine, and gas oil.

The amount of the transition metal compound used in the liquid-phase polymerization including the slurry polym-
erization or the gas-phase polymerization according to the present method may generally be in the range of 108 to
102 gram atoms/liter, and preferably 107 to 103 gram atoms/liter as a concentration of the transition metal atom in
the polymerization system.

The amount of the aluminoxane used in the liquid-phase or gas-phase polymerization according to the present
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invention may generally be up to 6 mg atoms/liter, preferably up to 3 mg atoms/liter, more preferably from 0.01 to 2
mg atoms/liter, and most preferably from 0.02 to 1 mg atom/liter. The ratio of aluminum atoms contained in the alumi-
noxane component (B) to the sum of the aluminum atoms contained in the aluminoxane component (B) and the orga-
noaluminum compound component (C) may generally be from 20 to 95%, and preferably from 40 to 92%. The ratio of
aluminum atoms contained in the the organoaluminum compound component (C) to the sum of the aluminum atoms
contained in the aluminoxane component (B) and the organocaluminum compound component (C) may generally be
from 5 to 80%, and preferably from 8 to 60%. In the process according to the present invention, the ratio of the sum
of the aluminum atoms contained in the aluminoxane component (B) and the organoaluminum compound component
(C) to the transition metal atoms in the reaction system may generally be from 20 to 10,000, preferably from 40 to
5,000, and more preferably from 60 to 2,000.

When the process of the present invention is carried out by a liquid-phase polymerization such as slurry polymer-
ization, the polymerization temperature may generally be in the range of from -50°C to 120°C, and preferably from
0°C to 100°C.

When the process of the present invention is carried out by a gas-phase polymerization, the polymerization tem-
perature may generally be in the range of from 0°C to 120°C, and preferably from 20°C to 100°C.

The olefin polymerization may generally be carried out under a pressure of standard pressure to 100 kg/em?2 (1
kg/cm?2 = 0.981 bar), and preferably from 2 to 50 kg/cm? by a batch method, semi-continuous method, or continuous
method.

Further, the polymerization may be carried out in two or more steps corresponding to different reaction conditions.

When the slurry polymerization or the gas-phase polymerization is employed herein, a preliminary polymerization
of the olefin may preferably be carried out prior to the olefin polymerization under the presence of above-mentioned
catalyst. In the preliminary polymerization, from 1 to 1,000 g, preferably 5 to 500 g, and more preferably from 10 to
200 g of the olefin is polymerized per 1 gram atom of the transition metal component, namely the catalyst component
(A). Examples of the olefins used for the preliminary polymerization besides ethylene include a-olefins having 3 to 20
carbon atoms such as propylene, 1-butene, 4-methyl-1-pentene, 1-hexene, 1-octene, 1-decene, 1-dodecene, 1-tetra-
decene. Ethylene is preferred.

The preliminary polymerization may be carried out at a temperature of from -20°C to 70°C, preferably from -10°C
to 60°C, and more preferably from 0°C to 50°C.

The preliminary polymerization may be carried out either by a batch method or by a continuous method, and either
under an atmospheric pressure or under an elevated pressure.

The preliminary polymerization may be carried out under the presence of a molecular weight modifier such as
hydrogen. The molecular weight modifier may preferably be used in an amount sufficient to prepare a preliminarily
polymerized product having an intrinsic viscosity n| of at least 0.2 dl/g, and preferably from 0.5 to 20 dlI/g.

The preliminary polymerization may be carried out without using any solvent or in an inert hydrocarbon medium,
and preferably in an inert hydrocarbon medium. The inert hydrocarbon medium used in the preliminary polymerization
may be selected from the above-described solvents to which the aluminoxane is either insoluble or hardly soluble.

In the preliminary polymerization, the catalyst concentration within the reaction system may generally be in the
range of from 106 to 1 gram atorliter, and preferably from 104 to 102 gram atom/liter.

[EXAMPLE]
The present invention is hereinafter illustratively described by referring to the examples.
[Preparation of methylaluminoxane]

A 400 ml flask equipped with an agitator was fully purged with nitrogen and charged with 37 g of Al,(SO4)5.14H,0
and 125 ml of toluene, and cooled to 0°C. To this solution, 125 ml toluene solution containing 50 ml trimethylaluminum
was added dropwise in 1 hour. The solution was then gradually heated to 40°C in 2 hours, and reacted at this temper-
ature for 40 hours. After the reaction, solid was removed by filtration, and low-boiling contents were removed from the
filtrate by means of an evaporator. Toluene was added to the remaining viscous solution to obtain the methylaluminox-
ane as a toluene solution.

