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Description

The present invention relates to an olefin polymer-
ization catalyst and a process for olefin polymerization.
More particularly, the invention relates to a Ziegler cat-
alyst for olefin polymerization which contains no orga-
noaluminium oxy-compound and to a process for olefin
polymerization using the catalyst.

Known in the prior art are a titanium-type catalyst
comprising a titanium compound and an organoalumin-
ium compound and a vanadium-type catalyst compris-
ing a vanadium compound and an organoaluminium
compound, for use in the production of an olefin (co)
polymer, including ethylene homopolymer and ethylene/
a-olefin copolymers.

Further, a Ziegler catalyst for olefin polymerization
comprising a zirconium compound and an organoalu-
minium oxy-compound (aluminoxane) is also known as
a catalyst which can be used for producing an olefin (co)
polymer with a high polymerization activity. A process
for preparing an ethylene/a-olefin copolymer using such
catalyst is proposed in, for example, Japanese Patent
Laid-Open Publications No. 19309/1983, No.
35005/1985, No. 35006/1985, No. 35007/1985 and No.
35008/1985. Moreover, a process for polymerizing an
olefin using a catalyst formed from a mixture of a zirco-
nium compound and an organoaluminium compound
consisting of aluminoxane and an organoaluminium
compound is proposed in Japanese Patent Laid-Open
Publications No. 260602/1985 and No. 130604/1985.

Using a catalyst comprising the zirconium com-
pound and the organoaluminium oxy-compound, olefins
can be polymerized with a high polymerization activity.
However, there is a problem in the case of using the or-
ganoaluminium oxy-compound. This compound is gen-
erally prepared by reacting an organoaluminium com-
pound with water. This reaction process is complicated,
and hence this compound is expensive and, therefore,
the cost for preparing an olefin (co)polymer also be-
comes high.

On this account, there is now eagerly desired an
olefin polymerization catalyst which comprises a zirco-
nium compound and an organometallic compound other
than the organoaluminium oxy-compound and which
not only has excellent olefin polymerization activity but
also excellent economic efficiency. Further, the advent
of a process for polymerizing an olefin using such a cat-
alyst is also desired.

A catalyst for olefin polymerization comprising a
transition metal compound, a Lewis acid and an orga-
noaluminium compound is proposed in Japanese Pat-
ent Laid-Open Publication No. 179005/1991.

EP-A-511,665 discloses a catalyst which consists
essentially of a product obtained by contacting (A) a
metallocene-type transition metal compound, (B) a clay,
clay mineral, ion exchanging layered compound, dia-
tomaceous earth, silicate or zeolite, and (C) an organic
aluminium compound.
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EP-A-478,913 discloses an ionic polymerization
catalyst including a bis(cyclopentadienyl) compound of
a Group IVB metal and a stabilising anion comprising a
plurality of boron atoms.

EP-A-416,928 discloses a catalyst comprising a
solid carrier, and, on its surface, monocyclopentadienyl
titanium trichloride, a magnesium compound and an
electron donor.

EP-A-436,328 discloses a catalyst comprising (a) a
titanium compound free of a ligand consisting of hydro-
carbon residues, (b) a titanium, zirconium or hafnium
compound having a cyclopentadiene ligand, and (c) an
organic aluminium compound.

The present invention provides an olefin polymeri-
zation catalyst comprising:

(A) a compound of a transition metal in Group VB
of the periodic table, which contains a ligand having
a cyclopentadienyl skeleton;

(B) an organoaluminium compound; and

(C) a solid Broensted acid selected from a cation-
exchange resin and a heteropolyacid.

The present invention also provides a process for
olefin polymerization comprising polymerizing an olefin
in the presence of an olefin polymerization catalyst as
defined above.

The olefin polymerization catalyst and the process
for olefin polymerization according to the invention have
excellent olefin polymerization activity and excellent
economic efficiency.

Fig. 1 is an explanatory view of a process for pre-
paring an olefin polymerization catalyst according to the
present invention.

The meaning of the term "polymerization" used
herein is not limited to "homopolymerization" but in-
cludes "copolymerization". Also, the meaning of the
term "polymer" used herein is not limited to "homopoly-
mer" but includes "copolymer”.