The molecular weight determined by cryoscopy in benzene was 888. Accordingly, the degree of polymerization of
this aluminoxane was 15.

Example 1

A 1 liter glass reactor fully purged with nitrogen was charged with 350 ml of toluene and 150 ml of 4-methyl-
1-pentene. To the reaction system, 0.38 mmol of diisobutylaluminum methoxide, 0.75 mmol calculated as Al atom of
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the methylaluminoxane in toluene, and 0.0025 mmol calculated as Zr atom of biscyclopentadienylzirconium dichloride
in toluene was respectively added while ethylene was introduced at a rate of 155 Nl/hr. The reaction solution was
adjusted to a temperature of 20°C by means of an ice water. When 5 minutes had passed after the addition of biscy-
clopentadienylzirconium dichloride, about 5 ml of methanol was added to stop the polymerization. The resulting polymer
was thoroughly dried, and the yield was measured to be 14.8 g.

Examples 2-4

The procedure of Example 1 was repeated except for that 0.38 mmol diisobutylaluminum methoxide employed in
Example 1 was replaced by the compounds shown in Table 1. The results are also shown in Table 1.

Comparative Example 1

The procedure of Example 1 was repeated except for that the use of diisobutylaluminum methoxide was omitted.
The results are shown in Table 1.
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Example 5

[Preparation of solid catalyst]

To a 300 ml pressure-reducable reactor equipped with an agitator, 67 ml of toluene solution containing 100 mmol
calculated as aluminum atom of said methylaluminoxane was added, and 100 ml of purified n-decane was then grad-
ually added for about 0.5 hour at room temperature with agitation to precipitate the methylaluminoxane. The reactor
was evacuated to a pressure of 4 torr by means of a vacuum pump while the temperature of the reactor was gradually
elevated to 35°C in about 3 hours to remove toluene within the reactor and further precipitate the methylaluminoxane.
The reaction solution was filtered to remove the liquid-phase portion. The thus obtained solid portion was further sus-
pended in n-decane, to which 5 ml toluene solution containing 0.2 mmol biscyclopentadienylzirconium dichloride was
added. After stirring at room temperature for about 1 hour, the reaction solution was subjected to a filtration to remove
liquid-phase portion and obtain an olefin-polymerizing solid catalyst.

The thus obtained solid catalyst had a Zr content of 0.6% by weight, Al content of 47% by weight, and average
catalyst-particle diameter measured by microscope observation of about 30 pm.

[Preliminary polymerization]

To a 400 ml reactor equipped with an agitator, 100 ml of purified n-decane, 50 mmol of diisobutylaluminum meth-
oxide, and 0.1 mmol calculated as Zr of said solid catalyst was added under nitrogen atmosphere. Ethylene was in-
troduced into the reaction system at a rate of 4 Nl/hr for 1 hour, while the temperature was kept at 20°C. After completing
the ethylene introduction, the reaction system was purged with nitrogen, washed once with purified hexane, and further
suspended in hexane and stored in a catalyst bottle.

[Polymerization]

An autoclave having an internal volume of 2 liters was fully purged with nitrogen and charged with a dispersant of
250 g sodium chloride. The autoclave was evacuated with a vacuum pump to an internal pressure of 50 mmHg or less
at an elevated temperature of 90°C for 2 hours. The autoclave was cooled to a temperature of 75°C, purged with
ethylene, and charged with 0.005 mmol calculated as zirconium atom of the preliminarily treated solid catalyst com-
ponent. The autoclave was sealed and then charged with 50 Nml of hydrogen, and the internal pressure was then
elevated to 8 kg/cm2G with ethylene. The agitation speed was increased to 300 rpm and the polymerization was carried
out at 80°C for 1 hour.

After completing the polymerization, the polymer and the sodium chloride within the autoclave were all taken out
and introduced into about 1 liter of water. After 5 minutes of agitation, substantially all of the sodium chloride dissolved
in water, and only the polymer was floating on the water. The floating polymer was recovered, thoroughly washed with
methanol, and dried overnight at 80°C under reduced pressure. The results are shown in Table 2.