Fig. 1 shows the steps of a process for preparing
the olefin polymerization catalyst according to the
present invention.

The compound (A) of a transition metal in Group
IVB of the periodic table which contains a ligand having
a cyclopentadienyl skeleton (hereinafter sometimes re-
ferred to as "component (A)") can, for example, be a
compound of formula (1):

ML, ()

wherein M is a transition metal in Group IVB of the pe-
riodic table; L is a ligand coordinating to the transition
metal; at least one L is a ligand having a cyclopentadi-
enyl skeleton; L other than the ligand having a cyclopen-
tadienyl skeleton is a hydrocarbon group of 1 to 12 car-
bon atoms, an alkoxy group, an aryloxy group, a tri-
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alkylsilyl group, SO3R (wherein R is a hydrocarbon
group of 1 to 8 carbon atoms which may have a substit-
uent such as halogen), a halogen atom or hydrogen at-
om; and x is the valence of the transition metal.

M is preferably zirconium, titanium or hafnium, most
preferably zirconium.

Examples of the ligand having a cyclopentadienyl
skeleton include a cyclopentadienyl group; an alkyl-sub-
stituted cyclopentadienyl group, such as a methylcy-
clopentadienyl group, a dimethylcyclopentadienyl
group, a trimethylcyclopentadienyl group, a tetrameth-
ylcyclopentadienyl group, a pentamethylcyclopentadi-
enyl group, an ethylcyclopentadienyl group, a methyl-
ethylcyclopentadienyl group, a propylcyclopentadienyl
group, a methylpropylcyclopentadienyl group, a butyl-
cyclopentadienyl group, a methylbutylcyclopentadienyl
group and a hexylcyclopentadienyl group; an indenyl
group; a 4,5,6,7-tetrahydroindenyl group; and a fluore-
nyl group. These groups may be substituted with, for ex-
ample, a halogen atom or a trialkylsilyl group.

Aparticularly preferred ligand is an alkyl-substituted
cyclopentadienyl group.

When the compound of formula (1) contains at least
two groups each having a cyclopentadienyl skeleton,
any two of them may be bonded to each other through
an alkylene group such as ethylene and propylene, a
substituted alkylene group such as isopropylidene and
diphenylmethylene, a silylene group, or a substituted si-
lylene group such as dimethylsilylene, diphenylsilylene
and methylphenylsilylene.

Examples of the ligand L other than those having a
cyclopentadienyl skeleton are as follows:

The hydrocarbon group having 1 to 12 carbon at-
oms includes, for example, an alkyl group, a cycloalkyl
group, an aryl group and an aralkyl group.

Examples of the alkyl group include methyl, ethyl,
propyl, isopropyl and butyl.

Examples of the cycloalkyl group include cy-
clopentyl and cyclohexyl.

Examples of the aryl group include phenyl and tolyl.

Examples of the aralkyl group include benzyl and
neophyl.

The alkoxy group includes, for example, methoxy,
ethoxy and butoxy.

The aryloxy group includes, for example, phenoxy.

The halogen includes, for example, fluorine, chlo-
rine, bromine and iodine.

The ligand represented by SO4R includes, for ex-
ample, a p-toluenesulfonate group, a methanesulfonate
group and a trifluoromethanesulfonate group.

In case that, for example, the transition metal has
a valence of 4, the transition metal compound (A) con-
taining a ligand having a cyclopentadienyl group is more
concretely of formula (I):

1 .2 .3 _4 ,
RaRbRCRdM ("
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wherein M is the same transition metal as that in the
formula (1); R! is a group (ligand) having a cyclopenta-
dienyl skeleton; R2, R3and R4 are each a group (ligand)
having a cyclopentadienyl skeleton, an alkyl group, a cy-
cloalkyl group, an aryl group, an aralky! group, an alkoxy
group, an aryloxy group, a trialkylsilyl group, SO;R, a
halogen atom or hydrogen atom; a is an integer of not
lessthan1;anda+b +c+d=4.

In the invention, the preferred transition metal com-
pound is a metallocene compound of formula (I') where-
in at least two of R, R2, R3 and R4, for example R and
R2, are groups (ligands) each having a cyclopentadieny!
skeleton.