Comparative Example 2

The procedure of Example 5 was repeated except for that diisobutylaluminum methoxide was not employed. The
results are shown in Table 2.

Example 6

The procedure of Example 5 was repeated except for that diisobutylaluminum methoxide was replaced by
isoBu,AIOSiEt; The results are shown in Table 2.

Table 2

Example | Polymerization activity, gPE/mMZr | MFI, dg/min | Apparent bulk density, g/ml

5 21,700 1.1 0.45
6 18,900 2.1 0.45
2* 13,300 6.2 0.45

* comparative example
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Example 7

[Preparation of solid catalyst loaded on a carrier]

To a 300 ml pressure-reducable reactor equipped with an agitator, 67 ml of toluene solution containing 100 mmol
calculated as aluminum atom of said methylaluminoxane and 4 g of powder polyethylene having an average particle
diameter of 35 um (trade name Mipelon®, manufactured by Mitsui Petrochemical Industries Lid.) were added. Reaction
system was kept at room temperature and 100 ml of purified n-decane was gradually added in about 0.5 hour with
agitation to precipitate the methylaluminoxane. The reactor was then evacuated to a pressure of 4 torr by means of a
vacuum pump while the temperature of the reactor was gradually elevated to 45°C in about 3 hours to remove toluene
within the reactor and further precipitate the methylaluminoxane. The reaction solution was filtered to remove the liquid-
phase portion. The thus obtained solid portion was further suspended in n-decane, to which 5 ml toluene solution
containing 0.24 mmol biscyclopentadienylzirconium dichloride was added. After stirring at room temperature for about
1 hour, the reactor was evacuated to about 4 torr for 30 minutes at room temperature to remove toluene. To the sus-
pension, 10 mmol of diisobutylaluminum methoxide was added and stirred for 60 minutes at room temperature. The
reaction solution was cooled to -20°C, and filtered to obtain an olefin-polymerizing solid catalyst.

The thus obtained solid catalyst had a Zr content per 100 g carrier polyethylene of 10 mmol, Al content per 100 g
carrier polyethylene of 2.2 mol, and average catalyst-particle diameter measured by microscope observation of about
40 pm.

[Preliminary polymerization]

To a 400 ml reactor equipped with an agitator, 100 ml of purified n-decane and 0.1 mmol calculated as Zr of said
solid catalyst was added under nitrogen atmosphere. Ethylene was introduced into the reaction system at a rate of 4
NI/hrfor 1 hour, while the temperature was kept at 20°C. After completing the ethylene introduction, the reaction system
was purged with nitrogen, washed once with purified hexane, and further suspended in hexane and stored in a catalyst
bottle.

[Polymerization]

An autoclave having an internal volume of 2 liters was fully purged with nitrogen and charged with a dispersant of
250 g sodium chloride. The autoclave was evacuated with a vacuum pump to an internal pressure of 50 mmHg or less
at an elevated temperature of 90°C for 2 hours. The autoclave was cooled to a temperature of 75°C, purged with
ethylene, and charged with 0.005 mmol calculated as zirconium atom of the preliminarily treated solid catalyst com-
ponent. The autoclave was sealed and then charged with 50 Nml of hydrogen, and the internal pressure was then
elevated to 8 kg/cmZ2G with ethylene. The agitation speed was increased to 300 rpm and the polymerization was carried
out at 80°C for 1 hour.

After completing the polymerization, the polymer and the sodium chloride within the autoclave were all taken out
and introduced into about 1 liter of water. After 5 minutes of agitation, substantially all of the sodium chloride dissolved
in water, and only the polymer was floating on the water. The floating polymer was recovered, thoroughly washed with
methanol, and dried overnight at 80°C under reduced pressure. The resulting polymer had an yield of 103 g, MFI of
1.4 dg/min, and apparent bulk density of 0.45 g/ml.

Comparative Example 3

The procedure of Example 7 was repeated except for that diisobutylaluminum methoxide was not employed. The
results are shown in Table 3.

Example 8

[Preparation of solid catalyst loaded on a carrier]

To a 300 ml pressure-reducable reactor equipped with an agitator, 67 ml of toluene solution containing 100 mmol
calculated as Al atom of said methylaluminoxane and 4 g of powder polyethylene having an average particle diameter
of 35 um (trade name Mipelon®, manufactured by Mitsui Petrochemical Industries Ltd.) were added. Reaction system
was kept at room temperature and 100 ml of purified n-decane was gradually added in about 0.5 hour with agitation
to precipitate the methylaluminoxane. The reactor was then evacuated to a pressure of 4 torr by means of a vacuum
pump while the temperature of the reactor was gradually elevated to 45°C in about 3 hours to remove toluene within
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the reactor and further precipitate the methylaluminoxane. The reaction solution was filtered to remove the liquid-phase
portion. The thus obtained solid portion was further suspended in n-decane, to which 5 ml toluene solution containing
0.24 mmol biscyclopentadienylzirconium dichloride was added. After stirring at room temperature for about 1 hour, the
reactor was evacuated to about 4 torr for 30 minutes at room temperature to remove toluene. The suspension was
filtered to obtain an olefin-polymerizing solid catalyst.

The thus obtained solid catalyst had a Zr content per 100 g carrier polyethylene of 10 mmol, Al content per 100 g
carrier polyethylene of 1.9 mol, and average catalyst-particle diameter measured by microscope observation of about
40 pm.

[Preliminary polymerization]

To a 400 ml reactor equipped with an agitator, 100 ml of purified n-decane, 50 mmol of diisobutylaluminum meth-
oxide, and 0.1 mmol calculated as Zr of said solid catalyst was added under nitrogen atmosphere. Ethylene was in-
troduced into the reaction system at a rate of 4 Nl/hr for 1 hour, while the temperature was kept at 20°C. After completing
the ethylene introduction, the reaction system was purged with nitrogen, washed once with purified hexane, and further
suspended in hexane and stored in a catalyst bottle.

Comparative Example 4

Catalyst preparation and prepolymerisation were carried out as described in Example 8 except that diisobutylalu-
minum was not employed.

Example 9

[Preparation of solid catalyst loaded on a carrier]

To a 300 ml pressure-reducable reactor equipped with an agitator, 67 ml of toluene solution containing 100 mmol
calculated as Al atom of said methylaluminoxane and 2 g of silica which had been calcined at 500°C for 12 hours
(#952, prepared by Devison K.K.) were added. Reaction system was kept at room temperature and 100 ml of purified
n-decane was gradually added in about 0.5 hour with agitation to precipitate the methylaluminoxane. The reactor was
then evacuated to a pressure of 4 torr by means of a vacuum pump while the temperature of the reactor was gradually
elevated to 35°C in about 3 hours to remove toluene within the reactor and further precipitate the methylaluminoxane.
The reaction solution was filtered to remove the liquid-phase portion. The thus obtained solid portion was further sus-
pended in n-decane, to which 5 ml toluene solution containing 0.2 mmol biscyclopentadienylzirconium dichloride was
added. After stirring at room temperature for about 1 hour, liquid-phase portion was removed to obtain an olefin-po-
lymerizing solid catalyst.

The thus obtained solid catalyst had a Zr content per 100 g carrier polyethylene of 7 mmol, Al content per 100 g
carrier polyethylene of 2.4 mol, and average catalyst-particle diameter measured by microscope observation of about
40 pm.

Comparative Example 5

The catalyst was prepared as in Example 9 except that diisobutylaluminum methoxide was not employed.

Table 3

Example | Polymerization activity, gPE/mMZr | MFI,dg/min | Apparent bulk density,. g/ml

7 20,600 1.4 0.45
3 14,300 3.3 0.45

* comparative example

[Preparation of aluminoxane]

A 400 ml flask was fully purged with nitrogen and charged with 37 g of Al,(SO4)s,14H,0 and 125 ml of toluene,
and cooled to 0°C. To this solution, 500 mmol trimethylaluminum diluted with 125 ml toluene solution was added drop-
wise. The solution was then heated to 40°C and allowed to react for 10 hours at this temperature. After the reaction,
solid was removed by filtration, and toluene was further removed from the filtrate to give 13 g of aluminoxane as a
white solid.
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The molecular weight determined by cryoscopy in benzene was 930. Accordingly, the value of m in the catalyst
component (B) was 14.