The at least two groups each having a cyclopenta-
dienyl skeleton (for example R! and R2) may be bonded
to each other through an alkylene group such as ethyl-
ene and propylene, a substituted alkylene group such
as isopropylidene and diphenylmethylene, a silylene
group, or a substituted silylene group such as dimethyl-
silylene, diphenylsilylene and methylphenylsilylene.

The other groups (for example R® and R#) are each
a group having a cyclopentadienyl group, an alkyl group,
a cycloalkyl group, an aryl group, an aralkyl group, an
alkoxy group, an aryloxy group, a trialkylsilyl group,
SO3R, a halogen atom or hydrogen atom.

Examples of the transition metal compound con-
taining zirconium as M are:

Bis(indenyl)zirconium dichloride,
Bis(indenyl)zirconium dibromide,
Bis(indenyl)zirconiumbis(p-toluenesulfonate),
Bis(4,5,6,7-tetrahydroindenyl)zirconium dichloride,
Bis(fluorenyl)zirconium dichloride,
Ethylenebis(indenyl)zirconium dichloride,
Ethylenebis(indenyl)zirconium dibromide,
Ethylenebis(indenyl)dimethylzirconium,
Ethylenebis(indenyl)diphenylzirconium,
Ethylenebis(indenyl)methylzirconium  monochlo-
ride,
Ethylenebis(indenyl)zirconiumbis(methanesul-
fonate),
Ethylenebis(indenyl)zirconiumbis(p-toluenesul-
fonate),
Ethylenebis(indenyl)zirconiumbis(trifluorometh-
anesulfonate),
Ethylenebis(4,5,6,7-tetrahydroindenyl)zirconium
dichloride,
Isopropylidene(cyclopentadienyl-fluorenyl)zirconi-
um dichloride,
Isopropylidene(cyclopentadienylmethylcy-
clopentadienyl)zirconium dichloride,
Dimethylsilylenebis(cyclopentadienyl)zirconium
dichloride,
Dimethylsilylenebis(methylcyclopentadienyl)zirco-
nium dichloride,
Dimethylsilylenebis(dimethylcyclopentadienyl)zir-
conium dichloride,
Dimethylsilylenebis(trimethylcyclopentadienyl)zir-

,-\,-\,_\,_\
= = —
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coniu m dichloride,
Dimethylsilylenebis(indenyl)zirconium dichloride,
Dimethylsilylenebis(indenyl)zirconiumbis (trif-
luromethanesulfonate),
Dimethylsilylenebis(4,5,6,7-tetrahydroindenyl)zir-
conium dichloride,
Dimethylsilylene(cyclopentadienyl-fluorenyl)zirco-
nium dichloride,
Diphenylsilylenebis(indenyl)zirconium dichloride,
Methylphenylsilylenebis(indenyl)zirconium dichlo-
ride,

Bis(cyclopentadienyl)zirconium dichloride,
Bis(cyclopentadienyl)zirconium dibromide,
Bis(cyclopentadienyl)methylzirconium monochlo-
ride,

Bis (cyclopentadienyl) ethylzirconium monochlo-
ride,

Bis (cyclopentadienyl) cyclohexylzirconium mono-
chloride,

Bis (cyclopentadienyl) phenylzirconium monochlo-
ride,

Bis (cyclopentadienyl) benzylzirconium monochlo-
ride,

Bis (cyclopentadienyl)
monohydride,

Bis (cyclopentadienyl) methylzirconium monohy-
dride,

Bis(cyclopentadienyl)dimethylzirconium,
Bis(cyclopentadienyl)diphenylzirconium,
Bis(cyclopentadienyl)dibenzylzirconium,

Bis (cyclopentadienyl) zirconium methoxychloride,
Bis(cyclopentadienyl)zirconium ethoxychloride,
Bis(cyclopentadienyl)zirconiumbis(methanesul-
fonate),
Bis(cyclopentadienyl)zirconiumbis(p-toluenesul-
fonate),
Bis(cyclopentadienyl)zirconiumbis(trifluorometh-
anesulfonate),
Bis(methylcyclopentadienyl)zirconium dichloride,
Bis(dimethylcyclopentadienyl)zirconium dichloride,
Bis(dimethylcyclopentadienyl)zirconium  ethoxy-
chloride,
Bis(dimethylcyclopentadienyl)zirconiumbis(trifluor-
omethanesulfonate),
Bis(ethylcyclopentadienyl)zirconium dichloride,
Bis(methylethylcyclopentadienyl)zirconium dichlo-
ride,