Example 10

[Preparation of solid catalyst loaded on a carrier]

To a 200 ml flask fully purged with nitrogen, 52 g of silica having average particle diameter of 70 um, specific
surface area of 260 m2/g, and pore volume of 1.65 cm?3/g which had been calcined for 5 hours, 26 ml of toluene solution
of dimethylaluminum monochloride (Al, 1 mol/liter), and 50 ml of toluene were added and heated at 80°C for 2 hours.
Solid portion was separated by filtration to obtain catalyst component. The thus obtained catalyst component was
transferred into 50 ml of toluene, and 43 ml toluene solution of biscyclopentadienylzirconium dichloride (Zr, 0.04 mol/
liter) which is a catalyst component was added thereto. The reaction mixture was heated at 80°C for 1 hour and sub-
jected to afiltration. To the thus obtained solid portion, 19.6 ml toluene solution of aluminoxane (Al, 1.03 mol/iter) and
80 ml of toluene was added and the mixture was agitated for 30 minutes at room temperature. The mixture was further
agitated for 30 minutes at room temperature. Toluene was removed at room temperature by means of an evaporator
to give a solid catalyst having Zr content of 0.08% by weight and Al content of 10% by weight.

The preliminary polymerization was carried out in a similar manner as Example 8 except that the scale of the
preliminary polymerization was reduced to one half of Example 8.

Comparative Example 6

The procedure of Example 10 was repeated except that diisobutylaluminum methoxide was not employed.

Example 11

[Preparation of solid catalyst loaded on a carrier]

A 400 ml pressure-reducable reactor equipped with an agitator was fully purged with nitrogen. In this reactor, 50
ml toluene solution containing 2 mmol aluminoxane was added to a suspension comprising 5 g of silica (#952, man-
ufactured by Devison K.K.) calcined at 800°C for 12 hours and 100 ml of toluene at room temperature. The mixed
solution was heated to 50°C and allowed to react for 2 hours at this temperature. When the reaction had ceased, liquid
portion was removed from the reaction solution by filtration. The solid residue was suspended in 100 ml toluene, and
9.4 ml toluene containing 0.38 mmol biscyclopentadienylzirconium dichloride was added to the suspension at 25°C.
The reaction was allowed to continue at this temperature for 2 hours with agitation. When the reaction had ceased,
liquid portion was removed from the suspension by filtration, and the solid residue was washed twice with toluene to
give the solid catalyst component (A') which had zirconium loading weight of 0.6% by weight. To a 2 g portion of the
thus obtained solid catalyst component (A'), 47 mltoluene solution of aluminoxane (Al, 1.03 mol/liter) and 50 ml toluene
was added and agitation was continued at room temperature for 30 minutes. Toluene was then removed from the
reaction system at room temperature by means of an evaporator to give the aluminoxane-loaded solid component.

Preliminary polymerization was carried out as in Example 8.

Example 12

Preparation of solid catalyst component (A")

A 400 ml pressure-reducable reactor equipped with an agitator was fully purged with nitrogen. In this reactor, a
mixed suspension comprising 3 g of silica (#952, manufactured by Devison K.K.) which had been calcined at 800°C
for 12 hours and 50 ml of trichlorosilane were reacted at 50°C for 2 hours with agitation. When the reaction had ceased,
liquid portion was removed from the reaction solution by filtration. The solid residue was suspended in 50 ml toluene,
and 300 ml toluene containing 15 mmol biscyclopentadienylzirconium dichloride was added to the suspension at 25°C.
The reaction was allowed to continue at 50°C for 2 hours with agitation. When the reaction had ceased, liquid portion
was removed from the suspension by filtration, and the solid residue was washed twice with toluene to give the solid
catalyst component (A') which had zirconium loading weight of 1.2% by weight. To a 1 g portion of the thus obtained
solid catalyst component (A'), 47 ml toluene solution of aluminoxane (Al, 1.03 mol/liter) and 50 ml toluene were added
and agitation was continued at room temperature for 30 minutes. Toluene was then removed from the reaction system
at room temperature by means of an evaporator to give the aluminoxane-loaded solid component.

Preliminary polymerization was carried out as in Example 8.
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Comparative Example 7

The procedure of Example 12 was repeated except that diisobutylaluminum methoxide was not used.