Bis(propylcyclopentadienyl)zirconium dichloride,
Bis(methylpropylcyclopentadienyl)zirconium
dichloride,

Bis(butylcyclopentadienyl)zirconium dichloride,
Bis(methylbutylcyclopentadienyl)zirconium dichlo-
ride,

Bis(methylbutylcyclopentadienyl)zirconiumbis
(methanesulfonate),
Bis(trimethylcyclopentadienyl)zirconium dichloride,
Bis(tetramethylcyclopentadienyl)zirconium dichlo-
ride,

zirconium monochloride
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Bis(pentamethylcyclopentadienyl)zirconium
dichloride,
Bis(hexylcyclopentadienyl)zirconium
and
Bis(trimethylsilylcyclopentadienyl)zirconium
dichloride.

dichloride,

In the above examples, the di-substituted cyclopen-
tadienyl ring includes 1,2- and 1,3-substituted rings and
the tri-substituted cyclopentadienyl ring includes 1,2,3-
and 1,2,4-substituted rings. The alkyl group such as pro-
pyland butylincludes isomers thereof such as n-, i-, sec-
and tert-alkyl groups.

In the present invention, compounds in which tita-
nium or hafnium is substituted for zirconium in the
above-exemplified zirconium compounds may be used
as the transition metal compound (A).

The above-mentioned compounds may be used
alone or in combination. Before use, they may be diluted
with a hydrocarbon or a halogenated hydrocarbon.

In the present invention, a preferred transition metal
compound (A) is a zirconocene compound having zirco-
nium as the central metal atom and containing at least
two ligands each having a cyclopentadienyl skeleton.

In the present invention, employable as the orga-
noaluminium compound (B) (hereinafter sometimes re-
ferred to as "component (B)") is, for example, an orga-
noaluminium compound of formula (I1) :

a
R* Ay, (11

wherein R2 is a hydrocarbon group of 1 to 12 carbon
atoms, X is a halogen atom or hydrogen atom, and n is
110 3.

The hydrocarbon group of 1to 12 carbon atoms in-
cludes, for example, an alkyl group, a cycloalkyl group
and an aryl group. Examples of such groups include me-
thyl, ethyl, n-propyl, isopropyl, isobutyl, pentyl, hexyl,
octyl, cyclopentyl, cyclohexyl, phenyl and tolyl group.
Examples of the organoaluminium compound are:

trialkylaluminiums such as trimethylaluminium, tri-
ethylaluminium, triisopropylaluminium, triisobutyla-
luminium, trioctylaluminium and tri-2-ethylhexylalu-
minium;

alkenylaluminiums such as isoprenylaluminium;
dialkylaluminium halides such as dimethylalumini-
um chloride, diethylaluminium chloride, diisopropy-
laluminium chloride, diisobutylaluminium chloride
and dimethylaluminium bromide;

alkylaluminium sesquihalide such as methylalumin-
ium sesquichloride, ethylaluminium sesquichloride,
isopropylaluminium sesquichloride, butylaluminium
sesquichloride and ethylaluminium sesquibromide;
alkylaluminium dihalides such as methylaluminium
dichloride, ethylaluminium dichloride, isopropylalu-
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minium dichloride and ethylaluminium dibromide;
and

alkylaluminium hydrides such as diethylaluminium
hydride and diisobutylaluminium hydride.

Also employable as the organoaluminium com-
pound (B) is a compound of formula (II'):

a 1
R* AlY, (I

wherein R2 is the same as Ra in formula (Il); nis 1 or 2;
and Y is a -ORP, -OSiRe,, -OAIRY,, -NRe,, -SiRf, or -N
(R9)AIRN, group;

Rb, Re, RY and Rh are each an alkyl group such
as methyl, ethyl, isopropyl, isobutyl, cyclohexyl and phe-
nyl groups; Re is hydrogen or a group such as methyl,
ethyl, isopropyl, phenyl and trimethylsilyl groups; and Rf
and R9 are each an alkyl group such as methyl and ethyl
groups.

Examples of such organoaluminium compounds
are:

(i) compounds of formula R2 Al(ORb), . such as
dimethylaluminium methoxide, diethylaluminium
ethoxide and diisobutylaluminium methoxide;

(ii) compounds of formula R2,Al(OSiR®,), , such as
Et,Al(OSiMey), (iso-Bu),Al(OSiMe;) and (iso-
Bu),AI(OSiEty);

(iii) compounds of formula R2, Al(OAIRY,),.,, such
as Et,AIOAIEt, and (iso-Bu),AlOAl(iso-Bu)s;

(iv) compounds of formula R2nAl(NR¢®,),_, such as
MesAINEt,, Et,AINHMe, MesAINHEL, Et,AIN
(Meg3Si), and (iso-Bu),AIN(MesSi),;

(v) compounds of formula Ra Al(SiRf,),., such as
(iso-Bu),AlSiMe,; and

(vi) compounds of formula Ra, AIIN(R9)-AIRN,],_,
such as Et,AIN(Me)-AlEt, and (iso-Bu),AIN(Et)Al
(iso-Bu)s.

Further, also employable as the organoaluminium
compound (B) is an alkyl complex compound composed
of a metal of Group | of the periodic table and aluminium
of formula:

M'AIR,

wherein M1 is an alkaline metal such as Li, Na and K,
and Ri is a hydrocarbon group of 1 to 15 carbon atoms.

Examples of the alkyl complex compound include
LiAI(CoH5), and LiAI(C7H5)4-

Of the organoaluminium compounds exemplified
above, preferably used are trialkylaluminium, dialkyla-
luminium halide, dialkylaluminium hydride and dialkyla-
luminium alkoxide.

The organoaluminium compounds may be used
alone or in combination.
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The Brénsted acid (C1) (hereinafter sometimes re-
ferred to as "component (C1)") used in the present in-
vention is a cation-exchange resin or a heteropolyacid.

The cation-exchange resin is preferably a polysty-
rene type strongly acidic cation-exchange resin.

Examples of the polystyrene type cation-exchange
resin include a polystyrene type strongly acidic cation-
exchange resin such as Amberlyst 15 and Amberlyst 16
(both trade name) and an ultra-strongly acidic cation-
exchange resin such as Nafion-H (trade name).

Commercially available solid acids may be used per
se, but they may be pulverized before use because the
particle diameter of the solid acid is preferably as small
as possible. The particle diameter of the solid acid is
preferably not more than 5 mm, more preferably not
more than 2 mm.

Examples of the heteropolyacid include metallic
salts or ammonium salts of molybdophosphoric acid,
molybdotungstic acid, tungstophosphoric acid, molyb-
dosilicic acid and tungstosilicic acid. Examples of metals
for forming the metallic salts include potassium, rubid-
ium, cesium and thallium. Of these, cesium is particu-
larly preferred.

Examples of such compounds include cesium
12-molybdophosphate, potassium 12-molybdophos-
phate, rubidium 12-molybdophosphate, thallium 12-mo-
lybdophosphate and ammonium 12-molybdophos-
phate.

The olefin polymerization catalyst according to the
present invention is formed by contacting the transition
metal compound (A), the organoaluminium compound
(B) and the Br¢nsted acid (C1) with each other.

The contact of these catalyst components (A), (B)
and (C1) may be carried out in any order, but it is pre-
ferred that the organoaluminium compound (B) is first
fed to the polymerization system, and the transition met-
al compound (A) and the Bronsted acid (C1) are then
fed to the polymerization system to contact these three
components with each other.

It is also possible that the Br¢nsted acid (C1) and
the organoaluminium compound (B) are first mixed to
contact them with each other, followed by contacting
with the transition metal compound (A).

When the cation-exchange material is used as the
Bronsted. acid (C1), the cation-exchange material may
be washed, for example with the organocalumium com-
pound, prior to the contact.

The temperature for contacting the components
(A), (B) and (C1) is generally from -50 to 200 °C, pref-
erably from -20to 150 °C, and the period of time therefor
is generally from 1 to 3,000 minutes, preferably from 5
to 1,200 minutes.