Example 13

The procedure of Example 8 was repeated to prepare a solid catalyst loaded on a carrier except for that the amount
of the methylaluminoxane used was changed from 100 mmol to 30 mmol, and the amount of the diisobutylaluminum
methoxide added during the preliminary polymerization was changed from 50 mmol to 15 mmol. The preliminary po-
lymerization was also carried out in a similar manner as Example 8.

Comparative Example 8

The procedure of Example 13 was repeated except that diisobutylaluminum methoxide was not used.

Example 14

The procedure of Example 13 was repeated except that diisobutylaluminum methoxide was replaced with (iso-
Bu),Al-O-SiEty.

Comparative Example 9

The procedure of Example 14 was repeated except that (isoBu),Al-O-SiEt; was not used.

The first embodiment of the present invention is directed to a novel catalyst and a process for polymerizing an
olefin by using such a catalyst, which enables a production of a homopolymer having a narrow molecular-weight dis-
tribution as well as a copolymer having a narrow composition distribution at a high polymerization activity, even when
the amount of aluminoxane included in the catalyst is significantly reduced, by making use of synergic effects of alu-
minoxane and organoaluminum compound.

By utilizing the catalyst and the process for polymerizing the olefin by using such a catalyst according to the second
embodiment of the present invention, a production of a polymer and copolymer has been enabled which has a high
bulk density and uniform particle size with little powdery product as well as the above-described advantages.

Claims

1. Aprocess for polymerizing an olefin wherein the olefin is polymerized or copolymerized in the presence of a catalyst
prepared from

(A) atransition-metal compound containing one transition metal atom per molecule, said transition metal being
selected from group VB of the periodic table,

(B) an aluminoxane, and
(C) an organoaluminum compound represented by the general formula [I] or [lI]:

R'_AIOR%),, 0l

R® AIOSIR®,),, [

wherein R!, R2 and R® are hydrocarbon radicals, R* is selected from hydrocarbon, alkoxy, and aryloxy radicals,
and m and n are positive numbers of 0<m<3 and 0O<n<3.

2. The process according to claim 1 wherein said group |1VB transition-metal compound (A) is at least one compound
selected from zirconium, titanium and hafnium compounds having a ligand including conjugated © electrons.

3. A catalyst as defined in claim 1 or 2.
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4. Aprocess for polymerizing an olefin wherein the olefin is polymerized or copolymerized in the presence of a catalyst

prepared from
(A') a transition-metal compound containing one transition metal atom per molecule loaded on a fine-particle
carrier, said transition metal being selected from group VB of the periodic table,

(B) an aluminoxane, and
(C) an organoaluminum compound represented by the general formula [I] or [lI]:

R'_AIOR%),, 0l

R® AIOSIR®,),, [l

wherein R!, R2 and R® are hydrocarbon radicals, R* is selected from hydrocarbon, alkoxy, and aryloxy radicals,
and m and n are positive numbers of 0<m<3 and 0O<n<3.

The process according to claim 4 wherein said fine-particle carrier is subjected to a preliminary contact treatment
prior to the loading of the group |VB transition-metal compound.

The process according to claim 4, wherein said group IVB transition-metal compound is at least one compound
selected from zirconium, titanium and hafnium compounds having a ligand including conjugated © electrons.

A catalyst as defined in claim 4, 5 or 6.

Patentanspriiche

Verfahren zum Polymerisieren eines Olefins, wobei das Olefin polymerisiert oder copolymerisiert wird in Gegenwart
eines Katalysators, hergestellt aus

(A) einer Ubergangsmetallverbindung, enthaltend ein Ubergangsmetallatom pro Molekil, wobei das Uber-
gangsmetall ausgewahlt ist aus der Gruppe |VB des Periodensystems,

(B) einem Aluminoxan und
(C) einer Organoaluminiumverbindung, angegeben durch die allgemeine Formel [I] oder [II]:

R'_AIOR%),, 0l

R® AIOSIR®,),, [l

wobei R', R2 und R3 Kohlenwasserstoffreste sind, R* ausgewahlt ist aus Kohlenwasserstoff-, Alkoxy- und
Aryloxyresten und m und n positive Zahlen von 0<m<3 und 0<n<3 sind.