The olefin polymerization catalyst according to the
present invention described hereinbefore may contain
other components which are useful for olefin polymeri-
zation in addition to the above-described components.

Use of the olefin polymerization catalysts according
to the present invention makes it possible to polymerize
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an olefin with a high polymerization activity.

In the process for olefin polymerization according
to the present invention, an olefin is polymerized in the
presence of the above-described olefin polymerization
catalyst.

Examples of olefins employable in the polymeriza-
tion includes a-olefins having 2 to 20 carbon atoms such
as ethylene, propylene, 1-butene, 1-pentene, 1-hexene,
4-methyl-1-pentene, 1-octene, 1-decene, 1-dodecene,
1-tetradecene, 1-hexadecene, 1-octadecene and 1-ei-
cosene.

Also employable are, for example, cyclopentene,
cycloheptene, norbornene, 5-methyl-2-norbornene, tet-
racyclododecene, 2-methyl-1,4,5,8-dimethano-
1,2,3,4,4a,5,8,8a-octahydronaphthalene, styrene, vi-
nylcyclohexane and diene.

Component (A) is used in the polymerization in an
amount of usually 0.00001 to 10.0 mmol, preferably
0.0001 to 0.1 mmol, in terms of the transition metal atom
contained in the transition metal compound (A), per 1
liter of the polymerization volume.

The organoaluminium compound (B) is used in an
amount of usually 0.008 to 800 mmol, preferably 0.008
to 8 mmol, in terms of the aluminium atom contained in
the organoaluminium compound (B), per 1 liter of the
polymerization volume.

The cation-exchange material (C1) used in an
amount of usually 0.0001 to 1,000 mmol equivalent,
preferably 0.001 to 10 mmol equivalent, in terms of ion-
exchange equivalent.

In the polymerization, the organoaluminium com-
pound (B) is used in such an amount that the gram atom
ratio (A1:transition metal) of the aluminium atom con-
tained in the compound (B) to the transition metal con-
tained in the transition metal compound (A) is in the
range of usually 0.5:1 to 10,000:1, preferably 2:1 to
1,000:1. When the Brénsted acid (C1) is an cation-ex-
change material, the cation-exchange material is used
in such an amount that the ratio (eq:transition metal) of
the ion exchange equivalent of the compound (C1) to
the transition metal gram atom contained in the transi-
tion metal compound (A) is in the range of usually 0.5:
1 to0 1,000:1, preferably 1:1 to 100:1.

In the present invention, the polymerization may be
a liquid phase polymerization such as suspension po-
lymerization or a gas phase polymerization.

When the polymerization is a liquid phase polymer-
ization, hydrocarbons may be used as a polymerization
solvent. Examples of the hydrocarbons include:

aliphatic hydrocarbons such as propane, butane,
pentane, hexane, heptane, octane, decane, do-
decane and kerosene;

alicyclic hydrocarbon such as cyclopentane, cy-
clohexane and methylcyclopentane;

aromatic hydrocarbons such as benzene, toluene
and xylene; and

halogenated hydrocarbons such as ethylene chlo-
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ride, chlorobenzene and dichloromethane. These
hydrocarbons may be used singly or in combina-
tion. Further, the olefin itself may be used as a sol-
vent.

The temperature for the olefin polymerization is
usually -50 to 150 °C, preferably 0 to 100 °C. The po-
lymerization pressure is usually atmospheric pressure
to 100 kg/cm2, preferably atmospheric pressure to 50
kg/cm2,

The polymerization may be carried out either batch-
wise, semi-continuously or continuously. Further, the
polymerization may be carried out in two or more steps
having reaction conditions different from each other.

The molecular weight of the olefin polymer obtained
can be regulated by allowing hydrogen to exist in the
polymerization system or by changing the polymeriza-
tion temperature.

The aforementioned catalyst components may be
prepolymerized with an olefin.

By the use of the olefin polymerization catalyst ac-
cording to the present invention, an olefin can be polym-
erized with a high polymerization activity even if no or-
ganoaluminium oxy-compound is used. Further, the ole-
fin polymerization catalyst according to the present in-
vention is available at a low cost because an expensive
organoaluminium oxy-compound is not used.