Verfahren nach Anspruch 1, wobei die Ubergangsmetallverbindung der Gruppe VB (A) mindestens eine Verbin-
dung ist, ausgewéhlt aus Zirkonium-, Titan- und Hafniumverbindungen mit einem Liganden, der konjugierte n-
Elektronen umfaft.

Katalysator wie in Anspruch 1 oder 2 definiert.

Verfahren zum Polymerisieren eines Olefins, wobei das Olefin polymerisiert oder copolymerisiert wird in Gegenwart
eines Katalysators, hergestellt aus

(A") einer Ubergangsmetallverbindung, enthaltend ein Ubergangsmetallatom pro Molekill auf einem feinteili-

gen Trager, wobei das Ubergangsmetall ausgewahlt ist aus der Gruppe VB des Periodensystems,
(B) einem Aluminoxan und
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(C) einer Organoaluminiumverbindung, angegeben durch die allgemeine Formel [I] oder [II]:

R'_AIOR%),, 0l

R® AIOSIR®,),, [l

wobei R, R2 und R® Kohlenwasserstoffreste sind, R* ausgewahlt ist aus Kohlenwasserstoff-, Alkoxy- und
Aryloxyresten und m und n positive Zahlen von 0<m<3 und 0<n<3 sind.

5. Verfahrennach Anspruch 4, wobei der feinteilige Trager einer Kontaktvorbehandlung unterworfen worden ist, bevor
die Ubergangsmetallverbindung der Gruppe IVB aufgebracht wird.

6. Verfahren nach Anspruch 4, wobei die Ubergangsmetallverbindung der Gruppe 1VB mindestens eine Verbindung
ist, ausgewahlt aus Zirkonium-, Titan- und Hafniumverbindungen mit einem Liganden, der konjugierte n-Elektronen
umfaft.

7. Katalysator wie in Anspruch 4, 5 oder 6 definiert.

Revendications

1. Procédé pour polymériser une oléfine, dans lequel on polymérise ou copolymérise I'oléfine en présence d'un ca-
talyseur préparé a partir de :

(A) un composé de métal de transition contenant un atome de métal de transition par molécule, ledit métal
de transition étant choisi dans le Groupe VB du Tableau Périodique,

(B) un aluminoxane, et

(C) un composé organoaluminique répondant a la formule générale [I] ou [I1]:

1

R'  AOR?), [1

R® AIOSIR®,),, [l

dans lesquelles R, R2, et R3 représentent des radicaux hydrocarbonés, R* est choisi parmi les radicaux
hydrocarbonés, alcoxy et aryloxy, et m et n sont des nombres positifs tels que 0<m<3 et O<n<3.

2. Procédé conforme a la revendication 1, dans lequel ledit composé (A) de métal de transition qui appartient au
Groupe |VB est au moins un composé choisi parmi les composés de zirconium, de titane et d'hafnium ayant un
ligand qui comprend des électrons ©t conjugués.

3. Catalyseur tel que défini dans la revendication 1 ou 2.

4. Procédé pour polymériser une oléfine, dans lequel on polymérise ou copolymérise I'oléfine en présence d'un ca-
talyseur préparé a partir de :

(A') un composé de métal de transition contenant un atome de métal de transition par molécule fixé sur un
support & particules fines, ledit métal de transition étant choisi dans le Groupe IVB du Tableau Périodique,

(B) un aluminoxane, et
(C) un composé organoaluminique répondant a la formule générale [I] ou [I1]:

R'_AIOR%),, 0l
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dans lesquelles R, R2 et R3 représentent des radicaux hydrocarbonés, R4 est choisi parmi les radicaux hy-
drocarbonés, alcoxy et aryloxy, et m et n sont des nombres positifs tels que 0<m<3 et O<n<3.

Procédé conforme a la revendication 4, dans lequel ledit support a particules fines est soumis & un traitement de
contact préliminaire avant la fixation du composé de métal de transition qui appartient au Groupe IVB.

Procédé conforme & la revendication 4, dans lequel ledit composé de métal de transition qui appartient au Groupe
IVB est au moins un composé choisi parmi les composés de zirconium, de titane et d‘hafnium ayant un ligand qui

comprend des électrons © conjugués.

Catalyseur tel que défini dans la revendication 4, 5 ou 6.
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