In the process for olefin polymerization according
to the present invention, an olefin polymer can be pre-
paredin a high yield and economically because an olefin
is polymerized in the presence of the above-mentioned
catalyst.

EXAMPLES

The present invention will now be further described
in the following Examples.

Example 1

A glass polymerizer thoroughly purged with nitro-
gen was charged with 1,000 ml of purified toluene. The
polymerizer was warmed to 75 °C, and ethylene was
introduced into the polymerizer to sufficiently saturate
the toluene with ethylene. Thereafter, to the polymerizer
were successively added 0.75 mmol (in terms of alumin-
ium atom) of triisobutylaluminium as a toluene solution,
0.005 mmol (in terms of zirconium atom) of ethylenebis
(indenyl)zirconium dichloride as a toluene solution and
62.5 mg [0.05 mmol equivalent in terms of -SO,OH
group] of an ultra-strongly acidic ion-exchange resin
(trade name: Nafion-H), to initiate polymerization. After
20 minutes, a small amount of isobutyl alcohol was add-
ed to terminate the polymerization. Then, all of the pol-
ymer was precipitated by the use of a large amount of
methanol, followed by the addition of a small amount of
hydrochloric acid. The resultant mixture was filtered with
a glass filter to collect the polymer and the polymer was
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washed with methanol.
The polymer was dried at 80 °C for 10 hours under
reduced pressure, to obtain 12.95 g of polyethylene.
The polyethylene thus obtained had an intrinsic vis-
cosity [n], as measured indecalinat 135°C, of 1.84dl/g.

Comparative Example 1

The procedure of Example 1 was repeated except
for not using the ultra-strongly acidic ion-exchange resin
(Nafion-H), to perform polymerization. As a result, 5.85
g of polyethylene was obtained.

The polyethylene thus obtained had an intrinsic vis-
cosity [n] of 1.71 dl/g.

Example 2

The procedure of Example 1 was repeated except
for using 11.3 mg [0.05 mmol equivalent in terms of
-SO,0H group] of a cation-exchange resin (trade name:
Amberlist 15E) in place of the ultra-strongly acidic ion-
exchange resin (Nafion-H) and using 0.4 mmol (in terms
of aluminium atom) of the toluene solution of triisobuty-
laluminium, to perform polymerization. 11.9 g of polyeth-
ylene was obtained.

Example 3

A glass polymerizer thoroughly purged with nitro-
gen was charged with 1,000 ml of purified toluene. The
polymerizer was warmed to 75 °C, and ethylene was
introduced into the polymerizer to sufficiently saturate
the toluene with ethylene.

Separately, to a 20 ml Schrenk bottle were added
22.5 mg [0.1 mmol equivalent in terms of -SO,OH
group] of a cation-exchange resin (trade name: Amber-
list 15E) and 5.0 ml of toluene, and then further added
0.2 mmol (in terms of aluminum atom) of a toluene so-
lution of triisobutylaluminium. The resultant mixture was
stirred at room temperature for 10 minutes.

Then, to the above polymerizer were successively
added 0.2 mmol (in terms of aluminum atom) of tri-
isobutylaluminium and 0.005 mmol (in terms of zirconi-
um atom) of ethylenebis(indenyl)zirconium dichloride,
and all the reaction solution obtained in the Schrenk bot-
tle was further added to initiate polymerization. After 20
minutes, a small amount of isobutyl alcohol was added
to terminate the polymerization. Then, a post treatment
was carried out in the same manner as described in Ex-
ample 1 to obtain 16.0 g of polyethylene.

Example 4

The procedure of Example 3 was repeated except
for using 27.3 mg [0.12 mmol equivalent in terms of
-SO,0OH group] of the cation-exchange resin (trade
name: Amberlist 15E) having been ground in a mortar,
to perform polymerization. 22.05 g of polyethylene was
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obtained.

Example 5

The procedure of Example 3 was repeated except
for using tridecylaluminium in place of the triisobutylalu-
minium and varying the polymerization period to 45 min-
utes, to perform polymerization. 16.48 g of polyethylene
was obtained.

Comparative Example 2

The procedure of Example 4 was repeated except
for not using the cation-exchange resin to perform po-
lymerization. 6.30 g of polyethylene was obtained.

Example 6

The procedure of Example 1 was repeated except
for varying the amount of the ethylenebis(indenyl)zirco-
nium dichloride to 0.002 mmol and using 0.02 mmol (in
terms of phosphorus atom) of cesium 12-molybdophos-
phate in place of the ultra-strongly acidic cation-ex-
change resin (Nafion-H), to perform polymerization.
5.88 g of polyethylene was obtained.

Claims
1. An olefin polymerization catalyst comprising:

(A) a compound of a transition metal in Group
IVB of the periodic table, which contains a lig-
and having a cyclopentadieny! skeleton;

(B) an organoaluminium compound; and

(C) a solid Broensted acid selected from a cat-
ion-exchange resin and a heteropolyacid.

2. Acatalyst according to claim 1, wherein the cation-
exchange resin is a polystyrene type strongly acidic
cation-exchange resin or an ultra-strongly acidic
cation-exchange resin.

3. A catalyst according to claim 1, wherein the heter-
opolyacid is a metallic or ammonium salt of molyb-
dophosphoric acid, molybdotungstic acid, tungsto-
phosphoric acid, molybdosilicic acid or tungstosil-
icic acid.

4. Acatalystaccording toclaim 3, wherein the metallic
salt is a potassium, rubidium, cesium or thallium
salt.

5. A process for olefin polymerization comprising po-
lymerizing an olefin in the presence of an olefin po-
lymerization catalyst as defined in any one of claims
1to 4.
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Patentanspriiche

1.

Katalysator flr die Olefinpolymerisierung aus:

(A) einer Verbindung eines Ubergangsmetalls
in der Gruppe |VB des periodischen Systems,
das einen Liganden mit einem Cyclopentadie-
nylskelett enthalt,

(B) einer Organoaluminiumverbindung und

(C) einer festen Broenstedsaure, ausgewahlt
aus einem Kationenaustauscherharz und einer
Heteropolysaure.

Katalysator nach Anspruch 1, worin das Kationen-
austauscherharz ein stark saures Kationenaus-
tauscherharz vom Polystyrentyp oder ein ultrastark
saures Kationenaustauscherharz ist.

Katalysator nach Anspruch 1, worin die Heteropo-
lysaure ein metallisches oder Ammonium-Salz der
Molybdophosphorsaure,  Molybdowolframsé&ure,
Wolframphosphorsaure, Molybdokieselsaure oder
Wolframkieselsdure ist.

Katalysator nach Anspruch 3, worin das metallische
Salz ein Kalium-, Rubidium-, Casium- oder Kalium-
Salz ist.

Verfahren zur Olefinpolymerisierung, umfassend
das Polymerisieren eines Olefins in Gegenwart ei-
nes Katalysators fiir die Olefinpolymerisierung, wie
in einem der Anspriche 1 bis 4 definiert.

Revendications

1.

Catalyseur de d'oléfines

comprenant :

polymérisation

(A) un composé d'un métal de transition du
Groupe IVB du Tableau Périodique, qui con-
tient un ligand présentant un squelette cyclo-
pentadiényle,

(B) un composé organoaluminique, et

(C) un acide solide de Brénsted choisi parmi
une résine échangeuse de cations et un hété-
ropolyacide

2. Catalyseur conforme a la revendication 1, dans le-

quel larésine échangeuse de cations est une résine
échangeuse de cations fortement acide de type po-
lystyréne ou une résine échangeuse de cations trés
fortement acide.

Catalyseur conforme a la revendication 1, dans le-
quel I'hétéropolyacide est un sel d'ammonium ou
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métallique de l'acide molybdophosphorique, de
I'acide molybdotungstique, de I'acide tungstophos-
phorique, de l'acide molybdosilicique ou de l'acide
tungstosilicique.

Catalyseur conforme & la revendication 3, dans le-
quel le sel métallique est un sel de potassium, de
rubidium, de césium ou de thallium.

Procédé de polymérisation d'oléfines comprenant
la polymérisation d'une oléfine en présence d'un ca-
talyseur de polymérisation d'oléfines conforme a
I'une quelconque des revendications 1 & 4.
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